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Foreword

‘‘Decision Tools for Radiation Oncology: Prognosis, Treatment Response, and Toxicity,’’

edited by Carsten Nieder and Laurie E. Gaspar, searches the literature for common

databases, reviewing the steadily increasing number of nomograms along with prognostic

models. It represents a logical addition to the prior publications in this series—

‘‘Radiation Oncology: An Evidence-Based Approach’’ edited by Jiade J. Lu and Luther

W. Brady and the subsequent two volumes, ‘‘Decision Making in Radiation Oncology,’’

also edited by Jiade J. Lu and Luther W. Brady.

The volume by Nieder and Gaspar expands on the risk of relapse and the biology of

the various cancer sites with an emphasis on lymphatic, vascular, and perineural spread

of each cancer site, as well as the toxicities from treatment and their relationship to

survival. It also examines pathology and gene signatures, as well as clinical data useful in

computing the models.

The book explores trends toward individualized treatment concepts and underscores

the importance of a balance between treatment effectiveness and side effects. It highlights

the use of underlying prognostic expertise to ensure the effective utilization of resources,

helping to avoid lengthy treatment for patients with potential short-term survival

expectation. Therefore, it is mandatory that a firm understanding of limits in prognostic

and predictive models precedes clinical implementation.

This volume represents a major contribution towards a comprehensive overview of

key decision-making tools for Radiation Oncology. It will greatly help physicians to

make informed choices in daily clinical practice and follow-up. In combination with the

Lu/Brady volumes, it establishes critical foundations for future new tools in oncology.

All volumes should be in the library of the practicing oncologist.

Luther W. Brady

Hans-Peter Heilmann

Michael Molls
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Preface

Practicing radiation oncologists have to make several important decisions during

treatment planning and realization, one patient at a time. Questions such as ‘‘is radio-

therapy indicated, what is the optimal dose/fractionation regimen, what is the optimal

technique and dose distribution, what are the risks and side effects’’ have to be

addressed. This is often done in larger multidisciplinary teams, and ideally based on

solid scientific evidence. Compared to earlier decades, we have now an incredibly large

tool box, allowing for assessment of tumor biology and its surrogates, imaging bio-

markers, host genetics, and dynamic tumor changes during treatment, to name a few.

New research adding to these fields is being presented at each of the major international

oncology meetings, including but not limited to prognostic scores and nomograms. It is

critical to appraise the methodological strengths and weaknesses of such research and to

put into context established decision tools.

The purpose of this book is to provide practicing radiation oncologists, as well as

those in training, with a concise overview of the most important and up-to-date infor-

mation pertaining to general and diagnosis-specific decision tools including staging

systems. We strongly recommend starting with the introductory chapters, which provide

necessary background information on statistical methods, principles of biomarker

development, gene expression analyses, and other topics that are crucial for those who

want to fully understand the applicability and limitations of prediction tools. Going

towards increasingly individualized cancer therapy, we still need to rely on systematic

evidence and sound treatment algorithms.

We are most grateful for the enthusiasm and courtesy all chapter authors showed

during preparation of this truly international volume and for the fruitful discussion with

many colleagues. We also appreciate the excellent support from the publisher. We hope

that the reader will find this book to be a useful summary of new or refined decision

tools and how they contribute to state-of-the-art radiation therapy. Only continued

basic and clinical research will provide a better basis for tolerable and efficacious

treatment regimens, exploiting the promises put forward by the emerging concepts of

personalized medicine and adaptive radiation therapy.

Carsten Nieder

Laurie E. Gaspar
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Abstract

Decision tools are becoming critical to medical decision-
making, due to the complexity of available information
that outstrips the capacity to synthesize it without
assistance. Tools such as decision trees, algorithms and
nomograms may be used to facilitate treatment decisions,
evaluating endpoints such as survival and toxicity.
Incorporation of biologic and molecular data is increas-
ingly being used in decision-making in cancer, for
example in selecting systemic therapies, and will soon
be expanded to include decisions about radiotherapy and
surgery. Health technology is an integral part of decision
tools development, allowing rapid access to data and
distributed access to users. However, the limitations in the
development and use of decision tools must be recog-
nized, and solutions developed to facilitate their wide-
spread implementation and improve healthcare outcomes.

The practice of medicine, and oncology specifically, is
increasingly complex (Lenfant 2003; Davenport and Glaser
2002). Modern decision making in medicine requires the
synthesis of multiple sources of information to make evi-
dence based treatment decisions (Alper et al. 2004). With
advances in genomics and proteomics these decision pro-
cesses will likely become more complicated. In the near
future, the amount of information available on any indi-
vidual case will likely outreach human capacity to com-
prehend and synthesize without assistance.

Decision analysis is a discipline which aims to give a
person, in a formal manner, insight into all facets of a
problem which should influence the final decision (Hunink
and Glasziou 2011). Decision analysis uses tools to iden-
tify, represent and assess all aspects of a decision (Skanes
et al. 2012). These tools (i.e. decision tools) come in many
different formats. For example, a decision tree is a visual
representation of all the options and consequences that
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may follow each option (Hunink and Glasziou 2011).
A clinical algorithm is a visual representation of a series
of questions and subsequent actions which are based on
answers to the questions (Hunink and Glasziou 2011).
Figure 1 is an example of a clinical algorithm for anti-
thrombotic therapy in patients with atrial fibrillation
(Skanes et al. 2012). The aim of such decision tools is to
keep all options for any given scenario in a broad per-
spective (Hunink and Glasziou 2011). Decision tools can
also provide the health care professional with a consistent
and reproducible process for estimating clinical outcomes,
and provide the patient with definitive data on which to
base a treatment decision. Nomograms are a graphical
representation of a multivariable model that are often used
in oncology for this purpose. In oncology it is not
uncommon to use web-based nomograms as decision tools
to give detailed information on risks of relapse and ben-
efits of therapy to physicians and patients. More difficult is
determining the patient’s preference for treatment, and
tolerance of side effects and/or preferences regarding
quality-of-life vs. survival. Multi-criteria decision analysis
techniques are one possible method to account for such
diverse factors in decision making (Miot et al. 2012).

It is essential to understand the distinction between
prognostic and predictive factors before one begins a dis-
cussion of the benefits and pitfalls of decisions tools. The
distinction between these two terms is challenging for some
individuals and can be misused (Italiano 2011). A prog-
nostic factor is a ‘‘clinical or biologic characteristic that is
objectively measurable and that provides information on the
likely outcome of the cancer disease in an untreated indi-
vidual’’ (Italiano 2011). In oncology prognostic factors such
a tumor stage are used to identify patients at highest risk of
relapse. Prognostic factors are used to determine the
appropriate course of management.

In contrast, a predictive factor is a ‘‘clinical or biologic
characteristic that provides information on the likely benefit
from treatment (either in terms of tumor shrinkage or sur-
vival)’’ (Italiano 2011). In oncology predictive factors are
used to identify sub-populations of patients who may benefit
from a particular treatment such as hormone receptor status
(ER/PR) in the use of adjuvant hormone therapy for breast
cancer patients (Bast et al. 2001). In cardiology, hyperten-
sion and older age are predictive factors for stroke risk in
patients with atrial fibrillation. A combination of predictive
factors may be combined in a tool to determine the needs
for anticoagulation therapy (Skanes et al. 2012).

Predictive and prognostic factors play a role in many diseases.
For instance, there are established and validated decision sup-
port tools in management of atrial fibrillation. Mr. Smith is a
57 year-old man with newly diagnosed atrial fibrillation. Using
a decision support model, CHADS2 index (Gage et al. 2001),
his risks of stroke can be assessed relative to known prognostic
and predictive factors including congestive heart failure,
hypertension, age [75, diabetes mellitus and prior stroke or
transient ischemic attack (Gage et al. 2001). This score is used
to guide clinician decision making around the need for a type of
oral anticoagulants (Gage et al. 2004). See Fig. 1.

1 Decision Tools to Predict Survival

Survival is often the most important clinical endpoint for
any disease. Disease, by its nature, limits health and lon-
gevity, and interventions designed to combat the disease
should create a measurable improvement in survival. As
such, survival is the gold standard endpoint for Phase III
clinical trials.

Survival is measured from the ‘start’ of a disease until
the time the subject expires. As the actual starting time of a
disease is often unknown, the usual practice is to measure

Fig. 1 An example of a clinical
algorithm decision tool.
Reprinted from Kanes et al.
(2012), with permission from
Elsevier

2 M. E. Giuliani et al.



survival from either the time of diagnosis or the time of
definitive intervention. If diagnosis date is used, the issue of
lead time bias may be encountered when diagnostic tests
shift the time point when disease is detected thereby
‘extending’ survival when in fact, only the duration of
detectable disease increases, not the duration of survival at
the same point in the disease process (Rothman 2002). This
can lead to errors in the application of predictive tools, as
described below.

As it is not usually possible or desired to wait until all
patients have reached the end of their life before assessing
the result of a treatment, a running estimate of survival for a
group is necessary. Outcomes estimates for patient groups
are often created using the Kaplan–Meier survival estimate
(Kaplan and Meier 1958). This statistical approach tracks
patients from the time of diagnosis or treatment until death,
but for patients who remain alive, their survival information
is incorporated in a ‘censored’ fashion. This allows groups
of patients with surviving members to contribute to esti-
mates of survival. More advanced methods to estimate
survival include competing risk models, which attempt to
account for other non-disease related events, in predicting
survival or other endpoints. This is similar to a disease-
specific-survival approach and helps interpret the effects of
a treatment on a disease when other disease processes may
influence survival. In a sufficiently large random sample,
these non-treatment related factors are thought to be bal-
anced in each arm of the study, but in smaller studies, non-
treatment related factors may be distributed unevenly and
may bias the results. These methods allow this issue to be
addressed statistically.

It is critical to note that survival estimates are just that,
estimates for a population group, and applying these esti-
mates to individual patients has uncertainties. With suffi-
cient power, factors that contribute to survival may allow
more careful estimation of patient survival, but never an
exact prediction. This distinction is of critical importance in
any decision support tool, as the purported goal of such a
tool is to provide predictive capacity to previously opaque
outcomes. The relative uncertainties and assumptions in a
model of survival are required elements of any discussion
that uses information from a decision support tool.

Mr. Smith’s stroke risk above was calculated to be approxi-
mately 4 %, but if only 5 patients in the whole study were
included in his sub-group, there may be a very wide confidence
interval on that estimate which could put the risk as low as 1 %
or as high as 9 %. This range of uncertainty is almost as large as
the difference between a low-risk group and a high risk group,
but only applies to Mr. Smith’s subgroup because of the relative
rarity of those factors in combination.

2 Predicting Toxicity

Toxicity prediction is more complicated than survival, lar-
gely due to the inherent challenges of defining exactly what
constitutes a toxicity. Most large clinical trials employ the
Common Toxicity Criteria espoused by the NCI, but this
system tends to lump multiple symptoms into larger classi-
fications (Trotti et al. 2003). Predictions of toxicity are
enhanced by use of specific symptoms as the endpoint
(Heemsbergen et al. 2006). Beyond that, the toxicities
associated with treatment can change over time or as treat-
ments themselves change (Yom et al. 2007). As such, any
decision support tool that evaluates toxicity must define
carefully the toxicity endpoint, the treatment details, and
outcomes. Furthermore, the potential for toxicity must be
weighed against the natural history of the disease being
treated and expected outcomes from that disease (in cancer,
often death).

In our atrial fibrillation example, the main toxicity of anti-
thrombotic management is that of unanticipated hemorrhagic
events, which can be fatal. Hemorrhagic risks increase with the
severity of anticoagulation (aspirin (ASA) vs. ASA+clopidogrel
vs. low dose dabigatran vs. high dose dabigatran, rivaroxaban,
or warfarin. The HAS-BLED score (Pisters et al. 2010) uses
factors of hypertension, abnormal liver or renal function, his-
tory of stroke/bleeding, labile INR, age [65, excess alcohol, or
concomitant use of bleed promoting drugs. A HAS-BLED score
allows clinicians to estimate risks of bleeding from 1 % (score
0–1) to 12.5 % (score 5) and has been validated in a hospital-
ized elderly population. Patients at high risk of bleeding events
on this scale warrant increased monitoring. The risks of non-
treatment (i.e.: stroke with significant associated deficits)
remain greater than the risk of toxicity (i.e.: bleeding, with less
deficits than stroke) but each individual case requires a decision
which balances both risks.

Toxicity prediction is also complicated by the duration
of toxicity (Trotti et al. 2007). Long term low level toxicity
may be less tolerable than short duration high toxicity that
resolves. Toxicity metrics that attempt to integrate the
effects on lifetime symptom burden will become more rel-
evant as longer term toxicity information becomes avail-
able. Estimates of ‘uncomplicated control’ where a patient
has the ideal outcome of cure and survival without toxicity
may become the ideal endpoint for future decision support
tools. Combinations of toxicity and survival including
‘complicated control’, ‘complicated failure’, and ‘uncom-
plicated failure’ will become more common in decision
support tools as these predictions are included. A risk:
benefit contour is one possible mechanism to assist in
decision making between toxicity and control (Shakespeare
et al. 2001) (see Fig. 2).

Introduction to Decision Tools 3



3 Predicting Efficacy

Efficacy prediction focuses on the chance that a given
treatment will prove effective in a given disease. Given the
explosion of information regarding genotype and pheno-
typic response, nearly every treatment will soon have a
myriad of factors which modulate or, in some cases, com-
pletely negate their effectiveness. Methods to incorporate
biologic data into treatment choice are becoming standard
for chemotherapy and targeted agents (Lau et al. 2007) and
may soon apply to radiotherapy or surgical techniques as
well. Again, the important endpoint when predicting effi-
cacy is endpoint determination. For a cancer patient, effi-
cacy can be defined as tumor shrinkage, increased survival,
lack of progression, or even a change in patient reported
outcomes of symptoms.

Efficacy in patients with atrial fibrillation will be measured by
multiple endpoints. First, the measure of anticoagulation (INR)
which is associated with reduced risks of stroke or bleeding
events. Other endpoints of interest may include ‘rate of stroke’
for a population or improvements in survival in patients with
adequately adjusted INR.

An example for such a tool in oncology is Oncotype
DxTM. OncotypeDxTM is a validated, complex genomic
test which is used to predict breast-cancer recurrence in
patients with early stage breast cancer (Cronin et al. 2007).
The recurrence score generated by OncotypeDxTM is

routinely used to guide clinician decision making around
the use of adjuvant chemotherapy (Cronin et al. 2007).

4 Health Technology and Decision Tools

Health technology is an integral aspect in the use of deci-
sion tools. Health technology allows decision tools rapid
access to data as well as facilitated distributed access to
various tools.

One of the critical aspects of decision tool support is the
integration with clinical records. Without the ability to
access critical inputs, the decision support tools are limited.
In addition, health technology can facilitie rapid and ubiq-
uitous access to decision tools through the internet, such as
the Memorial Sloan Kettering Prediction nomograms for
prostate cancer recurrence risk (Memorial Sloan Kettering
Cancer Centre 2013). Mobile health, or mHealth, technol-
ogy can also place these decision tools at clinicians’ fin-
gertips through smart devices. Bioinformatics and health
technology can allow multiple factors to be integrated into a
decision tool beyond what could be accomplished in more
simple decision tools. Such technology is essential to the
development and clinical integration of genomic research
but remains elusive due to logistical hurdles associated with
gathering clinical information from many disparate clinical
systems. Integrated health records systems with open stan-
dards to share relevant clinical information to decision
support tools will be critical to implementing these tools in
routine practice.

5 Drawbacks of Decision Tools

Decision support tools have risks and limitations, the most
important of which is applicability. Each decision support
tool is based on underlying data. If the tool’s data does not
apply to the situation the tool is used, then the decision
support results may be incorrect. Worse, since the decision
tool masks the underlying data, without careful under-
standing of the limitations of a given tool, there may not be
a ‘warning message’. For instance, changes in the time of
disease detection can create a lead time bias which artifi-
cially inflates survival compared to survival estimates made
from decision support tools that were generated in a pre-
vious diagnostic era. Another example would be changes in
treatment methodology. If the type of intervention being
applied has changes (surgical technique, medication, etc.),
then the decision support tool may support an intervention
that may cause harm, given the differences in underlying
data.

Any decision support tool should describe the following
limitations:

Fig. 2 A risk: benefit contour of toxicity versus survival. Confidence
associated with absolute 3-year survival benefit and absolute toxicity
detriment for chemoradiotherapy compared with radiotherapy alone.
Solid line = clinician A; dashed line = clinician B. Reprinted from
Shakespeare et al. (2001), with permission
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1. Describe the endpoints for the tool in detail.
2. Describe the population used to create the model.
3. Describe the intervention (in detail).
4. Describe the statistical uncertainty included in the

prediction.
Validation of the decision tool is an important compo-

nent of quality assurance for decision tools. External vali-
dation is ideal, although often not feasible. Kattan has
argued that if the development dataset is large (over 1000
patients) internal validation using bootstrapping and other
techniques may perform well (Kattan 2007). In the case of
rare tumors with small datasets it may be difficult to find a
validation cohort, therefore decisions about the benefits of
the prediction model in the absence of validation must be
made.

The widely used Adjuvant OnlineTM tool has been val-
idated using a population-based cohort (Olivotto et al.
2005). However more recent validation efforts have high-
lighted the limitations as performance improved with the
addition of biomarkers of proliferation and HER2 status.
Thus the challenge in keeping decision tools up-to-date
should not be underestimated, particularly in the era of
rapidly expanding genetic and molecular prognostic and
predictive factors.

6 Future Directions

Decision making in oncology involves sifting through a
complicated mix of treatment uncertainties, patient prefer-
ences, risk of toxicities and costs. An optimal therapeutic
ration balances these benefits and risks, modulated by the
patient’s preferences for therapeutic aggressiveness and
tolerance for complications.

The widespread implementation of decision tools will
result in the next wave of improved healthcare outcomes,
akin to the improvements seen with adoption of treatments
resulting from meta-analyses of large randomized trials in
cancer. Development and implementation of validated
online decision tools in medicine would be facilitated by
one or more organizations that would allow providers and
patients uniform evidence-based decisions about treatment
and associated outcomes.

7 Organization of the Book

This chapter has served as an introduction to the concept of
decision analysis and the tools used in this discipline. This
volume will review the currently available decision tools,
review their utility and pitfalls, and propose novel solutions
incorporating upcoming genetic and other data that will be
critical to optimal decision making in the future.

A site by site review of the existing clinical nomograms
as well as the statistics which underpin the generation of
survival data and the development of clinical nomograms,
and prognostic and predictive factors for each cancer site
will be presented. This book will provide a unique review of
these important topics and pose pertinent questions which
will underpin the future of oncology care.
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Abstract

Survival statistics are fundamental in outcome evaluation
of clinical studies for modern cancer science. The use of
survival statistics allows to compare results and to
predict the effect of therapies, by using different
statistical approaches that can be also combined together.
Definition of survival statistics can be performed mainly
in three different ways (Non-parametric-Kaplan-Meier,
Parametric and Semi-parametric), each one having its
own computational methods and being implemented in
different ways. Modern cancer publications strengthen
the value of diagnostic tools that can be used for
predicting outcome of newly diagnosed patients. The
nomograms are examples of these tools: they are usually
drawn to facilitate physicians in manually solving
complex equations required to calculate outcomes pre-
dicted by using Cox’s proportional hazards models. The
use of models to predict the outcome must follow
adequate procedures for reliability evaluation and test-
ing, in order to prevent the erroneous application on
unsuitable patient populations.

1 Introduction: The Concept of ‘‘Survival’’

The use of survival statisticsis a key topic for clinicians and
oncologists, mainly because they are fundamental to eval-
uate the impact of treatments and therapies on patients. The
measurements of ‘survival’ can be specified considering
different endpoints, namely the outcome that a study tries to
establish by using the survival statistics. The definition of
‘survival’ requires first of all to fix an observation starting
point and finally a moment that is the ‘survival time’. The
most important difference between ‘survival’ data and other
types of numerical continuous data (e.g. age, hemoglobin
level, weight etc.) is that the event occurring (death, local
recurrence, metastases onset etc.) is not necessarily
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observed in all subjects, while all subjects are followed for a
time that can be lower or higher according to the start of the
observation and the time of the last follow-up or event. The
weight and the clinical impact of survival statistics strictly
depend from the chosen outcome, because different survival
endpoints may be affected by different confounding factors
influencing the final observations of clinicians involved in
the research data collection.

According to the type of the study and the observed
population there are many different types of survival out-
comes that can be analyzed. Not all outcomes have the same
power significance from a clinical point of view: finding
differences in the overall survival (OS) in a study popula-
tion compared to another outcome is always considered the
best way for finalizing the need to select patients for a given
type of therapy, but it is not always possible to get signif-
icant differences in OS. In Table 1 the most common sur-
vival endpoints in oncology have been summarized. In
many cases the use of another kind of ‘response’ to the
treatment, defined by using shared and well defined evalu-
ation criteria (Eisenhauer et al. 2009), could be used.

As previously stated the collection of survival data has to
consider the possibility that patients can show the event at a
given time after the start, but it is also possible that during
the observation time a patient does not show the event, or in
other cases the patients could be ‘lost’ during follow up. The
survival statistics have the possibility to take into account all
these situations: usually, when compiling survival tables in
statistical software packages, observers indicate the presence

of the event at a given time using the number ‘1’, if the
patient does not show the event at the time of last follow up
this condition is indicated by the number ‘0’. These cases are
usually indicated as ‘censored’, because as in a census the
survival data are updated by considering the condition of the
whole observed population at a given moment. Patients lost
on follow up should be excluded from the analysis, by
assigning them a conventional value (e.g. ‘-1’) that the
statistical software simply will not consider for the survival
analysis or they can be considered simply as censored at the
time of last follow up. However, using this last method, the
possibility to decrease the median follow up time for a whole
patient cohort could be higher, because the follow up time of
the lost patients will not be further updated moving far from
the beginning of the accrual. For other kinds of statistical
analysis (that do not consider the survival time) having these
patients at one’s disposal could be still useful, so they should
not be deleted completely from the data collection tables.

The survival analyses can be performed mainly in three
different ways that will be described in the three following
sections:
1. Non parametric analysis —Kaplan-Meier: a model

describing the observed survival outcome(s) (without
underlying parameters).

2. Parametric analysis —Exponential, Weibull: models
using parameters to describe and calculate the survival
by a mathematical function that fits the survival data.

3. Semi-parametric analysis—Cox’s Proportional Hazards
Model (CPHM): a model that allows to calculate the

Table 1 Summary of the most common survival endpoints used in oncology

Survival endpoints

Endpoint Power Initial event Final event Biases

Overall
survival (OS)

Very
high

Diagnosis time Death Other than cancer death causes

Clinical trial enrollment
(for randomized controlled
trials)

Disease
specific
survival
(DSS)

High Diagnosis time Cancer death The definition of ‘cancer related death’ in some cases could be
questionable (e.g. suicide in cancer patient)Clinical trial enrollment

(for randomized controlled
trials)

Disease free
survival
(DFS)

High End of primary cancer
treatment

Local relapse
or metastases
onset

Definition of ‘complete response’ and ‘local relapse’ or
‘metastases’ findings influenced by diagnostic times and
imaging interpretation

Metastases
free survival
(MFS)

Average Diagnosis time Distant
metastasis
finding

Definition of ‘metastases’ findings influenced by diagnostic
times and imaging interpretationClinical trial enrollment

(for randomized controlled
trials)

Local control
(LC)

Average End of primary cancer
treatment

Local relapse Definition of ‘complete response’ and ‘local relapse’ findings
influenced by diagnostic times and imaging interpretation

Progression
free survival
(PFS)

Poor End of (primary) cancer
treatment

Progression
finding

Adequate diagnostic definition of ‘progression’ according to
pre-defined criteria (RECIST 1.1), diagnostic times
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expected survival for a single subject by using specific
parameters and observational survival data (baseline
hazard).

2 Non-Parametric Analysis: Kaplan-Meier

The Kaplan-Meier (KM) survival curves represent the
visual description of the survival phenomenon in a given
patient population. The creation of these curves requires
first of all the collection of survival times and the status of
the patients, split in censored (not checked endpoint) and
patients with checked endpoint. In Table 2 an example of
data collection is shown: the censored patients are shown in
column 3 using the number 0, while the checked ones
(patients showing the event) using the number 1. The related
KM survival curve is shown in Fig. 1. In KM survival
curves the proportion of surviving patients in a given pop-
ulation is shown, step by step, and the height of the steps is
proportional to the number of patients showing the

occurring event (death, local relapse, metastases finding
etc.) during follow up time and inversely proportional to the
number of subjects at risk at the moment of the event. In
column 7 of Table 2 each step contributing to the graph
appearance is calculated. A typical aspect of a KM survival
curve is given by the height of the steps, which grows
moving away from the beginning of the observation time.
This is a consequence of the fact that each step represents a
single patient for whom the event occurs at a definite time,
while the small vertical lines along the horizontal segments
of the curve represent the censored patients. The absolute
number of remaining patients after a sequence of occurred
events is increasingly smaller, so being the fraction of each
patient showing the event over the number of remaining
patients consistently larger (1/ni), and finally being repre-
sented by a longer vertical segment in the curve.

When the patient with the highest follow up time shows
the event ‘1’ the KM curve falls to 0 in the value of Survival
Probability, and generally events in the rightmost part of the
curve seem more effective at influencing the outcome than

Table 2 Data for Kaplan Meier survival curve definition

Kaplan-Meier data table

1 2 3 4 5 6 7

Rank
i

Overall
Survival
time t

Status
(observed
events) d

FUP
Status
dfup

No.
Patient at
risk
n

Proportion of surviving patients at
each step i: with di ¼ 1) pi ¼ 1� di

ni

with di ¼ 0) pi ¼ pi�1

Overall surviving fraction at time
t: with di ¼ 1) Si ¼ pi � Si�1

with di ¼ 0) Si ¼ Si�1

1 1 0 1 20 1.000000 1.000000

2 2 1 0 19 0.947368 0.947368

3 2 0 1 19 0.947368 0.947368

4 3 0 1 17 0.947368 0.947368

5 4 1 0 16 0.937500 0.888158

6 6 0 1 15 0.937500 0.888158

7 8 1 0 14 0.928571 0.824718

8 9 0 1 13 0.928571 0.824718

9 9 1 0 13 0.923077 0.761278

10 10 1 0 11 0.909091 0.692071

11 11 0 1 10 0.909091 0.692071

12 12 0 1 9 0.909091 0.692071

13 13 1 0 8 0.875000 0.605562

14 14 1 0 7 0.857143 0.519053

15 15 0 1 6 0.857143 0.519053

16 16 0 1 5 0.857143 0.519053

17 18 1 0 4 0.750000 0.389290

18 22 0 1 3 0.750000 0.389290

19 23 1 0 2 0.500000 0.194645

20 24 0 1 1 0.500000 0.194645

The height of the steps in the curve is given by the values calculated in the column 7. The mathematical procedure to achieve these values is
given by the formulas in the header of the columns
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events in the leftmost part. Researchers have to be very
careful in selecting adequate follow up times to be dis-
played and the number of patients in order to prevent
unreliable behaviors shown by KM survival curves, which
could lead readers to incorrect conclusions. Another feature
that can be easily obtained by the KM survival curves is the
median survival. In Fig. 1 it has been found by drawing a
horizontal line starting from the 50 % of survival proba-
bility on the vertical axis and finding the intersection with a
vertical segment of the curve, the value of the median
survival is given by the intersection of a vertical line
starting from this segment with the horizontal axis. Despite
the value of the median survival, which is widely reported
in literature, it is important to point out that it is not always
a good indicator to compare different treatments adminis-
tered to different patients cohorts. Furthermore the impact
of median follow up time and the shape of the KM survival
curve should always be considered together. A basic but
good tool to achieve a summary is the possibility, provided
by many statistical software packages, to add under the
x axis of the graph the ‘number at risk’ at regular intervals
(also shown in Fig. 1). The ‘number at risk’ is defined as the
number of patients who are known not to have experienced
some event at that time-point nor having been censored
before the time-point: as a rule of thumb the curve can be
particularly unreliable when the number of patients
remaining at risk is less than 15 (Machin et al. 2006).

Another critical topic in the evaluation of KM survival
curves is the evaluation of follow up maturity, and this is
usually reported by indicating the median follow up time
(MFUP). Different ways for calculating the MFUP have
been proposed but the most widely used is the one using
the ‘reverse Kaplan-Meier’ estimation of the OS
(Schemper and Smith 1996): patients still alive (censored)
are patients for whom the follow up time is known, while
for patients that experienced death we cannot know if
there would have been further follow up after the time of
death. So the solution is to create a column in the statis-
tical software that swaps the value of the overall survival
endpoint, setting ‘1’ for censored patients (‘0’ in the col-
umn of the overall survival status) and ‘0’ for dead
patients (‘1’ in the column of the overall survival status).
The results should be similar to column 3 (OS status) and
4 (FUP status) of Table 2. Finally a new KM curve can be
calculated by using this follow up status column as a series
of events, and then the MFUP can be calculated in the
same way as for calculating the median survival described
before (Fig. 2, MFUP = 15 months). The value of MFUP
should always be taken into account (and always men-
tioned in publications describing survival statistics) when
reading statements about median OS. Figure 3 shows how
the value of different MFUP compared with identical
median OS can impact the reliability of the latter calcu-
lated by KM survival curves.
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Fig. 1 Example of Kaplan-
Meier survival curve: labels show
the events and the censored
cases, the dashed lines show how
to calculate the median survival
of the case series, by drawing a
line that moves from the value of
50 % of survival probability to a
vertical step in the curve, and
drawing a second line that drops
down to the timeline. In the line
below the graph the value of the
number at risk is shown every
3 months in the timeline
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A good evaluation of the reliability of the median overall
(and other kinds of) survival can be achieved by comparing
it to the value of the MFUP. No exact criteria are known to
give a judgment about this comparison; but large differ-
ences in the two values are suspicious for unreliable median
survival value. Finally much care has to be used in con-
sidering the MFUP as the only parameter to evaluate the
maturity of the follow up of a patient series because it has
been proven misleading in some cases (Shuster 1991).

2.1 Comparison Among Kaplan-Meier
Survival Curves

The KM survival analysis is extensively used by researchers
to compare the effect of a factor on different patients pop-
ulations. When the hypothesis is that a factor can affect the
outcome in terms of survival, typical statistical software
packages allow us to compare populations and plot a graph
with two (or more) overlapping curves, in order to show
how it leads to differences in the survival outcome. The
factor cannot be a continuous variable, rather it must be a
categorical variable (e.g. sex, different chemotherapy regi-
mens, experimental drug versus placebo etc.) or a classifi-
cation of the patient population in two (or more) categories
using a pre-defined cut-off on a continuous numerical var-
iable (e.g. the level of a serum marker, the radiation dose,
an age cut-off etc.). The analysis across different patients
series is usually performed by using the Logrank test, also
referred as the Mantel-Cox test (Mantel 1966). The Logrank

test compares estimates of the hazard functions of the two
groups at each observed event time. It is constructed by
computing the observed and expected number of events in
one of the groups at each observed event time and then
adding these to obtain an overall summary across all time
points where an event occurs. Finally, in order to get the
value of significance of the Logrank test, a v2 statistics is
calculated over this summation for the different populations
and the value of the probability to reject the null hypothesis
(that is: the factor doesn’t affect the survival outcome) can

be achieved by referring to z ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

v2
Logrank

q

, and thus calcu-

lating the final p value.
Many variables can influence the final result of the p

value. First of all the number of patients enrolled in the
analysis, due to the fact that of course calculations of the
observed and expected events are directly influenced by the
total number of cases. So, when observing relatively small
differences among different KM survival curves, the
increase of the number of the observed patients can provide
a strategy to support the hypothesis that the factor actually
influences the outcome. Starting from the KM Logrank test
calculation, when a protocol is planned, it is useful to cal-
culate in advance the population needed to discriminate a
significant difference in survival rates, by using as hypoth-
esis the rates observed on smaller populations not yet giving
significant results. Many software packages offer the pos-
sibility to perform such a power calculation very easily. An
example of similar curves calculated over different popu-
lation sizes is given in Fig. 4. It shows two graphs: plot ‘a’
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Fig. 2 Calculation of the
median follow-up (MFUP) time
for the case series in Table 2.
Using as ‘status’ value the
column dfup in Table 2 a new KM
survival curve has been drawn.
The value of the MFUP is
achieved by using the same
method to get the median OS in
Fig. 1, by drawing a horizontal
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survival (in this plot it
corresponds to the 50 % of KM
FUP probability) and then finding
the intersection with a vertical
segment of the KM curve.
Starting from this segment a
vertical line is drawn down to the
horizontal axis (the FUP time) to
get the value, in this case
15 months
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represents two KM survival curves for two populations of
patients, each one counting 30 patients. The ‘blue’ popu-
lation seems to have a better survival than the ‘red’ one. But
the Logrank test gives a p = 0.10 and so, it is not signifi-
cant; in the plot ‘b’ we have simply doubled the number of
cases, each patients group counting 60 cases, and kept the
position of the events in the timeline similar to the case
series in the plot ‘a’: the final shape of the curves in ‘a’ and
‘b’ seems very similar, but now the Logrank test provides a
statistically significant value of p = 0.02. Another feature
that can be shown in the KM survival curves by many
statistical software packages is the width of the confidence
intervals (CI) for the survival curves (the dashed lines in
Fig. 4). The overlap between the CI areas is larger in plot
‘a’ than in plot ‘b’, furthermore the CI of the survival
probability at 36 months has been drawn by using

arrowheads lines on the survival axis and the level of
uncertainty of the calculation of this value is apparently
larger for the case series in plot ‘a’ than in plot ‘b’. These
features of the graphs represent the visual appearance of the
significance in the difference between the two populations,
and can be added to plots by researchers, if needed, to
enhance the characteristics of the case series.

Another parameter usually calculated by statistical tools
is the hazard ratio (HR). The HR is the ratio of the hazard
rates corresponding to the conditions described by two
levels of an explanatory variable. For example, in a study
comparing a population undergoing an experimental ther-
apy regimen versus a control population, the population
treated with the experimental regimen may show the event
at half the rate per unit time as the control population. The
hazard ratio would be 0.5, indicating higher hazard of
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Fig. 3 Example of use of median follow-up (MFUP) times to
evaluate the consistence of observed overall (OS) survival. The two
series have the same median OS time (23 months: a, c), but different
values of MFUP times can be calculated using a KM approach. The
red series shows many censored cases in the left part of the curve ‘a’,
giving a median follow-up time that is 8.5 months (b). However it is

very low if compared with the median overall survival found in the fig.
‘a’, and so the latter value could be definitely not reliable. Using the
KM computation approach the blue series shows a more adequate
median follow-up time of 21 months (d), that gives consistence to
related OS value

12 V. Valentini et al.



showing an event from the untreated population. The HR
can be calculated by the Eq. (1):

HR ¼ OA=EA

OB=EB
ð1Þ

In this equation OX is the summation of the observed
events (death, local recurrence etc.) while EX is the sum-
mation of the expected events in two different populations
(A and B). It is possible to calculate the CI for the HR too,
giving an idea of the reliability of the results. When the
HR = 1 there is no difference between the two examined
populations. An HR \ 1 means that the hazard is lower for
population on numerator while a HR [ 1 means that it is
higher. The HRs calculated for the two populations (each
one divided in two groups, red and blue) in Fig. 4 are
summarized in Table 3.

Another important concept in studying survival, slightly
different from the HR, is the odds ratio (OR). The OR is
calculated from Eq. (2):

OR ¼ OEx=Exð Þ= 1� OEx=Exð Þ½ �
ONex=Nexð Þ= 1� ONex=Nexð Þ½ � ð2Þ

where O is the number of observed events (death, recur-
rence etc.) in the exposed (OEx) or not exposed (ONex)
patients, Ex is the total number of patients exposed to a
given factor, Nex is the total number of the patients not
exposed to the factor (controls). OR’s are very important in
meta-analyses because they can be primarily used to com-
pute the comparison among different studies related to
similar outcome and inclusion criteria. In this context the
final objective is to get the results of different source studies
in order to identify patterns among study results, sources of
disagreement among those results, or other interesting
relationships that may come to light in the context of
multiple studies (Greenland and O’ Rourke 2008).

3 Parametric Analysis

It is possible to refer the hazard to an instantaneous value,
defining it as hazard rate. It shows the risk in a specific time
interval related to a given observed population and it can be
calculated using Eq. (3):

kt ¼
dt

ft þ Ft
ð3Þ

where d is the number of events observed in the given time
interval t, while the denominator is the cumulated time-to
event since the beginning of the interval. For example, if
during our chosen time interval of 30 days among the 10
patients under observation one exhibits an event at day 5
and another one shows an event at day 15, we have kt = 2/
(20 ? 240) = 2/260 = 0.00769 because 2, the numerator,
is the number of events, 20 is the sum of 5 and 15
(cumulated time-to-event for patients who show the event)
and we add the product of 8 patients who did not show the
event by 30 days (interval duration), giving 240. This is the
same as assigning 30 days as time-to-event for patients with
no events. The method is perfectly consistent because the
number of affected patients is well represented by the
numerator of the fraction. In some clinical conditions it is
possible to assume that the hazard rate doesn’t change
during a long observation time, thus remaining constant. In
this case the survival function can be computed as an
exponential function in which survival is given in the form
of Eq. (4):

S tð Þ ¼ e�kt ð4Þ
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Fig. 4 Comparison of Kaplan-Meier survival curves for different
populations. In the graph ‘a’ each series counts 30 patients, the
Logrank test p value is not significant (0.10). In the graph ‘b’ each
series counts 60 patients and the p value is 0.02 (significant). The
confidence intervals are plotted as dashed lines, the values of the
survival confidence intervals at 36 months are shown as arrowheads
lines on the survival axis, being the width of the confidence intervals
smaller in the plot ‘b’ than in the plot ‘a’ because of the difference in
the number of patients per series

Statistics of Survival Prediction and Nomogram Development 13



and the only parameter involved in the function is the
constant k, since time t is the independent variable of Eq.
(4). In this particular condition it could be very easy to fit
the survival function to a single parameter, and use it to
predict the outcome in a given patients population. Unfor-
tunately, analyzing the majority of clinical situations, the
hazard rate is modified during time, being k itself a value
subject to change over time. For example the rate of local
recurrence after the surgery, or the mortality due to post-
operative complications, can be higher in the first months
after surgery than after some years of follow up. In these
conditions it is sometimes feasible to assess the variation of
the hazard rate as a function of time t. A model that can
describe this behavior is the Weibull distribution described
by Eq. (5):

S tð Þ ¼ e� ktð Þj ð5Þ

In this equation the parameter j can assume different
values reflecting the trend in the hazard rate variation
during time:
j\ 1: the hazard rate is highest in the first part of the

curve, meaning that there is a factor that can increase
proportionally the number of the events during the first
part of the follow-up time;

j = 1: the hazard rate is constant over time. It means that
the trend of the Weibull distribution is identical to an
exponential distribution with the same k value: with

j ¼ 1) S tð Þ ¼ e� ktð Þj ¼ e�kt;
j[ 1: the hazard rate is highest in the second part of the

curve, while in the first part it seems to have slowed
giving to the survival curve a two phases appearance
with opposite convexity, upward in the first part,
downward in the second part.
The appearance of three Weibull distribution curves

according different values of j is shown in Fig. 5. Figure 6
shows an example of non parametric distribution (Kaplan-
Meier) with corresponding fitted exponential and Weibull
distributions.

4 Semi-parametric Analysis: Cox’s
Proportional Hazards Model

The value of the hazard rate can be a function of time and
can be expressed as k(t). This variability in most real
clinical situations cannot be expressed correctly using
parametric survival functions. In order to assess this trend it
is possible to find the relation between hazard rate and time
by using the specific plot shown in Fig. 7, where two sur-
vival curves are plotted against the complementary log
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Fig. 5 Example of three Weibull distribution curves with different
values of j and equal k. With j\1 (blue curve) the hazard rate is
higher in the first part of the curve, and the survival probability
decreases faster in this tract than the curve with j = 1, that is the
exponential distribution. The green curve shows the trend of the
Weibull distribution with j[ 1, with the classical ‘two phases’
convexity trend, oriented upwards in the first part of the curve and
downwards in the second part

Table 3 Hazard ratios for the populations plotted in the Fig. 4

Hazard-ratio for data in Fig. 4

Data origin HR 95 % CI P value

a 2.0000 0.8985–4.4518 0.1008

b 2.0714 1.1393–3.7661 0.0211

The absolute value of the HRs for the two populations ‘a’ and ‘b’ is
almost identical, but CIs are largely different. For the population ‘a’ it
goes from about 0.9 to 4.5, being too large if compared with the value
of the HR. Moreover the lowest value of the CI is below 1, meaning
that there is uncertainty on the possibility that the factor actually
changes the hazard between the two subpopulations studied in the
group ‘a’
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Fig. 6 Example of two parametric models (red exponential, blue
Weibull) fitted to a given empirical Kaplan-Meier distribution (black).
The value of the parameters change according the function used:
exponential, k = 0.01186; Weibull, k = 0.01551, j = 1.33906
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transformation (CLT), that is log � log S tð Þ½ �f g against
log tð Þ. This graph points out the correlation between sur-
vival rate and time, allowing to find if there is a constant
rate rather than a variable rate of k. When the CLT shows a
good fit of the data points around a regression line
(Fig. 7a2) it means that the hazard rate is roughly constant,
and the survival function can be expressed in the expo-
nential form shown in Eq. (4). In other cases (Fig. 7b2)
there could not be a good fit of the data along the regression
line function. In order to enhance these findings it is also
possible to display the difference between the CLT points
and the data points predicted by the regression function
using the plot of residuals (Fig. 7a3, b3). This graph shows
the distance between each point from the predicted one on
the y axis, and gives a direct measure of the agreement of
the survival predicted function with the observed data. In
the ideal condition of a parametric fitting with exponential
form the observed points should align on the horizontal line
traced from the value of ‘0’ in the y axis as in Fig. 7a3, but
in all other cases the results are much more similar to the
plot shown in Fig. 7b3, where there is no alignment in the
plot of residuals. In this case k has to be expressed as
function of time in the form k(t). In Fig. 8 the plot of two
survival curves is compared to the corresponding CLTs.
The two series show a different survival rate and the CLT
graph shows that the hazard rate is not constant, not having
a linear-like appearance. But the two CLT lines show
similar trends, seemingly ‘parallel’ because there is an
approximately constant vertical distance between them at
any given time. This typical appearance means that there is
a proportion between the survival rates in the two popula-
tions. Starting from this kind of findings in the survival
curves among populations differentiated by specific factors
D. R. Cox published his fundamental paper where he
described the proportional hazards regression model
(PHRM, Cox 1972). In the main assumption of the model
the hazard for a particular patient has to be related to the
average underlying hazard of the whole examined popula-
tion. We denote this average hazard as k0(t), and the hazard
for the specific patient can be specified as:

k tð Þ ¼ h tð Þ � k0 tð Þ ð6Þ

where h(t) is a function of time t (Machin et al. 2006). In
this condition it does not matter which is the function of
distribution of the hazards allowing to model any survival
data collection characterized by a time-dependent hazard
rate. The only assumption to be satisfied in the PHRM is
that the hazards in the groups must remain proportional to
each other over time. In the PHRM usually the factors that
can affect the outcome are named covariates. The covari-
ates are variables that can be numerical and continuous (e.g.
age, hemoglobin level, a serum-marker level etc.) or can be

categorical (e.g. sex, tumor clinical stage, therapy protocol
etc.). The relation that exists among survival and covariates
can be calculated by using the following assumptions and
equations:
1. Each numerical covariate affects the outcome by the

product between its coefficient b and its own value x;
2. For categorical covariates each possible value has to be

tested, during modeling procedures, as dummy variable,
so the final results of the b coefficients can be different
for each category of the covariate. If the category is not
significant the value of the corresponding product b � x
must be put to ‘0’, if significant b � x ¼ the value of
coefficient found with regression;

3. Being xib ¼ b1xi1 þ b2xi2 þ � � � þ bnxin the sum of the
products of each covariate x related to patient i with its
own coefficient b, the survival probability Si(t) for
patient i at a given time t can be calculated using the
following expressions:

Si tð Þ ¼ e �Hi tð Þf g ¼ e �H0 tð Þ�e xib½ �
� �

ð7Þ

Si tð Þ ¼ e �H0 tð Þ½ �
n oe xibf g

¼ S0 tð Þe
xibf g ð8Þ

where H0(t) is the baseline hazard at time t and S0(t) is the
baseline survival at time t. They are the value of the hazard
function and survival function achieved just with all the
covariates values set to ‘0’ at the time t. The statistical
software packages usually provide either a table with the
values of H0(t) or the values of S0(t) after the computation
of the PHRM. Note that the survival at mean of covariate
(further output usually calculated) cannot be used in place
of S0(t) that is the survival with all covariates values set to
‘0’, as previously stated. An example of application of
PHRM is given in the following section, the dataset is
shown in Appendix 1.

A population of 144 patients has been followed after the
diagnosis of a kind of cancer for a maximum follow-up time
of 70 months (MFUP = 29 months). The first problem to
solve when defining a PHRM is the sample size. As a rule of
thumb, the maximum number of covariates that can be
analyzed in a binary outcome model (such as a PHRM) is
given by the minimum value of the frequencies of the two
response levels divided by 10 (Harrel 2001). So in this
example we have 39 cases with censor status = 1 and 105
cases with censor status = 0. In this case being the mini-
mum value of the frequencies = 39 we cannot analyze
more than 4 (4910 = 40) covariates in the model. So a set
of 4 factors has been investigated: two factors (Factor 1 and
Factor 2) are divided in two categories each; the last two
factors are numerical and continuous: the age of the patients
and a serum marker level. A series of Kaplan-Meier sur-
vival curves has been drawn: in Fig. 9 the appearance is
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shown of the subpopulations of patients categorized
according to Factor 1 (categories ‘1’ and ‘0’), Factor 2
(categories ‘1’ and ‘0’), the two age classes (using a cut-off

value of 37 years) and the two classes of serum marker
level (generically defined ‘low’ and ‘high’ level). When
analyzing continuous variables in order to detect
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Fig. 7 Comparison between a case series described by exponential
survival function (a) and a case series with different survival function
(b). The graphs n. 1 show the survival functions. The graphs n. 2 show
the complementary log transformation: the graph a2 shows a better
linear fit of survival values than graph b2. The graphs n. 3 show the

value of residuals (difference between the complementary log trans-
formation value and the log-linear regression function value): the
absolute value of the residuals is larger for the b case series showing
unacceptable fitting with the exponential survival function calculated
over the data
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relationships between those values and survival it can be
useful to distinguish classes by dividing the population
according to a specific cut-off. The cut-off value can be
identified by the researcher looking at the data for ‘anom-
alous’ correlations or by using simple statistical methods,
such as dividing the population in classes found by using
the mean or, better, the median value of the continuous
variable. This is an effective method because the median
value of a continuous variable bisects the overall population
into two subgroups with (nearly) the same number of cases
(if the population is even the two subpopulations are
equivalent, if it is odd the number of cases for each sub-
population is different for one case). Looking at the example
for all the analyses the distinction between the curves is
statistically significant according to the Logrank test
(Fig. 9). But when one wants to analyze the impact of
combined factors on the survival probability of a single case

the approach based on the Kaplan-Meier survival function
cannot be used, e.g. trying to combine all the covariates for
a single patient showing Factor 1 = 0 (worse survival),
Factor 2 = 0 (better survival), age \37 years (better sur-
vival) and marker level = high (worse survival). The best
way to analyze the effect of all these combined covariates
on survival is through the PHRM. In this example the
analysis (performed by MedCalc Software, � 1993–2013
MedCalc Software, Acacialaan 22, B-8400 Ostend, Bel-
gium) using the PHRM, gave the results shown in Table 4.
The overall model significance is very high (p \ 0.0001)
but among the covariates, age, Factor 1 = 0 and Factor
2 = 0 are significant, while the marker level, Factor 1 = 1
and Factor 2 = 1 are not. Please note that, looking at the
Kaplan-Meier Logrank test analyses in Fig. 9, the marker
level seemed to have a slightly better significance than age
(pmarker level = 0.0214 \ page = 0.0234), but this finding
has not been confirmed by the PHRM analysis. The use of a
preliminary Kaplan-Meier analysis on single covariates is
not trivial, because it can help the researcher in detecting
covariates that are likely to affect the outcome and simpli-
fying the multivariate analysis performed by the PHRM.

The assessment of a PHRM needs of course some kind of
validation. It is very important to verify whether the impact
of an independent variable meets the proportional hazard
assumption: this verification can be performed using many
tests of proportional hazards that are related to time-
weighted score tests of the proportional hazards hypothesis,
and can be visualized as a weighted least-squares line fitted
to the residual plot (Grambsch and Therneau 1994;
Schoenfeld 1982). An example of this verification is given
in Fig. 10 where the scaled Schoenfeld residuals for the
significant covariates are shown: the lack of some kind of
regular trend (linear or with some other kind of regular
shape) in the positions of scaled residuals for the three plots
means that the null hypothesis (presence of proportional
hazards over time) can be accepted. In Table 5 the results of
proportional hazards test are shown. None of the covariates
or the global model behavior show lack of proportionality
as confirmed by the p values [0.05 in all cases.

Once a PHRM has been calculated the objective of a
researcher could be trying to use it to determine a prediction
of survival for new patients with similar characteristics in
order to address them to a better tailored care pathway. This
is one of the most interesting applications of predictive
models realized by using these statistical techniques. But
getting a good result in a Cox regression analysis is only the
first step, because the achieved results that fit the data of the
analyzed population must be verified on different patients
populations in order to achieve a predictive model. In fact, a
PHRM is only the snapshot describing a single study pop-
ulation, and the prediction based only on this kind of find-
ings could be lacking in reliability and, on the other hand,
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Fig. 8 Comparison between two survival curves and corresponding
complementary log transformation curves. The two CLT lines are not
exactly linear but they seem to have the same trend being fairly
parallel, meaning that there is a proportion in the survival rate between
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could lead to unsuitable decisions if used directly for pre-
dicting further results on patients different from the ones
used in the modeling dataset.

5 Assessing the Reliability of a Survival
Prediction Model

In order to validate a survival model based on PHRM
several techniques can be used (Iasonos et al. 2008). These
methods use a comparison between a training dataset, that
is the original one used for model definition, and one or
multiple verification dataset. There are three methods to
define the verification dataset:
(1) Cross-validation: this method uses the same source

dataset by splitting it in subgroups that are used either
for model training or validation.

(2) Bootstrap validation: this method (Efron and Tibshirani
1993) uses randomly chosen samples from the original
dataset, that can be also re-used more than one time, in
order to build verification datasets with the same
number of cases as the initial one.

(3) External validation: cross-validation and bootstrapping
are methods that can prevent over-interpretation of
current data (overfitting), but they cannot ensure
external usefulness of the model. Indeed using a model
on new patients (not belonging to the primary dataset)
could detect erroneous predictions just due to potential
overfitting of the initial model. This is a very important
concern that can be overcome by verifying the model
on a new population and so, the use of external vali-
dation is becoming the gold-standard in oncological
literature to create and validate predictive models.
Whatever method is used in order to get the verification

0

20

40

60

80

100

Time (months)

S
ur

vi
va

l p
ro

ba
bi

lit
y 

(%
)

0

1

Factor 1

0 12 24 36 48 60 72

0

20

40

60

80

100

0

1

Factor 2

Logrank test: P = 0.0094

Logrank test: P = 0.0002

<37

>=37

Age classes

Low

High

Marker level

Logrank test: P = 0.0234

Logrank test: P = 0.0214

0 12 24 36 48 60 72

Fig. 9 Kaplan-Meier analysis of a population used as example in
Sect. 4. The factors 1 and 2 are dummy covariates, each one
containing two categories (1 and 0). The numerical covariates have
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specific cut-off values. Each Kaplan-Meier analysis shows significant
differences between the subpopulations classified according to the
covariates as shown by the p-values calculated by Logrank test
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Table 4 Results of Cox Proportional-Hazard Regression for the example given in the text

Regression method Stepwise

Enter variable if P\ 0.05

Remove variable if P[ 0.1

Sample size 144

Overall model fit

Null model-2 Log likelihood 339.097

Full model-2 Log likelihood 308.391

Chi square 30.706

DF 3

Significance level P \ 0.0001

Coefficients and standard errors

Covariate b SE P Exp (b) 95 % CI of Exp (b)

Age 0.0487 0.01658 0.0033 1.0499 1.0165–1.0844

Factor 1 = 0 -1.1378 0.3734 0.0023 0.3205 0.1547–0.6639

Factor 2 = 0 1.4372 0.3524 \0.0001 4.2090 2.1170–8.3687

Variables not included in the model: marker level

Baseline cumulative hazard function

Time Baseline cumulative
hazard–H0(t)

At mean of covariates

Cumulative hazard Survival

6 0.002 0.022 0.978

7 0.003 0.033 0.968

8 0.005 0.050 0.952

9 0.006 0.056 0.946

10 0.007 0.062 0.940

11 0.009 0.082 0.922

12 0.012 0.117 0.889

13 0.013 0.126 0.882

16 0.015 0.144 0.866

17 0.016 0.153 0.858

18 0.018 0.173 0.841

19 0.019 0.183 0.833

24 0.021 0.195 0.823

25 0.022 0.207 0.813

26 0.023 0.220 0.802

28 0.025 0.234 0.792

29 0.027 0.261 0.770

30 0.030 0.289 0.749

32 0.032 0.308 0.735

38 0.036 0.341 0.711

43 0.043 0.411 0.663

60 0.075 0.716 0.489

The model shows a high level of significance (P \ 0.0001). Looking at the covariates, age, dummy covariates Factor 1 = 0 and Factor 2 = 0 are
significant, while the marker level, dummy covariates Factor 1 = 1 and Factor 2 = 1 are not. In the lower part of the table the values of baseline
cumulative hazard function are shown, allowing to calculate the predicted value for a new patient having the same covariates set analyzed in the
model at the given time shown in the leftmost column
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dataset, the first step to achieve the validation of a new
model requires the analysis of the overall ‘benchmark’
of the model itself. For this purpose a binary classifier
(able to discern between patients who show the event
and patients who don’t) has to be used. Usually it is the
concordance index (c-index), also defined as the
receiver operating characteristic curve (ROC) and its
area under the curve (AUC). The ROC curve is a graph
which illustrates the performance of a binary classifier
system as its discrimination threshold is varied. It is
created by plotting the fraction of true positives out of
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Fig. 10 Plot of scaled Schoenfeld residuals of the Cox Proportional-
Hazard Regression for the example given in the text. The use of this
tool is able detect if there is lack of proportionality (showing some
kind of trends) among covariates. The dichotomous covariates (a,
b) show the position of the scaled residuals in two groups up and down
in their plots, while the scaled residuals for the age (continuous
covariate) are randomly spread in the plot area (c)

Table 5 Results of proportional hazards test for the example in the
text

q v2 P-value

Age -0.2649 3.326 0.0682

Factor 1 -0.2306 2.716 0.0993

Factor 2 0.0815 0.251 0.6160

GLOBAL NA 4.542 0.2086

Each covariate, and the global model behavior, show a P value[0.05,
meaning that there is no lack of proportional hazard over time (despite
the presence of a ‘trend’ in lack of proportionality for covariate ‘Age’,
showing a P value close to 0.05)
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Fig. 11 Example of four ROC curves with corresponding AUC
values. AUC = 0.5 corresponds to absence of predictive value for a
model, the curve lies close to the diagonal line that represents the
bisection of the square with AUC = 1; AUC = 0.7 corresponds to a
model that can have some predictive value, AUC = 0.8 corresponds to
a model having a good predictive value; AUC = 0.9 corresponds to a
model having an excellent predictive value, but it could be affected by
some kind of overfitting, which should be avoided. In real modeling
conditions the shape of the curves can be quite different from these
smooth lines
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positives (TPR = true positive rate) vs. the fraction of
false positives out of negatives (FPR = false positive
rate), at increasing threshold settings. TPR is also
known as sensitivity, and FPR is 1-specificity or true
negative rate. ROC analysis provides tools to select
possibly optimal models and to discard suboptimal
ones, e.g. when trying to detect the accuracy of a
diagnosis related to a blood parameter (interpreted as a
tumor marker). The interpretation of ROC curve is
easy: in Fig. 11 there are 4 different curves showing 4
different AUC levels: 0.5 (poor predictive power, same
as a coin-toss: 50 % to get the correct prediction), 0.7
(lowest predictive power to consider the model pre-
diction reliable), 0.8 (optimal predictive power), 0.9
(excellent predictive power but beware of the risk of
overfitting). The areas under the curves (AUC) are
proportional to the reliability of the prediction, thus a
comparison among different models can be easily
achieved by using this tool. The problem in survival
statistics is that the binary outcome is not provided by a
‘simple’ diagnostic definition (such as in ROC used for
detecting the optimal threshold of a diagnostic test) but
it should take into account that the binary outcome (the
survival provided by the censoring status) is spread over
the observation time. One solution to this problem is to
use a specific follow-up time to fix the reliability of the
prediction (Tp) and defining a censor-related-to-time
(CTp) that provides a time-dependent version of

sensitivity and specificity (Heagerty et al. 2000). In this
case IF the patient shows the event (status = 1) AND
the survival� TpTHEN CTp = 1, ELSE CTp = 0. Once
the list of CTp is built, a list of survival probability at Tp

(S(Tp)) has to be filled by using Eqs. 7 or 8. Now the
AUC can be calculated by using CTp as classification
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Fig. 12 ROC curve for the example model in the test. AUC =

0.7347, the ROC curve is the red-line, the two thin black dashed lines
represent the 95 % confidence interval of the ROC curve, the diagonal
black dashed-dot line represents the value of AUC = 0.5 correspond-
ing to a model with random predictive power
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Fig. 13 Calibration plot for the example model in the text. The values
of predicted probability for three groups of patients are plotted versus
the observed KM survival for the follow-up time chosen in model
definition (12 months). The dots close to the diagonal dash-dot line
(that represents the reference of the perfect calibration) and the bars
showing the 95 % confidence interval of KM survival overlapped to
the same diagonal dash-dot line show a good predictive performance
of the model for each examined patient subgroup
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Fig. 14 Kaplan-Meier survival curves of the three subgroups of
patients in the verification dataset classified according to the risk
classes achieved from the calculated PHRM and used in the calibration
plot of Fig. 13. Logrank test P value\0.0001. The distinction among
the classes is largely significant
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variable and S(Tp) as marker in the ROC analysis. An
example of the result of ROC analysis for the patient
series in the example given above is shown in Fig. 12
where the AUC = 0.7347 for the survival prediction
calculated at 12 months of follow up time. The calcu-
lation has been achieved over a new distribution (the
verification set) counting 80 patients with the same
covariates as the previous model. Finally the validation
of a model requires another step: it is important to relate
the prediction to various levels of actual outcome and
verify if there are differences among them in the pre-
dicted values. In order to do this the verification set is
divided into equal parts according the value of S(Tp). In
our example the verification set was divided in tertiles
(three groups of 27, 27 and 26 patients each one) and
for each one the Kaplan-Meier survival was calculated
with 95 % confidence interval at 12 months. Finally a
scatter plot with the KM survival on the y axis and the
mean S(Tp) for each group was drawn. It is also possible

(and desirable) to plot the confidence interval of the
KM survival in order to show whether the actual KM
survival moves far from the predicted survival given by
the model. This plot, also named calibration plot
(Taktak et al. 2007), shows the behavior of the model
for different risk-classes of patients. In our example the
calibration plot is shown in Fig. 13 and the confidence
intervals overlap the diagonal line representing the
perfect calibration so confirming an overall good per-
formance of the model for the different risk levels.
Using the definition of risk classes it is also possible to
draw KM survival curves for each class, showing the
trend of survival observed in the verification (or train-
ing) dataset. Figure 14 displays the KM survival plot
for the three classes in the verification dataset of our
example. The Logrank test gave p \ 0.0001 and so the
separation among these three risk classes is largely
statistically significant.

Fig. 15 First step of nomogram drawing: creation of the covariates
scales using a scatter plot with lines that join the values of the same
covariate. For the dummy covariates (Factor 1 and Factor 2) only the
significant values have to be used, the not significant values have value
‘0’. For the continuous covariate (age) a scale containing predefined

intervals has to be created by multiplying each step with the covariate
coefficient. The three lines lies on three different levels (given by the
y values of the scatter plot) and the x axis shows the value of the score
that have to be summed to achieve the exponent of the survival
equation
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6 Model Presentation: Creating
a Nomogram

The use of PHRM to predict the survival expected for a new
patient starting its treatment is of course possible when
information technology support for calculating the results of
Eqs. 7 or 8 is available. Nevertheless in daily clinical
practice the use of such kind of resources (think for example
during a patient consultation) could not be so easy. This is
the reason that led many authors to publish simple graphical
tools that allow to calculate ‘by hand’, or simply using a
ruler, the expected outcome. These tools are called nomo-
grams and were widely used in the past to help engineers,
mathematicians and physicists to calculate the solutions of
complex equations very quickly (Doerfler 2009). During the
last years many papers have been published presenting such
kind of tools to help clinicians in the decision-making
process for diagnosis (Kattan et al. 2003), for addressing
patients to specific treatment protocols or predicting sur-
vival (Lee et al. 2011; Valentini et al. 2011), for predicting
response to treatment (Van Stiphout et al. 2011) or for
analyzing the chances of side-effects due to treatment

(Bradley et al. 2007). The cited references are only a small
sample of the large numbers of papers (still growing)
published during the last decade and focusing on this spe-
cific topic. But which is the process that allows to translate
the results of a predictive model, such as a PHRM, into a
nomogram? In this section we will proceed with the crea-
tion of a nomogram summarizing the results for the
example of PHRM given in the two sections above. There
are several software products that allow to create nomo-
grams starting from models created within their own envi-
ronments (e.g. MATLAB�, � 1994–2013 The MathWorks,
Inc.; R, project for statistical computing, http://www.
r-project.org/). Of course this is a powerful solution for
readers who have skills in computer programming (as these
software products are mainly based on command line
interface) but for readers not versed in computer program-
ming we propose a ‘hand-made’ solution that uses simply
Microsoft� Excel (or another spreadsheet software) and
any vector graphics software (e.g. Adobe� Illustrator�, �
1987–2012 Adobe System Incorporated; InkScape,
�1989–1991 Free Software Foundation, Inc.) to ‘assemble’
the final plot. Starting from the results of the PHRM in our

Fig. 16 Creation of the conversion scale between the total score given by the x axis and the survival steps defined by the user. The conversion is
achieved by using Eq. 12 in the text
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example shown in Table 4 we want to calculate the pre-
dicted survival at 12 months. The result of prediction is
given by the equation:

Si tð Þ ¼ e �Hi tð Þf g ¼ e �H0 tð Þ�e xib½ �
� �

ð9Þ

with xib ¼ 0:0487 � Age� 1:1378 � Factor1

þ 1:4372 � Factor2
ð10Þ

and H0 tð Þ ¼ 0:012 ð11Þ

We create a scatterplot where three lines define the
contribution of the three addenda in the Eq. 9 to the
exponent of the function. This exponent xib is usually
referred as score. For the age, a continuous variable, a scale
with different steps is created multiplying each age value
with the corresponding coefficient (0.0487). It is important
to use as extreme values of the scale numbers that can be
found in the dataset used for verification, because the val-
idation of the model has been achieved over a specific range
of covariates levels and extrapolations could be misleading.
For the not-significant values of dummy covariates the
resulting addendum is null, for the significant ones it is the
value of the coefficients. Figure 15 contains the screenshot
of the spreadsheet with the values to be shown in the

scatterplot. Of course it is useful to join the points in each
plotted series (corresponding to each covariate) with a line.
Finally we need to translate the score into a survival value.
A second scatter plot can be created by filling a column with
a series of steps related to preset survival values and the
corresponding score can be calculated by solving the Eq. 7
as function of xib. The solution is given in the Eq. 12:

xib ¼ log log 1=Si tð Þ½ �=H0 tð Þf g ð12Þ

The new spreadsheet with the new scatter plot is shown
in Fig. 16. In order to publish the nomogram the final step is
to assemble the two graphs created in the spreadsheet, by
adding the labels and optimizing the final graphical result.
An example of ‘final product’ is shown in Fig. 17. In order
to calculate the survival the reader has to find in the
covariates lines the values corresponding to the patient’s
features (in the example Factor 1 = 1, Factor 2 = 0,
Age = 50 years) and then trace vertical lines from the
corresponding values down to the ‘Score’ scale, in order to
get the addenda to be summed each other for calculating the
‘Total score’. Finally starting from the ‘Total score’ scale
another vertical line has to be drawn down to the
‘12 months survival’ scale in order to get the final result.

-1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

Factor 1

Factor 2

Age

Score

0 1

01

40 50 60 70 80

Total
score 

12 months
Survival 0.975 0.95 0.9 0.8 0.7 0.6 0.30.5 0.4 0.2 0.1 0.05

Total Score = 0 + 1.4372 + 2.435 = 3.8722

Predicted Survival    0.56~_

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

Fig. 17 Final nomogram drawn by joining the two graphs in Figs. 15
and 16. Some finishing touch is needed to get the final aspect by using
a vector graphics software package (e.g. adding the labels close to the
values on the lines because they can’t be shown using Microsoft�
Excel). An example of use is provided by using a patient having

Factor 1 = 1, Factor 2 = 0 and age = 50. For each covariate value
the corresponding score can be read on the ‘Score’ line. After
calculating the sum of the single scores the final result can be read in
the Total score’ line that points to the’12 months Survival’ scale in the
bottom
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7 Appendix 1

# Survival Census Factor_1 Factor_2 Marker level Age Age class Marker class

1 3 0 1 1 27 45 Elderly High

2 3 0 0 0 13 38 Young Low

3 3 0 1 1 26 62 Elderly High

4 4 0 1 1 27 39 Young High

5 5 0 0 0 12 55 Elderly Low

6 6 0 1 1 28 45 Elderly High

7 6 0 1 1 27 41 Young High

8 6 0 1 1 27 55 Elderly High

9 6 1 1 0 26 43 Elderly High

10 6 1 1 0 28 53 Elderly High

11 6 1 1 0 24 44 Elderly High

12 6 0 0 1 6 44 Elderly Low

13 6 0 1 0 27 41 Young High

14 6 1 1 1 21 73 Elderly Low

15 6 1 1 0 23 50 Elderly High

16 6 0 1 1 27 48 Elderly High

17 7 1 1 0 27 50 Elderly High

18 7 0 1 1 28 42 Elderly High

19 7 1 1 1 21 83 Elderly Low

20 8 1 1 0 17 64 Elderly Low

21 8 1 0 0 13 49 Elderly Low

22 8 1 1 0 25 41 Young High

23 8 0 0 1 16 36 Young Low

24 8 0 1 1 30 47 Elderly High

25 8 0 1 0 26 41 Young High

26 9 0 1 1 29 50 Elderly High

27 9 1 1 1 24 41 Young High

28 9 0 0 1 12 43 Elderly Low

29 10 1 1 0 17 43 Elderly Low

30 11 0 1 1 23 47 Elderly High

31 11 0 0 0 16 50 Elderly Low

32 11 1 0 1 26 43 Elderly High

33 11 0 1 0 28 41 Young High

34 11 1 1 0 26 47 Elderly High

35 11 0 1 1 27 41 Young High

36 11 0 1 1 27 38 Young High

37 11 0 1 1 18 53 Elderly Low

38 11 1 0 0 24 43 Elderly High

39 12 1 1 0 26 42 Elderly High

40 12 1 1 0 23 47 Elderly High

41 12 0 1 1 27 41 Young High

42 12 0 1 0 27 43 Elderly High

(continued)
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(continued)

# Survival Census Factor_1 Factor_2 Marker level Age Age class Marker class

43 12 1 1 1 24 54 Elderly High

44 12 1 0 0 24 38 Young High

45 12 0 1 1 26 57 Elderly High

46 12 1 0 0 23 36 Young High

47 12 0 0 1 25 41 Young High

48 12 0 0 1 5 39 Young Low

49 13 0 1 0 26 41 Young High

50 13 0 0 1 18 41 Young Low

51 13 0 0 1 20 41 Young Low

52 13 0 0 1 9 68 Elderly Low

53 13 0 0 1 18 44 Elderly Low

54 13 1 1 0 23 47 Elderly High

55 14 0 1 0 25 41 Young High

56 14 0 0 1 8 50 Elderly Low

57 14 0 0 1 16 45 Elderly Low

58 16 1 1 1 26 41 Young High

59 16 1 1 1 25 43 Elderly High

60 16 0 0 1 13 39 Young Low

61 17 0 0 1 24 45 Elderly High

62 17 0 1 1 27 38 Young High

63 17 0 1 1 24 41 Young High

64 17 1 0 0 23 43 Elderly High

65 17 0 1 1 26 41 Young High

66 18 1 0 0 21 44 Elderly Low

67 18 1 1 1 23 73 Elderly High

68 18 0 1 1 20 46 Elderly Low

69 19 0 0 0 5 41 Young Low

70 19 0 1 1 20 51 Elderly Low

71 19 1 1 1 26 42 Elderly High

72 20 0 0 0 20 37 Young Low

73 20 0 0 1 18 44 Elderly Low

74 20 0 0 0 25 42 Elderly High

75 21 0 1 1 20 36 Young Low

76 21 0 1 1 18 59 Elderly Low

77 21 0 1 1 27 46 Elderly High

78 22 0 0 1 21 39 Young Low

79 22 0 0 1 11 55 Elderly Low

80 23 0 0 1 15 41 Young Low

81 24 0 0 1 16 39 Young Low

82 24 0 1 1 28 41 Young High

83 24 0 0 1 16 37 Young Low

84 24 1 1 0 24 41 Young High

85 25 0 0 0 18 45 Elderly Low

86 25 1 1 0 25 38 Young High

(continued)

26 V. Valentini et al.



(continued)

# Survival Census Factor_1 Factor_2 Marker level Age Age class Marker class

87 25 0 0 0 27 46 Elderly High

88 26 0 0 0 14 40 Young Low

89 26 0 1 1 25 47 Elderly High

90 26 1 0 0 15 43 Elderly Low

91 28 0 0 1 11 38 Young Low

92 28 1 0 1 1 39 Young Low

93 29 0 0 1 15 38 Young Low

94 29 1 0 0 19 50 Elderly Low

95 29 1 1 1 21 42 Elderly Low

96 29 0 1 1 24 41 Young High

97 30 0 1 0 27 39 Young High

98 30 0 0 0 22 47 Elderly Low

99 30 1 1 0 9 45 Elderly Low

100 30 1 1 0 25 38 Young High

101 31 0 1 1 26 41 Young High

102 31 0 0 1 5 38 Young Low

103 31 0 0 0 24 59 Elderly High

104 32 1 1 0 21 47 Elderly Low

105 32 0 1 1 26 41 Young High

106 32 0 0 1 27 41 Young High

107 32 0 0 0 13 45 Elderly Low

108 33 0 0 0 18 44 Elderly Low

109 34 0 0 0 16 43 Elderly Low

110 34 0 0 1 11 65 Elderly Low

111 34 0 1 1 16 43 Elderly Low

112 34 0 0 0 4 43 Elderly Low

113 35 0 0 1 25 47 Elderly High

114 36 0 0 1 13 40 Young Low

115 36 0 1 1 25 51 Elderly High

116 36 0 1 0 26 41 Young High

117 36 0 1 1 23 52 Elderly High

118 36 0 0 1 26 39 Young High

119 37 0 1 1 26 42 Elderly High

120 37 0 0 1 12 39 Young Low

121 37 0 1 0 27 39 Young High

122 37 0 1 1 27 47 Elderly High

123 38 0 0 1 21 53 Elderly Low

124 38 1 1 0 26 45 Elderly High

125 38 0 0 1 24 39 Young High

126 40 0 0 1 8 36 Young Low

127 41 0 0 0 15 37 Young Low

128 41 0 0 1 27 49 Elderly High

129 42 0 0 0 16 78 Elderly Low

130 42 0 1 0 15 41 Young Low

(continued)
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# Survival Census Factor_1 Factor_2 Marker level Age Age class Marker class

131 42 0 1 1 22 46 Elderly Low
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134 44 0 1 1 24 41 Young High
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141 60 1 0 0 16 50 Elderly Low
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143 65 0 1 1 26 38 Young High

144 70 0 1 1 24 47 Elderly High
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Abstract

One of the goals of personalized medicine is to utilize
biomarkers to sub-classify patients into risk groups that
can be used to guide recommendations for therapy. In
addition to classical risk factors, gene signatures and
genomics are being developed as a means to biologically
characterize tumors and to stratify patients according to
the risk associated with the specific molecular aberrations
present in their disease. Gene signatures and genomics
are currently being investigated as a personalized med-
icine strategy for many cancers, but have been studied
most extensively in breast cancer. In this disease, the
results of genetic signatures have come to influence
current recommendations for adjuvant chemotherapy for
appropriately selected patient populations. In this chap-
ter, we will review the use of gene signatures and
genomics in the development of personalized oncology,
with an emphasis on applications for breast cancer.

1 Personalized Medicine and Biomarkers

Cancer often exhibits both inter-patient and intra-tumoral
genetic heterogeneity, even among patients with the same
primary malignancy (Schilsky 2010; De Palma and Hana-
han 2012). In order to assess an individual patient’s prog-
nosis, often clinical or pathologic features are utilized, such
as age, tumor size, lymph node status, histology, grade, and
margin status, among other features depending on the spe-
cific malignancy. With a steadily growing understanding of
the biologic basis for the heterogeneity of cancer, there is
considerable interest in biomarker development and the
implementation of personalized medicine (Ely 2009; Gins-
burg and Willard 2009). A biomarker is defined by the NCI
as a biological molecule that is found in the blood, other
body fluids, or tissue that is a sign of a condition or disease.
Biomarkers have many uses in oncology, including risk
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assessment (BRCA mutation analysis), screening (PSA),
prognosis (Oncotype DX), and prediction of response to
therapy (HER2 amplification) (Henry and Hayes 2012). In
addition, several biomarkers, such as CEA, PSA, and CA
15-3, can be used to monitor response to therapy and to
detect recurrent disease. An important distinction should be
made regarding the difference between prognostic and
predictive biomarkers. Prognostic biomarkers provide
information on patient outcome, independent of treatment.
Predictive biomarkers, however, can be used to predict the
likelihood of a response to a given therapy. While prog-
nostic biomarkers may be useful to determine the natural
history of disease, predictive biomarkers may be better
suited to provide a means to personalize therapy (La
Thangue and Kerr 2011).

As many key regulators of cellular processes have been
identified, including oncogenes and tumor suppressor genes,
it was anticipated that normal cellular function might be
restored by counteracting a specific genetic abnormality.
However, the complexity of the dysregulation that develops
during carcinogenesis is perhaps greater than was originally
anticipated. In addition, the frequent crosstalk between
pathways has sometimes hindered development of novel
cancer therapies that have meaningful clinical efficacy (De
Palma and Hanahan 2012; Mendelsohn et al. 2012).

The concept of personalized medicine, at first glance,
might seem to imply that each individual patient would
receive a unique combination of therapies specific to the
genetic aberrations present in his/her malignancy. However,
as a practical matter, personalized medicine in oncology often
uses predictive biomarkers to identify subgroups of patients
who are likely to benefit from a specific targeted therapy. With
many of the recently developed targeted therapies, often only
a small proportion of patients, on the order of 10-20 %, will
harbor the specific molecular aberration and be expected to
respond to the targeted therapy. Instead of exposing a large
population of patients to additional systemic therapy, treat-
ment efficacy could be maximized by administering this
therapy only to those most likely to derive a benefit. In this
way, patients who are unlikely to benefit from the therapy can
avoid the additional side effects and cost. The overall goal of
this strategy of personalized medicine is to define specific
subgroups of patients and to tailor therapy accordingly (La
Thangue and Kerr 2011). It should be emphasized that risk
stratification in personalized medicine using biomarkers is
currently only additive in the context of clinical/anatomic
staging. Gene expression profiling is one method that has been
used clinically to define patient subgroups and to administer
personalized medicine. We will next review the methods and
statistical issues related to gene expression profiling.

2 Introduction to Gene Expression
Profiling and Associated Technologies

2.1 Methods of Gene Expression Profiling

Gene expression is the formation of a functional gene
product that is created from the information contained
within a gene. Gene expression profiling involves assess-
ing the relative amounts of mRNA produced from various
genes. The first step of gene expression profiling involves
isolation and purification of the mRNA from the test
sample. In the case of tumor samples, this is often
obtained from formalin-fixed paraffin-embedded (FFPE)
tissue, such as biopsy or surgical resection specimens.
Although this method is feasible, formalin-fixation and
processing of a tissue specimens results in chemical
modification and degradation of RNA (Medeiros et al.
2007). Therefore, when possible, frozen specimens or
fresh specimens stored in special RNA-preserving solution
are desired, as they yield more intact RNA. Regardless of
the method of preservation, delays between tissue har-
vesting and specimen fixation should be minimized, in
order to reduce RNA degradation. Once the mRNA is
isolated and purified, it is converted to complementary
DNA (cDNA) by reverse transcription.

The microarray technique utilizes an array of gene-spe-
cific DNA probes or oligos, spotted onto a slide (Quac-
kenbush 2006; Tefferi et al. 2002; Hamilton 2012). Each
spot contains a specific DNA sequence corresponding to a
gene. The relative level of gene expression for each gene
can be determined for a sample by fluorescently-labeling
the cDNA and then hybridizing the labeled cDNA with the
DNA microarray. The relative fluorescence intensity, which
corresponds to the level of gene expression, can then be
determined for each gene (Fig. 1). The Mammaprint is an
example of a microarray-based test designed to assess a
woman’s risk of metastasis from breast cancer, and will be
discussed in more detail later in this chapter (Kim et al.
2009).

Alternatively, gene expression can be assessed with a
quantitative PCR (qPCR) based approach, in which the
cDNA obtained from a sample is amplified using gene-
specific primers and labeled probes. This method requires
creation of specific primers and probes for each gene of
interest, and logistically this limits the number of genes that
can be analyzed. Oncotype DX is an example of a qPCR-
based test which can be used to assess recurrence risk for
women with ER-positive, lymph node-negative breast
cancer. The Oncotype DX assay will be discussed further
later in this chapter (Kim et al. 2009).
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2.2 Validation of Gene Expression Profiling

Prior to clinical application, the use of a specific biomarker
or a panel of biomarkers must be thoroughly studied and
validated (Simon et al. 2009). Teutsch et al. outline three
key components to evaluation of a genetic test: analytic
validity, clinical validity, and (Henry and Hayes 2012;
Teutsch et al. 2009). The first component, analytic validity,
is defined as the ability of a test to accurately and reliably
measure the genotype of interest. The analytic validity
includes assessment of the sensitivity, specificity, precision
(reproducibility), and assay robustness (resistance to small
changes in assay parameters). The second component,
clinical validity, is defined as the ability of a test to accu-
rately and reliably predict the clinical event. This includes
determination of the positive and negative predictive values
of the test. Clinical validity requires analysis of an inde-
pendent cohort to validate the original findings. This is often
performed with an initial analysis of a ‘‘test set’’ and con-
firmation with an independent ‘‘validation set’’, which may
be an independent cohort of patients at the same institution
or, alternatively, patients at another institution. The third

component in evaluating a new biomarker is clinical utility,
which is defined as evidence of improved measurable
clinical outcome, and added value to patient management
decision-making compared with current management. In
other words, does the use of the new biomarker provide
additional information that changes patient management?
Also, the extent of the effect of the biomarker is considered.
For example, does the biomarker status correspond to a
small percentage change in outcome or does it confer a
large, several-fold difference? Is this difference enough for
clinicians to change management?

Microarray data analysis enables us to monitor the
expression level of genes and changes in the expression
patterns with respect to pathologic conditions at a genome
scale. There are two approaches to analyze the data—
supervised or unsupervised analysis. In supervised analysis,
distinct groups of genes or samples (i.e. patient vs. normal)
are identified and differences in expression profiles between
the groups are evaluated. On the other hand, in unsuper-
vised analysis, sets of genes or samples with similar
expression profiles are grouped, and their common clinical
and physiological and/or biological features are identified.

Fig. 1 Overview of microarray analysis. Reprinted with permission from Quackenbush (2006)
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If there are pre-existing clusters (patients and normal or
different known tumor types), supervised analysis is more
appropriate. However, unsupervised analysis is a powerful
method for identifying new clusters (uncharacterized path-
ways of dysregulated gene expression, new tumor subtypes
etc.) Clustering analysis generates distinct groups of genes
or samples based on their similarity of expression profiles
and may be hierarchical or non-hierarchical. In hierarchical
clustering, the relationships among objects within and
between groups are specified and represented as dendro-
grams (Hastie et al. 2009). In this way, samples with similar
expression patterns are grouped together within branches of
a sample dendrogram, and in like manner, genes with
consistent expression patterns within sample groups cluster
in gene dendrogram branches. These results indicate cel-
lular and molecular features differentiating groups of sam-
ples, which may be important for diagnosis or prognosis,
and furthermore identify key transcriptional and signaling
pathways that may be targeted by new or existing therapies.
One pitfall with microarray data analysis is the issue of
multiple hypothesis testing. By definition, microarray
experiments simultaneously test the expression of thousands
of genes, often assessing gene expression using a much
lower number of individual patient samples. This creates a
statistical problem known as multiple hypothesis testing.
Data analysis solutions to this problem exist, but extreme
caution should be used in interpreting the results of a
microarray study with relatively low numbers of patient
samples (\25), thousands of gene probes and a single
patient/tumor data set. The false discovery rate (FDR),
which is a modified p value used to adjust for multiple
comparisons, is often reported when groups of patient
samples are compared for gene expression using micro-
arrays. In general, FDR values \0.05 are acceptable for
statistical significance in microarray studies, and most
current studies employ additional methods to reduce the
false positive rate (Benjamini and Hochberg 1995; Storey
and Tibshirani 2003). In addition, a number of more
advanced statistical methods are currently available for data
analysis, many of which evaluate biologically meaningful
gene sets or pathways (Hastie et al. 2009; Tseng et al.
2012).

In summary, prior to implementation of a new biomarker
or gene signature into clinical practice, it must be evaluated
for analytic validity, clinical validity, and clinical utility.
Large validation studies are required. The highest level of
evidence for a new genetic signature would be a prospective
clinical study that is designed with assessment of the bio-
marker as the primary objective of the trial (Henry and
Hayes 2012). This would minimize bias in subject selection
and standardize sample handling and assay conditions.
Gene expression profiling has been perhaps most exten-
sively studied in breast cancer. We will next review the

development and implementation of personalized medicine
in breast cancer on the basis of gene expression.

3 Defining Patient Subgroups in Breast
Cancer on the Basis of Gene Expression

3.1 Classical Studies of Global Gene
Expression in Breast Cancer

In 2000, a seminal paper by Perou et al. characterized the
gene expression patterns for 42 women with breast cancer
(Perou et al. 2000). Most of the specimens analyzed were
breast cancer, but a few samples of normal breast tissue
were also examined. Some patients had multiple specimens
studied, such as the primary tumor and a lymph node
metastasis, and in some cases samples were obtained before
and after chemotherapy administration. Microarrays were
performed, with over 8,000 genes analyzed. Using a hier-
archical clustering method, genes were grouped based on
the similarity of their patterns of expression. The authors
found that there was significant variation in gene expression
patterns among the tumor specimens. Interestingly, samples
from the same patient, such as from a primary tumor and a
lymph node, or before and after chemotherapy, were more
similar to each other than to any other sample, in terms of
their gene expression pattern. The ‘‘intrinsic’’ gene subset is
a subset of 496 genes which showed greater variation
between unrelated samples than was seen between samples
from the same patient. This subset of genes includes specific
clusters of genes, such as the luminal cluster, HER2 (Erb-
B2) cluster, proliferation cluster, and basal cluster. The
‘‘molecular portraits’’ of gene expression examined in this
study led to identification of the intrinsic subtypes of breast
cancer. In the first publication, the subtypes identified were
ER+/luminal-like, basal-like, Erb-B2+, and normal breast
(Perou et al. 2000). Further investigation led to the finding
that the luminal subtype could potentially be divided into
two or three subgroups, termed luminal A, luminal B, and
luminal C, each with a unique gene expression pattern
(Sorlie et al. 2001). Alternatively, two luminal subgroups,
luminal A and luminal B, could be described. Importantly,
the clinical outcome of patients was evaluated for each of
the subtypes, including luminal A, luminal B, luminal C,
normal breast-like, Erb-B2+, and basal-like. Significant
differences were seen in both relapse-free survival and
overall survival, with basal-like and Erb-B2+ subtypes
having the worst outcome and luminal A subtype showing
the best outcome (Fig. 2). In a subsequent analysis of 115
breast cancers, the subtypes were further refined (Sorlie
et al. 2003), to include the luminal A, luminal B, basal, Erb-
B2+, and normal breast-like subtypes. The cluster dendro-
gram for tumors, when divided into these five subtypes
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(luminal A, luminal B, normal breast-like, Erb-B2+, and
basal-like), can be seen in Fig. 3. Also, the full cluster
diagram and gene expression patterns can be seen in Fig. 4.
Subtype characterization was confirmed by cluster analyses
performed on independent data sets of cohorts of patients
from other institutions. The clinical outcomes of different
subtypes were assessed and revealed differences in overall
survival and time to distant metastases. One other inter-
esting finding from this work was that BRCA1 mutation was
strongly associated with predisposition to the basal tumor
phenotype.

More recently, a new breast cancer intrinsic gene list
containing 1300 genes was evaluated and validated in
independent data sets (Hu et al. 2006). This analysis strat-
ified patients into five subtypes, luminal A, luminal B,
basal-like, HER2+, and normal breast-like, using a 105
tumor training set and validation set of 311 tumor samples
(compiled from three independent studies). Clinical out-
comes for the subtypes were significantly different in terms
of relapse-free and overall survival. Multivariate analysis
demonstrated that tumor subtype was prognostic of relapse-
free, disease-specific, and overall survival, independent of
standard clinical factors such as tumor size, lymph node
status, and tumor grade.

3.2 Implications of Breast Cancer Subtype
for Systemic Therapy Selection

Determination of breast tumor subtype is clinically valu-
able, as the subtype (often clinically defined by immuno-
histochemical profile) frequently guides decisions for
systemic therapy. For example, women with luminal A or
luminal B (ER positive) breast cancer, are known to derive
benefit from adjuvant hormone therapy (Davies et al. 2011),
and therefore most will receive anti-estrogen therapy in the
form of tamoxifen or an aromatase inhibitor. Patients with

the Erb-B2+(HER2+) subtype will often receive Herceptin
(trastuzumab), which is a monoclonal antibody against the
HER2/neu receptor. Women with HER2-positive breast
cancer who are either lymph node-positive or high-risk
node negative have been found to benefit from Herceptin
therapy (Smith et al. 2007; Perez et al. 2011) and many
current studies are exploring combinations of anti-HER2
targeted therapies for these patients (Gianni et al. 2012).
The basal subtype or the overlapping subtype known as
‘‘triple negative breast cancer’’ continues to receive signif-
icant research attention due to its relative poor prognosis
and lack of targeted therapeutic strategies. Information
provided by the intrinsic subtypes (using an immunohisto-
chemical approach) has been adopted by 2011 St. Gallen
Consensus Conference (Goldhirsch et al. 2011) (Table 1).

4 Gene Signatures and Clinical Decision
Making in Breast Cancer

Fortunately, the majority of women diagnosed with breast
cancer do not have metastatic disease at the time of diag-
nosis, and are in a clinically curable situation. However,
after surgery, all women have some degree of risk of
relapse, at local, regional, and distant sites. The magnitude
of the risk of relapse can be quite different depending on the
individual woman, and can be assessed using clinical,
pathologic, and treatment-related variables. Over the past
decade, gene signatures for women with breast cancer have
provided significant additional prognostic information. The
greatest clinical impact of these assays has been risk strat-
ification in relatively low risk patient populations (ER
positive and node negative). Specifically, Mammaprint is a
commercially available gene expression assay that has been
used to predict recurrence in patients with node negative
cancers. Oncotype DX is a commercially available, clini-
cally validated gene expression assay that is used to guide
recommendations for the use of systemic chemotherapy in
addition to anti-estrogen therapy for patients with ER
positive, node negative disease. It is important to note that
clinical use of any gene signature should be considered only
for independently validated assays performed on large
datasets, and care should be taken to apply use of the sig-
nature only to patients for whom the assay has been vali-
dated. Currently, clinical use of Oncotype DX in node
positive and/or ER negative disease is considered
experimental.

4.1 Mammaprint

One of the earliest gene signatures for breast cancer was
the Mammaprint, or the Amsterdam 70-gene prognostic

Fig. 2 Clinical outcome for patients based on tumor subtype. Kaplan-
Meier survival curves demonstrate the relapse-free survival (RFS) for
breast cancer patients, as classified by tumor subtype. Reprinted with
permission from Hu et al. (2006)
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Fig. 3 Cluster dendrogram demonstrating tumor subtypes. This dendogram shows the clustering of the tumors into five tumor subgroups.
Branches for tumors with low correlation to any tumor subtype are shown in gray. Reprinted with permission from Sorlie et al. (2003)

Fig. 4 Hierarchical clustering of breast tumors using the intrinsic
gene set, with full cluster (left) and specific gene clusters shown in
more detail (right), including the Erb-B2+ (C), luminal B (D), basal

(E), normal breast-like (F), and luminal A (G) clusters. Reprinted with
permission from Sorlie et al. (2003)

34 M. A. Thomas et al.



signature. This signature was initially characterized in a
cohort of 98 primary breast cancer patients, which included
34 women that developed distant metastatic disease within
5 years and 44 women who did not (van’t Veer et al. 2002).
There were also 20 patients with BRCA1 or BRCA2
germline mutations included in the analysis. For the spo-
radic cases, all women were\55 years old, had a tumor size
\5 cm, and were lymph node negative. RNA was isolated
from frozen tumor samples and supervised analysis of the
microarray data identified a set of 70 genes that allowed
discrimination between patients with good and poor prog-
nosis, with an accuracy of 83 %. The Mammaprint allows a
binary classification, either a good prognosis or poor
prognosis signature (Fig. 5). Women in the poor prognostic
group based on this signature have a significantly increased
risk of developing distant metastatic disease within 5 years
(odds ratio, OR = 28). On multivariate analysis including
classical prognostic factors, the Mammaprint signature was
an independent predictor of outcome.

Further validation of the Mammaprint gene signature
was performed in a cohort of 295 patients (van de Vijver
et al. 2002). All patients were less than 53 years old, had a
primary tumor size of less than 5 cm, and in this cohort 151

were lymph node negative, while 144 were lymph node
positive. Overall survival at 10 years was 95 % for those
with good prognosis signature and was 55 % for those with
poor prognosis signature. Probability of remaining free of
distant metastases was 85 % for those with good prognosis
signature and 51 % for those with poor prognosis signature.
However, it should be noted that 61 patients in this study
were also members of the original cohort used to develop
the signature. Independent validation studies were subse-
quently conducted, including an analysis of 302 patients
from five European centers (Buyse et al. 2006). Patients
included in this analysis were \61 years old, lymph node
negative, tumor size \5 cm, and did not receive adjuvant
systemic therapy. Median follow-up was 13.6 years. The
70-gene prognostic signature remained an independent
prognostic factor for development of distant metastases and
overall survival, with unadjusted hazard ratios of 2.32 and
2.79, respectively.

There is also interest in assessing risk of distant meta-
static disease in older women, who may not tolerate che-
motherapy well. Identification of older women that have a
low risk of distant metastatic disease might allow avoidance
of the considerable toxicity associated with chemotherapy

Table 1 2011 St Gallen consensus recommendations of systemic treatment

IHC Subtype Definition Type of adjuvant therapy

Luminal A HR+/HER2-/Ki67 low Endocrine therapy alonea

Luminal B HR+/HER2-/Ki67 high Endocrine therapy ± cytotoxic therapy

HER2-positive HR-/HER2+ Cytotoxics + anti-HER2 therapy

Triple-negative HR-/HER2- Cytotoxics
a A few patients require cytotoxics (such as high nodal status or other indicator of risk)
HR hormone receptor
Source This table reprinted with permission from Prat et al. (2011) summarizes current treatment recommendations for systemic therapy based
upon breast cancer subtype

Fig. 5 Patient outcome based on
Mammaprint signature. The
metastasis-free survival
(left panel) and overall survival
(right panel) of breast cancer
patients with good prognosis
signature and poor prognosis
signature are shown. Reprinted
with permission from van de
Vijver et al. (2002)
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in this group of women. The Mammaprint gene signature
has also been evaluated for women between the ages of 55
and 70 (Mook et al. 2010). In this analysis, frozen tumor
specimens from 148 women, aged 55-70 years old with
tumor size\5 cm and negative lymph nodes, were analyzed
and assigned either good or poor prognosis based on their
70-gene signature. The 70-gene prognosis signature was
prognostic of breast cancer-specific survival (P = 0.036).
Distant metastasis-free survival at 5 years was 93 % for
patients with a good prognosis signature and 72 % for those
with poor prognosis signature, but this difference was not
statistically different in this cohort (P = 0.07).

Currently, there are several ongoing clinical trials
designed to further characterize the utility of Mammaprint.
MINDACT (Microarray In Node-negative and 1-3 positive
lymph node Disease may Avoid ChemoTherapy; EORTC
10041), is a Phase III prospective randomized study com-
paring Mammaprint with clinical-pathological assessment
(Adjuvant! Online) in selecting patients with 0-3 positive
lymph nodes for adjuvant chemotherapy. In the trial,
women with discordant prognostic assessment on Mam-
maprint and Adjuvant! Online will be randomized for the
decision of adjuvant chemotherapy based on either Mam-
maprint or Adjuvant! Online risk status. All women with
high risk scores on both Mammaprint and Adjuvant! Online
will receive chemotherapy and all women with low risk
scores on both will not receive chemotherapy. Accrual of
6,600 patients has been achieved, with results currently
pending.

Other ongoing trials include PROMIS, which is a pro-
spective registry study to assess the impact of Mammaprint
on systemic therapy decision making for patients with an
intermediate Oncotype DX score. NBRST, is a prospective
registry study designed to measure outcomes based on
molecular subgroups, determined by Mammaprint and other
profiles, for patients undergoing neoadjuvant chemotherapy
or endocrine therapy. Similarly, MINT I, is a study designed
to test the ability of Mammaprint (in combination with other
factors) to predict response to neoadjuvant chemotherapy.
Of note, initial studies using Mammaprint were conducted
on frozen tissue, but currently the assay can be performed
on fresh, frozen, or formalin-fixed paraffin-embedded
specimens.

4.2 Oncotype DX

The Oncotype DX is a real-time quantitative reverse-
transcriptase-polymerase-chain-reaction (RT-PCR) assay of
21 prospectively selected genes designed for use in fixed,
paraffin-embedded tumor specimens. Paik and colleagues
first developed a real-time RT-PCR assay to quantify gene
expression of 250 candidate genes and subsequently

analyzed the relation between breast cancer recurrence and
gene expression in a preliminary inquiry of 447 patients
(Paik et al. 2004). From this analysis, they selected a panel
of 16 cancer-related genes and five reference genes. The
cancer-related genes included those involved in prolifera-
tion and invasion, among others. An algorithm was
designed to calculate a Recurrence Score (RS) based on the
levels of expression of these genes. The RS ranged from 0
to 100, with higher scores reflecting greater likelihood of
distant recurrence. Patients were divided into three risk
categories based on their RS: low-risk (RS \ 18), inter-
mediate-risk (RS 18-30), and high-risk (RS [ 30). Paik
et al. demonstrated the ability of the Oncotype DX assay to
predict the likelihood of distant recurrence for women with
ER-positive, lymph node-negative breast cancer (Paik et al.
2004). In this analysis, tumor samples from 668 women
treated with tamoxifen on NSABP B-14 were evaluated.
NSABP B-14 was a clinical trial of ER-positive, node-
negative breast cancer, in which women were randomized
to tamoxifen versus placebo. The rate of distant recurrence
at 10 years was 7 % for those with low-risk RS, 14 % for
intermediate-risk RS, and 31 % for high-risk RS (Fig. 6).
Recurrence score was found to be an independent prog-
nostic factor on multivariate analysis. RS was also predic-
tive of overall survival. The risk of distant recurrence can be
predicted using the RS as a continuous function (Fig. 7).

Determination of the RS from the Oncotype DX assay
was also found to predict the magnitude of benefit from
chemotherapy. An analysis was performed of tumor sam-
ples from the NSABP B-20 trial, in which women with ER-
positive, node negative breast cancer were randomized to
tamoxifen with or without chemotherapy. RT-PCR was

Fig. 6 Stratification of patient outcome based on Oncotype DX risk
group. The freedom from distant recurrence is shown for patients in
the low, intermediate, and high risk groups. Reprinted with permission
from Paik et al. (2004)
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successful in the majority (97 %) of blocks that had suffi-
cient remaining specimen and were therefore included in
this analysis (n = 651). In NSABP B-20, there was a ben-
efit with the addition of chemotherapy, in terms of local,
regional, and distant recurrence. In the current study, the
magnitude of benefit from chemotherapy was greatest
among patients with high risk RS, and patients in inter-
mediate or low risk groups demonstrated no significant
benefit from chemotherapy (Paik et al. 2006). In another
study, the Oncotype DX-derived RS was found to be pre-
dictive of pathologic complete response (pCR) in patients
receiving neoadjuvant chemotherapy (Gianni et al. 2005).
Patients with higher RS had a greater probability of having
a pCR after completion of neoadjuvant chemotherapy.
Based on the findings above, the randomized Phase III
TAILORx trial for women with ER-positive, node-negative
breast cancer was designed. Women enrolled on this trial
with an Oncotype DX RS \11 receive hormone therapy
only, and those with a RS [25 receive chemotherapy fol-
lowed by hormone therapy. Women with RS of 11-25 are
randomized to either hormone therapy alone or in combi-
nation with chemotherapy. Enrollment has been completed
and results are currently pending.

Two preliminary studies have reported on the utility of
the Oncotype DX assay in lymph-node positive patients
(Dowsett et al. 2010; Albain et al. 2010). Dowsett et al.
evaluated the Oncotype DX assay on specimens from the
ATAC (Arimidex, Tamoxifen, Alone or in Combination)
trial (Dowsett et al. 2010). The ATAC trial compared the
efficacy of arimidex, tamoxifen, or both for post-meno-
pausal women. In this analysis, Oncotype DX assay was
performed for samples of patients on the single agent arms

(arimidex only or tamoxifen only; n = 1,372). Prognostic
value of Oncotype-based RS was seen both in patients
treated with tamoxifen and confirmed for patients treated
with arimidex. In addition, RS was predictive of distant
recurrence for lymph node negative (n = 872) and also for
lymph node positive patients (n = 306). Similarly, Albain
et al. investigated the utility of the Oncotype DX assay for
post-menopausal women with node-positive, ER-positive
breast cancer (Albain et al. 2010). In this retrospective
analysis, 367 samples from the Phase III SWOG-8814 trial,
in which women were randomized to tamoxifen with or
without the addition of chemotherapy, were analyzed.
Patients with high-risk RS showed a significant benefit in
disease-free survival with the addition of chemotherapy,
whereas those with intermediate- or low-risk RS did not. An
ongoing Phase III trial, SWOG RxPONDER (S1007), has
been initiated to prospectively evaluate the benefit of che-
motherapy for women with 1-3 positive lymph nodes, ER-
positive, HER2-negative breast cancer with RS of 25 or
less. Women meeting eligibility criteria will be randomized
to receive endocrine therapy with or without the addition of
chemotherapy. The primary endpoint is disease-free sur-
vival and enrollment is ongoing.

Oncotype DX assessment is incorporated in the ASCO
recommendations for use of tumor markers in breast cancer
and in NCCN guidelines to predict the risk of recurrence for
women with ER-positive, HER2-negative, node-negative
breast cancer treated with tamoxifen. The NCCN panel
considers Oncotype DX an option, to be taken into con-
sideration only in the context of other elements of patient
risk stratification. Other applications at this time are
investigational and require further validation prior to
inclusion in clinical decision-making.

Recently there has been interest in molecular character-
ization of ductal carcinoma in situ, DCIS. DCIS is a non-
invasive form of breast cancer that has the potential to
develop into invasive disease over time. Adjuvant radiation
therapy has been shown to decrease the risk of both non-
invasive and invasive recurrence after partial mastectomy
for DCIS. There is ongoing interest in identifying women
with DCIS with a low risk of recurrence after surgery who
would likely derive a small absolute benefit from adjuvant
therapy. However, the use of clinical and pathologic factors
to identify women with low risk DCIS is not entirely
straightforward. Even patients with low or intermediate
grade DCIS and negative margins have a measurable risk of
recurrence. Solin et al. reported DCIS risk stratification
utilizing 12 of the 21 genes in the Oncotype DX assay
(Solin et al. 2012). In data presented at the San Antonio
Breast Cancer Symposium in 2011, the Oncotype DX assay
has been proposed as a means to stratify risk of recurrence
in patients with DCIS who have undergone partial mas-
tectomy alone. For this analysis, the Oncotype DX was

Fig. 7 Rate of distant metastases as a function of Recurrence Score,
determined by Oncotype DX analysis. The risk of distant metastasis at
10 years can be estimated for any given recurrence score, using the
continuous function shown here. Reprinted with permission from Paik
et al. (2004)
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performed for 327 women (approximately 50 % of patients)
enrolled on the ECOG E-5194 study. Women in this study
had relatively low risk DCIS, with either low or interme-
diate grade DCIS B 2.5 cm or high grade DCIS B 1 cm.
The ‘‘DCIS Score’’ was determined and women were
grouped into three categories: high, intermediate, and low.
They found that the DCIS Score obtained from the Onco-
type DX assay was a significant independent predictor of
ipsilateral breast events (either invasive or DCIS) on mul-
tivariate analysis. It was proposed that the DCIS Score
could be used to estimate a woman’s risk of recurrence after
partial mastectomy for DCIS and potentially guide indi-
vidual recommendations for adjuvant therapy. However,
even the low risk group had a 12 % risk of any breast event
(either invasive or non-invasive recurrence). Also, further
validation is necessary before this is applied to routine
clinical practice.

4.3 Other Novel Gene Signature Assays

Other gene signatures are being developed, including the
Breast Cancer Index (BCI), MapQuant DX Genomic Grade
Index (GGI), among others (Prat et al. 2011). The Breast
Cancer Index (BCI) is an assay for women with ER-posi-
tive, node-negative breast cancer, which may assist in pre-
diction of the risk of distant recurrence. Two prognostic
quantitative real-time PCR assays, the HOXB13:IL17BR
two-gene ratio and the molecular grade index (MGI), are
incorporated in the BCI. HOXB13 is an antiapoptotic gene
associated with increased risk of recurrence and the IL-17
receptor B is associated with decreased risk of recurrence.
The combination of the HOXB13:IL17BR and MGI were
found to be prognostic of outcome (Ma et al. 2008). Map-
Quant DX, also known as Genomic Grade Index or GGI, is
a microarray based assay that defines two molecular sub-
groups that have distinct clinical outcomes (Loi et al. 2007).
Early comparisons of the various gene signatures show high
rates of concordance in predicting outcome (Fan et al.
2006).

4.4 Gene Expression and Radiation Therapy

The primary purpose and utility of the previously discussed
gene signatures was to stratify patients based on risk of
distant recurrence. There are several questions regarding
gene expression in breast cancer that are more relevant to
radiation therapy, and we will review the existing data for
each of these questions here. Haffty and Buchholz (2010)
have recently written an excellent editorial on recent pub-
lications concerning gene expression and local recurrence in
breast cancer, and interested readers are encouraged to

review their findings (Haffty and Buchholz 2010). In brief,
the authors define the following questions regarding gene
expression and radiation therapy: (1) Is there a group of
women at sufficiently low risk of local recurrence after
lumpectomy alone that can be spared radiation therapy? (2)
Alternatively, can gene expression signatures be used to
identify a group of women at sufficiently high risk of local
or regional recurrence after breast conservation (BCT)?
Would these patients be better served with dose escalation
or the use of radiosensitizers? (3) As breast conservation
treatments evolve to include accelerated regimens, hypo-
fractionation and partial breast volumes, can the results of
gene expression assist in selection of patients for altered
radiotherapy regimens? (4) With respect to postmastectomy
irradiation, are our current guidelines oversimplified with
respect to tumor biology? Can gene expression profiling be
used to identify patients at risk for local regional recurrence
after mastectomy?

Over the past few years, several groups have assessed the
Oncotype DX and other gene expression signatures for their
association with risk of locoregional recurrence. In one
study the Oncotype DX RS was shown to predict risk of
locoregional recurrence in a cohort of women with node-
negative ER-positive breast cancer (Mamounas et al. 2010).
In contrast, a similar study evaluated the RS for patients
treated with breast conserving surgery, chemotherapy, and
radiation therapy on ECOG E2197 (Solin et al. 2012). In
this analysis, RS was determined for patients with 1-3
positive lymph nodes or negative lymph nodes with tumor
size greater than 1.0 cm. Neither the intrinsic biologic
subtype nor the RS was predictive of local or regional
recurrence in this cohort, suggesting inability to define a
subset of patients that may not require adjuvant radiation as
part of breast conservation. Voduc et al. (2010) used an
immunohistochemical panel (ER, PR, HER2, EGFR, CK5/6
and Ki-67) and a tissue microarray to classify 2,985 tumors
into intrinsic subtypes (luminal A, luminal B, luminal-
HER2, Her2 enriched, basal-like or triple negative pheno-
type non basal) (Voduc et al. 2010) (Fig. 8). A multivariate
analysis was then performed to determine the risk of local
or regional relapse associated with the intrinsic subtypes
after adjusting for standardized risk factors. Luminal A
tumors were found to have the lowest risk of locoregional
recurrence, and 10-year local relapse-free survival after
breast conserving surgery was 92 % (95 % confidence
interval (CI) 90-95 %) for this patient population. For
patients with HER2-enriched and basal subtypes, the 10-
year local relapse-free survival after breast conserving
surgery was reduced to 79 % (95 % CI 69-89 %) and
86 % (95 % CI 80-93 %), respectively. Haffty and Buch-
holz noted that these data were generated prior to the
trastuzumab era, and caution that the HER2-enriched data
may not be as clinically relevant today as recent data have
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shown that the addition of trastuzumab is associated with a
significant improvement in local control (Haffty and
Buchholz 2010). Perhaps the most useful piece of data from
this analysis is the fact that luminal A tumors have an
excellent prognosis and very low rates of local recurrence
after breast conservation treatment.

More recently, Abdulkarim et al. (2011) reported that
patients with T1-T2 triple negative breast cancers treated
with breast conserving surgery followed by irradiation had a
5-year actuarial locoregional recurrence rate of 4 % com-
pared to 10 % after mastectomy alone (P = 0.027) (Ab-
dulkarim et al. 2011). These results suggest that in field

effects of local irradiation are important for control of triple
negative breast cancer and provide clinical evidence that
tumor biology may influence response to local radiation
(Pignol et al. 2011). Most importantly, these results call into
question our previous assumption that breast conservation
and mastectomy are equivalent treatments for biologically
aggressive breast cancer. In this patient population, it
appears that minimal surgery followed by local radiother-
apy is more effective than a more radical surgery. Finally,
we must also revisit our recommendations regarding post-
mastectomy radiation. These results suggest that our
guidelines should be modified to include intrinsic subtype.
Additional study will be needed to determine whether
postmastectomy radiation can improve local control for
triple negative breast cancers (Pignol et al. 2011).

Do we need to develop new gene expression signatures
to directly address response to radiation in breast cancer?
Initial studies showed relatively little difference in global
gene expression profiles from primary breast tumors that
recurred locally after breast conservation therapy versus
tumors that did not (Kreike et al. 2006). Based on the
hypothesis that gene expression patterns related to wound
healing would be important for cancer invasion and
metastasis, Chang et al. developed the ‘‘core serum
response’’ (CSR) gene signature in vitro and then tested the
ability of this gene signature to predict outcome in 295
patients treated for early breast cancer (Chang et al. 2004,
2005). In this patient population, the increased expression
of the CSR genes (also known as the ‘‘wound response
signature’’) was associated with decreased overall and dis-
tant metastasis-free survival. Nuyten et al. then trained
(n = 81) and validated (n = 80) a classifier for local
recurrence after breast conservation therapy (BCT) using
the wound response signature (Nuyten 2006). Most
recently, Kreike et al. have compared gene expression
profiles from 56 primary breast cancers that recurred after
BCT versus 109 primary breast cancers that did not recur
after BCT (Kreike et al. 2009). Both supervised and unsu-
pervised methods of classification were used to separate
patients based on local recurrence after treatment. In addi-
tion, the authors tested many other published gene signa-
tures for the ability to predict local recurrence, including
their previously developed wound response signature. In
this analysis, the five molecular subtypes [as most recently
defined by Hu et al. (2006)] were associated with local
recurrence after BCT. Luminal B type and HER2-like
tumors had significantly increased local recurrence after
BCT versus the other subtypes including the basal/triple
negative subtype. Repeat testing of the wound response
signature in this data set did not accurately predict local
recurrence, emphasizing the importance of multiple vali-
dation studies prior to clinical implementation. In a super-
vised analysis, the authors developed a new 111 gene

Fig. 8 Local (a) and regional (b) relapse rates, by intrinsic subtype.
Violet line, luminal A; light blue, luminal human epidermal growth
factor receptor 2 (HER2); dark blue, luminal B; yellow, five-marker
negative phenotype; red, basal; beige, HER2 enriched. Reprinted with
permission from Voduc et al. (2010)
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signature for the prediction of local recurrence after BCT
and subsequently validated this signature using separate
dataset of 161 patients. The results of these studies are
compelling and could potentially allow for treatment
intensification for patients at a high risk of local recurrence
after BCT. Although these results are promising, rigorous
clinical validation studies will be needed before we can
consider incorporating these results into clinical practice.

It has been hypothesized that gene expression profiling
could be used to develop a signature predictive of response
to radiotherapy, although the genetic diversity observed in
solid tumors may obscure these effects. Numerous studies
have analyzed gene expression patterns before and after
radiotherapy, and most of these studies have used in vitro or
in vivo model systems (Ogawa et al. 2007). Not surpris-
ingly, many categories of genes are upregulated in response
to radiation treatment, and many of these genes regulate
cellular responses to stress, cell cycle progression and DNA
repair. Torres-Roca et al. (2005) developed a gene signature
for radiosensitivity using a panel of 35 cancer cell lines and
the results of clonogenic survival assays after 2 Gy (SF2)
(Torres-Roca et al. 2005). Gene selection was based upon
an fit to a linear regression model of gene expression versus
cellular radiosensitivity. Genes selected were then used to
build a multivariate model to predict SF2. The initial study
identified novel genes implicated in the radiation response
(RBAP48 and RGS19). The same group then integrated gene
expression and cellular radiosensitivity data from 48 cell
lines and used a systems-biology based approach to develop
a 10 gene network (AR, cJun, STAT1, PKC, RelA, cABL,
SUMO1, CDK1, HDAC1, and IRF1) associated with cel-
lular radiosensitivity (Eschrich et al. 2009a, b). The radio-
sensitivity index (RSI) is a linear function of expression of
the ten genes. The RSI is inversely proportional to the
radiosensitivity of the tumor (i.e. a low RSI indicates a more
radiosensitive tumor). The RSI has been clinically tested in
three datasets (rectal, esophageal, head and neck) for total
of 118 patients (Eschrich et al. 2009a, b). Eschrich et al.
(2012) recently published the results of RSI testing in two
breast cancer datasets that included patients treated with
breast conservation and mastectomy (Eschrich et al. 2012).
In the first dataset, patients treated with radiotherapy and
predicted to be radiosensitive (RS) on the basis of RSI were
found to have improved 5-year relapse-free survival versus
patients predicted to be radioresistant (RR) (95 vs. 75 %,
n = 77). In the second data set, patients treated with
radiotherapy and RS on the basis of RSI were found to have
improved 5-year distant metastasis free survival versus RR
patients (77 vs. 64 %), and RSI was found to be an inde-
pendent predictor of outcome in ER positive patients treated
with radiotherapy. Piening et al. developed a gene signature
for radiation induced (RI) and radiation repressed (RR)
genes using 12 human lymphoblast cell lines exposed to

5 Gy (Piening et al. 2009). The RI and RR gene sets were
then compared to published gene signatures and used to
predict outcome after treatment in two published breast
cancer patient data sets. The authors note that while many
RR genes overlap with the previously well characterized
proliferation signature, the RI genes add prognostic infor-
mation, and the combination of RR and RI genes was able
to predict outcome in the published data sets tested. Addi-
tional study, including clinical validation and clinical utility
studies, will be needed to determine whether RR and RI
genes can be used independently to predict outcome to
radiotherapy in breast cancer.

Very few studies have explored gene expression differ-
ences before and after irradiation in breast cancer using
clinical samples. Helland et al. analyzed gene expression
from tumor samples from 19 stage III/IV breast cancer
patients before and after radiotherapy with 20 Gy (Helland
et al. 2006). In that study, several genes were upregulated in
irradiated tumors including GPX1, DDB2, GDF15 and
CDKN1A. The authors noted that the tumor suppressor gene
TP53 was mutated in 39 % of their samples, and gene
expression profiles were, not surprisingly, influenced by
TP53 mutational status. It should also be noted that this
relatively small patient dataset was quite hetereogeneous for
biomarker expression (ER/PR/HER2) and instrinsic subtype
analysis was not performed.

In summary, recent studies have shown that intrinsic
breast cancer subtypes do influence local control after
radiation treatment in breast cancer. In general, the luminal
A subtype has the lowest risk of local recurrence after
radiotherapy. Patients with early stage triple negative breast
cancers have improved local control when radiation is used
as part of breast conserving therapy compared to similar
patients treated with mastectomy. In the research setting,
several groups have developed gene signatures associated
with radiation response in breast cancer. Additional vali-
dation and utility studies will be needed before we can use
these signatures in the clinic.

5 Genetic Variation in Cancer
and Targeted Therapy

5.1 Nature of Genetic Variation in Cancer

Cancer is classically considered to be a genetic disorder
which develops as an evolutionary process, consisting of
serial acquisition of somatic mutations and subsequent
natural selection. Clones of abnormal cells arise from this
process and continue to evolve during oncogenesis. With
successive cell divisions, subclones with varying capabili-
ties of proliferation, survival, invasion, and metastasis
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develop. Some subclones will emerge as dominant, while
others will acquire deleterious mutations and are outcom-
peted by more dominant clones. Depending on the severity
of the deleterious mutations, these clones may die or con-
tinue to exist as small remnants of the evolutionary history
of the malignant process. The somatic mutations may
include insertions, deletions, base substitutions, rearrange-
ments, copy number alterations, or epigenetic changes.

Somatic mutations are acquired over one’s lifetime and
are randomly distributed in the genome. In addition,
germline mutations can also affect one’s susceptibility to
cancer. There is some variation in genome sequence among
humans, representing approximately 0.1 % of the genome.
This genetic variation may range from single nucleotide
changes to gross karyotype alterations. Single nucleotide
polymorphisms (SNPs) are the most common type of var-
iation representing approximately 90 % of human genome
variation, but there are also structural variants (insertions,
deletions, inversions, copy number variations), rare vari-
ants, and epigenetic differences. One’s risk of cancer may
be influenced both by the inherent genetic variation and
germline mutations as well as the somatic mutations that
occur over one’s lifetime, which may be modulated by
lifestyle and environmental factors (Stratton 2011; Stratton
et al. 2009).

Although mutations occur throughout the genome, those
that by chance occur in certain regions of the genome may
be more likely to promote oncogenesis. ‘‘Driver mutations’’
are those that tend to occur in a subset of genes known as
the ‘‘cancer genes’’. Driver mutations confer a growth
advantage to the cell and directly contribute to cancer
development. Passenger mutations, on the other hand, are
those that happen along the way but do not give the cell a
growth advantage. Passenger mutations may be detected in
a cancer genome, but have not contributed to oncogenesis
(Stricker et al. 2011). Some estimates suggest that several,
perhaps approximately five, key mutations are required to
generate cancer (Stratton 2011; Stratton et al. 2009).

Cancer genes may be functionally classified as dominant
or recessive, in terms of their behavior at the cellular level.
Dominant cancer genes, or oncogenes, require only one
allele to be mutated and often result in constitutive activa-
tion. Oncogenes promote cell survival and proliferation.
The majority ([80 %) of known of cancer genes are dom-
inantly acting. Recessive cancer genes, or tumor suppressor
genes, require both alleles to be altered in order for an effect
to be seen. Tumor suppressor genes often play a role in cell
cycle regulation, DNA repair, and apoptosis. If only one
copy of the tumor suppressor gene is mutated or lost, the
other copy can function normally. Examples of tumor
suppressor genes include retinoblastoma protein RB1, TP53,
BRCA1, and BRCA2. Mutations that affect the DNA repair
process may result in an increase in the rate of somatic

mutations in the cancer cell lineage (Stratton 2011; Stratton
et al. 2009).

5.2 Methods Used to Study Genetic Variation

Initial studies of the genetics of cancer involved cytogenetic
studies of chromosomes, with characterization of chromo-
somal translocations and abnormalities of chromosome
copy number. The development of recombinant DNA
technology later provided the ability to isolate and sequence
portions of the genome associated with frequent rear-
rangements. In 2000, a draft sequence of the human genome
was completed (Lander et al. 2001; Venter et al. 2001). This
was a monumental step, which has facilitated further
sequencing of cancer genomes, including whole gene
families and most protein-coding exons. Nearly one decade
after the human genome sequence was announced, the first
completely sequenced cancer genomes were published in
January 2010 (Pleasance et al. 2010a, b). Many more cancer
genomes are being sequenced, and it is estimated that tens
of thousands of cancer genomes will be sequenced over the
next several years (Fig. 9). Efforts are being led by the
International Cancer Genome Consortium and the Cancer
Genome Atlas project in the United States.

The primary techniques used to study cancer genomics
include: whole genome sequencing, targeted genome
sequencing, cancer genotyping, and genome-wide associa-
tion studies . Whole genome sequencing, as the name
implies, determines the entire DNA sequence of a genome.
First generation DNA sequencing techniques included
Maxam–Gilbert chemical sequencing (Maxam and Gilbert
1977) and Sanger (chain-termination) sequencing (Sanger
et al. 1977). Sanger sequencing is very accurate, but is
limited by its high cost and low throughput. Newer
sequencing methods, termed next-generation sequencing
(NGS), have since been developed that have higher
throughput and are more economical. Examples of next-
generation sequencing techniques include massively paral-
lel signature sequencing (MPSS), pyrosequencing, Illumina
sequencing (sequencing by synthesis), SOLiD sequencing,
ion semiconductor sequencing, and single molecule real-
time (SMRT) sequencing (Tran et al. 2012). With these and
other novel sequencing techniques, whole genome
sequencing is becoming more affordable and feasible to
perform. We have come a long way from the sequencing of
the first human genome which cost nearly $3 billion and
took a decade to complete, with current cost of approxi-
mately $10,000 per genome (Fig. 10).

Targeted genomic sequencing uses a similar approach,
but limits sequencing efforts to specific regions or genes of
interest. By sequencing only specific portions of the
genome, targeted genomic sequencing is both efficient and
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cost-effective. The regions of interest may be a limited
number of genes, the whole exome (portion of the genome
formed by exons), or the cancer genome (portion of the
genome containing the cancer genes). Data analysis is also
simplified, as only segments of the genome are sequenced
and subsequently analyzed (Tran et al. 2012). Our institu-
tion is among the institutions that now offer targeted

genomic sequencing of multiple cancer genes available for
clinical use.

Cancer genotyping refers to a method of determining
whether a specific known cancer gene mutation is present in
a tumor. As common mutations of cancer genes are con-
tinually being identified, it can be relatively straightforward
to assess whether these specific mutations are present in a
patient’s tumor. Genotyping of clinical specimens is per-
formed with high-throughput genotyping platforms, such as
Taqman OpenArray Genotyping, Affymetrix genotyping
arrays, and MassARRAY (Tran et al. 2012).

Another method of studying genetic variation is through
genome-wide association study (GWAS). In this type of
analysis, typically two cohorts are studied, those with the
disease of interest (cases) and those without the disease
(controls). GWAS looks for associations between single-
nucleotide polymorphisms (SNPs) and a disease (Manolio
2010). A SNP is considered to be associated with a disease
if it is more common in those with the disease than in the
control population. GWAS data is often displayed in a
Manhattan plot, which shows the relative association for
various SNPs across the genome (Fig. 11). GWAS analysis
has some limitations, including the issue of multiple
hypothesis testing and the fact that most SNPs identified by
GWAS thus far have been typically associated with only a

Fig. 9 Timeline of key events in cancer genomics. Reprinted with permission from Stratton (2011)

Fig. 10 Cost of genome sequencing over time. Reprinted with permis-
sion from Wetterstrand, http://www.genome.gov/sequencingcosts
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small increase in the risk of disease, with a median odds
ratio of 1.33 (Manolio 2010).

5.3 Clinical Cancer Genomics

A human breast cancer genome was sequenced and pub-
lished in April 2010, only a few months after the first cancer
genomes were published (Ding et al. 2010). In this publi-
cation the investigators sequenced four samples from a
patient with metastatic basal-like breast cancer, including
the primary tumor, peripheral blood, a brain metastasis and
a xenograft derived from the primary tumor. Several
interesting findings were reported, including a number of
mutations contained in the primary tumor that were found to
be enriched in the metastatic tumor.

Several publications in Nature in 2012 highlighted breast
cancer genomics studies, demonstrating considerable pro-
gress in our understanding (Comprehensive Molecular
Portraits of Human Breast Tumours 2012; Ellis et al. 2012;
Curtis et al. 2012; Stephens et al. 2012; Shah et al. 2012;
Banerji et al. 2012). Stephens and colleagues examined
somatic mutations in 100 breast cancer genomes. They
found driver mutations in several known cancer genes and
also identified several new cancer genes based on non-
random clustering of mutations (Stephens et al. 2012). Shah
and colleagues studied mutations in 104 triple negative
breast cancers (Shah et al. 2012). They found that the most
frequently mutated gene was TP53, which had mutations in
62 % of patients with basal triple negative breast cancer,
and 43 % of non-basal triple negative disease. Other genes
with frequent mutations included PIK3CA, USH2A, PTEN,
and RB1. Interestingly, they discovered that for most
tumors, mutations in tumor suppressor genes such as TP53
tended to occur in the highest clonal frequency, suggestive
of an early event in the clonal evolution of the tumor. By
comparing RNA sequencing with the genome data, they

also found that only 36 % of single nucleotide variants were
expressed. Curtis et al. (2012) examined the genomes and
transcriptomes of nearly 2,000 breast cancers and based on
joint clustering of copy number and gene expression data,
identified 10 patient subgroups with a range of breast cancer
outcomes. Banerji and colleagues determined the sequence
of whole exomes for 103 breast cancer patients in Mexico
and Vietnam, as well as whole genome sequences for 22
breast cancer/normal pairs. They found frequent mutations
in many known breast cancer genes, as well as identified
mutations in the CBFB transcription factor gene and a
MAGI3-AKT3 fusion which results in constitutive AKT
activation (Banerji et al. 2012).

Koboldt et al. from The Cancer Genome Atlas Network
studied several hundred patients, 463 of whom were eval-
uated on five different platforms, including mRNA expres-
sion microarrays, DNA methylation chips, SNP arrays,
miRNA sequencing, and whole-exome sequencing (Com-
prehensive Molecular Portraits of Human Breast Tumours
2012). Somatic mutations in only three genes (TP53,
PIK3CA and GATA3) occurred at [10 % incidence across
breast cancers. Characteristic mutations were found within
breast cancer subtypes, including common mutations in
GATA3, PIK3CA and MAP3K1 in the luminal A subtype.
TP53 was mutated in 84 % of basal-like breast cancers, and
copy number analysis demonstrated many similarities
between basal-like breast cancers and serous ovarian can-
cers, including widespread genomic instability, common
gains of 1q, 3q, 8q and 12p, and common losses of 4q, 5q
and 8p. Integrated analysis of protein phosphorylation and
mRNA data identified two subgroups within the
HER2+ group. Only 50 % of HER2+ cancers were cate-
gorized as HER2 overexpressing by mRNA analysis; the
remaining 50 % of HER2+ cancers were within the luminal
subtypes. When both HER2 protein and mRNA were
overexpressed, increased expression of EGFR, pEGFR,
HER2 and pHER2 was observed. Ellis and colleagues
conducted either whole exome or whole genome sequenc-
ing for 77 patients with ER positive breast cancer from two
trials of neoadjuvant aromatase inhibition (Ellis et al. 2012).
In patients with aromatase inhibitor resistance, some path-
ways including TP53, DNA replication, and mismatch
repair, were found to be enriched relative to patients sen-
sitive to aromatase inhibition.

In summary, genomics has provided additional insight
into the molecular mechanisms that drive breast cancer
development. Only a very few genes are mutated at a high
frequency across all breast cancers. Characteristic mutations
are common within breast cancer subtypes and may help to
guide targeted therapy in the future. Many of these muta-
tions are within pathways that regulate the radiation
response. Additional study will be needed to determine if

Fig. 11 Genome-wide association studies (GWAS). A sample Man-
hattan plot is shown, which displays the P values for all genotyped
single-nucleotide polymorphisms (SNPs). Reprinted with permission
from Manolio (2010)
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individual gene mutations can serve as biomarkers for
breast cancer response to radiation.

6 Conclusion

Through remarkable scientific innovation, we have wit-
nessed elaborate gene expression profiling studies as well as
the sequencing of entire cancer genomes over the past
decade, which provides intricate knowledge about onco-
genesis and the drivers of this process. As we gain further
understanding of the molecular processes involved, novel
therapeutics may be developed and subsequently utilized
for the patients most likely to derive a benefit. Considerable
progress has been made in this regard in the fields of breast
cancer, non-small cell lung cancer, and melanoma, among
others, and will likely play an increasing role in the treat-
ment of these and other malignancies in the future.
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Abstract

Glial tumors represent a class of primary brain tumor that
includes neoplasms of astrocytic, oligodendritic and
ependymal origin. The majority of adult gliomas are
grade II–IV astrocytomas and oligodendrogliomas or are
mixed with components of both (oligoastrocytoma)
(CBTRUS 2010; Robertson et al. 2011; Brat et al.
2008) (Table 1). Histo-pathology and grading have been
the historical cornerstones of diagnosis and therapeutic
recommendation in the treatment of glioma (Weller et al.
2012). Nevertheless, prognosis and response to treatment
is widely variable even among patients diagnosed with
the same histo-pathologic disease entity and grade
(Robertson et al. 2011). Modern techniques in gene
and enzyme analysis have led to the recent proliferation
of predictive and prognostic markers available for study.
Some of these play a role in explaining the variable
outcomes for glioma patients while others provide
tantalizing prospects for potential future therapies. This
chapter will provide a current review of the treatment of
adult primary glioma including high and low grade
astrocytoma, oligodendroglioma and oligoastrocytoma.
There is an emphasis on predictive and prognostic
models that have been published in recent years as
applies to radiation oncologists. An evaluation of
confidence levels in the literature will be provided.

1 Biomarkers

Diagnosis and treatment of glioma is rapidly shifting away
from a purely histopathologic paradigm towards one that
incorporates and may ultimately be replaced by biomarkers
for diagnosis, prognosis, and selection of therapy. Indeed
while the current buzzwords ‘‘personalized medicine’’ belie a
long medical tradition to seek better, more out understanding
of targeted treatments, biotechnology has advanced suffi-
ciently that molecular medicine has become considerably
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more granular. We can correlate new biomarkers with pre-
viously known imaging features, histopathologic findings,
and patient outcomes. We may to determine if a marker is
diagnostic, prognostic and/or predictive to available thera-
pies. Often because we know long standing therapies based
on older histopathologic classification empirically work,
ethical consideration make it difficult to establish how newly
discovered biomarkers might alter therapeutic approach. We
identify an interesting genetic marker but remain in the dark
with regard to what protein it codes for and wonder if it is a
potential molecular target of therapy. For these reasons the
current study of glioma is fascinating and frustrating
(Tables 2, 3).

1.1 1p/19 q

Co-deletion of chromosomal arms 1p and 19q is a genetic
signature found in approximately 65 % of high-grade and
85 % of low-grade oligodendrogliomas (LGG). It is less
commonly observed in mixed glioma or astrocytomas. The
higher incidence of co-deletion in low grade glioma may
suggest an early event in tumor formation (Smith et al.
2000; Barbashina et al. 2005). While histopathological
interpretation is still necessary for subtyping of glial tumor,
1p/19q co-deletion can be used to support a diagnosis of
oligodendroglioma where histology is ambiguous or in the
event of inter-observer disagreement (Aldape et al. 2007).

While the role of the gene product is undetermined,
co-deletion in anaplastic oligodendroglioma is both pre-
dictive and prognostic; that is, co-deleted tumors are more
responsive to chemo- and radiotherapy and have a more
favorable prognosis regardless of treatment than lesions
without co-deletion (Robertson et al. 2011; Hofer and
Lassman 2010; Cairncross et al. 1998; Bauman et al. 2000;
Wick et al. 2009b, Intergroup Radiation Therapy Oncology
Group Trial 9402 et al. 2006; van den Bent et al. 2013).

Data regarding the value of 1p/19q in low-grade glioma
is beginning to emerge but is not definitive. Some suggest
that in the absence of adjuvant cytoxic therapy, 1p/19q
status loses its prognostic impact for LGG while neuro-
radiologic monitoring studies suggest a slower natural
growth rate for untreated co-deleted lesions. (Robertson
et al. 2011; Weller et al. 2009; Ricard et al. 2007). The
Clinical Cooperation Unit Neuropathology in Germany
evaluated markers including 1p/19q deletion and their
relationship to progression free survival (PFS) in LGG
cohorts who either did or did not receive adjuvant radio- or
chemotherapy. In this study no biomarker was prognostic
for PFS in the absence of adjuvant therapy while 1p/19q co-
deletion was associated with both PFS and overall survival
(OS) for patients receiving either adjuvant chemotherapy or
radiotherapy (Smith et al. 2000; Hartmann et al. 2011;
Barbashina et al. 2005). This report is interesting but limited
as a retrospective study of relatively small numbers.

The impact of a single arm deletion is not definitively
understood. Preliminary data from EORTC 22033–26033
trial was presented at ASCO in 2013. High-risk low-grade
glioma patients were randomized to radiotherapy versus
temozolomide (TMZ) and were stratified by 1p status. 1p
deletion was confirmed to be a positive prognostic factor
regardless of treatment. Patients with intact 1p treated with
TMZ were observed to have a non-significant trend towards
inferior progression-free survival. Overall survival may be
superior with 1p deletion (Aldape et al. 2007; Baumert et al.
2013). However maturation of the data and analysis of 1p/
19q co-deletion is required before any definitive assessment
of response to therapy by these biomarkers. Results are
pending from E3F05 in which patients were receiving
radiotherapy ± TMZ for LGG. The study will include an
analysis of 1p/19q status as it correlates to outcome (NCT
00978458).

1.2 MGMT

O6-methylguanylmethyltransferace (MGMT) is a DNA
repair protein that removes alkyl groups from the O6 posi-
tion of guanine. The mechanism of the anti-tumor activity of
temozolomide (TMZ) is believed to be through tumor DNA-
alkylation most frequently at the N7 and O6 position of the

Table 1 World health organization primary brain tumor and glioma
classification

Classification WHO grade

Astrocytica

Pilocytic I

Diffuse II

Anaplastic III

Glioblastoma IV

Oligodendroglial and oligoastrocytica

Oligodendroglioma II

Oligoastrocytoma II

Anaplastic oligodendroglioma III

Anaplastic oligoastrocytoma III

Glioblastoma with oligodendroglioma component IV

Ependymala I–III

Choroid plexus I, III

Neuronal and mixed neuronal-glial I–II

Pineal parenchymal II, IV

Embryonal IV

Meningeal I–III
a Glial tumors
(Robertson et al. 2011; Brat et al. 2008)
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guanine moiety. Epigenetic silencing of MGMT by pro-
moter methylation (MGMT-met) is associated with a loss of
enzymatic expression and subsequent diminished DNA
repair activity. Therefore tumor in which MGMT is silenced
(i.e. methylated) is expected to be more sensitive to TMZ
than unmethylated lesions (MGMT-unmet).

The powerful predictive and prognostic role of MGMT
promoter methylation in glioblastoma was illustrated in a
classic EORTC-NCIC study of GBM patients treated with
radiation with and without concomitant and adjuvant tem-
ozolomide (Stupp et al. 2005; Hegi et al. 2005). In that
study, patients whose tumors were MGMT methylated had
a more favorable overall survival than those whose tumors
were MGMT unmethylated. This finding could signify a
more favorable natural outcome for MGMT-met GBM, or
reflect a more favorable response to both RT and TMZ than
MGMT-unmet. An analysis was not performed comparing
outcomes by methylation status for patients receiving
radiotherapy only. Examination of the survival curves for
patients receiving RT alone demonstrates an appreciable
separation by MGMT methylation status. When both
treatment assignment and MGMT methylation status were
considered, the most favorable outcome was found in
MGMT-met patients receiving combined therapy. It is
interesting to note that OS trended towards significance for
combined therapy even when tumors were MGMT-unmet,
arguing that alkylation of the O6 moiety on the MGMT
promoter is not the sole mediator of TMZ efficacy (Hegi
et al. 2005).

Because temozolomide was frequently used for salvage
after progression in the radiotherapy only arm, the authors
looked at the interaction of treatment assignment and MGMT
status on progression-free survival to better assess the pre-
dictive nature of MGMT methylation to therapy. For patients

with MGMT-met tumors, PFS was superior for patients
receiving combined therapy than compared to those receiv-
ing radiotherapy alone. PFS with combined therapy was also
superior for patients with MGMT-unmet tumors again sug-
gesting alternate pathways for the efficacy of temozolomide.
This study could not address whether MGMT status predicts
response to RT alone (Hegi et al. 2005).

The NOA-04 trial prospectively randomized patients
with grade III glioma- anaplastic oligodendroglioma (AO),
anaplastic oligoastrocytoma (AOA) and anaplastic astro-
cytoma (AA)- to RT versus either a combination of pro-
carbazine, lomustine and vincristine (PCV) or TMZ
chemotherapy. MGMT promoter methylation was associ-
ated with PFS for both chemotherapy and radiotherapy
confirming its prognostic relevance. However the trial did
not support the hypothesis that MGMT methylation simply
predicted response to alkylating chemotherapy (Wick et al.
2009b). Unlike the EORTC-NCIC trial of GBM, an analysis
of MGMT status in the radiotherapy alone arm was per-
formed. MGMT methylation conferred a clear and signifi-
cant PFS benefit for patients receiving RT alone. The
authors concluded that in anaplastic glioma, MGMT pro-
moter hypermethylation was (1) a prognostic marker for
patients treated with RT or (2) a predictive for response to
RT itself (Wick et al. 2009b). The EORTC 26951 study of
anaplastic oligodendroglial tumors makes for an interesting
companion study. EORTC 26951 randomly assigned
patients to either RT or RT followed by adjuvant PCV.
MGMT promoter methylation was prognostic for both PFS
and OS in both arms and did not have predictive signifi-
cance for response to PCV. Interestingly in lesions identi-
fied as GBM on central review in this study no prognostic
role for MGMT methylation was observed (van den Bent
et al. 2013).

Table 3 Predictive biomarkers in glioma

A O Mixed AA AO AOA GBM

1p/19q NA +a +a NA + + NA

MGMT ? ? ? ? ? ? +a

IDH ? ? ? ? ? ? ?

Predictive biomarkers: ? Biomarker is predictive of response to therapy; - Biomarker is not predictive of response to therapy; ? a Some
evidence for predictive role but inconclusive; ? Unknown; NA Not applicable. A astrocytoma; Oligo oligodendroglioma; Mixed mixed
Oligoastrocytoma; AA anaplastic astrocytoma; AO anaplastic oligodendroglioma; AOA anaplastic oligoastrocytoma; GBM glioblastoma

Table 2 Prognostic biomarkers in glioma

D9 A Oligo OA AA AO AOA GBM

1p/19q + NA +a +a NA + + NA

MGMT - ? ? ? + + + +

IDH + + + + + + + +a

Prognostic biomarkers: Dx is diagnosis; ? Biomarker is prognostic; -Biomarker is not prognostic; ? a Some evidence for prognostic role but
inconclusive; ? Unknown; NA Not applicable. A astrocytoma; Oligo oligodendroglioma; AA anaplastic astrocytoma; AO anaplastic oli-
godendroglioma; AOA anaplastic oligoastrocytoma; GBM glioblastoma
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The Methusalem trial demonstrated that for the elderly
with malignant astrocytoma (AA or GBM), MGMT-met is
associated with improved OS. In the event of promoter
methylation, event-free survival is improved for patients
assigned to TMZ compared to those who receive RT. In the
absence of methylation however, event free survival was
superior for patients assigned to the radiotherapy group.
There was no arm of patients receiving combined therapy
(Wick et al. 2012).

The data is conflicted with regard to the value of MGMT
in the prediction of response to therapy and prognostication
in low-grade glioma. An association of MGMT promoter
methylation with overall survival has been demonstrated.
Correlation of MGMT-met with the putative prognostic
marker 1p/19q co-deletion has been postulated as an
explanation for this finding (Kesari et al. 2009; Leu et al.
2013). Other studies however contradict these observations
(Tosoni et al. 2008). There is a paucity of data to suggest a
predictive relationship between methylation status of
MGMT and response to TMZ (Hartmann et al. 2011; Kesari
et al. 2009; Groenendijk et al. 2011).

1.3 IDH1/IDH2

Parsons et al. used high-density oligonucleotide DNA array
to detect the presence of amplifications and deletions among
20,661 coding genes in GBM samples. Recurrent mutations
at codon 132 in the active site of isocitrate dehydrogenase 1
(IDH1) were noted with an incidence of 12 % (Parsons
et al. 2008). The mutation was associated with younger
patients, secondary GBM and improved survival. This may
explain long observed association between younger age at
diagnosis and improved outcome in glioma (Scott et al.
1998). Subsequent work has identified an association
between IDH mutations and grade II and III astrocytoma,
oligodendroglioma and oligoastrocytoma, and has identified
IDH2 (codon 172) which is primarily associated with oli-
godendroglioma (Yan et al. 2009; Hartmann et al. 2009).
IDH mutations are quite rare in de novo GBM and absent in
pilocytic astrocytoma.

IDH mutations are tightly correlated with other bio-
markers and histologic subtype. For instance IDH mutation
is associated with 1p/19q co-deletion in oligodendroglial
tumor and TP53 in astrocytoma, but seems to be mutually
exclusive with EGFR and PTEN abnormalities. Combined
IDH1 and IDH2 mutation is rare (Yan et al. 2009; Gupta
and Salunke 2012; Sanson et al. 2009). It has been observed
that IDH remains an independent favorable prognostic
marker after adjustment for grade and MGMT status
(Sanson et al. 2009).

In the cell IDH catalyzes oxidative decarboxylation of
isocitrate to a-ketoglutarate (a-KG) in the citric acid cycle.

The enzyme products of IDH1/2 utilize NADP +, which is
transformed into NADPH with the generation of a-KG.
These products normally protect against oxidative damage
(Gupta and Salunke 2012). Both ‘‘loss of function’’ (pro-
duction of a-KG and NADPH) and ‘‘gain of function’’
(accumulation of D-2-hydroxyglutarate (D2HG)) hypothe-
ses have been put forwards to explain the mechanisms by
which IDH mutation mediates oncogenesis. IDH1 mutations
are tightly associated with CpG island methylator pheno-
type across tumor grade, raising the hypothesis that muta-
tion may predispose cells to large-scale epigenetic
disruption (Gupta and Salunke 2012; Noushmehr et al.
2010).

IDH has meaningful diagnostic potential and can be used
in the clinic to increase confidence in differentiating
between grade II glioma and IDH-wild type lesions such as
pilocytic astrocytoma, pleomorphic xanthroastrocytoma or
medulloblastoma. An IDH mutant oligodendroglial tumor
may be distinguished from neurocytoma or dysembryo-
plastic neuroepithelial tumors and secondary GBM from de
novo GBM (Gupta et al. 2011; Yan et al. 2009; Capper et al.
2011).

IDH mutation has been associated with better overall
prognosis for glioma across multiple studies among several
subtypes. IDH appears to have prognostic value in multi-
variate analysis even when controlling for other favorable
variables such as low grade, young age, 1p/19q co-deletion
and MGMT promoter methylation (Metellus et al. 2010;
Alexander and Mehta 2011; Parsons et al. 2008; Sanson
et al. 2009; Wick et al. 2009b; van den Bent et al. 2010;
Weller et al. 2009; Houillier et al. 2010). IDH mutation
status may have more powerful prognostic value in high-
grade glioma than standard histopathologic classification.
An analysis of NOA-04 demonstrated that IDH mutation
status may override grade in malignant glioma in terms of
prognostication (Hartmann et al. 2010; Alexander and
Mehta 2011).

While several studies have demonstrated an association
between mutated IDH and improved survival in glioma
patients, there is as of yet no robust evidence that an IDH
mutation predicts response to any therapy (Yan et al. 2009;
Parsons et al. 2008; van den Bent et al. 2010; Hartmann
et al. 2010). In a clinical study IDH mutation has been
associated with improved response to TMZ, however this
observation may be due to its association with 1p/19q
(Houillier et al. 2010).

1.4 Imaging biomarkers

Imaging biomarkers (an evolution of what was previously
called ‘‘Roentgen signs’’ in prior generations) can be useful
in the diagnosis and grading of glioma however as yet
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cannot be considered pathognomonic for a particular path-
ologic sub-type of glioma or grade. Nevertheless a con-
stellation of imaging features may direct diagnostic
assessment and subsequent management. The standardiza-
tion of biomarkers is evolving and their utility is appreci-
ated. As such a rigorous criteria for imaging biomarkers as
surrogate endpoints has been developed for use in clinical
trials (Schatzkin and Gail 2002).
1. The presence of the biomarker is closely coupled or

linked to the condition.
2. The detection and/or quantitative measurement of the

biomarker is accurate, reproducible and feasible over
time.

3. The measured changes over time in the imaging bio-
marker are closely coupled or linked to the success or
failure of the therapeutic effect and the true end-point
sought for the medical therapy being evaluated.
Low-grade glioma tends to appear bright on magnetic

resonance imaging (MRI) T2/Flair imaging and hypodense
on T1-weighted images and typically do not enhance with
the addition of IV contrast. An exception is grade 1 pilo-
cytic astrocytoma which usually presents in the posterior
fossa and enhances with contrast (Lee et al. 1989). The
presence of even trace or wispy amounts of enhancement on
T1 weighted images should raise suspicion for an at least
partially high-grade lesion. If definitive resection cannot be
achieved the surgeon should attempt biopsy of the
enhancing region if possible in order to establish the high-
est-grade component of the lesion. Failure to indentify high-
grade tumor in a region of enhancement by a small sample
may be the result of sampling error and may not definitively
rule out the possibility of the presence of malignant glioma
(Pignatti 2002; Bauman et al. 1999).

Oligodendroglial tumors have a greater propensity for
the frontal and temporal lobes, and more frequently present
with calcifications and hemorrhage than do astrocytomas
(Lee and Van Tassel 1989). Positron-emission tomography
(PET) may help to clarify clinical diagnosis. Glucose
hypometabolism on PET supports a diagnosis of LGG
whereas hypermetabolic activity is consistent with the
presence of a high-grade lesion. Magnetic resonance spec-
troscopy, PET and L-(methyl-11C) methionine (MET-
PET), can all contribute to direct guided biopsy of areas
suspicious for malignancy (Pirotte et al. 2004; McKnight
et al. 2002).

2 Low Grade Glioma

The designation low-grade glioma represents a heteroge-
neous population of primary tumors. For our purposes we
will confine discussion to the relatively common astrocytic
and oligodendroglial sub-types.

LGG often come to attention due to new on-set seizure
activity (Lote et al. 1998). The acute and dramatic nature of
seizure typically results in a short interval between initial
symptom and diagnosis. However symptoms of LGG can
often be insidious. Patients may report a vague, chronic
history of headache for which they have previously received
medical attention. The pain pattern is widely variable and
may even remit from time to time or be at least initially
responsive to conservative medical therapy. Focal neuro-
logic deficits may develop depending upon the location of
the lesion and will frequently precipitate neurologic
imaging.

The gold standard for diagnosis of LGG is histo-patho-
logic examination of tumor. However tissue sampling may
be limited by neurosurgical accessibility of the lesion and
the resulting specimen non-diagnostic. Perhaps more fre-
quently, biopsy sampling is sufficient to make a diagnosis of
glioma but not to adequately grade it, the consequence of
which being the potential under-treatment of a high-grade
lesion. Thus in the absence of adequate tissue for full
diagnosis, we rely upon other potential biomarkers as noted
in the above section.

2.1 Initial Treatment. Postoperative
Radiotherapy: Adjuvant or Delayed?

As there is evidence for improved survival, we recommend
maximal safe resection at time of diagnosis (Smith et al.
2008; Keles et al. 2001). The role and selection of adjuvant
therapy in the immediate post-operative setting is dependent
upon risk factors, predictive biomarkers and neurologic
status (Van den Bent et al. 2005; Pignatti 2002; Shaw
2002).

The EORTC 22845 trial assigned patients to receive RT
either immediately following resection or at the time of
progression. While immediate postoperative RT signifi-
cantly prolonged PFS (5.4 versus 3.7 years), overall sur-
vival was not affected (7.4 versus 7.2 years) (Van den Bent
et al. 2005). Importantly, this study demonstrated that
malignant transformation was not more likely in patients
having received post-operative radiotherapy. This study
also demonstrates the efficacy of radiotherapy for treatment
of low-grade glioma. Though the incidence of seizure at
baseline between the two arms was comparable, at one year
seizure incidence was significantly lower in patients
undergoing immediate postoperative RT (25 versus 41 %)
and is a justification for the use of RT for LGG patients with
refractory seizure (Van den Bent et al. 2005).

Low-grade glioma patients at high risk for early and
rapid progression after surgery alone have been identified.
Multivariate analysis has shown that age [/= 40, pure
astrocytoma subtype, diameter [/= 6 cm, tumor crossing
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midline and neurologic deficit prior to surgery are unfa-
vorable prognostic features for OS. The presence of three or
more high-risk features identifies patients who may warrant
immediate adjuvant radiotherapy (Pignatti 2002; Shaw
2002).

2.2 Radiation Dose-Escalation

Both the EORTC and the RTOG have conducted multi-
center prospective randomized trials comparing 45–50.4 Gy
in conventional fraction to higher total doses of
59.4–64.8 Gy in an attempt to improve outcomes of LGG
through dose-escalation. Both trials failed to demonstrate
benefit and severe radionecrosis was doubled in the highest
dose arm. Thus doses of 45–54 Gy remain the standard of
care for low-grade glioma (Karim et al. 1996; Shaw 2002).

2.3 Adjuvant Chemotherapy?

The role of postoperative chemotherapy for LGG is still being
investigated. RTOG 9802 examined patients deemed high-
risk by virtue of age [/= 40 or subtotal resection. Patients
were randomized to postoperative RT with or without six
cycles of adjuvant PCV. Recent early reports demonstrate no
difference in overall survival, however a trend at 5 years was
noticed favoring the combined therapy arm. For patients
surviving at least 2 years, the probability of surviving an
additional 5 years was 74 % versus 59 % significantly
favoring the combined therapy arm (Shaw et al. 2012). There
are several caveats in applying the results from RTOG 9802 to
the clinic. First, this data has yet to mature as median survival
has not yet been reached. Further, in this initial analysis out-
comes by histopathology and molecular status of 1p/19q have
not been reported. Clinical decision-making would benefit
from this more granular approach to the data. A bigger chal-
lenge in applying this data however is the definition of ‘‘high-
risk’’ defined by RTOG 9802 that differs from the robust
EORTC model which was published subsequent to 9802’s
opening. The EORTC used their dataset from Trial 22844 to
construct their model and Trial 22845 served to validate it
(Pignatti 2002). Clinically, the EORTC criteria, rather than
the RTOG definition of subtotal resection or age [/= 40
alone, is used in the US as a rationale for immediate postop-
erative adjuvant therapy. Therefore how the results of RTOG
9802 ought to be applied in terms of the timing of chemo
radiation -i.e. immediate adjuvant versus salvage at pro-
gression-remains uncertain. Finally RTOG 9802 used PCV
for cytoxic chemotherapy. Since the design of this trial the
more easily tolerated oral agent temozolomide has been
routinely substituted in the clinic where glioma chemotherapy

is warranted. In anaplastic astrocytoma, efficacy for TMZ is
equivalent to PCV chemotherapy, is better tolerated, and is
significantly less frequently discontinued prematurely due to
toxicity (0 versus 37 %) (Brandes et al. 2008; Wick et al.
2009a. On the other hand an international retrospective study
of 1000 patients with anaplastic oligodendroglioma found
that time to progression was longer after treatment with PCV
than with TMZ, an observation that remained significant on
multivariate analysis (Lassman et al. 2011). However, these
trials examined high-grade tumors and the latter was a ret-
rospective review. The choice of optimal drug where com-
bined therapy is indicated in terms of both efficacy and side
effect profile for LGG thus has yet to be determined.

We await the maturation of RTOG 0424 that used the
EORTC definition of high-risk low-grade glioma to evalu-
ate patients treated on a single arm in the fashion of the
standard GBM regimen of RT ? TMZ followed by adju-
vant TMZ. The EORTC high-risk low grade glioma data
was used as historical control for comparison. At ASCO in
2013, median OS has not yet been reached, however 3 year
OS was 73 %, significantly improved from historical con-
trols and the study hypothesis of 65 %. The number of risk
factors (3, 4 or 5) was not significant. 3-year PFS was
59.2 % and grade 3 and 4 adverse events were 43 and 10 %,
predominantly related to temozolomide (Fisher et al. 2013).

In the clinic in the setting of a pure oligodendroglial
lesion, the approach to adjuvant therapy may be modified by
knowledge of the natural history of the disease and by
biomarkers. 1p/19q deleted tumors appear to have a slower
natural growth rate compared to lesions without codeletion
(Ricard et al. 2007). After resection, the generally more
favorable natural history of co-deleted low grade oligo-
dendroglioma, evidence that delayed adjuvant therapy does
not impinge on overall survival and a desire to avoid
treatment related side effects supports active surveillance as
a very reasonable therapeutic approach in the absence of
other high-risk features (Van den Bent et al. 2005; Pignatti
2002; Ricard et al. 2007).

For patients with high-risk oligodendroglioma as defined
by the EORTC, or with persistent symptoms including
refractory seizure, adjuvant therapy is typically indicated. In
the setting of 1p/19q co-deletion, either chemotherapy or
RT alone may be considered (Hartmann et al. 2011; Peyre
et al. 2010; Stege et al. 2005; Mason et al. 1996). Chemo-
therapy appears to be associated with a prolonged response
in appropriately selected patients. Often this may be seen in
a delayed fashion even after active therapy is discontinued.
The role of combined chemoradiotherapy is still being
elucidated. RTOG 9802 suggests a there is a benefit to
combined therapy over RT alone, but as detailed above the
specifics of patient selection and the optimal chemothera-
peutic agents have yet to be elucidated (Shaw et al. 2012).
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For patients without 1p/19q codeletion, radiotherapy is
typically the treatment of choice for high-risk patients or for
patients at progression with oligodendroglioma.

We do not recommend the routine administration of
immediate adjuvant chemotherapy for diffuse astrocytoma.
RTOG 9802 did not report outcomes based on histology
(Shaw et al. 2012).

3 High-Grade Glioma

3.1 Glioblastoma

The gold standard for treatment of GBM was established
with the publication of the joint EORTC/NCIC trial in 2005
(Stupp et al. 2005). The addition of temozolomide chemo-
therapy concomitant with, and adjuvant to, radiotherapy in
the postoperative setting demonstrated a superior median
survival compared to radiotherapy alone (14.6 versus
12.1 months). Importantly, overall survival for combined
therapy compared favorably with radiotherapy alone at 2
years (27.2 versus 10.9 %) and 5 years (Stupp et al. 2009)
(9.8 versus 1.9 %) (Stupp et al. 2005, 2009). For MGMT
promoter methylated patients 5-year OS was 13.8 and
5.2 %, and for MGMT-unmet 8.3 and 0 %. As noted in the
section on biomarkers, MGMT patients appear to have a
more favorable prognosis in either arm, and temozolomide
seems to demonstrate some benefit even for MGMT-unmet
patients. Given the generally favorable side-effect profile,
we routinely offer temozolomide for all patients regardless
of MGMT status unless otherwise contraindicated.

Two randomized trials attempting to address the role of
anti-angiogenic drugs in the upfront treatment of GBM
were recently presented at ASCO 2013. The results have
muddied the waters. Both RTOG 0825 and the Roche-
funded AVAglio trial added bevacizumab (BVZ) to gold
standard radiotherapy with temozolomide compared with
the standard of care alone. Neither study could demonstrate
an overall survival benefit with the addition of BVZ. Pro-
gression free survival was improved in both studies. How-
ever while PFS was numerically improved in RTOG 0825,
the pre-defined threshold of a 30 % reduction in the hazard
of failure was not met. Quality of life data was also con-
tradictory. Quality of life seemed to improve with bev-
acizumab in the AVAglio trial while it was inferior in the
RTOG trial. Further, BVZ is associated with an increase in
grade III and IV adverse events (Gilbert et al. 2013; Wick
et al. 2013; Wefel et al. 2013; Armstrong et al. 2013;
Henriksson et al. 2013). The Federal Drug Administration
(FDA) is currently reviewing the data but for the time being
there does not appear to be a role for the routine adminis-
tration of BVZ to patients with newly diagnosed GBM
(Goldberg 2013). Given the ability for BVZ to close down

the blood-brain-barrier and reduce edema, we reserve its use
for patients who continue to have symptoms of mass effect
and require prolonged high steroid use, and in the setting of
recurrence (Ellingson et al. 2011; Reardon et al. 2011; Wen
et al. 2010).

Outcomes for GBM do not seem to be improved over the
EORTC-NCIC regimen by administering alternative regi-
mens of TMZ such as in a dose-dense schedule (Gilbert
et al. 2011) or by exchanging TMZ for PVC (Stupp et al.
2005, 2009; Brada et al. 2010).

Attempts were made to develop nomograms predicting
survival of patients with GBM (Gorlia et al. 2008). How-
ever, recent data question the validity of this model and
caution against its use without further validation (Parks
et al. 2013).

3.2 Anaplastic Astrocytoma

Post-operative radiotherapy for anaplastic astrocytoma
(AA) has long been the standard of care in the treatment of
these lesions. The role for adjuvant chemotherapy for AA is
less well defined. Most clinical practices extrapolate from
the EORTC data on GBM and deliver concomitant tem-
ozolomide at 75 mg/m2 with radiation to approximately
60 Gy followed by 6–12 months of adjuvant TMZ at
200 mg/m2 for 5 days on a 28 day cycle (Stupp et al. 2005).
A retrospective analysis of two consecutive trials demon-
strated that in anaplastic astrocytoma, adjuvant temozolo-
mide was as effective as and less toxic than PCV, and was
discontinued prematurely less often (0 versus 37 %)
(Brandes et al. 2008).

The question of optimal sequencing of chemotherapy
and radiotherapy in all subtypes of anaplastic glioma has
been examined in a prospective fashion. The NOA-04 trial
randomly assigned patients to RT versus either procarba-
zine, lomustine and vincristine (PCV) or TMZ chemother-
apy (See Fig. 1). At progression, patients in the RT arm
were randomized to either PCV or TMZ chemotherapy
while patients in the chemotherapy arms who achieved an
initial response or stable disease and completed the full
course were re-treated by the same agent. Chemotherapy
patients who progressed during their initial drug regimen
were transitioned to RT. At time of 2nd progression, the RT
group switched to the novel drug (PCV or TMZ) while in
the CT group the remaining novel available modality was
initiated (either RT for patients having progressed after two
challenges of the same chemotherapy, or the novel chemo
for patients who had progressed early through their first
chemo and had then received RT). There was no arm with
concomitant chemoradiation. There was no overall differ-
ence in time to treatment failure (i.e. have progressed
through both radiation and chemotherapy in whatever
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sequence) between treatment arms. There was no difference
in time to treatment failure between PCV and temozolo-
mide. Time to treatment failure for anaplastic astrocytoma
was substantially worse than for AO or AOA but was not
dependent upon treatment sequence. (Wick et al. 2009a).
NOA-04 failed to demonstrate superiority of either treat-
ment sequence or of drug for patients with anaplastic
glioma.

3.3 Anaplastic Oligodendroglial Lesions

Grade III oligodendroglial tumors fare better than their
anaplastic counterparts. Historically it was felt that mixed
anaplastic oligoastrocytoma would have an intermediate
outcome but this was not noted in NOA-04 (Wick et al.
2009b. Contemporary researchers recognize that not all
grade III glioma behave similarly, and the importance
of biomarkers for diagnosis, treatment stratification and

prognostication (IRTOGT et al. 2006; van den Bent 2006)
(see section on biomarkers above). The ideal sequencing
and selection of adjuvant therapy for anaplastic oligoden-
droglioma is not well defined however there are several
robust studies that can help guide treatment.

Two cooperative group trials provide evidence that
sequential adjuvant radiation and chemotherapy is associ-
ated with improved outcomes over single agent therapy
alone. The order of sequencing (i.e. radiotherapy or che-
motherapy first) does not seem to have an impact. The
EORTC 26951 trial randomized patients to receive RT with
or without sequential adjuvant PCV (van den Bent et al.
2013). Exploratory analysis of the correlation between 1p/
19q status and survival was included. Overall survival for
sequential treatment was superior to RT alone (42.3 versus
30.6 months). In the patients with 1p/19q co-deletion OS
was increased with a non-significant trend towards a benefit
from adjuvant PCV (median OS not reached versus.
112 months). In this study TMZ was not studied and there
was no arm to evaluate combined therapy (van den Bent
et al. 2013). In the RTOG 9402 trial patients were ran-
domized to either PCV chemotherapy preceding radiother-
apy or to radiotherapy alone. In the initial report progression
free survival was increased with sequential therapy com-
pared to RT alone (2.1 versus 1.7 years) although the dif-
ference in OS was not significant. At 11 year median
follow-up, the molecular characteristics drove outcome.
With 1p/19q co-deletion, overall survival was significantly
prolonged in the sequential therapy group (14.7 versus
7.3 years). In the absence of co-deletion prognosis was
worse and treatment arm did not impact overall survival
(2.6 versus 2.7 years) (Cairncross et al. 2013, Intergroup
Radiation Therapy Oncology Group Trial 9402 et al. 2006).
As detailed in the section on anaplastic astrocytoma, the
German-Swiss NOA-04 group randomized patients to
radiation followed by chemotherapy with either PCV or
TMZ at progression versus chemotherapy followed by RT
at progression. There was no difference in time to treatment
failure between arms or by choice of chemotherapy.

Taken as a whole this data suggests that sequential
therapy for AO and AOA may be superior to radiotherapy
alone particularly in patients with 1p/19q co-deleted tumors.
Whether concomitant chemoradiation to 60 Gy followed by
adjuvant chemotherapy as is delivered for GBM is superior
to sequential treatment for AO/AOA has not been defini-
tively addressed. Temozolomide is probably equivalent to
PCV for first line therapy though no randomized study
comparing PCV to TMZ alone is available. An international
review of 1000 patients with anaplastic oligodendroglioma
found that time to progression was longer after treatment
with PCV than with TMZ, an observation that remained
significant on multivariate analysis. However this study is
limited as a retrospective review (Lassman et al. 2011). The

Arm A

Radiotherapy

Progression

A1

PCV

Progression

TMZ

A2

TMZ

Progression

PCV

Arm B1/B2

Primary 
Chemotherapy

PCV x 4*

PCV x 2

Progression

Radiothreapy

Progression

TMZ

TMZ x 8*

TMZ x 4
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Radiotherapy

Progression

PCV

Fig. 1 NOA-04 trial design. Adapted from (Wick et al. 2009) * In
Arm B, patients with progression after response or stable disease at
completion of initial chemotherapy are rechallenged with same agent.
If progression during initial therapy, transition to RT
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authors speculate that TMZ may be less durable with fewer
complete responses than PCV, however these inferences
were gleaned by comparing outcomes across selected
studies (Cairncross et al. 1994; Vogelbaum et al. 2009;
Weller 2010). The authors also concede that their findings
may be the result of a diagnostic shift that occurred over the
time-period of their investigation. This may have resulted in
a clustering of PCV use more frequently in cases of chemo-
sensitive classical oligodendroglial histology during the
earlier part of the study period where TMZ was not avail-
able (Lassman et al. 2011). In the end there is no robust
evidence that either drug has superior efficacy. Temozolo-
mide is associated with a more favorable side-effect profile
than PCV. Further, in patients without co-deletion outcomes
are typically worse and the relative benefit of adjuvant
chemotherapy is less certain thus the risk/benefit ratio of
any given chemotherapy may shift accordingly and be
considered in this context.

We await outcomes for two trials investigating anaplastic
glioma by 1p/19q status; the on-going CATNON Intergroup
trial is randomizing patients with non-1p/19q deleted ana-
plastic glioma to radiotherapy alone, RT ? concurrent
TMZ, RT ? adjuvant TMZ and RT ? concurrent and
adjuvant TMZ. The RTOG 1071 intergroup study which
randomized patients to radiotherapy alone versus TMZ
alone versus concomitant and adjuvant chemo RT with
TMZ for 1p/19q co-deleted anaplastic glioma recently
closed without meeting accrual. The lack of accrual was
likely due to the reluctance to put 1p/19q co-deleted patients
on the radiation therapy only arm.

3.4 High Grade Glioma in Elderly Patients

Because of the relatively poor survival of elderly patients
with high-grade glioma, physicians and patients have
questioned the advantage of aggressive, time consuming
and potentially toxic therapy in this population. The role for
routine radiotherapy with best supportive care over best
supportive care alone in elderly patients with GBM was
examined in a multi-institutional randomized trial. Median
survival was superior for patients receiving RT (29 versus
16.9 weeks). Equally important were the findings regarding
quality of life measures. Overall there was no difference
between patients receiving radiotherapy and those receiving
supportive care. However compared with supportive care
alone, patients in the radiation arm did not demonstrate a
detriment in cognitive function (Keime-Guibert et al. 2007).

An argument can be made that 6 weeks of daily therapy
requiring clinic visits is itself a quality of life issue,
potentially representing a substantial portion of median life
expectancy in this population. Roa et al. demonstrated in
a randomized study that 3 weeks of hypofractionated

radiotherapy at a dose of 267 cGy to a total dose of
4005 cGy provides comparable control to conventional 6-
week therapy. No chemotherapy was used in this trial (Roa
2004). The Nordic group compared TMZ alone with hyp-
ofractionated radiotherapy (34 Gy in 3.4 Gy fractions over
2 weeks) and standard radiotherapy to 60 Gy in patients
over 60 years of age. There was no combined therapy
group. In a three-way comparison of OS, temozolomide was
superior to conventional RT but not hypofractionated RT.
For patients over 70 years, survival with TMZ and hypo-
fractionation was superior to standard RT. MGMT-met was
associated with longer survival for patients treated with
TMZ but not for those treated with radiotherapy (Malm-
strom et al. 2012). The European NOA-08 group random-
ized patients over 65 years and a good performance status
(KPS) to week-on week-off temozolomide at 100 mg/m2 or
conventional radiotherapy. This study demonstrated the
equivalence of TMZ to RT in terms of OS (8.6 versus
9.6 mos). In findings reflecting those of the Nordic group,
patients with MGMT-met lesions had improved event free
survival if they received TMZ compared to RT. However if
MGMT was unmethylated, event free survival was worse
for patients receiving TMZ (Wick et al. 2012). This study
did not compare combined modality therapy or hypofrac-
tionation. Other data suggests that MGMT promoter meth-
ylation maybe be particularly prognostic in the elderly
population (Combs et al. 2011).

There is data that hypofractionation with concomitant
TMZ is safe and efficacious. An early trial by Weiss et al.
reported on a series of patients receiving hypofractionation
with concomitant and adjuvant TMZ and found good out-
comes compared with historical data (Weiss et al. 2010). A
larger trial by Minetti and colleagues confirms these find-
ings (Minetti et al. 2012).

The appropriate selection of therapy for elderly patients
with GBM depends upon a balance of efficacy, side effects
and quality of life issues as they impact on patients with
generally poor prognosis. However physicians should be
cautious of an overly fatalistic approach to this population.
Many patients can do surprisingly well and aggressive
therapy is warranted for well-selected patients and should
not be ruled out based on age alone.

3.5 Assessing Response to Treatment
of High-Grade Glioma

Assessing response to definitive therapy in the treatment of
high-grade glioma can be challenging. The classic criteria
for imaging assessment relies on an at least 25 % increase in
contrast-enhancing lesion as a surrogate for tumor progres-
sion. It should be kept in mind that enhancement is in fact a
measure of the permeability of the blood-brain barrier and as
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such changes in the extent of contrast may also reflect
changes in steroid dose, the use of anti-angiogenic drugs and
the natural inflammatory response of the body to efficacious
therapy (Watling et al. 1994; Wen et al. 2010). For instance
enhancement will be increased in approximately 30 % of the
first post-radiotherapy MRIs of patients receiving gold
standard treatment for GBM, and will subsequently subside
without intervention. This phenomenon of ‘‘pseudopro-
gression’’ often results from temporarily increased perme-
ability of vasculature after chemoradiation with (and
without) temozolomide. Pseudoprogression appears to be
more common in patients with MGMT promoter methylated
tumors (Brandes et al. 2008). Conversely, a ‘‘pseudore-
sponse’’ phenomenon occurs with the administration of
biologic agents that target vascular endothelial growth factor
pathway, such as bevacizumab. In this instance modification
of the permeable blood brain barrier occurs with apparent
‘‘improvement’’ of enhancement on neuroradiologic imag-
ing. Over time however worsening disease is typically noted
by changes on T2 and FLAIR images suggesting progressive
infiltrative disease even in the absence of post-contrast
enhancement on T1 weighted images. (Norden et al. 2008;
Narayana et al. 2008). To account for these confounding
mechanisms in the interpretation of post-therapy monitoring
of high-grade glioma the international Response Assessment
in Neuro-Oncology (RANO) working group established new
standardized response criteria (Wen et al. 2010). The new
criteria employs a more granular assessment of MRI inter-
pretation, taking into account both T1 ? contrast and T2/
FLAIR findings as well as relevant clinical factors such as
recent radiotherapy, chemotherapy and antiangiogenic
administration, changes in steroid administration and clini-
cal status (See Table 4).

4 Future Directions

Medical therapy of glioma will increasingly rely on
molecular and other biomarkers. Presently they are used in
the clinic to support diagnosis, select therapy and to

prognosticate. It is likely that future classification systems
for glioma will rely on novel biomarkers. The ultimate goal
is the rational design of biologic therapies directed by
information gleaned by biomarkers. We look forward to the
success of researchers in developing a clearer understanding
of the mechanism of tumor formation and progression. For
instance it has been postulated that HIF-1a up-regulation of
target genes related to a-ketoglutarate depletion is a driving
force in glioma formation. Therefore agents that can mimic
aKG might be designed to reverse the effect. Several other
potential therapeutic strategies to target IDH mutated
tumors have been forwarded (Alexander and Mehta 2011;
Zhao et al. 2009). If breast cancer can be looked to as an
early model of the successful use of biomarkers for indi-
vidualized medicine, translational research in glioma can be
viewed as a field ripe for study.
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Abstract

Patients with head and neck squamous cell cancer are a
very heterogeneous group with regard to aetiology, age
and other host factors, disease stage and biology, and
treatment approaches and outcome. Given the major
implications of both tumour and treatment on quality of
life and functional status, comprehensive pre-treatment
assessments and multidisciplinary approaches are rec-
ommended. Models and tools facilitating decision mak-
ing such as staging systems and nomograms are
discussed in this chapter, which is dedicated to Kie
Kian Ang, an outstanding leader in the field of head and
neck cancer, who passed away much too early. During a
post doctoral fellowship at the University of Texas M.D.
Anderson Cancer Center Dr. Ang taught me the art and
science of writing reviews and book chapters.

1 Introduction

Radiotherapy plays a pivotal role in the curative treatment of
head and neck squamous cell carcinoma (HNSCC). Cur-
rently, the majority of patients with HNSCC have locally
advanced disease and are treated with radiotherapy with or
without other modalities, such as surgery, chemotherapy and/
or biological targeting agents. Despite the advances made in
the primary treatment of HNSCC, still 30–50 % of all cura-
tively treated patients will develop a loco-regional recurrence
(Brockstein et al. 2004; Pignon et al. 2009). In addition, for
those who survive, there is a constant threat of the develop-
ment of a new head and neck tumour (field cancerisation, for
example related to smoking). In a meta-analysis, the inci-
dence of second primary tumours (SPTs) was 14 % (Haughey
et al. 1992). In most cases high-dose radiation is needed, with
doses close to the generally accepted tolerance limits of the
normal tissues. Not all patients are candidates for such
aggressive treatment. Decision making has become complex,
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has to integrate quality of life (QoL) and functional outcome
considerations, and requires close collaboration of many
medical disciplines. Some of the questions relevant during
pre-treatment discussion, e.g. in tumour boards, are summa-
rised in Table 1.

2 Recent Developments

In the last decades, major progress has been made in the
treatment of patients with HNSCC. In particular, the addi-
tion of concomitant chemotherapy (Langendijk et al. 2004;
Pignon et al. 2000, 2009) to radiation and the introduction
of altered fractionation schedules (Bourhis et al. 2006) have
resulted in a significant improvement of loco-regional
tumour control and overall survival. These new treatment
regimens have gained conceptual acceptance and are now
considered standard among patients with HNSCC in the
organ preservation as well as in the unresectable setting.
Moreover, the results of recent studies also indicate that
new induction chemotherapy regimens (Hitt et al. 2005;
Posner et al. 2007; Vermorken et al. 2007) and the addition
of cetuximab to radiation (Bonner et al. 2006) may further
improve outcome after non-surgical treatment, at least for
selected patients. Since the publication of the results of two
prospective randomised studies, an increasing number of
patients are now treated with postoperative concomitant
chemoradiation instead of postoperative radiotherapy alone
(Bernier et al. 2004; Cooper et al. 2004). In this setting
extracapsular extension and positive surgical margins are
important predictors of loco-regional control and survival.

Human papilloma virus (HPV) status has been shown to
predict outcomes (loco-regional control, metastases-free
survival, survival) in several series (Fakhry et al. 2008;
Lassen et al. 2009; Rischin et al. 2010; Oguejiofor et al.
2013; Rades et al. 2013a). Positivity might be assessed by
in situ hybridisation and/or positive p16 immunostaining. In
Radiation Therapy Oncology Group (RTOG) studies med-
ian pack-years of tobacco smoking were lower among
p16-positive than p16-negative patients with oropharyngeal
cancer in both trials (RTOG 9003: 29 v 46 pack-years;
p = 0.02; RTOG 0129: 10 v 40 pack-years; p \ 0.001)
(Gillison et al. 2012). After adjustment for p16 and other
factors, risk of progression or death increased by 1 % per
pack-year (for both, hazard ratio [HR], 1.01; 95 % CI, 1.00
to 1.01; p = 0.002) or 2 % per year of smoking (for both,
HR, 1.02; 95 % CI, 1.01 to 1.03; p \ 0.001) in both trials.
In RTOG 9003, risk of death doubled (HR, 2.19; 95 % CI,
1.46 to 3.28) among those who smoked during radiotherapy
after accounting for pack-years and other factors, and risk of
second primary tumours increased by 1.5 % per pack-year
(HR, 1.015; 95 % CI, 1.005–1.026). Despite the association
with more advanced nodal stage, patients with HPV positive

oropharyngeal cancers have better outcomes. A study by
Hong et al. suggested that the prognostic significance of the
conventional staging system in tonsillar cancer is modified
by HPV (Hong et al. 2013). Ongoing studies will determine
whether or not future treatment strategies should be different
for the two patient groups with or without HPV positivity.

3 Prognostic Factors for Survival
and Predictors for Recurrence

In general, prognosis depends on the biological aggressive-
ness of the tumour, e.g. its ability to metastasise and to
withstand non-surgical treatment attempts. Host characteris-
tics play an important role because they determine whether
aggressive treatment is possible. A large analysis of 1,093
participants in two RTOG trials (9003, 9111) showed that age,
performance status, marital status and cigarette smoking
significantly predicted survival (Coyne et al. 2007). Prognosis
and primary treatment approach vary with anatomical site and
disease extent staged according to the AJCC TNM system.

3.1 Nasopharyngeal Cancer

For nasopharyngeal cancer the AJCC TNM staging system
is shown in Tables 2 and 3. Besides T category (local
invasion), tumour volume is of prognostic significance,

Table 1 Decision making regarding treatment indication, disease
extent, outcomes and side effects: what do we wish to predict?

Questions to address

Should a given patient receive radiotherapy, as opposed to for
example surgery?

Should we combine radiotherapy with systemic agents?

What is the optimal regimen for a given patient?

What is the true disease extent in the presence of given imaging
findings?

What is the biology/aetiology of the tumour?

What do we need to delineate on treatment planning scans?

How does the optimal dose distribution look like?

Is there a role for dose intensification to subvolumes?

Do we need adaptive replanning during radiotherapy?

Can we predict response early during treatment?

Is there a need for salvage surgery?

What is the risk of severe acute toxicity?

Are preventive measures indicated, such as feeding tubes?

What is the risk of significant late toxicity?

What is the anticipated functional outcome and need for
rehabilitation?

What is the risk of a second primary tumour?
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especially when attempting to kill cancer cells by radio- and
chemotherapy as opposed to complete surgical resection
(cell number, increasing likelihood of hypoxia in larger
tumours) (Sze et al. 2004; Chen et al. 2009; Guo et al. 2012).
Other staging systems have been developed by different
groups. In general, T classification predominantly affects
local control, while N classification predicts neck and distant
control. Epstein-Barr virus DNA (less than versus equal to or

greater than 1,500 copies/ml) is a prognostic biomarker that
predicts overall and relapse-free survival. Other markers
such as serum lactate dehydrogenase (LDH) (Zhou et al.
2012; Wan et al. 2013), vascular endothelial growth factor
(VEGF) and osteopontin have been suggested and should be
studied further (Lv et al. 2011).

3.2 Cancer of the Oral Cavity and Oropharynx

For cancer of the oral cavity and oropharynx the AJCC TNM
staging system is shown in Tables 4 and 5. In these diseases,
male gender, cigarette smoking and poor performance status
are adverse prognostic factors. Patients who are p16 positive
have improved survival. After surgical resection for oral
cavity carcinoma, adjuvant radiotherapy may be recom-
mended for patients at higher risk for loco-regional recur-
rence, but it can be difficult to predict whether a particular
patient will benefit. Wang et al. constructed several types of
survival models using a set of 979 patients with oral cavity
squamous cell carcinoma treated in the United States and
Brazil (Wang et al. 2013). Covariates were age, sex, tobacco
use, stage, grade, margins, and subsite. The best performing
model was externally validated on a set of 431 patients from
Princess Margaret Hospital, Toronto, Canada. The primary
outcome measure of interest was loco-regional recurrence-
free survival. An online nomogram was built from this
model that estimates loco-regional failure-free survival with
and without postoperative radiotherapy. However, none of
the patients had received postoperative radiochemotherapy.
Information on extracapsular extension, lymphovascular
space invasion, and perineural invasion were not available in
this data set, also limiting its general use. The prediction
model indicated that patients with positive margins and/or
N2–N3 disease will derive the most benefit from adjuvant
radiotherapy, although the relative magnitude of this benefit
will vary depending on the other patient and tumour char-
acteristics entered into the model. Histologic grade was also
an independent predictor of prognosis in stage I or II oral
cavity carcinoma in the Surveillance, Epidemiology, and
End Results (SEER) database of the National Cancer Insti-
tute (Thomas et al. 2013). Among patients age 20–65 with
AJCC stage I or II cancer, the adjusted risk of death was
2.7 times greater (95 % CI 1.7 to 4.1) if the tumour was
poorly differentiated or undifferentiated than it was if the
tumour was well differentiated. Among patients age 66–94,
the risk of death was 3.0 (95 % CI 2.0–4.5) times greater.
For those over age 65, moderately differentiated tumours
also conferred an estimated 42 % increased risk of death,
which was borderline significant (p = 0.05).

It is hypothesised that molecular biomarkers might
improve current decision models. Protein 53 (p53), insulin-
like growth factor II mRNA-binding protein 3 (IMP3),

Table 2 AJCC TNM classification of carcinoma of the nasopharynx

Stage Description

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor confined to the nasopharynx, or tumor extends to
oropharynx and/or nasal cavity without parapharyngeal
extension (i.e., posterolateral infiltration of tumor)

T2 Tumor with parapharyngeal extension (i.e., posterolateral
infiltration of tumor)

T3 Tumor involves bony structures of skull base and/or
paranasal sinuses

T4 Tumor with intracranial extension and/or involvement of
cranial nerves, hypopharynx, or with extension to the
infratemporal fossa/masticator space

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Unilateral (including ipsilateral) metastasis in cervical
lymph node(s), B6 cm in greatest dimension, above the
supraclavicular fossa, and/or unilateral or bilateral,
retropharyngeal lymph nodes, B6 cm in greatest dimension

N2 Bilateral metastasis in cervical lymph node(s), B6 cm in
greatest dimension, above the supraclavicular fossa

N3a Metastasis in a lymph node(s) [6 cm in dimension

N3b Metastasis in a lymph node(s) to the supraclavicular fossa

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis (including seeding of the peritoneum and
positive peritoneal cytology)

Source Edge et al. (2009)

Table 3 Stage grouping of carcinoma of the nasopharynx

Stage grouping

T1 T2 T3 T4

N0 I II III IVA

N1 II II III IVA

N2 III III III IVA

N3 IVB IVB IVB IVB

M1 IVC IVC IVC IVC

Source Edge et al. (2009)
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cyclooxygenase 2 (COX2), and HuR were analysed by
immunohistochemistry in 96 patients with primary oral
squamous cell cancer who underwent surgical resection at
the Yonsei Dental Hospital in Seoul, Korea (Kim et al.
2012). On univariate and multivariate analysis, the expres-
sion of IMP3 was significantly associated with the risk of
death. P53 was also significantly associated with survival in
the case of negative IMP3 and the prediction accuracy was
improved by including these 2 factors in the prediction

model. The latter nomogram included age, sex, presence of
lymph node metastases, T stage, tumour site, p53 and IMP3.
In general, such tools need external validation in sufficiently
large databases before widespread implementation.

3.3 Cancer of the Larynx and Hypopharynx

For cancer of the larynx and hypopharynx the AJCC TNM
staging system is shown in Table 6. Egelmeer et al. per-
formed a population-based cohort study on 994 laryngeal
carcinoma patients, treated with radiotherapy from 1977
until 2008 (Egelmeer et al. 2011). Two nomograms were
developed and validated. Performance of the models was
expressed as the area under the curve (AUC). Unfavourable
prognostic factors for overall survival were low haemo-
globin level, male sex, high T status, nodal involvement,
older age, lower EQD(2T) (total radiation dose corrected for
fraction dose and overall treatment time), and non-glottic
tumour. All factors except tumour location were predictive
for local control. The AUCs were 0.73 for overall survival
and 0.67 for local control. External validation of the sur-
vival model yielded AUCs of 0.68, 0.74, 0.76 and 0.71 for
cohorts from Leuven (n = 109), VU Amsterdam (n = 178),
Manchester (n = 403) and Amsterdam (n = 205), respec-
tively, while the validation procedure for the local control
model resulted in AUCs of 0.70, 0.71, 0.72 and 0.62. The
resulting nomograms were made available on the website
www.predictcancer.org. Further evidence from multivariate
analyses suggests that tumour volume also influences local
control and survival in T2 tumours (Rutkowski et al. 2013)
and T3-4 tumours (Hoebers et al. 2013).

Wang et al. (2013) analyzed the impact of the lymph
node ratio (LNR, ratio of metastatic to examined nodes) on
the prognosis of hypopharyngeal cancer patients. SEER
registered hypopharyngeal cancer patients with lymph node
metastasis were evaluated using multivariate Cox regression
analysis to identify the prognostic role of the LNR. The
categorical LNR was compared with the continuous
LNR and pN classifications to predict cause-specific and
overall survival (n = 916). T classification, N classification,

Table 4 AJCC TNM classification of carcinoma of the oral cavity
and oropharynx

Stage Description

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor B2 cm in greatest dimension

T2 Tumor [2 cm but B4 cm in greatest dimension

T3 Tumor [4 cm in greatest dimension

T4 (lip) Tumor invades through cortical bone, inferior
alveolar nerve, floor of mouth, or skin of face, chin,
or nose

T4a (oral
cavity)

Tumor invades through cortical bone, into deep
(extrinsic) muscle of tongue, maxillary sinus, or
skin of face

T4b (oral
cavity)

Tumor involves masticator space, pterygoid plates,
or skull base, and/or encases internal carotid artery

T4a
(oropharynx)

Tumor invades the larynx, deep, extrinsic muscle of
tongue/medial pterygoid/hard palate, or mandible

T4b
(oropharynx)

Tumor involves lateral pterygoid muscle, pterygoid
plates, lateral nasopharynx, skull base, and/or
encases internal carotid artery

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph
node, B3 cm in greatest dimension

N2a Metastasis in a single ipsilateral lymph
node, [3 cm but B6 cm in greatest dimension

N2b Metastasis in multiple ipsilateral lymph nodes,
none [6 cm in greatest dimension

N2c Metastasis in bilateral or contralateral lymph nodes,
none [6 cm in greatest dimension

N3 Metastasis in a lymph node, [6 cm in greatest
dimension

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis (including seeding of the
peritoneum and positive peritoneal cytology)

Source Edge et al. (2009)

Table 5 Stage grouping of carcinoma of the oral cavity and
oropharynx

Stage grouping

T1 T2 T3 T4a T4b

N0 I II III IVA IVB

N1 III III III IVA IVB

N2 IVA IVA IVA IVA IVB

N3 IVB IVB IVB IVB IVB

M1 IVC IVC IVC IVC IVC

Source Edge et al. (2009)
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Table 6 AJCC TNM classification of carcinoma of the larynx and hypopharynx

Stage Description

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

Supraglottis

T1 Tumor limited to 1 subsite of supraglottis, with normal vocal cord mobility

T2 Tumor invades mucosa of more than 1 adjacent subsite of supraglottis or glottis or region outside the supraglottis, without fixation of
the larynx

T3 Tumor limited to larynx with vocal cord fixation and/or invades any of the following: postcricoid area, preepiglottic space, paraglottic
space, and/or inner cortex of thyroid cartilage

T4a Moderately advanced local disease: Tumor invades through the thyroid cartilage and/or invades tissues beyond the larynx

T4b Very advanced local disease: Tumor invades prevertebral space, encases carotid artery, or invades mediastinal structures

Glottis

T1a Tumor limited to 1 vocal cord (may involve anterior or posterior commissure) with normal mobility

T1b Tumor involves both vocal cords (may involve anterior or posterior commissure) with normal mobility

T2 Tumor extends to supraglottis and/or subglottis, and/or with impaired vocal cord mobility

T3 Tumor limited to the larynx with vocal cord fixation and/or invasion of paraglottic space, an/or inner cortex of the thyroid cartilage

T4a Moderately advanced local disease: Tumor penetrates the outer cortex of the thyroid cartilage and/or invades tissues beyond the larynx

T4b Very advanced local disease: Tumor invades prevertebral space, encases carotid artery, or involves mediastinal structures

Subglottis

T1 Tumor limited to the subglottis

T2 Tumor extends to vocal cord(s) with normal or impaired mobility

T3 Tumor limited to larynx with vocal cord fixation

T4a Moderately advanced local disease: Tumor invades cricoid or thyroid cartilage and/or invades tissues beyond the larynx

T4b Very advanced local disease: Tumor invades prevertebral space, encases carotid artery, or involves mediastinal structures

Hypopharynx

T1 Tumor limited to 1 subsite of hypopharynx and/or B2 cm in greatest dimension

T2 Tumor invades more than 1 subsite of hypopharynx or an adjacent site, or measures [2 cm but B4 cm in greatest dimension

T3 Tumor [4 cm in greatest dimension or with fixation of hemilarynx or extension to esophagus

T4a Moderately advanced local disease: Tumor invades thyroid/cricoid cartilage, hyoid bone, thyroid gland, or central compartment soft
tissue includes prelaryngeal strap muscles and subcutaneous fat

T4b Very advanced local disease: Tumor invades prevertebral fascia, encasescarotid artery, or involves mediastinal structures

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph node, B3 cm in greatest dimension

N2a Metastasis in a single ipsilateral lymph node, [3 cm but B6 cm in greatest dimension

N2b Metastasis in multiple ipsilateral lymph nodes, none [6 cm in greatest dimension

N2c Metastasis in bilateral or contralateral lymph nodes, none [6 cm in greatest dimension

N3 Metastasis in a lymph node, [6 cm in greatest dimension

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis
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M classification, the number of regional lymph nodes
examined, the continuous LNR (Hazard ratio 2.4, 95 % CI
1.7–3.4, p \ 0.001) were among prognostic variables that
were associated with cause-specific survival. The categori-
cal LNR showed a higher C-index and lower Akaike
information criterion (AIC) value than the continuous LNR.
When patients were classified into four risk groups
according to LNR, R0 (LNR = 0), R1 (LNR B 0.05), R2
(LNR 0.05–0.3) and R3 (LNR [ 0.3), the Cox regression
model for both endpoints using the R classification had a
higher C-index value and lower AIC value than the model
using the pN classification. In conclusion, using the cutoff
points 0.05/0.3, the R classification was more accurate than
the pN classification in predicting survival.

4 Haemoglobin and Oxygenation

Tumour perfusion and oxygenation have long been of
interest in head and neck cancer research. Identification of
potential surrogate markers and dynamics during treatment
are subject of numerous recent studies. Low haemoglobin is
associated with inferior loco-regional control and survival
in multivariate analyses of mixed populations (Rades et al.
2013b: stage III/IV, postoperative radiotherapy; McCloskey
et al. 2009: definitive chemoradiation; Agarwala et al. 2007:
definitive chemoradiation). Correction of pre-treatment low
haemoglobin by blood transfusion and/or erythropoietin
(EPO) stimulating agents does, however, not improve the
outcome (Hoff 2012). Smoking leads to a decrease in
effective haemoglobin and poorer treatment outcome.
Smoking should be avoided in order to improve the thera-
peutic efficacy of radiotherapy and development of other
smoking-related diseases and/or secondary cancers. A study
on postoperative radiotherapy with multivariate analysis
suggested that improved loco-regional control was signifi-
cantly associated with no EPO expression of tumour
cells (risk ratio [RR] 3.7; 95 % CI 1.35–15.4; p = 0.008)
(Seibold et al. 2013). Improved metastases-free survival
was also significantly associated with no EPO expression
(RR 5.45; 95 % CI 1.1–97.8; p = 0.031). The same holds
true for improved survival.

The concentration of osteopontin (SPP1) in plasma is
associated with tumour hypoxia. The Danish Head and Neck
Cancer group DAHANCA 5 trial found that the hypoxia
radiosensitiser nimorazole significantly improved the out-
come of radiotherapy for patients with head and neck cancer
compared with placebo. However, whether all patients
benefit from such modification of hypoxia is unclear.
DAHANCA researchers aimed to assess whether the con-
centration of plasma osteopontin could predict response to
the hypoxia radiosensitiser in 320 patients randomised in the
DAHANCA 5 trial (Overgaard et al. 2005). Samples were

grouped into tertiles according to high, intermediate or
low concentrations of plasma osteopontin, and analysed for
loco-regional tumour control and disease-specific survival at
5 years. Overall, loco-regional tumour failure and disease-
specific mortality were more frequent in patients assigned
placebo than in those assigned nimorazole. Loco-regional
tumour failure was more frequent in patients with high
concentrations of osteopontin assigned placebo than in those
with high concentrations assigned nimorazole, as was dis-
ease-specific mortality. However, neither loco-regional
tumour failure nor disease-specific mortality differed
between groups for patients with low concentrations of
plasma osteopontin or for those with intermediate concen-
trations. This study suggested that high plasma concentra-
tions of osteopontin are associated with a poor outlook after
radiotherapy for patients with head and neck cancer, but can
be improved by use of nimorazole.

TROG researchers sought to confirm the prognostic and
predictive significance of osteopontin in patients treated on
a large international trial (stage III/IV, randomised to
receive definitive radiotherapy concurrently with cisplatin
or cisplatin plus the hypoxic cell cytotoxin tirapazamine
(n = 578) (Lim et al. 2012). Osteopontin concentrations
were analyzed for overall survival and loco-regional failure,
adjusting for known prognostic factors. Additional analysis
was carried out in patients with available tumour p16
staining status. High osteopontin levels were not associated
with worse outcome. There was no interaction between
osteopontin and treatment arm for either endpoint. Thus,
there is no conclusive evidence that high plasma osteo-
pontin levels are associated with an adverse prognosis, or
are predictive of benefit with hypoxia targeting therapy. The
same TROG dataset suggested that elevated plasma inter-
leukin (IL)-8 level is an independent prognostic factor for
survival irrespective of treatment (Le et al. 2012).

A different study from the Netherlands (based on a
randomised trial in patients with laryngeal cancer) reported
that only in tumours with a low EGFR fraction (immuno-
histochemical staining), adding hypoxia modification to
accelerated radiotherapy has an additive beneficial effect on
outcome (Nijkamp et al. 2013). EGFR expression appears to
be a predictive biomarker for the selection of patients that
will or will not respond to carbogen and nicotinamide
(ARCON), a hypoxia targeting strategy that is thought to
counteract enhanced tumour cell proliferation- and hypoxia-
related radioresistance. Hypoxia gene expression signatures
are another developing strategy to assess and categorise
hypoxia (Toustrup et al. 2012). This method has evolved
along with the development of complementary DNA
microarray analysis and classifies tumours in accordance to
the expression of specific hypoxia-responsive genes in the
tumour biopsy. Thus, tumours are classified and categorised
in terms of the biological behaviour to hypoxic conditions
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in the microenvironment. Ongoing research will determine
the clinical applicability of gene expression signatures, also
with regard to other endpoints such as normal tissue
toxicity.

A recent DAHANCA study evaluated (18)F-fluoroazo-
mycin arabinoside (FAZA) positron emission tomography
(PET)/CT hypoxia imaging as a prognostic factor in
HNSCC patients receiving radiotherapy (Mortensen et al.
2012). Forty patients were included. Static FAZA PET/CT
imaging was conducted prior to irradiation. The hypoxic
volume (HV) was delineated. In 13 patients, a repetitive
FAZA PET/CT scan was conducted during the radiotherapy
treatment. A hypoxic volume could be identified in 25
(63 %) of the 40 tumours. FAZA PET HV varied consid-
erably with a range from 0 to 31 (median: 0.3) cm3. The
distribution of hypoxia among the HPV positive and neg-
ative tumours was not significantly different. In the FAZA
PET/CT scans performed during radiotherapy, hypoxia
could be detected in six of the 13 patients. For these six
patients the location of HV remained stable in location
during radiotherapy treatment, though the size of the HV
decreased. In 30 patients a positive correlation was detected
between maximum FAZA uptake in the primary tumour and
the lymph node. During a median follow up of 19 months a
significant difference in disease-free survival rate with 93 %
for patients with non-hypoxic tumours and 60 % for
patients with hypoxic tumours could be detected. The
definitive role of FAZA PET/CT imaging as a suitable assay
with prognostic potential for detection of hypoxia should be
determined in confirmatory trials. Other tracers and imaging
methods (dynamic contrast-enhanced magnetic resonance
imaging (DCE-MRI), DCE computed tomography, and
diffusion-weighted MRI, measuring for example distribu-
tion of tumour blood volume and blood flow) are also under
prospective evaluation (Quon and Brizel 2012).

5 Other Aspects of PET/CT

PET/CT might improve staging of HNSCC and is recom-
mended in the M and bilateral nodal staging of all patients
where conventional imaging is equivocal, or where treat-
ment may be significantly modified (Yoo et al. 2013). PET
is recommended in all patients after conventional imaging
and in addition to, or prior to, diagnostic panendoscopy
where the primary site is unknown (Nieder et al. 2001).
Besides staging and target volume delineation, other
advantages of PET have been discussed in the literature
[prognostic and predictive information, monitoring of
response, adaptive radiotherapy (Garg et al. 2012)]. All
these potential indications require additional evidence from
prospective trials. However, examples from the literature
are presented here. Metabolic tumour volume (MTV) of

(18)F-FDG PET/CT is a volumetric measurement of tumour
cells with increased 18F-FDG uptake. Park et al. evaluated
the prognostic value of MTV in 81 patients with locore-
gionally advanced laryngeal and hypopharyngeal cancer
(Park et al. 2013). On multivariate analysis, MTV was an
independent prognostic factor for both loco-regional control
and survival. Comparable findings were made by Tang et al.
in 83 patients (Tang et al. 2012). A different study included
69 patients with SCC of the tonsil who underwent pre-
treatment FDG PET/CT with measurement of maximum
standardized uptake value (SUV(max)), MTV, total lesion
glycolysis (TLG), and asymmetry indices (of SUV(max),
MTV, and TLG) (Moon et al. 2013). The prognostic sig-
nificance of these parameters and clinical variables was
assessed by multivariate Cox proportional hazards regres-
sion analysis with adjustments for age, sex, and AJCC
stage. This study showed that only TLG (HR 1.02, 95 % CI
1.003–1.037, p = 0.023) was an independent prognostic
factor associated with decreased overall survival.

An ongoing multi-centre trial aims to improve outcome
in two ways. Firstly, by redistribution of the radiation dose
to the metabolically most FDG avid part of the tumour
(Heukelom et al. 2013). Hereby, a biologically more
effective dose distribution might be achieved while simul-
taneously sparing normal tissues. Secondly, by improving
patient selection. Both cisplatin and EGFR antibodies like
cetuximab in combination with radiotherapy are effective in
enhancing tumour response. However, it is unknown which
patients will benefit from either agent in combination with
irradiation. The plan is to analyse the predictive value
of biological markers and (89)Zr-cetuximab uptake for
treatment outcome of chemoradiation with cetuximab or
cisplatin to improve patient selection. The so-called ART-
FORCE study is a randomized phase II trial for 268 patients
with a factorial 2 by 2 design: cisplatin versus cetuximab and
standard versus redistributed radiotherapy. Adaptation of
treatment for anatomical changes in the third week of treat-
ment is planned. Patients with locally advanced squamous
cell carcinoma of the oropharynx, oral cavity or hypophar-
ynx are eligible. Primary endpoints are: loco-regional
recurrence-free survival at 2 years, correlation of the median
(89)Zr-cetuximab uptake and biological markers with treat-
ment specific outcome, and toxicity (clinicaltrials.gov,
identifier: NCT01504815).

6 Further Recent Biomarker Studies

Table 7 shows a brief summary of study results. Attempts to
identify biomarkers that could improve current predictive
and prognostic models are necessary, given that outcome is
not satisfactory in some stages of head and neck cancer
while other subgroups might benefit from less aggressive
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treatment in terms of reduced toxicity and better functional
status. The challenges of biomarker research, at least when
it comes to generalisation of findings from single studies,
have been addressed in the first chapters of this textbook. In
brief, methods such as tissue preparation, immunohisto-
chemistry, molecular analyses or imaging protocols require
standardisation in order to obtain reproducible results across
institutions. Readers of published studies must be able to
understand the methodology, including how multivariate
analyses were performed. If already established prognosti-
cators are not included, new biomarkers might not neces-
sarily provide added value. For example such biomarkers
might just be a surrogate or replacement for known
parameters associated with tumour aggressiveness like
histologic grade, vascular or perineural invasion, haemo-
globin and others (Table 8). Rigorous large scale validation
studies are essential before incorporating new biomarkers
into current algorithms.

Cisplatin concomitant to radiotherapy is a preferred
standard for locally advanced HNSCC. However, the cis-
platin-attributable survival benefit is limited and toxicity
substantial. A biomarker of cisplatin resistance could guide
treatment selection and spare morbidity. The ERCC1-XPF
nuclease is critical to DNA repair pathways resolving cis-
platin-induced lesions. In a phase II trial, patients with stage
III-IVb HNSCC were randomised to combined cisplatin and
radiotherapy with/without erlotinib. Archived primary
tumours were available from 90 of 204 patients for a planned

substudy (Bauman et al. 2013). Semi-quantitative ERCC1
protein expression was determined using antibodies. The
primary analysis evaluated the relationship between con-
tinuous ERCC1 protein expression and progression-free
survival. Secondary analyses included two pre-specified
ERCC1 cut-points and performance in HPV-associated
disease. Higher ERCC1 expression was associated with
inferior progression-free survival. Patients with increased
versus decreased/normal ERCC1 expression experienced
inferior progression-free survival. This threshold remained
prognostic in HPV-associated disease. Sun et al. used
immunohistochemistry to examine the expression of ERCC1
in nasopharyngeal tumour tissue of patients treated with
concurrent cisplatin-based chemoradiation (Sun et al. 2011).
Patients (n = 77) were categorized into either a resistant or
sensitive group depending on their treatment response out-
come. The resistant and sensitive groups included 25 and
52 patients, respectively. ERCC1 expression was positive in
the tumour tissue for 39 of the 77 patients (51 %). Signifi-
cantly more ERCC1-negative tumours were in the sensitive
group than in the resistant group (p = 0.035). In terms of
survival outcome, univariate analysis determined that
patients with ERCC1-negative tumours had longer disease-
free survival and overall survival (p = 0.013) than patients
with ERCC1-positive tumours. Multivariate analysis con-
firmed that negative ERCC expression in tumours was an
independent predictor for prolonged overall survival (hazard
ratio, 0.14; 95 % CI, 0.03–0.71).

Table 7 Recently studied biomarkers (selected examples, multivariate analysis performed)

Authors Biomarker Patient population (n) Correlated with

Balermpas et al. (2013) NF-jB/p65 nuclear
immunoreactivity

101, locally advanced,
primary CRT

OS, PFS, and DMFS

Semrau et al. (2013) EGFR, survivin 52, primary CRT No correlation

Snietura et al. (2012) PTEN 147, postoperative RT, subgroup
from a randomised trial

LRC, tumours with a high intensity of
PTEN staining had significant gain in
LRC from 7-days-a-week RT

Le et al. (2009) Lysyl oxidase 306, subgroup from RTOG trials OS, DMFS, TTP

Dos Santos et al. (2012) HIF-1 alpha 66, oral cavity Local control, OS after RT

Schrijvers et al. (2012) FADD 92, T1-T2 glottic carcinoma, RT Local control

Nichols et al. (2012) Ki-67, EGFR, Bcl-2 75, T1-T2 glottic carcinoma, RT DFS (Ki-67 only)

Ang et al. (2002) EGFR 155, primary RT OS, LRC

Eriksen et al. (2005) EGFR 803, randomised DAHANCA trials Tumours with high EGFR and well/moderate
differentiation did benefit from moderate
acceleration of treatment regarding LRC and
DSS, no such effect in tumours with low
EGFR and/or poor differentiation

CRT chemoradiotherapy, OS overall survival, PFS progression-free survival, DMFS distant metastases-free survival, DFS disease-free survival,
DSS disease-specific survival, LRC loco-regional control, TTP time to progression, RTOG Radiation Therapy Oncology Group, DAHANCA
Danish Head and Neck Cancer Group, EGFR epidermal growth factor receptor, FADD Fas-associated death domain
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7 Comorbidity and Nutritional Status

A retrospective nationwide population-based study of all
Danish HNSCC patients diagnosed from 1992 to 2008 was
recently published (Bøje et al. 2013). A total of 12,623
patients were identified through the DAHANCA database.
By linking to the Danish registers, information on somatic
comorbidity present prior to the HNSCC diagnosis was
obtained and adapted to the Charlson Comorbidity Index
(CCI). The influence of comorbidity on overall survival and
cancer-specific death was evaluated and the type and
prevalence of comorbidity described. In total, 36 % of
patients had comorbidity according to CCI. Increasing age
was significantly associated with increasing CCI. In multi-
variate analyses, the CCI score remained a strong inde-
pendent prognostic factor for overall survival, the HR being
1.16 (95 % CI 1.08–1.25), 1.34 (1.22–1.46), and 1.63
(1.51–1.80) for patients with CCI score 1, 2, and 3+ ,
respectively. The CCI score did not influence cancer spe-
cific death, suggesting that patients die from their comor-
bidities rather than their cancer.

In patients who received definitive chemoradiation,
multivariate analysis indicated that pre-treatment percent-
age of ideal body weight (%IBW) (p = 0.04) was statisti-
cally significantly associated with loco-regional failure
(Platek et al. 2011). A larger study with more than 1,500
patients found that higher pre-treatment body mass index
(BMI) positively influenced survival outcomes (Pai et al.
2012). Comparable results were seen in 400 patients with
locoregionally advanced nasopharyngeal carcinoma treated
with combination of chemotherapy and radiotherapy
(Huang et al. 2013). The patients were divided into four
groups of underweight, normal weight, overweight or obese
according to the World Health Organization classifications
for Asian populations. The 5-year failure-free survival rates

for the underweight, normal weight, overweight and obese
groups were 44, 61, 68 and 73 %, respectively (p = 0.014),
and the 5-year overall survival rates were 51, 68, 80 and
72 % (p = 0.001), respectively. BMI was a significant
prognostic factor of overall survival and failure-free sur-
vival in a Cox regression model.

8 Toxicity Prediction

Radiation-induced side effects mainly depend on total dose
and volume irradiated, illustrated by numerous reports on
Normal Tissue Complication Probability (NTCP) models
for different late side effects such as xerostomia and swal-
lowing dysfunction. To achieve a reduction of the irradiated
volume of normal tissues, two main strategies have been
applied, including attempts to redefine the clinical target
volume (CTV) and the use of advanced and emerging
radiation delivery techniques. Elective nodal treatment,
either by surgery or radiotherapy, is commonly applied in
the primary treatment of HNSCC in case the probability of
occult nodal metastases is 20 % or higher (Weiss et al.
1994, Gregoire et al. 2000). This threshold of 20 % is more
or less arbitrarily determined taking into account the
expected treatment-related morbidity in reference to the
expected improvement of regional control which can be
achieved with elective treatment of the regional lymph node
areas. Given the known dose-effect relationships for tumour
control, both dose-escalation in the target volume and
maximal reduction of the dose distribution in OARs is
important. In this respect, the use of advanced radiation
delivery techniques becomes increasingly relevant. Inten-
sity modulated radiotherapy (IMRT) is a radiation tech-
nique in which the intensity of multiple beams can be
optimized in order to conform the radiation dose to the

Table 8 Hypothetical multivariate analysis of prognostic factors for survival after radiotherapy in patients with locally advanced larynx/
hypopharynx cancer: the aim is to determine whether potential biomarkers add value to existing models

Established factors based on 994 patients
published by Egelmeer et al. (2011)

Other factors that could be considered for inclusion
based on different datasets discussed in this chapter

Biomarkers of interest
(arbitrary selection)a

Low haemoglobin level Tumour volume EGFR

Male sex Hypoxic subvolume Ki-67

Older age Histologic grade FADD

Advanced T category Lymph node ratio HIF-1alpha

Nodal involvement Comorbidity index

Non-glottic tumour Smoking

Biologically effective radiation dose Performance status

Marital status

Body mass index
a Consider the complexity of adding such variables either as continuous or categorical variables (what is the optimal cut-off?), remember to
include sufficiently large patient numbers (at least 10 events per variable in the multivariate model)
EGFR epidermal growth factor receptor, FADD Fas-associated death domain
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target volumes, while reducing the dose to adjacent critical
structures. The initial experiences with IMRT have pro-
vided encouraging results regarding loco-regional tumour
control, overall survival and in particular reduction of side
effects (Lee et al. 2006, McMillan et al. 2006, Pow et al.
2006, Vergeer et al. 2009). As IMRT permits increased
possibilities to conform the dose to the target volume, it
promises to both reduce toxicity and improve loco-regional
tumour control. One of the advantages of using stereotactic
radiation techniques could be the use of image-guided high
precision repositioning in order to be able to safely reduce
the margins from CTV to PTV.

Tribius et al. (2012) examined 95 patients with locally
advanced tumours treated with curative intent (IMRT to
60–70 Gy). (Chemo)radiotherapy was either definitive or
adjuvant. Patients completed the EORTC QLQ-C30 and
HNC-specific HN35 module before and at the end of
(chemo)radiotherapy and 6–8 weeks after therapy comple-
tion. At baseline, patients reported significantly lower glo-
bal health status, functioning, and symptom scale scores
than a reference German population (all p \ 0.001). At the
end of (chemo)radiotherapy, patients had significantly
lower QoL scores versus baseline on all functioning scales
(p \ 0.05). Most symptom and HN35 scores worsened
during (chemo)radiotherapy but many recovered 6–8 weeks
post-treatment. QoL deteriorated more in patients with high
versus low baseline QoL; no clinical or sociodemographic
characteristics of patients most likely to experience a sig-
nificant deterioration in QoL during treatment were
identified.

Nourrisat et al. (2010) focused on weight loss in a study
that was part of a phase 3 chemoprevention trial. A total of
540 patients (stage I or II) were randomised. The patients
were weighed before and after radiotherapy. The mean
weight loss was 2.2 kg (standard deviation, 3.4). Five fac-
tors were associated with a greater weight loss: all HN
cancer sites other than the glottic larynx (p \ 0.001), higher
pre-treatment body weight (p \ 0.001), stage II disease
(p = 0.002), dysphagia and/or odynophagia before radio-
therapy (p = 0.001), and a lower Karnofsky performance
score (p = 0.028). There was no association with baseline
lifestyle habits, diet, or QoL. The bootstrapping method
confirmed the reliability of this predictive model. The area
under the curve was 71 % (95 % CI, 66–77), which repre-
sents an acceptable ability of the model to predict critical
weight loss.

Dysphagia and xerostomia are dose-dependent side
effects that might cause measurable and relevant QoL
deterioration. Significant factors in predicting swallowing
problems are age, follow-up duration, tumour site, chemo-
therapy, surgery of the primary tumour and neck, and dose
(Teguh et al. 2013). For dry mouth, the significant factors
were age, gender, tumour site, N stage, chemotherapy, and

bilateral irradiation in this study of 434 patients from the
Netherlands (randomised trial on hyperbaric oxygen). The
authors developed a predictive risk model that could be
used to select patients for hyperbaric oxygen treatment to
prevent or reduce severe late side effects. Table 9 shows
further data on factors that might predict toxicity risk.
Langendijk et al. (2009) performed a prospective study with
529 patients with HNSCC treated with curative
(chemo)radiation. In all patients, acute and late radiation-
induced morbidity (RTOG Acute and Late Morbidity
Scoring System) was scored prospectively. Multivariate
logistic regression analyses were carried out with grade 2 or
higher RTOG swallowing dysfunction at 6 months as the
primary (SWALL(6 months)) endpoint. The model was
validated by comparing the predicted and observed com-
plication rates and by testing if the model also predicted
acute dysphagia and late dysphagia at later time points
(12, 18 and 24 months). The following factors turned out to
be independent predictive factors for SWALL (6 months):
T3–T4, bilateral neck irradiation, weight loss prior to
radiation, oropharyngeal and nasopharyngeal tumours,
accelerated radiotherapy and concomitant chemoradiation.
By summation of the regression coefficients derived from
the multivariate model, the Total Dysphagia Risk Score
(TDRS) could be calculated. In the logistic regression
model, the TDRS was significantly associated with
SWALL(6 months) (p \ 0.001). Subsequently, the authors
defined three risk groups based on the TDRS. The rate of
SWALL(6 months) was 5, 24 and 46 % in case of low-,
intermediate- and high-risk patients, respectively. These
observed percentages were within the 95 % confidence
intervals of the predicted values. The TDRS risk group
classification was also significantly associated with acute
dysphagia (p \ 0.001 at all time points) and with late
swallowing dysfunction at 12, 18 and 24 months (p \ 0.001
at all time points). A smaller Japanese study (47 patients
treated with definitive chemoradiation) validated the TDRS
model (Koiwai et al. 2010).

Another large multicentre prospective cohort study was
reported by Christianen et al. (2012). These researchers
wanted to identify which dose volume histogram parameters
and pre-treatment factors were most important to predict
physician-rated and patient-rated swallowing dysfunction in
order to develop predictive models (curative (chemo)radio-
therapy). The study population consisted of 354 patients.
The primary endpoint was grade 2 or more swallowing
dysfunction according to the RTOG/EORTC late radiation
morbidity scoring criteria at 6 months after (CH)RT. The
secondary endpoints were patient-rated swallowing com-
plaints as assessed with the EORTC QLQ-H&N35 ques-
tionnaire. To select the most predictive variables a
multivariate logistic regression analysis with bootstrapping
was used. At 6 months after (CH)RT the bootstrapping
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procedure revealed that a model based on the mean dose to
the superior pharyngeal constrictor muscle (PCM) and mean
dose to the supraglottic larynx was most predictive. For the
secondary endpoints different predictive models were found:
for problems with swallowing liquids the most predictive
factors were the mean dose to the supraglottic larynx and
radiation technique (3D-CRT versus IMRT). For problems
with swallowing soft food the mean dose to the middle PCM,
age (18–65 vs. [65 years), tumour site (naso/oropharynx
versus other sites) and radiation technique (3D-CRT versus
IMRT) were the most predictive factors. For problems with
swallowing solid food the most predictive factors were the
mean dose to the superior PCM, the mean dose to the
supraglottic larynx and age (18–65 vs. [65 years). And for
choking when swallowing the V60 of the oesophageal inlet
muscle and the mean dose to the supraglottic larynx were the
most predictive factors. These data suggest that separate
predictive models are needed for different endpoints and
factors other than dose volume histogram parameters are
important as well.

Sensori-neural hearing loss (SNHL) is a complication to
radiation therapy in the upper head and neck region. Honoré
et al. (2002) estimated the dose response relationship for

SNHL with adjustment for pre-therapeutic risk factors. The
pre- and post-therapeutic hearing levels were recorded in 20
patients receiving radiotherapy for nasopharyngeal carci-
noma. The dose to the inner ear of these patients was esti-
mated with a CT based treatment planning system. SNHL
increased significantly with increasing dose to the cochlea.
Increasing patient’s age and decreasing pre-therapeutic
hearing level were statistically significantly associated with
an increased risk of SNHL. A nomogram was presented for
estimating individualised dose constraints of potential use in
treatment planning.

9 Patient Selection for Re-irradiation

As re-irradiation, with or without other modalities, is
associated with a considerable risk of severe acute and late
treatment-related side effects, proper selection of patients is
essential to optimise the therapeutic ratio (Spencer et al.
1999, 2001, 2008; Nieder et al. 2000; Schaefer et al. 2000;
De Crevoisier et al. 1998, 2001, Kasperts et al. 2005;
Langer et al. 2007; Janot et al. 2008; Sulman et al. 2009).
There are a number of methodological problems with regard

Table 9 Recent toxicity prediction analyses (selected examples, multivariate analysis performed)

Authors Side effect Patient population (n) Correlated with

Self et al. (2013) Oropharyngeal haemorrhage 139, CRT without surgery Advanced T stage

Monnier et al.
(2011)

Mandibular osteoradionecrosis 73, oral cavity/oropharynx,
including postoperative RT

Mandibular surgery

Lee et al. (2009) Mandibular osteoradionecrosis 198, oral cavity/oropharynx Mandibular surgery, higher biologically
effective radiation dose

Dorth et al. (2013) Carotid artery stenosis 224, majority with stage
III/IV and cisplatin-based
CRT

Framingham risk factors, radiation dose

Teguh et al.
(2008)

Trismus 81, oropharyngeal cancer Mean dose in masseter and pterygoid
muscles

Su et al. (2013) Temporal lobe necrosis 870, nasopharynx cancer,
IMRT

Percent of temporal lobes receiving
40 Gy and absolute volume receiving
40 Gy

Machtay et al.
(2012)

Chronic grade 3-4 pharyngeal/laryngeal
toxicity and/or requirement for a feeding
tube C2 years after registration and/or
potential treatment-related death within
3 years

154, 3 RTOG chemoradiation
trials

Older age, radiation dose received by the
inferior hypopharynx [60 Gy

Ghadjar et al.
(2012)

Late RTOG C grade 3 toxicity and/or
potential treatment-related death within
3 years

213, hyperfractionated
RT ± concomitant
cisplatin (randomised trial)

Advanced N-classification, technically
unresectable disease, weight loss ratio,
severe acute dysphagia

Beetz et al. (2012) Xerostomia at 6 months 167, 3-D (C)RT Mean parotid dose, age and baseline
xerostomia

Mortensen et al.
(2013)

Late dysphagia 259, primary IMRT Objective measurements and observer-assessed
dysphagia correlated with dose to pharyngeal
constrictor muscles, whereas QoL endpoints
correlated with DVH parameters in the
glottis/supraglottic larynx

CRT chemoradiotherapy, IMRT intensity-modulated radiotherapy, QoL quality of life, DVH dose-volume histogram, RTOG Radiation Therapy
Oncology Group
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to the identification and validation of prognostic factors in
the re-irradiation setting, including (1) differences in eligi-
bility criteria and subsequent heterogeneity of the study
populations among the different studies; (2) the retrospective
design of most studies; (3) the relatively limited number of
patients included with a too low power to detect clinically
relevant prognostic factors, and (4) the large variety of
treatment regimens used. Nevertheless, despite these meth-
odological shortcomings, there are a limited number of
prognostic factors that seem to be important. Recently,
Tanvetyanon et al. (2009) reported on a retrospective anal-
ysis of prognostic factors for survival among patients treated
with curatively intended salvage re-irradiation for head and
neck cancer. The study population was composed of patients
with recurrent tumours as well as second primaries, and
46 out of 103 patients underwent salvage surgery and post-
operative re-irradiation. These authors developed a nomo-
gram for the prediction of death within 24 months after
re-irradiation, including a combination of prognostic factors
such as co-morbid disease based on the Charlson index,
organ dysfunction prior to re-irradiation, isolated neck
recurrence, tumour bulk (i.e., sum of the maximal diameter
of tumour at the neck plus measurable mucosal tumour at
salvage surgery) and time interval between completion of
previous therapy and initiation of re-irradiation. The per-
formance of this nomogram showed good agreement
between predicted and observed outcomes, with a C-index of
0.75. The factors included in this nomogram generally
reflect the most frequently reported prognostic factors in the
re-irradiation setting. However, other potential prognostic
factors such as recurrent versus second primary tumour, total
dose of radiation, previous chemoradiation and radiation
technique were not identified as significant prognostic fac-
tors. Nevertheless, the nomogram could be a useful tool to
select patients with favourable outcome for the more
intensified (chemo) re-irradiation strategies. An important
finding of this study was that comorbidity and pre-existing
organ dysfunction were the most important prognostic
factors. More specifically, the median overall survival among
patients with neither significant comorbidity nor pre-treat-
ment organ dysfunction was 59.6 months which was mark-
edly better compared to those with both comorbidity and
organ dysfunction, in whom the median survival was only
5.5 months with no survivors beyond 2 years of follow-up
(p \ 0.001). These two factors are probably important
because they may increase the risk of cancer-related death due
to poor treatment tolerance and compliance and/or increase
the risk of non-cancer-related death. Moreover, organ dys-
function, which is mainly due to radiation-induced toxicity
from the previous treatment, may also be a surrogate marker
of a more aggressive biological behaviour of the tumour.
Hence, given the large impact on overall survival, both
factors may interact negatively with (chemo) re-irradiation,

but may also be a competing risk of death. A limited valida-
tion study with 28 Japanese patients was published (Shikama
et al. 2013). Twenty-two patients were treated with stereo-
tactic body radiotherapy using a median total dose of 30 Gy in
1–7 fractions and six patients were treated with conventional
external beam radiotherapy. The 2-year overall survival was
22 %. The 2-year overall survival in 20 patients with unfa-
vourable prognosis (median 2-year survival probability,
5.5 %) and in 8 patients with favourable prognosis (median
2-year survival probability, 45 %) were 11 and 46 %,
respectively. Larger and more sophisticated statistical anal-
yses are necessary to confirm the validity of the nomogram.
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Abstract

Numerous prognostic and predictive tools have been
developed to help guide breast cancer counseling on
outcomes, treatment decisions, and toxicity. Key prog-
nostic and predictive factors remain estrogen and proges-
terone status as well as HER2 overexpression. Prognostic
tools include Adjuvant! Online, which incorporates val-
idated clinical prognostic factors to provide survival data,
as well as Oncotype DX, which uses a 21 gene assay to
derive a prognostic recurrence score and is also predictive
for chemotherapy response, and Mammaprint, a 70 gene
assay. Predictive tools including nomograms have been
developed to help with many breast cancer clinical
scenarios, including ductal carcinoma in situ, risk of
sentinel node positivity, risk of non-sentinel node positiv-
ity in the setting of positive sentinel node, risk of brain
metastases, and others. Tools to help predict toxicity have
been developed, but are currently more sophisticated at
predicting toxicity from systemic therapy than radiation
therapy. These individualized decision making tools
continue to advance breast cancer care and should be
incorporated into patient discussions and decision making
on validation.

1 Breast Cancer Epidemiology

Breast cancer is the most common non-hematologic cancer
in women in the United States, and remains the second most
common cause of cancer death in US women. There were
229,060 estimated new cases of breast cancer in 2012,
comprising predominantly female patients (226,070) with a
minority of male patients (2190). 39,920 deaths were
estimated for 2012, with 39,510 women and 410 men
estimated to die of the disease. Lifetime risk remained
relatively stable at 1 of 8 women from birth to death (Siegel
et al. 2012).
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2 Breast Cancer Staging

Staging in this article is based on the seventh edition of
the AJCC Staging manual (Edge et al. 2009). Breast
cancer staging divides patients into ductal carcinoma

in situ, early breast cancer, locally advanced breast cancer,
and metastatic breast cancer. Figure 1 illustrates the cur-
rent (7th edition) staging manual of the AJCC for breast
cancer, which will be used in further discussion in this
chapter.

Fig. 1 7th edition AJCC breast cancer staging. AJCC staging reprinted with kind permission, Springer Publications
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3 Prognostic Factors in Breast Cancer

3.1 Clinical Factors

Until recently, clinical factors have largely guided treatment
decision-making and discussions about prognosis with indi-
vidual patients. Factors that can increase the risk for breast
cancer include female gender, family history of breast cancer,
genetic mutations, particularly BRCA1 and BRCA 2 muta-
tions, and increasing age. Increasing exposure to estrogens,
including early menarche, late menopause, nulliparity or
older age at first childbirth, and exogenous hormone
replacement therapy are all associated with an increasing risk
of breast cancer (Carlson et al. 2013). Lobular carcinoma
in situ is a risk factor for development of invasive breast
cancer in either breast of greater than 20 % at 15 years
(Haagensen et al. 1981). Pleomorphic lobular carcinoma
in situ has been reported as a more aggressive variant with
higher propensity to develop into invasive breast cancer, and
these are typically managed with surgical excision when
found on biopsy (Anderson et al. 2006). Age is one of the most
important clinical factors, as numerous reports have shown
that younger patients have a higher risk of breast cancer
recurrence (Zhou et al. 2004). On recursive partitioning
analysis of prognostic factors for breast cancer outcomes, age
is the first split in the tree (Freedman et al. 2002). Location of
the tumor within the breast does not affect outcomes, though it
can have an effect on cosmesis (Freedman et al. 2002).

Axillary nodal status on clinical staging portends a worse
clinical outcome (Carter et al. 1989). The staging described
earlier divides pathological disease in the axilla into
numerous categories, with published papers showing a
worse outcome for node positive patients (Dent 1996) as
well as greater nodal burden (Cabanes et al. 1992) versus
nodal negative patients (Jatoi et al. 1999). Axillary surgical
staging is recognized as a diagnostic and therapeutic pro-
cedure (Moore and Kinne 1997). While this was debated for
some time as to whether it showed a lead time bias in
catching node positive cancers later in their natural history,
it is now clear that these tumors are biologically different
than node negative cancers (Mittra 1993).

Clinical stage is correlated with outcome, with higher
tumor and nodal stage having worse clinical outcomes.
Inflammatory breast cancer, described in the staging as T4d,
shows a poor outcome regardless of other prognostic factors
at the time of diagnosis (Chang et al. 1998). With the poorer
outcomes for inflammatory breast cancer based on clinical
factors, management involves tri-modality therapy consist-
ing of radiation therapy with dose escalation to decrease
recurrence (Liao et al. 2000), cytotoxic chemotherapy, and
mastectomy with axillary nodal dissection in all cases
where feasible (Cristofanilli et al. 2003).

3.2 Pathologic Factors

The pathology report after breast-conserving surgery or
mastectomy remains a crucial driver of adjuvant treatment
and outcomes. The effect of margin status remains hotly
debated after decades of papers and discussions in the breast
cancer literature. Some define a negative margin as no
tumor at ink, and this has been the standard in all National
Surgical Adjuvant Breast and Bowel Program (NSABP)
trials that have driven clinical practice (Wapnir et al. 2011).
Tumor at ink has been shown to correlate with recurrence
rates (Macmillan et al. 1997). Others chose 2 mm as the
definition of a negative margin, and papers published show
this associated with a very low risk of ipsilateral breast
tumor recurrence after breast conservation, while those with
a smaller margin are at a similar risk to those with tumor at
ink (Freedman et al. 1999). More recent papers, taking into
account better biologic understanding and systemic therapy
of tumors, conclude that no tumor at ink is a sufficient
negative margin in most clinical scenarios, similar to the
NSABP practice (Morrow et al. 2012).

Margin status has also been investigated closely in ductal
carcinoma in situ, with wider margins associated with fewer
recurrences in some studies (MacDonald et al. 2005). Grade
has proven to be an important factor in the recurrence of
ductal carcinoma in situ. For high grade patients who have
lumpectomy without radiation, the observed recurrence rate
is 15.3 % at 5 years, or over 3 % per year. In patients with
low to intermediate grade ductal carcinoma in situ, the rate
is closer to 1 % per year (Hughes et al. 2009).

Tumor markers are important in breast cancer prognosis.
Estrogen receptor status, including the amount of estrogen
receptor positivity and the percentage of cells staining posi-
tive, should be reported on the pathology report after breast
conservation surgery and mastectomy. Estrogen receptor
quantity is prognostic for survival from breast cancer (Shek
et al. 1989). Estrogen receptor status by immunohistochem-
istry is superior to ligand binding (Harvey et al. 1999).
Estrogen receptor status is linked to long term survival
prognosis (Crowe et al. 1991) and is an established prognostic
factor in breast cancer (Speirs and Kerin 2008). Progesterone
receptor status will be similarly reported, and this usually but
not always mimics estrogen receptor expression. Progester-
one is also a clinical prognostic factor (Liu et al. 2010).

HER2/neu oncogene amplification is a recognized
prognostic factor in both recurrence and survival (Slamon
et al. 1987). This oncogene is a member of the Epidermal
Growth Factor Receptor (EGFR) family (Yamamoto et al.
1986) and retains significant prognostic power after multi-
variate analysis. This family is known to play an important
role in cancer progression (Holbro et al. 2003). Node
positive patients have inferior survival with HER2/neu
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oncogene amplification (Borg et al. 1990). In multivariate
analysis, gene amplification was the second most important
prognostic factor after axillary nodal status (Paik et al.
1990).

Nodal staging has undergone significant changes in the
AJCC staging system (American Joint Committee on
Cancer 2002). One of the major areas of debate is how to
handle cells that are found on immunohistochemistry or
molecular testing and whether this merits full axillary dis-
section (Teng et al. 2000). They have now been found to
behave more similarly to node negative patients (Cote et al.
1999) and the updated breast staging reflects this by the
designation as N0(i +) or N0(mol +) (American Joint
Committee on Cancer 2009). Pathologic tumor size and
nodal status remain significant predictors of locoregional
recurrence after mastectomy (Buchholz et al. 2002).

Triple negative breast cancers are a less common subtype
that are negative for estrogen receptors, progesterone
receptors, and HER2/neu oncogene amplification. These
tumors have a worse prognosis than tumors with tumor
marker positivity. Prognostic factors in these triple negative
tumors include lymph node status and tumor size, while
other parameters that did not reach significance on multi-
variate analysis include age, histological grade, tumor size,
and vascular invasion (Rakha et al. 2007). Triple negative
breast cancers have been shown to have elevated intratu-
moral levels of Vascular Endothelial Growth Factor
(VEGF) expression which is correlated with poorer survival
(Linderholm et al. 2009).

Recurrent breast cancer represents an unfavorable subset
(Lee et al. 2006), yet prognostic factors can be identified
within this group to help differentiate outcomes (Pater et al.
1981). Estrogen and progesterone status play an important
role in survival from recurrent breast cancer (Howat et al.
1985). Nodal status also plays an important role in survival
from recurrent breast cancer (Shek et al. 1987).

3.3 Adjuvant! Online

Numerous prognostic factors have been identified and
published in the breast cancer literature. The most robust
non-genomic prognostic tool to incorporate this vast liter-
ature is Adjuvant! Online, an online tool that allows
oncologists to determine quantitative data for their patients
in order to make medical decision-making, based initially
off of the SEER database (Ravdin et al. 2001). This has
been separately validated in the British Columbia Tumor
Registry (Olivotto et al. 2005) and is in frequent clinical use
and cited in the NCCN guidelines for management of breast
cancer (Carlson et al. 2013).

Strengths of Adjuvant! Online is its ease of use and
accessibility to clinicians anywhere with internet access. It

can be easily opened at consultations and help reassure the
patient about outcomes and guide the conversation. One
major limitation is the lack of incorporation of HER2 status,
which is a major prognostic factor, into its model. For
radiation oncologists, it cannot be used as a predictive tool
to look at survival with and without radiation, as can some
of the nomograms presented later in this chapter.

An example is illustrated for a 65 year old woman with
minor medical comorbidities with a pT1cN0 ER ? Grade 1
breast cancer. Looking at the 10 year risk for mortality, one
calculates a 84.7 % chance of the patient being alive in
10 years, with a 2.8 % risk of dying of disease and 12.5 %
risk of dying of other causes. The data was based off of
mortality data, and this remains the most robust use of this
tool, though it can also be used to look at recurrence.

3.4 Oncotype DX

The Oncotype DX is a 21 gene assay that produces a recur-
rence score for women based on 16 cancer genes and five
reference genes (Paik et al. 2004). The ability to use paraffin
embedded tissue to extract these 21 genes was separately
validated (Esteva et al. 2005). The assay was developed for
use in estrogen receptor positive, node negative invasive,
non-metastatic breast cancer and validated in numerous
populations including SWOG 8814 (Albain et al. 2010).

The use of the Oncotype DX has subsequently expanded
into different populations. It has now been validated in the
node positive population, allowing novel approaches to this
group who have traditionally all been offered chemotherapy
(Dowsett et al. 2010).

Advantages of the Oncotype DX are that one can use
paraffin-embedded tissue, which is easier to attain or send
post-operatively than fresh tissues. It provides a more
individualized picture of each patient’s recurrence score
than the Adjuvant! Online, and does incorporate HER2
overexpression as one of the genes investigated, unlike
Adjuvant! Online. Prior to the advent of the Oncotype DX
assay, chemotherapy for node negative, estrogen receptor
positive women was commonly given to those with a tumor
size of 1 cm or greater, whereas now many of these women
are spared chemotherapy that will have little to no benefit in
low Oncotype DX recurrence score patients.

Disadvantages include that many patients fall into an
intermediate score category, where the predictive value for
chemotherapy benefit is less certain than a low score where
anti-estrogen therapy alone is likely sufficient or a high
score where the margin of benefit of chemotherapy is much
greater. The Trial Assessing IndividuaLized Options for
Treatment (TAILORx) investigated this population with
intermediate Oncotype DX scores, randomizing individuals
to either anti-endocrine therapy alone or with the addition of
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chemotherapy but results are not yet available (Zujewski
and Kamin 2008).

Oncotype DX has also been shown to predict for loco-
regional recurrence when used on patients from the NSABP
trials B-14 and B-20. In particular, the mastectomy patients
treated without radiation had excellent predictive value,
suggesting that adjuvant radiation therapy could potentially
be tailored to individual patient risk in this group
(Mamounas et al. 2010).

Oncotype DX for ductal carcinoma in situ is also
available to help guide recurrence risk in this population.
Similarly to the Oncotype DX for invasive breast cancer, a
tissue specimen is used to look at 21 genes and predict a
local recurrence score from 0 to 100 for ductal carcinoma

in situ or an invasive recurrence based on the results. The
Oncotype DX for ductal carcinoma in situ was validated in
a population of women from the ECOG E5194 trial
(Hughes et al. 2009), presented in 2011 (Solin et al. 2011),
and is now clinically available to help guide decision
making. The low score (0–38) predicts a 12 % risk of
local recurrence in the next 10 years, an intermediate score
(39–54) predicts a 24.5 % recurrence rate, and a high
score (55 or higher) predicts a 27.3 % risk of a local
recurrence in 10 years. From the validation group in
ECOG E5194, 75 % of women ended up in the low risk
group (Solin et al. 2011). This test is useful to help
quantify the risk of recurrence and potentially guide
treatment decisions (Fig. 2).

Fig. 2 Oncotype report for node
negative breast cancer. Oncotype
report reprinted with kind
permission, genomic health 2013
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3.5 Mammaprint as a Prognostic Tool

Mammaprint has subsequently been introduced as a 70
gene assay and validated to have prognostic value in
overall survival (van der Vijver et al. 2002). Multivariate
analyses show that even when controlling for other clinical
factors, the assay remains a strong predictor of overall
survival. One major limitation of the Mammaprint in the
United States has been the need for fresh tissue, rather
than the ability to use paraffin-embedded tissue as with the
Oncotype DX. A newer version that can use paraffin-
embedded tissue, Symphony, has been introduced and is
currently incorporated into ongoing clinical studies as a
prognostic tool. An example of a mammaprint result is
shown below (Fig. 3).

4 Predictive Factors and Tools in Breast
Cancer

4.1 Clinical Factors

Imaging has proven useful to determine stage as well as
potential treatment options. Magnetic resonance imaging
(MRI) has been extensively studied, and has been shown
to alter the surgical options in up to one-third of women
who undergo MRI of the breast (Houssami et al. 2008).
However, there is no prospective trial data showing a
difference in clinical outcomes when MRI is used and
retrospective studies do no suggest a difference (Solin
et al. 2008).

Radiation has been demonstrated to change the failure
pattern when used in the post-mastectomy setting,
decreasing locoregional failures including chest wall
(Nielsen et al. 2006).

Women who are staged as pathologic N2 (4 or more
lymph nodes) or higher will have an overall survival benefit
from post-mastectomy radiation. There is some suggestion
that the survival benefit is greatest in those with the
appropriate biological equivalent dose of 40–60 Gy in 2 Gy
fractions and appropriate controls and targeting for radia-
tion delivery (Gebski et al. 2006).

4.2 Pathologic Factors

All breast cancer pathology reports should include estrogen
and progesterone receptor status and quantification as well
as HER2 overexpression. These three markers remain the
most important in guiding choice of adjuvant systemic
therapy, as well as being important prognostic tools. They
are all incorporated into genomic tools including Oncotype

DX and Mammaprint. Patients with estrogen responsive
tumors should benefit from anti-endocrine therapy as their
final adjuvant treatment for at least 5 years, though some
data suggests that longer treatment may have further benefit.
The choice of treatment for premenopausal women is
tamoxifen, and for women without functional ovaries,
aromatase inhibitors are first line therapy. Both of these
typically follow radiation therapy.

For women with HER2 overexpression of 3+ by immu-
nohistochemistry or on fluorescence in situ hybridization
(FISH) testing, trastuzumab is typically used in addition to
cytotoxic chemotherapy (Romond et al. 2005). Until
recently, women that had some degree of overexpression by
immunohistochemistry (1+ -2+) did not realize any pre-
dictive value from this as trastuzumab is used only in HER2
3+ overexpression. However, these tumors that are node
positive and 1+ -2+ are now eligible for Neuvax, a peptide
vaccine targeting the HER2 protein that has demonstrated
efficacy in women with overexpression (Peoples et al.
2005).

Axillary nodal status remains the top pathologic factor
that drives adjuvant treatment choices. In clinically node
negative patients, the standard procedure to accompany
breast surgery is sentinel lymph node biopsy, as long as
technically successful. Much of the data for predicting
nodal positivity is based on axillary dissections prior to the
sentinel lymph node trial results.

4.3 Introduction to Nomograms in Breast
Cancer Management

Nomograms have been developed to predict risks of
recurrence and help guide treatment in numerous breast
cancer scenarios. They include estimation risk of sentinel
and non-sentinel lymph node positivity to help guide axil-
lary dissection, risk of recurrence from DCIS, early breast
cancer, advanced breast cancer, and even metastatic dis-
ease. There are also powerful predictive tools to help guide
systemic therapy based on individual tumor genetic markers
that have rapidly changed the breast cancer landscape. We
will look at management decisions for in situ carcinomas,
early invasive carcinomas, advanced carcinomas, and met-
astatic disease separately. Many predictive tools to help
guide treatment decisions and outcome discussions have
been developed in breast cancer.

Different predictive tools have been developed and
broadly classified into nomograms. Kattan defined a
nomogram more narrowly as a graphical calculation
instrument that can be based on any type of function, such
as logistic regression or Cox hazard ratio regression models
(Kattan 2001).
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4.4 Nomograms for Predicting Outcomes
and Guiding Treatment in Ductal
Carcinoma In situ

Breast cancer cells that are lining the ductal system, com-
monly causing signature calcifications, but have not invaded
the basement membrane are known as ductal carcinomas
in situ (DCIS) (Rudloff 2010).

Memorial Sloan Kettering physicians developed a DCIS
recurrence nomogram that quantifies, based on known risks
factors, the risk of a DCIS recurrence. Factors that are
included in this nomogram are listed in (Table 1).

Since this nomogram includes potential adjuvant treat-
ments, one can quantify five and 10 year recurrence rates
for patients with different possible treatment scenarios. For
instance, a 50 year old woman with one surgery showing
negative margins, no family history, and intermediate grade
DCIS with a radiologic presentation in 2012 can have her
risk of recurrence quantified with and without radiation
therapy and with and without endocrine therapy. This
flexibility is very helpful for clinicians trying to individu-
alize care for each patient.

Fig. 3 Mammaprint report for a
high risk patient. Mammaprint
report provided with kind
permission, Agendia 2013
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4.5 Nomograms for Predicting Sentinel
Lymph Node Involvement

Large randomized studies have been done investigating the
equivalence of sentinel node biopsy to axillary lymph node
dissection (Veronesi et al. 2003). Initial concerns over the
sentinel node procedure included the fact that the recurrence
rate might be higher than with axillary nodal dissection, but
this is not the case in large series (Naik et al. 2004).

Predictive factors for likelihood of axillary nodal
involvement have been published and are incorporated into
nomograms predicting likelihood of sentinel node involve-
ment (Gann et al. 1999). This has also been reported in early
breast cancer patients, limited to T1a and T1b tumors to help
determine who might have the highest likelihood of axillary
nodal metastases (Rivadeneira et al. 2000). Large series have
also been published looking at what factors women with
axillary nodal metastases and early breast tumors have in
common (Maibenco et al. 1999). Histopathology has been
shown to play a role in the likelihood of early breast tumors
with positive lymph nodes (Mustafa et al. 1997).

The likelihood of an involved sentinel lymph node has
become an important predictor for prognosis with implica-
tions for systemic therapy and its sequencing, particularly
with consideration of neoadjuvant systemic therapy. Neo-
adjuvant cytotoxic therapy has been used in randomized
clinical trials to allow some additional patients to undergo
breast conservation therapy rather than mastectomy, and
ongoing trials are evaluating the role of neoadjuvant
hormonal therapy. Many clinicians are not obtaining a
pre-treatment sentinel node in a patient with a clinically
negative axilla, so predictive tools play a crucial role in this
population (Jackson et al. 2000).

Bevilacqua and colleagues have developed a tool that
can predict the probability of tumor spread to sentinel
lymph nodes. The factors utilized in this tool are listed in
(Table 2) (Bevilacqua et al. 2007).

Strengths of this nomogram include the fact that all data
can be used pre-operatively. The model was developed
based on a cohort of 3,786 women and validated on a
separate cohort of 1,545 women with sentinel node biopsies.

This yielded an area under the receiver operating curve of
0.754. This information is very useful to radiation oncol-
ogists and surgeons in deciding how to assess the nodal risk
of tumor involvement and make decisions regarding local

therapy.

4.6 Determining Risks of Non-sentinel Lymph
Node Positivity in Women with a Positive
Sentinel Node

Sentinel node biopsy has become an accepted standard of
care for the clinically node-negative axilla to detect and
remove the node or nodes at highest risk for tumor spread
from the breast. Trials such as ACOSOG Z11 have raised
questions about the best way to manage patients with
positive sentinel nodes, and whether they all need com-
pletion axillary dissection.

Van Zee and colleagues developed a nomogram to predict
the likelihood of further lymph node metastases in the event
that a positive node is found, incorporating published
predictive factors (Rahusen et al. 2001) (Turner et al. 2000).
This nomogram is not applicable in patients who have had
neoadjuvant systemic or radiation therapy. As is true for the
sentinel node procedure in general, the patient must have a
clinically node negative axilla. The nomogram incorporates
numerous clinical factors listed in Table 3 (Van Zee et al.
2003) (Fig. 4).

The nomogram above from Van Zee et al (Fig. 4) is
pictured here. Each factor listed has an assigned number of
points, which are determined by a vertical line to the points
line at the top of the nomogram. The total points are then
added up and this total is located on the Total Points line.
Finally, a vertical line is drawn from the Total Points line
down to the Predicted Probability of positive (+) Non-SLN
line to determine the likelihood of non-sentinel lymph
nodes that are involved with disease.

A strength of this nomogram is that it does not overes-
timate the risk of further positive nodes. Other predictive
tools have been published, and are useful at picking out
patients at high risk for further nodes, but are unable to
identify the patients who will have no further lymph nodes
positive (Wong et al. 2001). In the era of ACOSOG Z11
where some patients are not getting further dissection in the

Table 1 DCIS nomogram factors

Age at diagnosis (25–90) Family history of breast cancer

Presentation (physical exam or
imaging)

Year of surgery

Use of adjuvant radiation
therapy

Use of adjuvant endocrine
therapy

Nuclear grade Association of necrosis with
DCIS

Surgical margins Number of surgical excisions

Table 2 Nomogram for sentinel node involvement

Patient age Tumor size

Tubular, colloid/mucinous, or
medullary

Location in upper inner
quadrant only

LVSI Multifocality

Tumor type (lobular vs. ductal) If ductal, histologic grade (I–III)

Estrogen receptor status Progesterone receptor status
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setting of positive sentinel node or nodes, this nomogram is
very useful to estimate further disease burden.

Clinicians were compared to the nomogram by Specht
et al. (2005). The clinicians were presented clinical cases
and asked to predict the likelihood of additional sentinel
nodes, before seeing the results of the nomogram (Fig. 5).

The receiver operator curve above shows the perfor-
mance of clinicians in the dotted line and the nomogram in
the solid line. The area under the curve assesses the ability of
a test to determine an outcome, with an area under the curve
of 1.0 a perfect test and an area under the curve of 0.5 a test
with no predictive ability. The area under the curve for the
clinicians was 0.54 and the nomogram was 0.72, suggesting
that nomograms can be beneficial to improve clinical
decision-making, such as whether to complete an axillary
dissection or target undissected nodes with radiation.

4.7 Predicting Brain Metastases

Metastatic disease in the brain is typically a fatal event,
and this occurs in numerous breast cancer patients. In
order to select patients at high risk for development of
brain disease, and help guide therapeutic targets that will
include blood brain barrier penetration, a nomogram was
developed by Graesslin and colleagues (2010). They
looked at a set of metastatic breast cancer patients at a
single institution, and of the 2136 women, 236 developed
brain metastases. Using multivariate logistic regression
analysis, they identified factors of significance including
number of metastatic sites, disease free survival, age,
grade, estrogen receptor negative disease. Together, the
nomogram was found to be predictive for patients devel-
oping metastatic disease to the brain, and it outperformed

Fig. 4 The nomogram above from Van Zee et al. Reprinted with kind permission from springer science and business media

Table 3 Predicting additional positive nodes

Frozen section performed Tumor size

Tumor type (ductal vs. lobular) Nuclear grade of ductal carcinomas

Number of positive sentinel nodes Method of detection in sentinel nodes

Number of negative sentinel nodes Lymphovascular space invasion

Tumor multifocality Estrogen receptor status
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existing tools such as recursive partitioning analysis with
an area under the curve of 0.74 in the validation set
(Graesslin et al. 2010).

5 Predicting Toxicity in Breast Cancer
Patients

5.1 Predicting Toxicity Related to Radiation
Therapy

Radiation therapy for breast cancer is generally well-toler-
ated, but both acute, subacute, and late toxicities develop in
patients undergoing treatment. Of these, late and subacute
cause the most concern, and it is largely in regards to these
toxicities that dose volume histogram (DVH) parameters
have been developed to try to limit toxicity.

Cardiac toxicity is the most potentially life threatening late
effect following breast or chest wall irradiation. Attempts to

derive the appropriate ‘‘safe’’ dose to the heart show that even
with a small volume of heart irradiated, a potential risk of
radiation-induced cardiac disease is present. A V25 of\10 %
at 2 Gy per fraction is offered in the QUANTEC paper on
cardiac effects of radiation as having a risk of cardiac
mortality \1 % (Gagliardi et al. 2010). However, the inci-
dence of non-fatal cardiac disease will be higher. No excellent
predictive model exists for radiation-induced cardiac disease
at this time, but this will certainly be an area of further study.

Pulmonary effects of thoracic radiation include early and
late toxicity (Marks 1994). Clinical radiation pneumonitis is
generally considered a subacute toxicity, and presents ini-
tially with mild symptoms of dry cough with Radiation
Therapy Oncology Group (RTOG) pneumonitis grading
presented (Table 4).

While mean lung dose (MLD) is used in lung cancer
toxicity prediction, V20 seems a more reasonable choice in
breast cancer. Much of the data is still derived from lung
studies, and Graham et al. demonstrated that V20 can be
used to estimate risk (Graham et al. 1999).

Fig. 5 The receiver operating
curve. Reprinted with kind
permission from Springer science
and business media

Table 4 RTOG pneumonitis grading

1 Mild symptoms of dry cough or dyspnea on exertion

2 Persistent cough requiring narcotic antitussive agent or dyspnea
with minimal effort but not at rest

3 Severe cough unresponsive to narcotic antitussive agent or
dyspnea at rest. Intermittent oxygen or steroids may be required

4 Severe respiratory insufficiency. Continuous oxygen or assisted
ventilation

5 Fatal

Table 5 Factors for increased risk of toxicity from systemic therapy

Increased risk of toxicity with chemotherapy

Increased diastolic blood pressure

Elevated LDH

Published toxicity of the chemotherapy regimen

Bone marrow invasion by tumor
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Specific patient populations are at higher risk for toxicity
from radiation therapy. Any pregnant patient is ineligible
for radiation therapy, due to risk of harm to the fetus.
Patients with connective tissue disease, particularly active
lupus and scleroderma, have had severe reactions to radia-
tion therapy described in the literature and radiation should
be avoided whenever possible in this population (Carlson
et al. 2013). In a systematic review of radiation therapy in
connective tissue diseases, the pooled relative risk in
patients with connective tissue diseases was 2.0, indicating
a twofold increase in complications compared to patients
without connective tissue diseases (Holscher et al. 2006).

5.2 Predicting Toxicity Related to Systemic
Therapy

Much work has been done to predict what patients may
experience the greatest toxicity from systemic therapy, thus
allowing a more accurate assessment of the risk to benefit
ratio for any treatment, as well as different treatment regi-
mens. Factors identified on initial prospective investigation
associated with higher chemotherapy toxicity are listed in
(Table 5) (Extermann et al. 2002; 2010). Factors account
for decreased physiologic reserve in organs including bone
marrow and liver, as well as potential underlying serious
disease.

This was honed into the MAX2 index, which considers
both hematologic and non-hematologic toxicity and shows
an excellent correlation with the incidence of severe toxicity
in all patients as well as the elderly (age [70) population
(Extermann et al. 2004).
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Abstract

In addition to investigation of various treatment
approaches to optimize outcome, identification of both
prognostic and predictive factors should be attempted due
to its key role in the treatment decision-making process,
as the current therapeutic approach utilizes a risk
stratification paradigm. Of a series of patient-, tumour-
and treatment-related factors, the most consistent ones
independently influencing outcomes in both non-small
cell (NSCLC) and small cell lung cancer (SCLC) were
performance status, weight loss, stage and concurrent
radiotherapy and chemotherapy as well as prophylactic
cranial irradiation in small cell lung cancer. While age
and gender are probably not important prognosticators,
further investigations are needed to clarify the role of
tumour location and histology. Due to widespread
practice of using induction (neoadjuvant) therapy before
surgery in locally advanced NSCLC, predictors of
survival were investigated. Mediastinal nodal clearance
seems to be the strongest predictor of improved survival,
while right pneumonectomy seems to be the major
predictor of postoperative morbidity and mortality.
Finally, a number of patient-, comorbidity- and dosim-
etry-related factors or biomarkers as predictors of treat-
ment-related toxicity were investigated. Although no firm
evidence exists that any of these clearly predicts toxicity
in NSCLC, evidence exists in SCLC. Two commonly
used dosimetric factors are mean lung dose and V20.
More studies investigating the important aspects of
optimization of the use of radiotherapy or radiochemo-
therapy in lung cancer patients are urgently needed.

1 Introduction

Lung cancer is the leading cause of cancer related death in
the world. An estimated 226,000 new cases of lung and
bronchial cancer will be diagnosed per year and 160,000
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patients will die of their disease (Siegel et al. 2012). After
5 years from diagnosis only 16 % of the patients are alive
according to the SEER Cancer Statistics. Many improve-
ments have been made in management of this disease in the
last 10–15 years. Among these improvements screening,
minimally invasive diagnostic and surgical techniques,
targeted therapies and evolution of radiotherapy (RT)
should be highlighted. Due to these different advancements,
survival has gradually improved. Compared to other
malignancies, outcomes are still disappointing for many
stages. Clearly lung cancer remains a complex and hetero-
geneous disease.

The primary risk factor of lung cancer is smoking and it
accounts for the majority (85–90 %) of the lung cancer
related deaths. The risk for lung cancer increases with the
number of packs and the number of years individuals con-
tinue to smoke (Alberg et al. 2007). Radon gas, asbestos,
other carcinogens, recurring lung inflammation, lung scar-
ring secondary to tuberculosis and family history are other
factors increasing the risk of lung cancer (Straif et al. 2009).

In addition to investigation of various treatment
approaches to optimize outcome, identification of prog-
nostic factors should be attempted due to its key role in the
treatment decision-making process as the current thera-
peutic approach utilizes a risk stratification paradigm.
Prognostic factors facilitate risk assessment, guide decisions
on whether to initiate therapy, and influence the choice of
therapy. The use of one or more of these factors, however,
has in part become confusing, with conflicting results from
different studies. Some prognostic factors may also be sig-
nificant by random chance alone, and their importance
cannot be firmly evaluated without verification in multiple
studies. Furthermore, several patient characteristics can
influence the clinical course (Glatstein and Makuch 1984;
Simon 1984). Finally, the magnitude of differences in out-
come for categories of the strongest prognostic factors can
be larger than those for the type of therapy used in various
studies (Curran et al. 1993). Hence, prognostic factors are
used to divide the population into subgroups in order to
realize the benefits of prognostic stratification (Feinstein
1972), improved medical decision making (Brundage et al.
2001), improved personal decision making beyond the
treatment decision, more appropriate research design and
analysis, and more appropriate health policy development
(Mackillop 2001).

There is an increasing amount of literature on prognostic
factors in lung cancer, however, this has brought inherent
problems with their integration and clinical application due
to heterogeneity for a number of factors (Buccheri and
Ferrigno 1994; Brundage et al. 2002), variable quality of
published reports (Watine 1998), and extensive and grow-
ing breadth of factors studied. The scope of some factors
evaluated in individual studies is often inappropriate, and

with the exception of a few predictive factors, the literature
demonstrates conflicting evidence of the prognostic power
of each factor. In addition, few studies attempt to integrate
newly described factors with significant factors identified in
earlier studies, and correct for evolution in staging modal-
ities and systems. For example, the use of PET-CT often
leads to up-staging of patients initially judged to have
localized disease. Finally, there is still bias among
researchers favouring survival over other endpoints which
may be important for patients and their physicians. It also
appears that relatively little research has focused on patients
at time points beyond their initial presentation.

Various factors have been evaluated upon their influence
on overall survival (OS), local progression-free survival
(LPFS) and distant metastasis-free survival (DMFS) and
occasional studies also included other endpoints such as
cause-specific survival (CSS), disease-free survival (DFS)
or relapse-free survival (RFS). They can broadly be divided
into patient-, tumour- and treatment-related factors, with
additional subgrouping within each of these.

2 Prognostic Factors in Early (I–II) Stage
NSCLC

Table 1 shows the AJCC TNM classification of lung can-
cers and Table 2 shows stage grouping (7th edition), i.e.
currently used tools to define early stage disease. Accu-
mulating evidence shows that gender is not a prognosticator
in patients with early stage NSCLC (Sandler et al. 1990;
Hayakawa et al. 1992; Rosenthal et al. 1992; Slotman and
Karim 1994; Gauden et al. 1995; Hayakawa et al. 1996;
Jeremic et al. 1997a, b, 1999a, b; Morita et al. 1997;
Yamada et al. 2003; Jeremic et al. 2005; Zhao et al. 2007),
although few studies indicated an advantage for females
(Chen et al. 2006; Fang et al. 2006). In addition, evidence
from different studies showed no influence of age on
treatment outcome (Morrison et al. 1963; Noordijk et al.
1988; Sandler et al. 1990; Hayakawa et al. 1992; Rosenthal
et al. 1992; Kaskowitz et al. 1993; Slotman and Karim
1994; Slotman et al. 1996; Gauden et al. 1995; Hayakawa
et al. 1996; Jeremic et al. 1999a, b; Cheung et al. 2000; Firat
et al. 2002a, b; Yamada et al. 2003; Chen et al. 2006; Fang
et al. 2006; Jeremic et al. 2006; Zhao et al. 2007). Con-
trasting these, occasional reports (Morita et al. 1997; Fang
et al. 2006; Sibley et al. 1998; Lagerwaard et al. 2002)
showed a detrimental effect of advanced age on OS, and
occasionally on CSS (Sibley et al. 1998). Since no study
provided any explanation or hypothesis for such findings we
are left without clear documentation of the nature of its
potential influence. Even when adverse influence of
advanced age was observed on OS and/or CSS (Firat et al.
2002a, b), it was not found on LRFS and DMFS, implying
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that perhaps toxicity may have played a role in poorer
outcome for elderly patients. When analyses were focused
on elderly (Furuta et al. 1996; Hayakawa et al. 1999;
Gauden and Tripcony 2001) no difference was found among
different age groups. When toxicity, including RT-related
deaths was added to various analyses, it was similar among
all age groups (Gauden et al. 1995; Hayakawa et al. 1999;
Gauden and Tripcony 2001).

Some authors (Slotman and Karim 1994; Gauden et al.
1995; Hayakawa et al. 1996; Cheung et al. 2000; Yamada
et al. 2003; Chen et al. 2006; Fang et al. 2006; Zhao et al.
2007) found no influence of Karnofsky Performance Status
(KPS) and/or weight loss on either OS or DFS/CSS or even
LRFS (Chen et al. 2006; Fang et al. 2006), while others
(Hayakawa et al. 1992; Rosenthal et al. 1992; Jeremic et al.
1999a, b; Jeremic et al. 2006; Zhao et al. 2007; Firat et al.
2002a, b; Lagerwaard et al. 2002; Kupelian et al. 1996;
Jeremic et al. 2005) noted its effect on either OS or DFS/
RFS as well as on DMFS (Jeremic et al. 2005, 2006). Clear

explanation for the lack of stronger evidence of influence of
both PS and weight loss is missing, possibly because there
is frequent interdependence of the two. The magnitude of
the effect of these two factors is usually a consequence of
the existing disease, i.e. tumour burden. In early stage
NSCLC, with the least tumour burden, it is likely that the
effect of these two factors should be less pronounced than in
locally advanced NSCLC. In current studies, however, they
appear to be the strongest predictors of outcome, an
important finding for future research.

We have previously (Jeremic et al. 2005, 2006) inves-
tigated influence of tumor location and observed improved
OS for patients having peripheral tumours. Similarly, Chen
et al. (2006) found improved OS for peripheral tumours, but
no impact on CSS or LRFS. In patients treated with hy-
perfractionated (Hfx) RT alone (Jeremic et al. 2006),
peripheral tumour location also independently predicted
improved LRFS, but not DMFS. It remains unknown what
may be the cause of this discrepancy, although perhaps
central tumour location may lead to more regional and/or
distant seeding. As an indirect evidence, Emami et al.
(2003) suggested that irradiation of hilar regions may con-
tribute to some improvement in survival in these patients.
However, other studies found no such difference (Ono et al.
1991; Hayakawa et al. 1992; Slotman and Karim 1994;
Slotman et al. 1996; Cheung et al. 2000; Yamada et al.
2003). Based on recent data, we are unable to confirm an
independent influence of tumour location on treatment
outcome. A possible explanation may lie in a presumed low
incidence of regional or distant spread in peripheral
tumours. In addition, tumour location did not influence

Table 1 AJCC tumor, node, and metastasis (TNM) classification of
lung cancers

Stage Description

Primary Tumor (T)

Tx Primary tumor cannot be assessed

T1 B3 cm tumor, surrounded by lung parenchyma

T1a B2 cm tumor

T1b 2.1–3 cm tumor

T2 [3–7 cm tumor, involvement of visceral pleura, invading
mainstem bronchus [2 cm from carina, or causing
atelectasis to a single lobe of the lung

T2a 3.1–5 cm tumor

T2b 5.1–7 cm tumor

T3 [7 cm tumor, tumor invading mainstem bronchus \2 cm
from carina, invasion of diaphragm, chest wall,
pericardium, mediastinal pleura, or associated atelectasis or
obstructive pneumonitis of entire lung, or satellite nodule in
the same lobe

T4 Invasion of great vessels or adjacent organs, or nodules in
separate lobe in the ipsilateral lung

Regional Lymph Nodes (N)

Nx Regional lymph nodes cannot be assessed

N0 No regional lymph nodes metastasis

N1 Ipsilateral hilar or peribronchial nodes

N2 Ipsilateral mediastinal or subcarinal nodes

N3 Any supraclavicular/scalene node or contralateral
mediastinal/hilar nodes

Distant Metastasis (M)

M1a Malignant pleural effusion, pericardial nodules/effusions, or
lung nodules in contralateral lung

M1b Metastasis to distant organs

Source Edge et al. (2009)

Table 2 Stage grouping International Association for the Study of
Lung Cancer 2007

Stage grouping T N M

Occult carcinoma Tx N0 M0

Stage 0 Tis N0 M0

Stage IA T1a, b N0 M0

Stage IB T2a N0 M0

Stage IIA T1a, b N1 M0

T2a N1 M0

T2b N0 M0

Stage IIB T2b N1 M0

T3 N0 M0

Stage IIIA T1, T2 N2 M0

T3 N1, N2 M0

T4 N0, N1 M0

Stage IIIB T4 N2 M0

Any T N3 M0

Stage IV Any T Any N M1a, b
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DMFS presumably, again, because of the small metastatic
potential of early stage NSCLC.

While some investigators observed independent influ-
ence of T stage (Kaskowitz et al. 1993; Gauden et al. 1995;
Graham et al. 1995; Jeremic et al. 1997a, b; Zhao et al.
2007), others did not (Morita et al. 1997; Cheung et al.
2000; Jeremic et al. 2005, 2006), and in some studies the
results remained unchanged when tumour volume was
additionally investigated. Kupelian et al. (1996) could not
document that T stage influenced OS, DSS or LRFS, but
found that tumours[5 cm had better DSS and those[4 cm
had better LRFS. Yamada et al. (2003) found independent
influence of tumour size (\3 cm vs. [3 cm) on LRFS but
not on CSS. In addition to that, Hayakawa et al. (1996)
found that maximal tumour diameter \5 cm independently
predicted improved OS. In the study of Fang et al. (2006),
tumour size ([3 and [4 cm, respectively) did not inde-
pendently influence OS. However, T2 tumours predicted
poor OS and LRFS, while tumours [4 cm predicted poor
DMFS. If there is an influence of T stage/size on the out-
come, this should happen first at local (T) level. Then,
through improved LRFS, possible improvements of OS
could be achieved, providing a causal relationship between
LC and OS, especially in tumours with low metastatic
potential.

As described previously (Jeremic et al. 2006), stage
grouping (stage I vs. stage II, i.e. N0 vs. N1) did not
influence any endpoint in our study. The same was observed
when other investigators looked at different endpoints
(Hayakawa et al. 1992, 1996; Yamada et al. 2003).
Although N component (N0 vs. N1) should play a role in
determining outcome, this may occur first at the level of
isolated regional recurrence free survival (RRFS) or perhaps
combined local–regional recurrence free survival, then on
OS and/or DMFS. However, RRFS may not be an important
endpoint since there is very low incidence of isolated nodal
recurrences, 0–7 % in a comprehensive review of the lit-
erature (Jeremic et al. 2002). Unfortunately, also the vast
majority of series concentrated on stage I NSCLC exclu-
sively, while those including both stages did not undertake
additional subgroup (N status) analysis.

Regarding histology, Sibley et al. (1998) found an
improvement in CSS for squamous cell carcinoma (SCC).
Gauden et al. (1995) observed improved OS and RFS for
the mixed (adenocarcinoma (ADC)/SCC) histology, while
Lagerwaard et al. (2002) observed an independent and
favourable influence of unknown histology (vs. SCC and
non-SCC) on OS. Our previous analysis (Jeremic et al.
2006) showed that SCC favourably predicted both OS and
LRFS, but not DMFS. In the study of Fang et al. (2006)
non-SCC histology did not independently predict OS, but
predicted improved LRFS. Ishikawa et al. (2006) showed no
effect of histology on OS, but ADC had better LRFS and

worse DMFS than SCC. Unfortunately, no multivariate
analysis was done to confirm the adverse influence of ADC.
All other studies observed no such effect (Sandler et al.
1990; Hayakawa et al. 1992; Rosenthal et al. 1992; Doso-
retz et al. 1992; Dosoretz et al. 1993; Slotman and Karim
1994; Slotman et al. 1996; Hayakawa et al. 1996; Jeremic
et al. 1997a, b; Firat et al. 2002a, b; Jeremic et al. 2005;
Chen et al. 2006). SCC had long been suspected of being
more localized and having somewhat lower metastatic
potential, when compared with other NSCLC. This was
already brought to attention in locally advanced tumours
(Cox et al. 1999); SCC was more likely to progress at the
primary site than large cell carcinoma (LC), whereas ADC
and LC progressed more frequently in the brain. Treatment
intensification led to better OS, CSS and LRFS, but not
DMFS. This may have been due to predominantly local
failures in these patients, but also due to fewer events in the
DMFS analysis. Higher RT doses were frequently shown to
independently predict improved outcome of patients with
early stage NSCLC (Cooper et al. 1985; Hayakawa et al.
1992; Dosoretz et al. 1992; Graham et al. 1995; Hafty et al.
1988; Zhang et al. 1989), although not unequivocally
(Sandler et al. 1990; Kaskowitz et al. 1993; Slotman and
Karim 1994; Slotman et al. 1996; Kupelian et al. 1996;
Morita et al. 1997; Sibley et al. 1998). This was presumably
due to somewhat narrow dose ranges used in some studies,
as well as due to a mixture of different RT doses and tumour
sizes/volumes in some reports. Some studies found an
improvement in OS for higher RT doses, but the influence
was marginally insignificant either on CSS or LRFS (Lag-
erwaard et al. 2002; Yamada et al. 2003; Chen et al. 2006).
Similarly to own study findings, the addition of chemo-
therapy (CHT) to RT did not yield a benefit in the CSS
analysis in the study of Yamada et al. (2003). Table 3
shows recent data from stereotactic radiotherapy trials. Such
treatment results in high local control rates, even in patients
with considerable comorbidity who are not candidates for
surgery, and is currently being investigated in randomized
clinical studies.

3 Prognostic Factors in Locally Advanced
(Stage III) NSCLC

Of patient-related factors, age as prognostic factor was
evaluated using multivariate analysis with conflicting
results. While two Radiation Therapy Oncology Group
(RTOG) data base evaluations (Komaki et al. 1998; Wer-
ner-Wasik et al. 2000a, b) showed that age [ 70 years is an
adverse prognostic factor for survival, some studies (So-
cinski et al. 2004; Basaki et al. 2006) did not find any
influence, including one of our own studies which used
60 years as cut-off point. Contrary to this our first analysis
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(Jeremic et al. 1995) showed that age \ 60 years (vs. [ 60
years.) carried better prognosis, which was confirmed in our
later study (Jeremic et al. 1996). Interestingly, subsequent
analysis of RTOG 9410 (Langer et al. 2001) showed better
survival for elderly, and subgroup analysis of a large meta-
analysis (Auperin et al. 2006) confirmed this finding. In the
absence of proven influence on increased treatment-related
toxicity and given the current lack of any information
suggesting that tumours may have different biological
characteristics and clinical course in elderly versus non-
elderly, age cannot be considered as important prognosti-
cator in this disease. Investigation of gender as prognostic
factor also brought conflicting results. While CALGB (So-
cinski et al. 2004) and RTOG analyses (Komaki et al. 1998;
Werner-Wasik et al. 2000a, b) did not find any influence,
another RTOG analysis which focused on patients with
supraclavicular node metastasis treated with combined
modality therapy showed that female gender carried
improved prognosis (Machtay et al. 1999). This was also a
consistent finding in our own studies (Jeremic et al. 1995,
1996). Again, this prognostic factor can be considered a
weak one, especially in the absence of any explanation why
this disease could be easier to cure in females. Performance
status seems to be the most frequently investigated prog-
nostic factor. While initial observations of its importance
were made more than 30 years ago (Edmonson et al. 1976;
Stanley 1980), subsequent studies regardless of the stage of
the disease or treatment used, generally confirmed these
observations. In particular, in two major RTOG studies
using recursive partitioning analysis (RPA), performance
status was always the strongest prognosticator which then
was used to develop classes (Komaki et al. 1998; Werner-
Wasik et al. 2000a, b). In the largest analysis so far, per-
formance status confirmed its leading role in predicting
survival of patients treated with RT and/or CHT in 1999
patients enrolled in several studies (Werner-Wasik et al.
2000a, b). Data from CALGB (Socinski et al. 2004) also
showed its strong independent influence on survival, as did
studies by Firat et al. (2002a, b) and Jeremic et al. (1995,
1996). Compared to other parameters, PS is likely the most

important determinant of outcome (Pfister et al. 2004),
frequently reflected in the fact that clinical trials designed in
the last decades usually use it to stratify patients treated
with different approaches, including RT-CHT. Another
factor, which has frequently been evaluated, is weight loss.
Different cut-off values were used such as 5 or 8 %. While
Stanley (1980) identified weight loss as an important
prognostic factor in 5000 patients with lung cancer, some
contemporary studies failed to observe this correlation
(Socinski et al. 2004; Ball et al. 2002). The majority,
however, did so (Komaki et al. 1998; Werner-Wasik et al.
2000a, b; Pfister et al. 2004), including our previous studies
(Jeremic et al. 1995, 1996).

Among tumour-related factors, stage was frequently
investigated. Similarly to our previous findings (Jeremic
et al. 1995, 1996) more recent studies showed improved
survival for stage IIIA patients. This can be seen as indirect
confirmation of earlier observations by Stanley (1980),
although a CALGB study (Socinsky et al. 2004) surpris-
ingly showed better outcome for stage IIIB patients. As the
authors correctly pointed out, even current staging systems
and stage groupings are not perfect, for example regarding
the dependence on size and not volume of the tumour and/or
nodes in the designation process. In addition, tumour vol-
ume may actually be a more important means of investi-
gating the potential influence of T and N components and,
therefore stage. It was clearly shown that both total tumour
volume or primary tumour volume (Basaki et al. 2006) can
be considered as independent prognostic factors for sur-
vival. However, in that study other endpoints (local/regional
PFS) were not used to prove such relationship in a causal
way, as improvement in local/regional control should lead
to an improved OS. The most recent staging classification of
the International Association for the Study of Lung Cancer
(Goldstraw et al. 2007) (Table 2) provides a new frame-
work for further evaluation of the T, N, and M stages as
well as stage grouping. While still being imperfect, it rep-
resents an ongoing effort of the community of thoracic
oncologists to revise stage groupings based on a large body
of data. One of the tumour-related factors that have

Table 3 Prognostic factors from the literature of stereotactic body radiotherapy (SBRT) for stage I non-small cell lung cancer

Author Number of patients SBRT
regimen

Analysis Prognostic factors

Matsuo et al. (2011) 101, histologically
confirmed

4 fractions Multivariate Tumour diameter (LP, DP, OS)
Age (DP)
Gender (OS)

Fakiris et al. (2009) 70, histologically
confirmed

3 fractions Univariate No impact of tumour volume, T stage or localisation
(OS)

Andratschke et al.
(2011)

92, histologically
confirmed

3–5 fractions Multivariate No impact of tumour volume, T stage or localisation
(OS)
T stage (LP)

LP local progression, DP disease progression, OS overall survival
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occasionally been investigated upon its independent influ-
ence on survival is histology. While one RTOG study
(Machtay et al. 1999) showed no influence of histology,
similarly to the observation by Basaki et al. (2006), another
RTOG study (Werner-Wasik et al. 2000a, b) clearly iden-
tified non-LC histology as the one having better prognosis.
In our own experience LC carried an unfavourable prog-
nosis while differentiation between SCC and non-SCC
histology proved to be important. In a pooled RTOG studies
analysis (Cox et al. 1999), histology was related to pattern
of failure. ADC had greater risk for distant metastasis than
SCC, although in our study (Jeremic et al. 2011) LC fared
even worse. Also, it was shown by the RTOG authors that
ADC progressed at the primary site more often than either
SCC or LC carcinoma, which is only partially in agreement
with our findings (Jeremic et al. 2011). Regardless of this,
the RTOG study (Cox et al. 1999) clearly emphasized the
importance of histology for treatment outcome and sug-
gested separation of SCC from both ADC and LC
carcinoma.

Of treatment-related factors, interfraction interval in
hyperfractionated (Hfx) RT regimens was shown to be an
independent prognosticator of treatment outcome (OS and
LPFS) (Jeremic and Shibamoto 1996, Jeremic et al.2004).
Contrary to our repeated findings, RTOG (Werner-Wasik
et al. 1999) did not confirm any influence of interfraction
interval on treatment outcome. However, this study suffered
from serious shortcomings which we discussed earlier
(Jeremic et al. 2004). First, definition of interfraction
interval (mean of all daily intervals) was not optimal
because a patient could be assigned an interval of 6 h when
half of the treatments were given with 4 h and half with 8 h.
Second, a number of CHT regimens were used, including
concurrent and induction administration. Third, patients
with stage II were included as well, and no separate analysis
was provided for them. Fourth, no information on the
influence of interval on endpoints other than oesophageal
acute and late toxicity was provided. Fifth, only 3 pre-
treatment prognostic factors were correlated with 2 treat-
ment-related factors (interval and CHT). Finally and most
importantly, no information was provided on the influence
of interval on local control, a vital part of this analysis,
since interval might influence overall survival by influenc-
ing local control first. Concurrent CHT was proven to be an
independent prognosticator of survival in several analyses.
This is in contrast with findings by Ball et al. (2002) and
Basaki et al. (2006), but is in agreement with the available
data from RTOG and CALGB (Werner-Wasik et al. 1999;
Socinsky et al. 2004) and findings from our previous studies
(Jeremic et al. 1995, 1996). This has also been recently
confirmed by the outcome of a meta-analysis that showed a
significant advantage of concurrent RT-CHT over RT alone
(Auperin et al. 2006). Only rarely published analyses

included not only OS but two additional endpoints, namely
LPFS and DMFS. Results of our most recent multivariate
analysis (Jeremic et al. 2011) using LPFS as an endpoint
mimicked those of OS, and confirmed our previous findings
(Jeremic et al. 1995).

In patients not suitable for radical radiotherapy who were
included in a randomised study of different palliative RT
regimens, PS, weight loss and appetite loss were the most
important prognostic factors for survival (Sundstrom et al.
2006). For example, 2-year survival was 22 % (no appetite
loss) versus 3 % (appetite loss) in patients irradiated to 42
or 50 Gy.

4 Predictors of Response to Induction
Therapy in Locally Advanced NSCLC

Although controversial, induction therapy followed by
surgery in locally advanced NSCLC has been evaluated in
many studies. The investigators aimed to define the most
appropriate group for this approach, i.e. patients benefitting
in terms of survival. Among the patients entering a course
of induction CHT or RT-CHT, not all can complete the
prescribed or planned procedure. Cerfolio et al. (2008)
evaluated 402 patients with biopsy-proven, non-bulky N2
disease who underwent neoadjuvant RT-CHT and surgery.
Among these patients 81 % completed their neoadjuvant
therapy, 50 % returned for definitive pathologic restaging
and 37 % underwent thoracotomy for attempted resection.
Multivariate analysis found that only age younger than
70 years, more than one lymph node involvement and
response to neoadjuvant therapy remained significant pre-
dictors of moving forward to the surgical arena after neo-
adjuvant therapy. The 5-year survival was 8 % for the 253
patients who did not return for restaging but was 47 % for
the 149 patients who underwent thoracotomy (p \ 0.001).
The 5-year survival for selected subgroups of patients who
underwent complete resection was 42 % for the 14 patients
who had unsuspected residual N2 disease, 49 % for the 65
patients who had a partial response (PR), and 53 % for the
34 patients who had a complete response (CR).

Mediastinal downstaging after induction therapy is one
of the most important and evaluated factors for long term
survival (Albain et al. 1995; Betticher et al. 2006; Bueno
et al. 2000; De Waele et al. 2006). Patients with persisting
mediastinal involvement after induction therapy have a poor
prognosis and will usually not benefit from surgical resec-
tion. Therefore accurate staging of the mediastinum is of
utmost importance to determine the appropriate subgroup of
patients for surgical resection after induction. Either mini-
mally invasive techniques (transthoracic fine-needle aspi-
ration biopsy—FNAB, transbronchial needle aspiration—
TBNA, endobronchial ultrasound with FNAB—EBUS,
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endoscopic esophageal ultrasound with FNAB—EUS) or
invasive techniques (re-mediastinoscopy, video assisted
surgery—VATS) can be used for this approach and have a
sensitivity between 70 and 80 %. All of these approaches
require experience within the field. The non-invasive re-
staging modalities with CT and PET have a rather low
accuracy of 64 and 72 % (Annema et al. 2003; Herth et al.
2008; Kunst et al. 2007; De Waele et al. 2008, 2011; Marra
et al. 2008; de Leyn et al. 2007). Betticher et al. (2003) for
the Swiss Group for Clinical Cancer Research (SAKK)
evaluated 90 potentially operable patients with stage II-
IApN2 receiving 3 cycles of cisplatin plus docetaxel fol-
lowed by surgical resection. Postoperative RT to 60 Gy was
administered for positive resection margins or involvement
of the uppermost mediastinal lymph node. Seventy-five
patients (83 %) underwent resection. The overall response
rate was 66 %, with 19 % pathological complete response
(pCR). The median survival was 27.6 months and the 3-
year survival was 33 %. Mediastinal nodal clearance and
complete surgical resection were strong independent pre-
dictors of increased survival in a multivariate analysis.

A French group aimed to evaluate whether pCR in early
stage NSCLC after platinum-based neoadjuvant CHT
resulted in improved outcome, where pCR was defined by
the absence of viable cancer cells in the resected surgical
specimen. Among the 492 patients analyzed, 8.3 %
achieved pCR and in the pCR group, 5-year overall survival
was 80 % compared with 55.8 % in the non-pCR group
(p = 0.0007). In multivariate analyses, pCR, SCC, weight
loss less than or equal to 5 %, and stage-IB disease was
found to be favorable prognostic factors of overall survival.
Five-year DFS was 80.1 % in the pCR group compared to
44.8 % in the non-pCR group (p \ 0.0001). SCC was the
only independent predictor of pCR in the study population
(Moulliet et al. 2012). All patients with pCR were clinically
considered to be responders, either CR (n = 5) or PR
(n = 36). These results confirm the previously reported
findings, showing that cCR was predictive of pCR, and that
CT assessments likely underestimate pCR rate (Milleron
et al. 2005).

In a very recent retrospective analysis by Lococo et al.
(2013) the long term results of the patients with pCR after
induction therapy followed by surgery for locally advanced
NSCLC were evaluated. Among the 195 patients treated
with induction therapy, 137 were operated with radical
intent. Among these, 27 % showed a pCR. Within this pCR
group the overall 3- and 5-year long-term survival and
disease-free survival rates were 67 and 64 %, and 68 and
71 %, respectively. Initial single N2 station involvement
(p = 0.010), resection to a lesser extent than pneumonec-
tomy (p = 0.005) and adjuvant therapy (p = 0.005) were
found to be predictors of increased 5-year survival. Most of
the recurrences in this cohort were distant.

One of the most important factors for the survival out-
comes after surgery preceded by induction therapy is
postoperative mortality. Several studies reported increased
mortality after surgery with induction treatment, especially
with concurrent RT-CHT, and with pneumonectomy. The
Memorial Sloan Kettering Cancer Centre group updated
their operative mortality and the factors associated with this
from their surgical database of 549 patients. All received
CHT, and 17 % also had radiation. The most common
procedures were lobectomy (71 %) and pneumonectomy
(13 %). Hospital mortality was 1.8 %, with only one death
after right pneumonectomy. Multivariate analysis showed
that predicted postoperative pulmonary function tests (pre-
dictive postoperative product, predicted postoperative dif-
fusion capacity, and preoperative percentage of predicted
postoperative diffusion capacity) were important indicators
for postoperative morbidity and mortality (Barnett et al.
2011).

Perioperative mortality was assessed in a meta-analysis
after neoadjuvant therapy and pneumonectomy for NSCLC.
Based on 27 studies, 30- and 90-day perioperative mortal-
ities were 7 and 12 % in the entire cohort. Cumulative
mortalities were 11 and 5 % for right and left pneumon-
ectomies. Both 30- and 90-day mortality remained greater
in right than left pneumonectomy (p = 0.02). Among 11
studies providing both 30- and 90-day mortalities, mortality
difference was 5 % (p \ 0.0001) (Kim et al. 2012).

The predictive effect of nutritional parameters was
investigated in a retrospective European study. Fifty-one
patients with locally advanced NSCLC undergoing con-
current RT-CHT followed by surgery were evaluated.
Postoperative complications occurred in 49 %. Weight loss
C5 % during induction period was associated with shorter
OS (p = 0.03), and especially overweight patients experi-
encing weight loss C5 % during the induction period had
shorter OS and also PFS (van der Meij et al. 2011).

5 Predictors of Toxicity of Definitive
Radiotherapy and Radiochemotherapy

5.1 Lung

Lung is one of the most sensitive tissues to ionizing radi-
ation. Damage to normal lung tissue remains the most
important limitation for effective treatment with RT or RT-
CHT of this disease, apart from rapid progression. Recent
decades brought many radiobiologically and/or technolog-
ically oriented RT dose intensification approaches. More-
over, concurrent RT-CHT became standard treatment in
locally advanced NSCLC and limited disease (LD) SCLC.
With these, toxicity was observed more frequently, both
acute and late, leading sometimes to not only serious
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adverse events (grades 3–4), but also toxic deaths (grade 5).
Therefore reducing RT or RT/CHT induced normal lung
tissue damage is of critical importance in improving the
therapeutic window and patients’ quality of life. Acute lung
injury starts from 1 to 3 months after RT and the most
common symptom is severe dyspnea. Chronic lung damage
which is usually irreversible evolves 6–24 months after
irradiation. Prolonged follow-up is especially important as it
enables better insight into events that may initially not be
reported. In one such report, Miller et al. (2005) reported on
an unexpected rate of bronchial stenosis using 1.6 Gy bid
up to 70.8–86.4 Gy in NSCLC. Eight out of 103 (8 %)
patients experienced clinically significant and symptomatic
bronchial stenosis 2–48 months after RT, with a 1- and 4-
year actuarial rate of 7 and 38 %, respectively. In stereo-
tactic hypofractionated radiotherapy, the radiation tolerance
of central structures including trachea and large vessels
must also be considered. In general, radiographic abnor-
malities are seen more frequently than clinical symptoms
which can be defined as haziness in the areas irradiated, a
shift in the mediastinum and diaphragm of the irradiated
area and pericardial and pleural fluid accumulation.

A number of clinical factors were investigated in order to
determine their influence on the occurrence of broncho-
pulmonary and other toxicity in lung cancer patients treated
with either RT alone or RT-CHT. Our previous multivariate
analyses (Jeremic et al. 2004, 2012) in patients with stage
III NSCLC treated with Hfx RT and concurrent low-dose
CHT identified no clinical variable influencing acute grade
C3 bronchopulmonary toxicity. Robnett et al. (2000),
however, have found correlations with both female gender
and KPS, while Rancati et al. (2003) and Claude et al.
(2004) did not find that gender influenced bronchopulmo-
nary toxicity. Brooks et al. (1986) and Claude et al. (2004)
did not find correlations between toxicity and KPS. Except
for Claude et al. (2004) who found adverse influence of age
on the rate of symptomatic pneumonitis, other authors
(Rancati et al. 2003; Brooks et al. 1986; Hernando et al.
2001; Quon et al. 1999) did not find such predictive influ-
ence. Regarding the use of CHT, Robnett et al. (2000), Lee
et al. (1996), Inoue et al. (2001), and Hernando et al. (2001)
did not find influence of CHT, while Brooks et al. (1986),
Robert et al. (1999), Rancati et al. (2003), Yamada et al.
(1998) and Byhardt et al. (1998) did so. Similarly to the
latter, Singh et al. (2003) found adverse influence of con-
current CHT, and Werner-Wasik et al. (2000a, b) confirmed
their finding in a multivariate analysis. In that study, even
more profound negative influence of concurrent CHT was
found when it was combined with Hfx RT. Moreno et al.
(2007) could not identify any of the investigated clinical
and therapeutic factors to be associated with bronchopul-
monary toxicity, admittedly due to low incidence of these
events. Similarly a Swedish group (De Petris et al. 2005)

found no influence of age, gender, PS and stage on bron-
chopulmonary toxicity of concurrent RT-CHT. In other
studies, total dose, fractionation and volume were occa-
sionally identified as influencing bronchopulmonary toxic-
ity. Interestingly, Roach et al. (1995) found somewhat
favourable effect of Hfx RT on bronchopulmonary toxicity.
Weight loss and concurrent CHT independently influenced
occurrence of late grade [3 bronchopulmonary toxicity,
contrasting our previous study which identified only stage
as independent predictor of high-grade late bronchopul-
monary toxicity (Jeremic et al. 2004).

Another set of measures of RT-induced lung toxicity
include changes in pulmonary function tests (PFTs) such as
Forced Expiratory Volume in 1 s (FEV1), Forced Vital
capacity (FVC), and carbon monoxide diffusion capacity
(DLco). A decline in PFTs was apparent at 6 months and
continued well beyond 1 year (Miller et al. 2003), sug-
gesting progressive RT-induced lung disease. In addition,
others observed dose-dependent reduction in regional per-
fusion with prolonged follow-up post-RT, with most of this
injury being manifest within 12 months post-RT (Woel
et al. 2002).

Over many years various dosimetric parameters have
been evaluated for RT-induced pulmonary toxicity. Of
these, mean lung dose (MLD), the Vdose and Normal Tissue
Complication probability (NTCP) are most commonly
reported. MLDs of B15 Gy, 17.5–20 Gy, 22.5–25 Gy, and
C27.5 Gy resulted in 0, 13, 21, and 43 % incidence of all
grades of radiation pneumonitis (Oetzel et al. 1995). In a
pooled analysis of 540 patients who received thoracic
radiation by Kwa et al. (1998), the MLD was found to
correlate with an increased risk of pneumonitis. A com-
monly recommended limit is to keep the MLD B 20 Gy.
The cut-off values of the percent volume of the total lung
receiving a dose greater than e.g. 10 Gy (V10), 20 Gy
(V20), 25 Gy (V25), 30 Gy (V30), 40 Gy (V40) or 50 Gy
(V50) were reported by numerous authors, and such values
were frequently found to be associated with radiation
induced pneumonitis. Unfortunately, different endpoints
(severity of pneumonitis) were used (Hernando et al. 2001;
Claude et al. 2004; Armstrong et al. 1995; Graham et al.
1999) obscuring the picture. It is commonly recommended
to limit V20 to B35 Gy (B20 Gy for preoperative RT-
CHT). Correlations between calculated NTCP values and
the risk of pneumonitis were documented in several studies.
In one study (Martel et al. 1994), NTCP average values
were 73 % in patients with pulmonary toxicity and 25 % in
patients without it. Similarly, using Grade [2 pneumonitis
as an endpoint, patients with and without it had NTCP
values of 19.6 and 12.0 %, respectively (Hernando et al.
2001). In a study by Lee et al. (2003), the mean NTCP value
for the ipsilateral lung was higher in the group with pneu-
monitis (66.0 %) versus the group without pneumonitis
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(26.4 %). In other studies (Oetzel et al. 1995; Armstrong
et al. 1995), various cut-off values of NTCP ([12 and 30 %,
respectively) were used, showing that values higher than the
cut-off value in both studies led to higher incidence of
pneumonitis than that observed with NTCP values lower
than cut-off value. Due to inconsistent data existing in the
literature of these dosimetric factors, some embarked on
combining them with clinical and location-related factors
into a single predictive model for radiation pneumonitis
(Hope et al. 2004). Recently, Hope et al. (2006) showed that
models most frequently selected included tumour position,
maximum dose, and D35 (minimum dose to the 35 %
volume receiving the highest doses) (R = 0.28). The most
frequently selected two- or three-parameter models out-
performed commonly used metrics, including V20 and
MLD (R = 0.18). More recently, in a proposed nomogram
Bradley et al. (2007) evaluated a number of possible pre-
dictors of pneumonitis. The final model incorporated two
effects: greater risk due to irradiation of inferior parts of the
lung, and greater risk for increasing normal lung mean dose.
Similarly, a multi-institutional study (Kocak et al. 2007)
suggested a model which included parameters such as MLD,
RT dose to perfused lung and pre-RT lung function to form
low versus high risk group of patients experiencing RT-
induced toxicity. Though this study was unable to accurately
segregate patients into these two risk groups on a prospective
basis, considered retrospectively, the data were consistent
with prior studies suggesting that dosimetric and functional
parameters are predictive of RT-induced pneumonitis.

Biochemical detection markers have also been investi-
gated upon their predictive role in RT-related pneumonitis.
Interleukin (IL)-1a and IL-6 (Chen et al. 2001, 2002),
Soluble Intracellular Adhesion Molecule (SICAM)-1 (Ishii
and Kitamura 1999), Serum mucin-like glycoprotein anti-
gen Kl-6 (Goto et al. 2001), pulmonary surfactant protein D
(Sasaki et al. 2001) as well as Transforming Growth Factor
(TGF)-b1 (Anscher et al. 1998; Vujaskovic and Groen
2000; Barthelemy-Brichant et al. 2004; De Jaeger et al.
2004; Novakova-Jiresova et al. 2004) have all been scruti-
nized with regard to early prediction of RT-pneumonitis.
Conflicting results have been achieved with all of these,
indicating need for further refinement of such approaches.
Of interest is that Hart et al. (2005) undertook cytokine
profiling for prediction of symptomatic RT-induced lung
injury using a panel of 17 proinflammatory cytokines to find
that only patients with lower levels of plasma IL-8 before
RT might be at increased risk for developing such injury. Of
additional interest is that Chen et al. (2005) used a pro-
spective protocol which enabled them to show that in direct
comparison IL-6 globally outperformed IL-1a in predicting
radiation pneumonitis, having both higher positive predic-
tive and negative predictive values. While these could
theoretically be used to identify RT-pneumonitis in early

stages, their overall effect would be doubtful in case they do
not result in RT dose reduction. It should be clearly stated
that dosimetric parameters of RT in general show a low
predictive value of 69–80 %. Depending on the studied
molecule, the negative predictive value of biomarkers was
approximately 50 %. Obviously, additional work needs to
be done in refining these approaches and integrating various
predictors of RT-induced lung toxicity into a decision-
making process in patients with lung cancer.

5.2 Heart, Oesophagus and Bone

In contrast to breast cancer, where incidental heart irradia-
tion has received considerable attention, this issue is less
well studied in lung cancer, presumably due to the lower
likelihood of long-term survival. In addition, lung and
oesophageal toxicity might influence outcomes after quite
short follow-up, leading to treatment interruption and/or
hospitalization in case of severe dysphagia. Heart doses
should be minimized whenever possible, e.g. mean dose
B26 Gy and V30 B45 %. However, it is not fully under-
stood which substructures are most important and how
reduced heart and lung function interfere with each other.
Lung cancer, dysphagia is a common complication of lung
radiotherapy when target volumes are close to the oesoph-
agus, radiation tolerance. A nomogram predicting this side
effect has been developed and validated (Dehing-Oberije
et al. 2010). Predictive factors included age, gender, PS,
mean oesophageal dose, maximum oesophageal dose and
overall treatment time. Simpler recommendations were
focused on V50 B 40 %, V70 B 20 % and Dmax B75 Gy.
Bone injury following stereotactic radiotherapy (3 fractions)
might develop several months after treatment (Taremi et al.
2012). On multivariate analysis, age, female gender and
dose to 0.5 cc of the ribs (D0.5) were significant predictors
for increased fracture risk. The authors developed a
nomogram, which requires validation in larger datasets.
Other data suggest that chest wall volumes of 5 and 15 cc
receiving 40 Gy predicted a 10 and 30 % risk of toxicities,
merely pain, respectively (Andolino et al. 2011). Stephans
et al. (2012) recommended restricting V30 to B30 cc and
V60 to B3 cc. Body mass index might also impact on lung
cancer, chest wall toxicity risk. More details on normal
tissue reactions and constraints for stereotactic radiotherapy
were summarized by Lo et al. (2012).

6 Prognostic Factors in SCLC

Regarding patient-related parameters, gender was docu-
mented as an important prognostic factor for treatment
outcome, with the combination of female sex and younger

Lung Cancer 99



age (\60 years) carrying improved response rates, median
survival, and 2-year survival rate. This observation was
independent of any other relevant prognostic variable and
has been known for decades (Osterlind and Anderson 1986;
Spiegelman et al. 1989; Albain et al. 1990; Wolf et al. 1991;
Buccheri and Ferrigno 1994). It was repeatedly confirmed
in more recent trials, using different types of CHT (Paes-
mans et al. 2000; Singh et al. 2005), but many groups
caution against basing treatment decision on these factors
alone. Similarly to NSCLC, both KPS and the Eastern
Cooperative Oncology Group Performance Status (ECOG
PS) have been extensively used, with suggestion that ECOG
PS might be easier to apply and better to discriminate the
patients’ prognosis (Buccheri et al. 1996). Irrespective of
these findings, the majority of authors found that perfor-
mance status was a significant prognostic factor (Osterlind
and Anderson 1986; Spiegelman et al. 1989; Albain et al.
1990; Rawson and Peto 1990; Buccheri and Ferrigno 1994;
Paesmans et al. 2000). In addition, weight loss has been
identified as important prognostic factor also in SCLC
(Stanley 1980; Tamura et al. 1998; Bremnes et al. 2003).

Of tumour-related factors, the most powerful prognostic
factor in most of the published series using the IASLC
definition (Sheperd et al. 2007; Micke et al. 2002; Paesmans
et al. 2000; Jorgensen et al. 1996) is stage. When discrim-
inating between LD SCLC and extensive disease (ED)
SCLC, according to a rather old staging classification, it has
been continuously shown that the median survival is around
20–30 months in the former, in contrast to about 10 months
in latter group of patients (Jeremic et al. 1997a, b, 1999a, b;
Yip and Harper 2000; Takada et al. 2002), and this has a
major implication on treatment decisions. Besides that, a
number of other prognostic factors related to the extent of
tumour and the number or locations of metastatic sites have
been evaluated (superior vena cava syndrome, pleural
effusion, nodal involvement, involvement of different
organs like liver, brain, or bone) (Albain et al. 1990;
Würschmidt et al. 1995; Tamura et al. 1998; Bremnes et al.
2003). Mediastinal involvement and the infiltration of sev-
eral organs might impair the prognosis of the patient, as has
been demonstrated regarding long-term survival by Tai
et al. (2003). However, the data are not consistent and
therefore, these factors are not generally used as a basis for
treatment decisions. SCLC can carry a mixture of different
tumour cells in up to 20 % of cases, large-cell carcinoma
being the most commonly combined cell type. This caused
IASLC pathology committee to adopt three new subtypes of
SCLC: small cell, mixed large and small cell, and combined
small cell carcinomas (Hirsch et al. 1988). Unfortunately,
several subsequent studies could not document a different
clinical outcome for these three subgroups. As a conse-
quence, actual WHO classification abandoned the idea of
different subgroups (Brambilla et al. 2001). Nevertheless,

the high percentage of patients with various combinations
of SCLC and NSCLC might explain the divergent response
to CHT, and support the idea of salvage resection for locally
confined poor-responding cancer (Sheperd et al. 1991). No
histological factors have been identified as predictive of
prognosis in SCLC (Fissler-Eckhoff 2010).

Besides the tumour extent, serological factors (tumour
markers), produced by tumour cells and released into the
bloodstream, have been evaluated in a number of different
studies. Due to their low tumour-specificity only a few of
them have certain prognostic value: neuron specific enolase
(NSE) and cytokeratin-19-fragments (Cyfra 21-1). NSE has
been tested in several large trials, and a significant corre-
lation was found between elevated NSE levels and poor
prognosis in multivariate analyses, making it one of the
most powerful prognostic factors (Bremnes et al. 2003;
Jorgensen et al. 1996). Using NSE together with PS of the
patient and tumour extent in a simple algorithm produces a
clearly defined prognostic classification that can be used for
treatment decisions (Jorgensen et al. 1996). Cyfra 21-1 has
been the most commonly studied cytokeratin, and besides
extensive disease and increased levels of lactate dehydro-
genase (LDH) and NSE, levels [3.6 ng/ml significantly
indicated a poor outcome of the patient (Pujol et al. 2003).
Among the additionally tested serological markers only the
serum carcinoembryonic antigen (CEA) has attracted sci-
entific attention due to some positive studies, whereas
chromogranin A (CgA), pro-gastrin releasing peptide
(ProGRP) and creatinine kinase-BB (CPK-BB) have not yet
been confirmed as important predictors in this disease
(Ferrigno et al. 1994; Lamy et al. 2000; Sunaga et al. 1999).

A series of potential prognostic factors were evaluated
through laboratory tests in SCLC: LDH, hemoglobin (Hb),
albumin, alkaline phosphatase (AP), sodium, calcium, cre-
atinine, bicarbonates, bilirubin, erythrocytes, leucocytes,
neutrophilia, and thrombocytes. Elevated LDH seems to be
the strongest haematological prognosticator with high
accuracy predicting poor outcome. It seems to be even more
important than some tumour markers (NSE), and is rec-
ommended by different groups as the most valid marker
(and the cheapest one) for SCLC as a stratification criteria
for clinical trials (Quoix et al. 2000; Rawson and Peto 1990;
Osterlind and Anderson 1986). Of all the other factors
mentioned before, the results are more or less inhomoge-
neous: low serum albumin concentration, normal sodium
and uric acid levels, decreased plasmatic level of haemo-
globin, leucocytosis, increased alkaline phosphatase (AP)
and serum bicarbonate were only positive in some of the
trials in which they were evaluated, and cannot be inte-
grated in clinical routine decision making (Bremnes et al.
2003; Quoix et al. 2000; Rawson and Peto 1990; Osterlind
and Anderson 1986). In principle, an elevated LDH should
be seen as a risk factor for poor survival and an indicator of
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a larger tumour burden, at least demanding for a complete
assessment of tumour stage. Based on the work of the
Subcommittee for the Management of Lung cancer in the
UK on almost 4000 patients, performance status, disease
stage, and AP, sodium, aspartate aminotransferase and LDH
should be measured in all future trials to assist comparisons
between the clinical trials (Rawson and Peto 1990). Toge-
ther with performance status and tumour stage, sodium, AP,
and LDH have been combined as the Manchester Prognostic
Score, and later modified by a Japanese group into a new
three tiered classification (Kawahara et al. 1999). This
model can differentiate 1-year survival rates of more than
50 % in the best versus 0 % in the worst group, or median
survival rates of 16.0 versus 6.6 months, respectively.
These classifications can be used to design clinical trials and
to tailor individual treatment as well.

Of treatment-related factors, the response to treatment
has been found to highly significantly influence the survival
of patients treated with CHT and RT-CHT. Complete
responders had a better survival than partial responders,
who had a superior outcome than non-responders (Lebeau
et al. 1995; Ray et al. 1998; Paesmans et al. 2000). Addition
of RT to CHT was proven to significantly improve survival
in two meta-analyses (Pignon et al. 1992; Warde and Payne
1992). In several randomized trials evaluating the timing of
administration of RT and CHT it has also been documented
that early concurrent RT-CHT improves the outcome of
patients with LD SCLC compared to late RT-CHT, and that
altered fractionation of irradiation might further enhance the
results (Warde and Payne 1992; Murray et al. 1993; Jeremic
et al. 1997a, b; Work et al. 1997; Lebeau et al. 1999; Turrisi
et al. 1999; Takada et al. 2002). In retrospective trials the
importance of total RT dose has been pronounced (Tai et al.
2003), and two randomized trials comparing higher doses of
conventional RT with either Hfx or accelerated (Acc) RT
schedules are still ongoing, and the answer to this important
question is, therefore, lacking. While the place and role of
RT is well established in LD SCLC, recent data point to the
direction of using thoracic RT in selected cases of ED
SCLC, frequently termed ‘‘limited extensive’’ SCLC. A
pioneering study (Jeremic et al. 1999a, b) showed that
thoracic RT leads to an improvement in survival through an
improvement in local tumour control in patients experi-
encing complete response at distant sites and either com-
plete response or partial response intrathoracically after
induction platinum-etoposide CHT. Studies coming from
different parts of the world (Zhu et al. 2011; Yee et al. 2012)
corroborated this observation, which is currently being
tested prospectively in Europe and the US. Finally, pro-
phylactic cranial irradiation (PCI) added to RT-CHT in both
LD SCLC (Auperin et al. 1999) and ED SCLC (Slotman
et al. 2007) significantly improves overall survival due to an
improved CNS control.

7 Conclusions

Identification of prognostic and predictive factors remains
an important aspect in the treatment decision-making pro-
cess in lung cancer. Various prognostic factors that theo-
retically could influence outcomes after RT or RT-CHT in
both NSCLC and SCLC were evaluated and only a few
were consistently shown to independently influence out-
comes. This is also true when using induction (neoadjuvant)
therapy before surgery in locally advanced NSCLC. Of a
number of patient-, tumour- or treatment-related predictors
of treatment-related toxicity dosimetric ones are most
commonly used. More studies investigating these important
aspects of optimization of the use of RT or RT-CHT in lung
cancer patients are urgently needed.
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Abstract

Despite ongoing advances, the vast majority of those
afflicted with esophageal cancer go on to die of their
disease. While some respond notably to chemoradiother-
apy, others-with seemingly similar disease characteristics
based on existing clinical assays-have a limited or absent
response. The current climate is suitable for the develop-
ment of predictive tools and novel methods of evaluation
to aid in individualised patient treatment planning. In
the preoperative setting our clinical staging and varied
imaging modalities, although imperfect are used to
determine which patients will likely receive from chemo-
radiotherapy. No permutation of the data currently avail-
able can predict, with a satisfactory accuracy, whether an
individual patient will have a substantial response to
neoadjuvant treatment with minimal morbidity. Poten-
tially, the addition of molecular assays in tandem with
standardization of radiologic data will allow the develop-
ment of increasingly powerful tools to predict the likeli-
hood of response to treatment without complication for
an individual patient.

1 Introduction

Esophageal cancer is a significant worldwide health prob-
lem, of which the incidence in the USA and Western
Europe is rapidly increasing (Holmes and Vaughan 2007;
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Siegel et al. 2012). Patients frequently present with
advanced stage disease, poor performance status, and have a
poor prognosis. Over recent years, the addition of neoad-
juvant chemoradiotherapy (CRT) to surgery has improved
5-year survival probability from 34 % for patients treated
with surgery alone to 47 % for patients treated with che-
moradiotherapy and surgery (van Hagen et al. 2012).

However, responses to neoadjuvant treatment vary, with
heterogeneous responses for patients with similar clinical
stage. If neoadjuvant treatment produces a pathologically
complete response (pCR), outcomes are better: patients with
a pCR can expect a 5-year survival rate of 48 vs. 18 % for
non-responding patients (Berger et al. 2005).

Without the benefit of knowing the pathologic stage, it is
difficult to select patients who will benefit from this
aggressive treatment. So far, three characteristics on which
prediction can be based have been identified: clinical fac-
tors, biomarkers, and imaging modalities. While these last
two are promising, at this current time no combination of
available clinical data is reliable enough to indicate which
patients are going to have a robust response to CRT and
benefit from esophagectomy, and which should be treated
with only selected modalities. Thus, traditional clinical
factors such as tumor stage, age and performance status are
still used to select the best therapy for a particular patient.

With regard to biomarkers, new strategies for subdividing
esophageal cancer patients into prognostic groups may result
in patients being selected for CRT or not on the basis of molec-
ular assays, in addition to the ‘traditional’ methods of stage
and imaging modalities. While these markers are promising,
the exact clinical setting in which biomarkers will routinely
be of utility in guiding treatment has yet to be defined.

The third characteristic, imaging, involves the use of
modalities such as endoscopic ultrasound (EUS), computed
tomography (CT), positron emission tomography (PET)-CT
and magnetic resonance imaging (MRI). As a group, the
information these assays provide continues to play an
important role in staging and re-staging and thus in patient
selection for CRT.

Combining these clinical data allows for our growing
field of interest, where prognostic models and nomograms
attempt to predict individual prognosis and response to
CRT, with the potential to individualize treatment and
isolate high-risk groups for novel treatments.

The above patient and tumor characteristics are the main
basis upon which multidisciplinary treatment plans are
made. In this chapter we review these decision tools and
their implications for prognosis, treatment response and
toxicity in the progressively individualized treatment of
esophageal cancer.

2 Prognosis and Treatment Response

2.1 Disease Characteristics

Currently, no single clinical parameter can be used to pre-
dict which patients will achieve a pathological complete
response (pCR) following CRT or survive their disease.
However, there are several clinical and oncologic factors
that have consistently proven to be significantly associated
with outcome.

2.1.1 Patient Characteristics
Several patient-related factors are associated with survival
and response to CRT. Factors as AJCC stage, male gender,
performance status, location of the tumor, high lifetime
alcohol consumption, forced expiratory volume in 1 s
(FEV1), number of involved lymph nodes and cigarette
smoking are independent predictors of survival (Thrift et al.
2012; Situ et al. 2012). Parameters as gender, tumor grade,
baseline EUS T-stage and histology are related to a pCR
(Ajani et al. 2012). Achievement of pCR or any tumor
response corresponds with better overall survival (Berger
et al. 2005).

2.1.2 Histologic Characteristics
Histology of the tumor is an important differentiating factor,
as the response at treatment differs substantially between
adenocarcinomas and squamous cell carcinomas (SCC)
(Rizk et al. 2007; Heath et al. 2000; Urba et al. 2001;
Burmeister et al. 2005). Squamous cell carcinomas have a
much higher likelihood to achieve a pCR than adenocarci-
nomas: a pCR in adenocarcinomas occurs in 20–30 %
whereas for SCC, pCR occurs in up to 50 % of the patients
(van Hagen et al. 2012). Although in general, achievement
of a pCR is commonly associated with improved survival
(Berger et al. 2005), this does not apply to SCC patients,
since a higher rate of pCR for SCC patients does not seem
to translate into better overall outcomes. Additionally, it is
worth noting that while patients that have a pCR do have
better prognosis when compared to all other patients with
remaining invasive disease, a significant number of patients
will succumb to their disease, with almost indistinguishable
OS when compared to patients with stage I (Rizk et al.
2007). If one desires to predict which patients can safely go
on to esophageal salvage following CRT, novel prognostic
assays and use of the currently available data is required.

Histologic grade is a predictor for a pCR, long-term
outcome (Ajani et al. 2012), and is implemented in initial
staging for differentiating prognostic groups. However, with
increasing use of neoadjuvant therapy, this grading is solely
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based on endoscopic biopsy. With the accuracy of grade
assessment on biopsy being only 73 %, it should be inter-
preted with caution (Dikken et al. 2012).

2.2 Staging Systems

Esophageal cancer staging has an important role in selecting
patients for the appropriate treatment strategy and is related
with long-term outcomes (Talsma et al. 2012). The TNM
staging system of the American Joint Committee on Cancer
(AJCC) and the International Union Against Cancer (UICC)
for esophageal cancer is used universally and was recently
revised. A major change between the 2002 (Union Inter-
nationale Contre le Cancer 2002) and the 2010 (Rice et al.
2010) editions were the development of separate stage
groupings according to histology and a better description of
the tumors located at the esophagogastric junction (EGJ)
(Tables 1, 2, 3 and 4).

These tumors, at the esophagogastric junction (EGJ) and
proximal 5 cm of the stomach that extend into the EGJ or
esophagus, are staged as esophageal cancers (Table 5).
While all other tumors with an epicenter in the stomach
[5 cm from the EGJ, or those within 5 cm of the EGJ
without extension into the esophagus are staged as gastric
cancers. A sub classification of these junctional tumors can
be made by the classification described by Siewert and Stein
(1998) (Table 6).

A validation study of this 7th edition of the UICC-AJCC
staging system was performed by Talsma et al., which showed
for surgical esophageal cancer patients that the 7th edition of
staging provided more accurate prognostic stratification for
OS in comparison to the 6th edition (Talsma et al. 2012).

2.3 Imaging

Imaging modalities as EUS, CT, PET-CT and MRI cur-
rently play an important role in staging and in patient
selection before CRT. They may also be utilized for post
CRT clinical re-staging (ycTNM) after induction treatment
or response monitoring during treatment, however the
results should be interpreted with caution in this setting
(Ribeiro et al. 2006). During these different phases of the
patient care some have attempted to identify a distinctive
role for each modality.

2.3.1 EUS

2.3.1.1 Staging

Endoscopic ultrasound (EUS) uses a high frequency ultra-
sound transducer to obtain detailed images of the tumor
mass and the relationship with the five-layered structure of

the esophageal wall. EUS attempts to provide measure-
ments of tumor thickness and is regularly used to estimate
tumor extension in initial staging for esophageal cancer
(Ribeiro et al. 2006). The discriminatory power for distin-
guishing between early stage tumors and those with deeper
invasion may approach 80–90 %. Some have found this
gross distinction prognostic in identifying those patients at
risk for a positive circumferential resection margin (CRM),
if treated with isolated surgery (Reid et al. 2012). However,
its exact TNM accuracy is the least prognostic of available
clinical information in predicting pre operative stage (Reid
et al. 2012; van Vliet et al. 2008; Thosani et al. 2012).

While, EUS remains a frequently used clinical estimate
of primary tumor staging, there are technical limitations to
its ubiquitous use. Not all patients are capable of receiving a
complete EUS due to esophageal stenosis. Additionally, the
accuracy of EUS is operator dependent and is subject to a

Table 1 TNM staging of esophageal squamous cell cancer (SCC)
UICC-AJCC 7th edition (Rice et al. 2010)

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis High-grade dysplasia (HGD)

T1 Tumor invades lamina propria, muscularis mucosae, or
submucosa

T1a Tumor invades lamina propria or muscularis mucosae

T1b Tumor invades submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades adventitia

T4 Tumor invades adjacent structures

T4a Resectable tumor invading pleura, pericardium, or diaphragm

T4b Unresectable tumor invading other adjacent structures, such
as aorta, vertebral body, trachea, etc.

Regional lymph nodes (N)

NX Regional lymph node(s) cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in 1–2 regional lymph nodes

N2 Metastasis in 3–6 regional lymph nodes

N3 Metastasis in seven or more regional lymph nodes

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

Histologic grade (G)

GX Grade cannot be assessed—stage grouping as G1

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

G4 Undifferentiated—stage grouping as G3 squamous

Esophageal Cancer 109



learning curve (Fockens et al. 1996). Ultimately, preoper-
ative staging of lymph node status is challenging. A recently
proposed tool from Gaur et al. (2010) for predicting path-
ologic lymph node involvement based on clinical informa-
tion is discussed in further detail below in Nomograms and
Predictive models section.

2.3.1.2 Re-staging

For response evaluation, EUS continues to be used as the
primary diagnostic modality. However, the accuracy of
EUS restaging varies significantly across several recent
retrospective analyses (Ribeiro et al. 2006; Giovannini et al.
1997; Chak et al. 2000).

Different methods have been proposed for response
assessment with EUS. The first method is to restage
according to the TNM staging system (Fockens et al. 1996),
second method is to measure the relative reduction in
thickness of the tumor (Gaur et al. 2010; Giovannini et al.
1997) and a third method is to measure the relative tumor
shrinkage at the maximum cross-sectional area (MCSA)
(Gaur et al. 2010; Chak et al. 2000). However, with these
different methods the accuracy is still poor and ranges from
17 to 59 % (Sloof 2006; Hirata et al. 1997; Zuccaro et al.
1999; Bowrey et al. 1999). Even when a EUS is combined
with biopsy, the accuracy does not exceed 31 % to correctly
predict a pCR (Sarkaria et al. 2009). Of patients that have a
negative biopsy on restaging endoscopy (cCR) less than
30 % will have a pCR (Sarkaria et al. 2009).

A possible explanation for this discrepancy between
endoscopic staging and subsequent pathologic staging is
that EUS may not be able to differentiate between post-
treatment inflammation or fibrosis and residual tumor (Jamil
et al. 2008).

2.3.2 CT

2.3.2.1 Staging

Computed tomography (CT) is usually one of the first steps
in staging esophageal cancer patients and is used to evaluate
the region of the primary tumor and evaluate for distant
metastases. However, the accuracy for locoregional staging
is limited. Accuracy for tumor staging has been reported
with a range of 42–68 % (Lowe et al. 2005; Wu et al. 2003)
and for regional lymph node metastases the pooled
sensitivity and specificity is only 0.50 (95 % C.I. 0.41–0.6)

Table 2 Prognostic groups by TNM stage/anatomic stage for squa-
mous cell carcinoma UICC-AJCC 7th edition (Rice et al. 2010)

Anatomic stage/prognostic groups

Squamous cell carcinoma

Stage T N M Grade Tumor location

0 Tis (HGD) N0 M0 1, X Any

IA T1 N0 M0 1, X Any

IB T1 N0 M0 2–3 Any

T2–3 N0 M0 1, X Lower, X

IIA T2–3 N0 M0 1, X Upper, middle

T2–3 N0 M0 2–3 Lower, X

IIB T2–3 N0 M0 2–3 Upper, middle

T1–2 N1 M0 Any Any

IIIA T1–2 N2 M0 Any Any

T3 N1 M0 Any Any

T4a N0 M0 Any Any

IIIB T3 N2 M0 Any Any

IIIC T4a N1–2 M0 Any Any

T4b Any M0 Any Any

Any N3 M0 Any Any

IV Any Any M1 Any Any

Table 3 TNM staging of esophageal and esophagogastric junction
(EGJ) adenocarcinoma UICC-AJCC 7th edition (Rice et al. 2010)

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis High-grade dysplasia (HGD)

T1 Tumor invades lamina propria, muscularis mucosae, or
submucosa

T1a Tumor invades lamina propria or muscularis mucosae

T1b Tumor invades submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades adventitia

T4 Tumor invades adjacent structures

T4a Resectable tumor invading pleura, pericardium, or diaphragm

T4b Unresectable tumor invading other adjacent structures, such
as aorta, vertebral body, trachea, etc.

Regional lymph nodes (N)

NX Regional lymph node(s) cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in 1–2 regional lymph nodes

N2 Metastasis in 3–6 regional lymph nodes

N3 Metastasis in seven or more regional lymph nodes

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

Histologic grade (G)

GX Grade cannot be assessed—stage grouping as G1

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

G4 Undifferentiated—stage grouping as G3 squamous
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(van Vliet et al. 2008). Also, when used for screening for
distant metastases CT-scans have difficulty recognizing
small distant metastases, while a PET-CT is more sensitive
(van Vliet et al. 2008).

2.3.2.2 Re-staging

CT scan is the most commonly used diagnostic modality in
monitoring response of nonsurgical therapy for solid
tumors. For esophageal cancer restaging, however, its role
remains ambiguous. CT gives good visualization of the
tumor bulk in majority of the patients. However, when
tumor shrinkage is correlated to pathological response fol-
lowing neoadjuvant treatment some have found a clear
correlation (Swisher et al. 2004; Voncken et al. 2012), while
others failed (Griffith et al. 1999; Jones et al. 1999).

This difference could be due to an overestimation of
edema, inflammation and fibrosis for residual tumor
(Westerterp et al. 2005). While, CT remains one of many
modalities in re-staging after induction treatment, primary
tumor response should be interpreted with caution.

2.3.3 PET
FDG-PET is a nuclear imaging modality that evaluates tumor
physiology and allows for a quantitative functional assess-
ment of the primary via the standardized uptake value (SUV).
Nearly all primary esophageal cancers have high levels of
cellular metabolism, increased glycolysis, and an increased
number of glucose transporters. In almost all cases, SCC
primary tumors have a high uptake of FDG. In adenocarci-
nomas this FDG accumulation is more variable, with a
minority (6 %) of the tumors being non-avid, usually the
mucous containing and poorly differentiated tumor types or
tumors too small to detect (\5 mm) by FDG-PET (Wagner
et al. 2009; Stahl et al. 2003; Wong and Chambers 2008).

2.3.3.1 Staging

FDG-PET can provide information in initial staging, espe-
cially for finding regional nodal metastases and silent dis-
tant metastases, where it has a role in selecting patients that

Table 4 Prognostic groups by TNM stage/anatomic stage for ade-
nocarcinoma UICC-AJCC 7th edition (Rice et al. 2010)

Anatomic stage/prognostic groups

Adenocarcinoma carcinoma

Stage T N M Grade

0 Tis (HGD) N0 M0 1, X

IA T1 N0 M0 1–2, X

IB T1 N0 M0 3

T2 N0 M0 1–2, X

IIA T2 N0 M0 3

IIB T3 N0 M0 Any

T1–2 N1 M0 Any

IIIA T1–2 N2 M0 Any

T3 N1 M0 Any

T4a N0 M0 Any

IIIB T3 N2 M0 Any

IIIC T4a N1–2 M0 Any

T4b Any M0 Any

Any N3 M0 Any

IV Any Any M1 Any

Table 5 Primary site of esophageal cancer based on proximal edge of
tumor according to the UICC-AJCC 7th edition (Rice et al. 2010)

Anatomic
name

Esophageal
location

Anatomic
boundaries

Endoscopic
distance
from
incisors

Cervical Upper Hypopharynx to
sternal notch

15 to
\20 cm

Thoracic Upper Sternal notch to
azygos vein

20 to
\25 cm

Middle Lower border of
azygos vein to
inferior
pulmonary vein

25 to
\30 cm

Lower Lower border of
inferior
pulmonary vein
to
esophagogastric
junction

30 to
\40 cm

Abdominal Lower Esophagogastric
junction to 5 cm
below
esophagogastric
junction

40–45 cm

Esophagogastric
junction/cardia

Esophagogastric
junction to 5 cm
below
esophagogastric
junction

40–45 cm

Table 6 Siewert classification (Siewert and Stein 1998)

Type Description

Type I Located between 5 and 1 cm proximal to the
anatomical cardia. Adenocarcinoma of the distal
esophagus that usually arises from an area with
specialized intestinal metaplasia

Type II Located between 1 cm proximal and 2 cm distal to
the anatomical cardia. True carcinoma of the cardia
arising from the cardiac epithelium or short segments
with intestinal metaplasia

Type III Located between 2 and 5 cm distal to the
anatomical cardia.
Subcardial gastric carcinoma that infiltrates the
EGJ and distal esophagus from below
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will benefit from neoadjuvant CRT. In addition, FDG-PET
can contribute to localization, size measurement and GTV
definition of the primary tumor and lymph nodes (Katsoulis
et al. 2007).

2.3.3.2 Restaging

PET-CT provides several pieces of clinically relevant
information in restaging after induction treatment. A PET-
CT can detect occult metastases after induction treatment
and thus saving patients from undergoing a non-curative
esophagectomy. A PET-CT after induction treatment
detects metastases in 8 % of patients with a consequent
adjustment in therapeutic plan (Bruzzi et al. 2007).

An additional advantage of response monitoring with
PET-CT is the prognostic value in the decrease, or lack
there of, in SUV of the primary tumor. While a PET-
directed therapy does have the potential to change clinical
practice and improve outcomes, it cannot currently be
considered a standard approach in isolation. Standardization
of quantitative results across facilities continues to be a
technical roadblock. Several methods have been proposed
as standard procedure for metabolic response analysis using
the standard uptake value (SUV) as a semi quantitative
measure of FDG uptake. Proposed methods are: SUV pre-
treatment, SUV after chemoradiation, percentage of decline
of SUV, attainment of a metabolic complete response after
chemoradiation and to show an early metabolic response
14 days after start of chemoradiation.

These different methods were analyzed in a systematic
review of Omloo et al. evaluating 31 studies (Omloo et al.
2011). Fifteen of these studies tested the pretreatment FDG
uptake as a predictive factor. On univariate analysis, SUV
was a predictor of survival in 12 out of 15 studies and
multivariate analysis showed only in two out of eight
studies that SUV was an independent predictor of survival.
SUV decrease after completion of neoadjuvant treatment
was predictive in only two out of six studies. Finally, there
were six studies looking at the SUV decrease and prognosis
early during neoadjuvant therapy. SUV decrease was a
predictor of response in all of these six studies and a pre-
dictor of survival in five of these six studies.

Comparative analysis across FDG-PET articles is chal-
lenging due the non-standardization of the image acquisition
process and subsequent analytic thresholds. Since the
methodology for image acquisition varies, the SUV thresh-
old to predict prognosis varies significantly between analy-
ses (from 3 to 10.5) and cutoff values for amount of SUV
change differentiating responders from non-responders also
varies depending on the publication (from -30 to -70 %)
(Omloo et al. 2011). This illustrates the difficulty to translate
these results to clinical practice, although the field of treat-
ment stands to benefit from an adequately powered pro-
spective trial evaluating the true relevance of early SUV

decline during CRT. In conclusion, early SUV response
assessment holds promise to potentially guide ongoing
treatment, but the implementation and technical applicabil-
ity have not yet developed to the extent required to find a
clinical role for routine use.

2.3.4 MRI
The recent development of functional MRI imaging has
opened a new window of opportunities for staging esoph-
ageal tumors, monitoring response to treatment and poten-
tially even predicting biological behavior (Chang 2009;
Riddell et al. 2007). Esophageal imaging with MRI has
some technological challenges due to local cardiorespira-
tory motion artifact. However, with an accurately tuned
sequence accurate images can be acquired.

For staging the esophageal tumor, EUS is the modality of
first choice, however for 6 % of newly diagnosed patients,
EUS is not possible due to a narrowing of the esophageal
lumen and subsequent inability to pass the endoscope. CT is
less accurate in differentiating depth of tumor invasion, thus
for staging those patients, MRI could be an alternative
(Riddell et al. 2007).

Staging the depth of tumor growth with MRI has an
accuracy of about 60 % (Jamil et al. 2008), but with the
MRI technique still under development, imaging reaches a
higher level of precision, however this has not yet been
correlated with accuracy of overall stage (Riddell et al.
2007). MRI cannot differentiate each layer of the esopha-
geal wall, therefore an alternative T differentiation standard
is described by Botet et al. (1991) and by Riddell et al.
(2007) (Table 7).

Recently developed MRI techniques such as diffusion
weighted imaging (DWI) and dynamic contrast-enhanced
(DCE) MRI may provide a relative increased accuracy in
clinical staging and response assessment of esophageal
tumors.

In diffusion-weighted magnetic resonance imaging
(DWI) each voxel reflects the amount of water diffusion at
that location. This diffusion process can be quantified by
measuring the apparent diffusion coefficients (ADCs) of a
voxel. ADC measurements have been suggested for staging
or as predictive markers. However, its role for staging looks
not as promising as its role as a predictor (Sakurada et al.
2009; Aoyagi et al. 2011). Further investigation is war-
ranted to determine the exact role of DWI.

Dynamic contrast enhanced (DCE-) MRI has the ability
to show alterations of vascular integrity that result from
pathologic angiogenesis. Esophageal cancer is associated
with a higher vascularization and an increase in vascular
density, compared with normal esophageal tissue. In DCE-
MRI, after a bolus of gadolinium chelate is administered
intravenously, flow signal and leak can be observed. Two
parameters are of importance, the contrast reagent transfer
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between plasma and interstitial space (Ktrans) and the
volume fraction of the interstitial space (Ve). These
parameters can help distinguishing normal tissue from
tumor tissue. DCE-MRI could have a role in the staging
phase as it distinguishes histologic subtypes (Oberholzer
et al. 2008). But it also perceives tumor microvascular
density changes during chemoradiotherapy and can be
imaged by DCE-MRI signal (Chang et al. 2008). Therefore,
for monitoring response following CRT it holds the most
promise.

2.3.5 Molecular Markers/Signatures

2.3.5.1 Background

Concurrent chemoradiation with or without surgery is
commonly utilized as primary management of patients with
non-metastatic disease. However, there is significant het-
erogeneity of response, suggesting that there are sub-
populations that derive differential treatment benefit from
RT. For example, approximately 30 % of patients experi-
ence a complete pathological response (Berger et al. 2005;
Donahue et al. 2009). A molecular diagnostic that can
identify these patients could be utilized clinically to avoid
surgery for these patients. In contrast for patients that are
predicted to be less responsive to RT, their management
could be impacted by either offering RT dose intensification
and/or prioritization of surgery (without RT).

At its most basic, a molecular signature is a collection of
features that attempt to explain a complex phenotype. While
a single predictive molecular marker would be ideal, such
an isolated predictor of response to therapy in esophageal
cancer has not been documented. In lieu of such a discov-
ery, the technique of combining multiple analytes provides
an opportunity to develop a predictive molecular assay;

there continue to be a relatively small number of molecular
signatures that are routinely part of clinical practice.

2.3.5.2 Molecular Signature Development

Developing a molecular signature typically involves two
steps. In the first step, features (genes, proteins, microRNAs
etc.) are selected that define the phenotype of interest (i.e.
responders to radiation therapy). Once the features are
selected then an algorithm is generated to predict the phe-
notype in an unknown sample. A classic approach is to use
samples in a dataset as a ‘‘training set’’ to identify the
features and develop the signature. Once the signature is
developed, its predictive accuracy is tested on a validation
set, ideally independent of the training set. A significant
problem in the field of molecular signatures has been their
inherent dependence on the ‘‘training set’’ and thus a lack of
robust validation analysis (Watanabe et al. 2006; Dalton and
Friend 2006).

2.3.5.3 Radiation Therapy Molecular Signatures

The majority of molecular signatures in the literature have
been developed to describe disease prognosis (independent
of treatment), molecular subtypes and/or response predic-
tion to chemotherapy. However, two independent groups
have developed RT-specific signatures that have consider-
able clinical validation. Weichselbaum and colleagues
developed an interferon-related gene signature for DNA
damage, which was independently validated as a predictor
of adjuvant chemotherapy efficacy and for local–regional
control after RT in breast cancer (Weichselbaum et al.
2008). Separately, Eschrich and colleagues utilized a sys-
tems biology approach to identify a molecular signature of
intrinsic tumor radiosensitivity (Eschrich et al. 2009a, b).
Using ten specific genes they modeled a radiosensitivity

Table 7 Radiographic staging criteria as described by Botet et al. (1991) and Riddell et al. (2007)

Staging according to Botet MRI features defined by Riddell

T stage

T1 Thickening less than 5 mm No discernable tumor

T2 Thickening of the wall greater than 5 mm and less
than 15 mm

Intermediate signal intensity within the high signal submucosa and muscularis
propria (low signal). Low signal outer margin of muscularis propria clearly
defined and remains intact

T3 Thickening of the wall greater than 15 mm with
irregularity of the outer margin

Nodular irregularity of the outer margin of the muscularis propria. Intermediate
signal intensity nodules extending from the esophageal wall into the peri-
esophageal tissues

T4 Tumor invasion of adjacent structures such as the
trachea, aortic pericardium, or vertebral body

Intermediate signal intensity tumor extending into adjacent structures. Loss of a
high signal fat plane between intermediate signal intensity tumor and an
adjacent structure

N stage

N0 Lymph nodes less than 10 mm in diameter were
considered benign nodes

Uniform high signal intensity returned from peri-esophageal tissues

N1 Lymph nodes greater than 10 mm in short axis
diameter were considered abnormal

Nodular intermediate signal intensity nodules [2 mm in size within the peri-
esophageal tissues
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index (RSI) that has been independently validated in mul-
tiple disease sites (rectal, esophagus, head and neck, breast)
in over 1,000 patients. Of the two signatures, RSI has been
validated in a small dataset of esophageal cancer patients
(n = 12). The predicted RSI was significantly different in
responders (R) vs. nonresponders (NR) in esophageal (RSI
R vs. NR 0.37 vs. 0.50, p = 0.05). A low RSI value is
consistent with a more radiosensitive tumor. The range of
RSI values for 7 responders was 0.11–0.53 and for 5 non-
responders was 0.46–0.54. Therefore it is possible that this
signature can be adjusted to support specific clinical deci-
sions to improve clinical care for esophageal cancer
patients.

2.3.5.4 Clinical Applications for an RT Molecular

Signature in Esophageal Cancer

A challenge to the development of a clinically relevant
radiosensitivity molecular signature stems from RT’s broad
applicability as a therapeutic agent in cancer. Since RT is
used in different settings depending on disease site, the
clinical utility of the signature would vary depending on the
clinical application. A requirement for any signature that is
to be applied routinely in the clinic is the development of a
standardized and reliable process for tissue acquisition,
processing, RNA isolation and gene expression measure-
ment. Recently, the National Cancer Institute selected RSI
for commercial development through the recently created
Clinical Assay Development Program (CADP). The pur-
pose of the project is the development of an analytically
validated, commercial-grade diagnostic platform for RSI
that will be ready for testing in clinical trials.

There remains significant opportunity to improve the
clinical outcomes for esophageal cancer patients by iden-
tifying biological sub-populations that will derive differen-
tial treatment benefit from RT. Tailoring RT to fit a
particular molecular RT profile will lead to the development
of biology-based radiation oncology and result in better RT
utilization.

3 Toxicity

The evolution of treatment for locally advanced esophageal
cancer from single-modality surgery or radiotherapy to
multimodality therapy has resulted in improved outcomes.
Unfortunately, CRT comes with a potential increase in
toxicity and resultant detriment to a patient’s short-term
quality of life (van Meerten et al. 2008).

The risks vs. benefits of the treatment are decisive in
patient’s decision to receive CRT. To make a well-
considered decision, patients should be counseled before
start of treatment about the potential toxicities. We give an
overview of potential risks and toxicities for patients

receiving multimodality treatment or single modality
radiotherapy. We provide parameters, where available, that
predict toxicity.

Among the many challenges with estimating toxicity risk
based on the available publications, is that toxicity scoring
systems are not uniform—making direct comparison
impossible. The most frequently used scoring systems for
toxicity are the Common Terminology Criteria for Adverse
Events (CTCAE) (Trotti et al. 2003) of the National Cancer
Institute (NCI) and the toxicity criteria from the Radiation
Therapy Oncology Group (RTOG) system.

3.1 Esophagitis

The most common acute and late toxicity, excluding fati-
gue, for esophageal cancer patients treated with (chemo-)
radiotherapy is, as expected, esophagitis.

3.1.1 Acute Esophagitis
Radiation induced acute esophagitis presents as dysphagia
with resultant malnutrition and dehydration, requiring
nutritional support (enteral or parenteral) in 17–35 % of the
patients (Ahn et al. 2005).

The incidence of acute esophagitis (any grade) ranges
from 19 to 79 % and grade C3 esophagitis is reported in
1–43 % of patients. This broad scale of the reported
esophagitis depends, primarily, on the differences in toxic-
ity reporting and definition. Other potential risk factors for
esophagitis include dose schedules and treated volume of
the esophagus. Finally, the incidence of esophagitis
increases with the addition of chemotherapy to radiotherapy
and may vary depending on the chemotherapy schedule
given (Meluch et al. 2003; Urba et al. 2003; van Meerten
et al. 2006; Cooper et al. 1999; Ajani et al. 2008).

3.1.2 Late Esophageal Toxicity
Late esophagitis can present as dysphagia, stricture,
necrosis or fistula of the esophagus. The incidence rates of
this late toxicity are mainly based on definitive chemora-
diation studies. Late esophageal toxicity of any grade occurs
in about 35 % of the patients and a grade C3 late esopha-
geal toxicity has been seen in 8–21 % of the patients
(Cooper et al. 1999).

The strongest predictor for late esophageal toxicity is the
severity of acute esophagitis, as a result of consequential
late effects. Other predicting parameters for esophageal
toxicity are dosimetric.

3.1.3 Parameters Predicting Esophagitis
From lung cancer series we have learned several predicting
parameters for acute and late esophageal toxicity. As
described earlier, the strongest parameter is the severity of
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the acute toxicity, but other parameters are a combination of
radiation dose and treated volume of the esophagus.

A number of dosimetric parameters have been developed
in an effort to reduce the continuously distributed dose-
volume histogram (DVH) to a few clinically relevant indi-
ces. These relevant indices include: the percent organ vol-
ume receiving at least a certain dose (V20Gy, V30Gy, V40Gy);
the surface area receiving at least a certain dose (SA20Gy,
SA30Gy, SA40Gy); the length of the esophagus included in
the radiation field to a threshold dose (LETT20Gy,
LETT30Gy, LETT40Gy); the mean esophageal dose (MED),
defined as the average dose to the esophagus; and the
maximal dose, defined as the highest point-dose within the
irradiated esophageal volume (Milano et al. 2007; Rose
et al. 2009).

Rose et al. (2009) provided a clear review of 18 lung
cancer studies reporting dosimetric parameters predicting
esophagitis. They identified 83 unique dosimetric parame-
ters, of which only 6 were evaluated in 5 or more studies
that were significantly associated with radiation esophagitis:
MED, V20Gy, V30Gy, V40Gy, V45Gy and V50Gy. Correlation
was found for acute radiation esophagitis with MED, V20Gy,
V30Gy, V40Gy and V45Gy. Correlation with the combined
endpoint of acute and chronic radiation esophagitis was
found with MED and V50Gy. Logistic models relating DVH
parameters to clinically significant acute esophagitis were
identified.

For esophageal cancer, dosimetric predictors for
esophagitis have not been reviewed with this precision and
one could argue that these dosimetric predictors for
esophagitis could be similar for esophageal cancer patients
as for lung cancer patients. However, the etiology of
esophageal cancer is different from lung cancer and the
esophagus of esophageal cancer patients has been sub-
jected to other treatment modalities and received greater
inflammatory insult than the esophagus of lung cancer
patients. Therefore it is not certain if the relatively normal
esophagus of lung cancer patients is proportionally as
sensitive to radiation damage and may not respond simi-
larly. It may not be appropriate to extrapolate these
dosimetric parameters to esophageal cancer patients.

3.2 Pneumonitis

Radiation pneumonitis (RP) is a major adverse event after
thoracic irradiation. While the majority of patients with RP
present with mild symptoms such as a dry cough, RP can
result in severe morbidity and potential mortality.

Incidences of radiation pneumonitis grade C2 have been
reported as high as 20–22 % (Hsu et al. 2009; Nomura et al.
2012) for esophageal cancer patients treated with definitive
chemoradiation.

3.2.1 Parameters Predicting Pneumonitis
Predictive factors for RP have extensively been reported for
irradiated lung cancer patients (Vogelius and Bentzen
2012), but there are only a few reports of esophageal cancer
available (Hsu et al. 2009; Nomura et al. 2012; Wang et al.
2008; Asakura et al. 2010; Tucker et al. 2006). Predictive
parameters for RP in lung cancer patients include clinical
factors such as older age, disease located in mid-lower lung
(Vogelius and Bentzen 2012), and dosimetric parameters
such as mean lung dose (MLD) (Kwa et al. 1998), the
percent of lung volume receiving at least 20 Gy (V20Gy),
13 Gy (V13Gy), 10 Gy (V10Gy) or 5 Gy (V5Gy) (Palma et al.
2012).

For esophageal cancer patients, predictors for pulmonary
complications were studied on much smaller study cohorts
and mainly on studies involving neoadjuvant chemoradia-
tion and surgery. Pulmonary complications in these studies
include both radiation pneumonitis as pneumonia, atelec-
tasis, pleural effusion and pulmonary embolism. Significant
predictors for pulmonary complications were the clinical
parameters: stage IV, induction chemotherapy before CRT
(Wang et al. 2006) and impaired pulmonary function
(FEV1) before surgery, as well as the dosimetric parameters
of mean lung dose, effective dose, V10Gy and absolute
volume of lung receiving\5 Gy were significant predictors
for pulmonary complications.

Radiation oncologists have to balance all dosimetric and
patient specific predictors for pulmonary complications of
radiotherapy before approval of the treatment plan.

3.3 Hematologic Toxicity

Hematologic toxicity is the most common side effect in
patients treated with chemotherapy. The severity of these
adverse events depends on the chemotherapy regimen and
number of cycles given.

Generally, these hematologic toxicities consist of neutro-
penia, anemia, and thrombocytopenia. As expected, regimens
that use lower doses and fewer cycles report lower toxicity
rates (Urba et al. 2001; Minsky et al. 2002; David 2008).

The most common regimens used are 5-fluorouracil
(5-FU) and cisplatin based, but other regimens including
carboplatin combined with paclitaxel are increasingly
employed, likely due to better patient tolerance (van Hagen
et al. 2012). Still, their remains a great variety of chemo-
therapeutic regimens, prescribed doses and number of
cycles used.

In the studies that subdivide hematologic toxicity, the
most common toxicity reported is neutropenia and with
incidences of 9–78 % (van Hagen et al. 2012; Urba et al.
2001) with the highest incidence of myelotoxicity reported
for triple agent chemotherapy regimens.
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3.4 Cardiac Toxicity

The most common manifestation of late radiation injury to
the heart is pericardial effusion, which may present as acute
pericarditis, chronic pericardial effusion, or remain asymp-
tomatic. Although myocardial damage is less frequent, it
can result in severe toxicities, such as myocardial infarction.

From long term survivors of Hodgkin lymphoma and left
sided breast cancer we have learned that radiation induced
cardiac pathology leads to significant morbidity and mor-
tality. With the overall survival of esophageal cancer
patients improving, along with increasing numbers of long-
term survivors, late cardiac toxicity becomes a growing
concern.

In a study of 101 patients treated with definitive
chemoradiation for esophageal cancer 28 % developed
pericardial effusion and V30Gy was found to be the only
significant predictor (Wei et al. 2008). Incidence of
cardiopulmonary toxicity has been reported as high as 29 %
in elderly compared to 3 % for younger patients (Morota
et al. 2009).

Myocardial perfusion defects were detected in 54 % of
the esophageal cancer patients treated with radiotherapy
compared to 16 % of patients treated with surgery alone,
42 % had mild inferior wall ischemia compared to 4 % of
the surgery only group. The perfusion defects were related
to the area of the heart receiving C45 Gy (Gayed et al.
2006).

Other dosimetric predictors for late symptomatic cardiac
toxicity besides V30Gy, V45Gy are mean heart dose
(MHD) C 40 Gy (Hashimoto et al. 2008) and thresholds for
toxicity defined as V20Gy C 70 %, V30Gy C 65 % and
V40Gy C 60 % of the cardiac volume (Konski et al. 2012).
Important risk factors for development of symptomatic
cardiac toxicity is advanced age and female gender.

Validation of these predictors is necessary before these
parameters can be implemented as constraints in treatment
planning.

3.5 Quality of Life

It is increasingly recognized that health-related quality of
life (HRQoL) is a central and increasingly quantified clin-
ical outcome measure in oncology. Quality of life outcomes
are important in new treatment regimens under evaluation
or intensified regimens with small benefits in long-term
outcomes. In a group of 202 patients comparing multimo-
dality treatment with surgery alone there was a negative
impact in HRQoL before surgery but postoperatively the
HRQoL was similar to those who had surgery alone
(Reynolds et al. 2006). This temporary negative effect of the

HRQoL confirmed by the results of van Meerten et all,
where the HRQoL scores were restored or even improved
1 year postoperatively (van Meerten et al. 2006). Chemo-
radiotherapy has a temporary negative effect on the quality
of life.

In conclusion, the use of multimodality therapy of
esophageal cancer results in a significant negative impact in
the short-term quality of life. However, this is a temporarily
effect and 1 year after surgery the HRQoL was restored and
similar for patients treated with multimodality and surgery-
alone.

4 Treatment Technique

Over the past several decades there has been a tremendous
evolution of technological advances in radiotherapy treat-
ment planning. Although two dimensional treatment plan-
ning was once the standard of care, the implementation of
the computed tomography (CT) to treatment planning has
made 3D conformal radiation therapy (3D-CRT) possible.
With better anatomical visualization and target delineation,
this technique created the first step to sparing normal tissue.

Recently, this ‘classic’ 3D-CRT evolved to intensity-
modulated radiotherapy (IMRT) using multiple beams,
allowing more concave dose distributions around the target
volume and therewith avoiding normal structures. IMRT
plans improve target conformity and spares organs at risks
when compared with 3D-CRT.

Volumetric-arc-therapy (VMAT) is the novel form of
IMRT where intensity modulated radiation is delivered
during one or more gantry arcs, with continuous variable
beam aperture, variable dose rates and gantry speed mod-
ulation. This has advantages in terms of simplicity of
optimization and fast delivery. This fast delivery results in a
shorter beam-on time. Subsequently, with a VMAT plan, as
compared to IMRT plan, there is a reduction of the amount
of monitor units given of 20–67 % (Vivekanandan et al.
2012; Yin et al. 2012; Van Benthuysen et al. 2011). VMAT
further reduces the dose to the heart and lungs and slightly
improves the dose coverage to the PTV.

4.1 Parameters to Evaluate Treatment Plans
of Different Techniques

Irradiation of esophageal cancer comes with the risk of
significant toxicity, with the organs at risk being the heart,
lung, esophagus and spinal cord. The aim of the imple-
mentation of these novel techniques is to reduce the toxic-
ities to these organs while retaining or improving target
coverage.
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4.2 Heart

VMAT and IMRT treatment plans reduce the heart dose
compared to 3D-CRT. When the parameter V30Gy of the
heart is measured, a significant reduction from 55 to 31 %
with VMAT vs. 3DCRT (Hashimoto et al. 2008) is seen, for
IMRT vs. 3DCRT this is from 61 to 24.8 % (Konski et al.
2012) and a reduction of 33.5 % in favor of VMAT over
IMRT (Wei et al. 2008). This dosimetric parameter V30Gy is
correlated to symptomatic cardiac disease (Vogelius and
Bentzen 2012) and a reduction of the dose to the heart
should lead to a reduction in late cardiac toxicity. Long-
term studies are necessary to determine the contribution of
this dose reduction to the incidence and severity of cardiac
toxicity.

4.3 Lung

A similar reduction is also seen for lung doses, where there
is a general reduction of the dosimetric parameters (V10Gy,
V20Gy, V30Gy) (David 2008; Wei et al. 2008) when com-
paring VMAT to IMRT. However, there is a slight increase
of the mean lung dose (MLD) of 2 % and an increase up to
13 % of the V5Gy in thoracic esophageal tumors (Wei et al.
2008). How this reduction of the V20Gy and increase of V5Gy

and MLD will affect pulmonary toxicity remains unclear.
A retrospective review compared 676 patients treated

with 3DCRT and IMRT. Treatment modality IMRT (vs.
3DCRT), in addition to known prognostic factors as stage
and performance status, was associated with overall
survival, locoregional control and noncancer-related death
(Lin et al. 2012).

IMRT and VMAT plans result in better target dose
coverage, reduces doses to the heart and high dose volumes
to the lung and potentially leads to better outcomes. VMAT
reduces the amount of monitor units given, reduces the high
dose to heart or lung even further, but slightly increases the
low radiation dose to body or lungs.

5 Nomograms and Prognostic/Predictive
Models

5.1 Goals of Predictive Models in Esophageal
Cancer

Clinical prediction tools used in the management of
esophageal cancer aim to estimate the likelihood of speci-
fied outcomes, both dichotomous and time to event data,
based on relevant clinical variables. Particularly for
esophageal cancer—due to its baseline poor survival and
the high morbidity of the required medical intervention,

accurate and applicable estimates of treatment outcomes are
essential for medical decision-making, patient counseling,
and clinical trial design. Recent randomized and appropriate
powered clinical data demonstrates the survival benefit of
neoadjuvant chemoradiotherapy (CRT) followed by
esophagectomy rather than isolated esophagectomy for
specified patient populations (Berger et al. 2005). However,
in this investigation, similarly, groups were stratified based
on TNM staging and a heterogeneous pathologic response
to CRT was observed. The survival benefit observed within
the advanced stage patients is not uniformly shared, con-
centrated within those patients that have a pathologic
response and may be entirely absent for those with no
observable downstaging.

Estimates of the survival benefit derived from CRT for a
particular patient given their demographic information and
oncologic staging can be an aid for patient education while
aiding in medical decision making and potentially
improving outcomes by employing therapies predicted to be
the most beneficial for each patient. It is likely that the
variables included in relevant decision tools will include
data beyond classical TNM staging and may ultimately
involve molecular markers and novel post treatment re-
staging data (molecular and genetic markers were covered
already in this chapter and will not be discussed in this
subsection).

Standard pathologic TNM staging from the surgical
specimen following neoadjuvant CRT (ypTNM) continues
to be more prognostic of survival than any restaging or pre
operative data—despite a, currently unpredictable, variable
downstaging effect. A neoadjuvant treatment strategy
makes estimating the survival benefit of chemoradiotherapy
based on surgical stage difficult given that the final patho-
logic stage may not be the same as the stage at diagnosis.
Concurrently, current techniques for clinical TNM staging
and restaging techniques are unreliable.

Tools beyond predicting response and survival benefit to
neoadjuvant CRT are required to model the risk for an
individual patient undergoing or abstaining from some
portion of trimodal therapy. Accurately predicting an indi-
vidual patient’s risk of morbidity and mortality from each
treatment, particularly esophagectomy, will be an important
tool in recommending an individualized treatment plan.

While nomograms are available for many of the aspects
of esophageal cancer treatment mentioned above, careful
examination of the data used, the covariates analyzed, and
the patients included is required to avoid inappropriate
application of a prediction tool to a specific patient. The
general technical considerations of nomogram creation,
propensity weighting, regression analysis, and data inter-
pretation are covered separately in ‘‘Statistics of
Survival Prediction and Nomogram Development’’ of this
text and will not specifically be addressed here.

Esophageal Cancer 117

http://dx.doi.org/10.1007/174_2013_854
http://dx.doi.org/10.1007/174_2013_854


5.2 Predicting Benefit from Neoadjuvant
Chemoradiotherapy

Accurately predicting the benefit for a specific patient and
evaluating the response to neoadjuvant treatment continues
to a challenge and potential point of controversy. Although
already discussed in this chapter, it is appropriate to again
address the recent evidence supporting neoadjuvant CRT in
subpopulations of those affected with esophageal cancer. A
recently published, appropriately powered, randomized
controlled trial from van Hagen et al. (van Hagen et al.
2012) evaluating patients with disease beyond T1N0 and up
to T3N1 based on clinical staging, demonstrated an overall
statistically significant survival benefit, seen below in
Fig. 1a (all patients) and 1b (stratified by histology).
Overall, patients receiving trimodality therapy had a median
survival of 49.4 vs. 24.0 months in the surgery only group
(p = 0.003).

Traditional Kaplan–Meier survival analysis demon-
strates that their selected population will have an overall
survival benefit from neoadjuvant CRT. When performing
subgroup survival analysis, this benefit remained statisti-
cally significant both for adenocarcinoma (AC) and for
squamous cell (SCC) histology.

However, the survival benefit of chemoradiotherapy is
likely not distributed evenly across all patients. Those
patients who have a pathologic complete response (pCR),
with no residual tumor identifiable in the surgical specimen,

or even those with partial response following neoadjuvant
CRT have a better prognosis than those that have no
appreciable or minimal response to CRT. Identification of a
molecular or histologic marker predictive of response to
CRT, similar to the RSI discussed above, would provide
useful adjunctive clinical information. Several institutions
have attempted to predict clinical surrogates for benefit
from CRT (Ajani et al. 2012). However, ypTNM remains a
useful prognosticator of outcome and was recently
employed in the construction of a predictive web based tool
(Eil et al. 2013).

While the prognostic power of the ypTNM has been
validated previously (Holmes and Vaughan 2007) the exact
benefit of neoadjuvant CRT on patients by their docu-
mented ypTNM has not been examined. Eil et al. (2013)
proposed a survival prediction tool applicable to resected
patients with or without neoadjuvant CRT based on a
SEER-Medicare database of 824 patients. The multivariate
regression coefficients and OR are shown below in Table 8.
A web browser based nomogram was built from this model
to create individual estimates of survival and is available at
http://skynet.ohsu.edu/nomograms/.

The beta coefficients and odd ratios predicted from the
regression model are represented in Table 8. The predicted
survival benefit from neoadjuvant CRT persisted for
advanced stage disease present after treatment (Eil et al.
2013). For example, based upon the model, a 70 year old
male with adenocarcinoma and 12 lymph nodes harvested

Fig. 1 Kaplan–Meier plots of estimated overall 5-year survival.
a Scohows a Kaplan–Meier plot of the estimated overall 5-year
survival among patients with esophageal or esophagogastric-junction
cancer who underwent neo-adjuvant chemoradiotherapy (CRT) fol-
lowed by surgery (178 patients) or surgery alone (188), acrding to an
intention-to-treat analysis. b Shows a Kaplan–Meier plot of the
estimated overall 5-year survival among the 134 patients with

adenocarcinoma (AC) treated with neoadjuvant chemoradiotherapy
followed by surgery and the 141 treated with surgery alone, and the 41
patients with squamous-cell carcinoma (SCC) treated with chemora-
diotherapy followed by surgery and the 43 treated with surgery alone,
according to an intention-to-treat analysis. Other tumor types were
excluded from this analysis. Adapted from van Hagen et al. (2012)
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with ypT4N2 stage having received neoadjuvant CRT
would have a predicted 3 year OS of 29 vs. 12 % without
CRT. A similar patient with ypT2N1 disease is predicted to
have a 3 year OS of 64 % with neoadjuvant CRT vs. 45 %
with isolated esophagectomy (Eil et al. 2013).

This analytic tool, being based on pathologic stage, is
most applicable in the post-operative setting—when the
ypTNM stage is available for postoperative counseling,
comparison, and treatment planning. Additionally, such risk
modeling is helpful in the design of research protocols for
identifying homogenous high risk groups. One would
expect the model to underestimate of the benefit of neoad-
juvant therapy due to its expected downstaging effect on
ypTNM as compared to cTNM. The ultimate goal of a
predictive decision aid for designing an individualized
treatment course would include early identification, or even
prediction, of responders and non-responders—leading to
avoidance of ineffective and dangerous application of both
chemoradiotherapy and surgery.

With the above predictive tool, one can estimate the
benefit of neoadjuvant CRT based on the final pathologic

stage. However, this definitive information is not available
when considering whether to administer neoadjuvant treat-
ment. Pre-treatment knowledge, or at least likelihood of
nodal status would aid in guiding treatment—as patients N1
or greater benefit significantly from neoadjuvant treatment
(Eil et al. 2013). In 2010, with a training sample of 164
patients resected with curative intent at M.D. Anderson
Cancer Center and excluding those that received neoadju-
vant therapy Gaur and colleagues developed a tool for
predicting nodal involvement based on preoperative clinical
characteristics (Gaur et al. 2010). The nomogram was val-
idated externally, showing a concordance index (CI) of
0.77. Their predictive tool, represented in Fig. 2 below, was
adapted into a traditional point system with the strongest
clinical indicator being valued at 100 points and other
variables being weighed against this as described by Jaso-
nos et al. (2008).

In reviewing their point scale weighting, the most
heavily weighted variable was tumor length, which the
authors chose to dichotomize at 2 cm. Clinical evaluation of
nodal status (cN), or EUS, was not significantly associated

Table 8 SEER—medicare predictive log logistic multivariate regression model parameters

Covariate Beta coefficient P OR 95 % CI

(Intercept) 6.4560 0.0096

Age -0.0310 0.4026 1.1 0.9–1.18

Age0 -0.3009 0.0680 1.7 0.9–2.8

Age0 0 0.8060 0.0218 0.3 0.01–0.8

Sex = female 0.3055 0.0002 0.6 0.5–0.8

Tstage = 2 -0.3188 0.0097 1.7 1.13–2.6

Tstage = 3 -0.8054 \0.0001 3.9 2.6–5.7

Tstage = 4 -1.1091 \0.0001 6.4 3.5–11.8

Tx = CRT -0.8059 \0.0001 3.8 2.5–5.9

Histology = squamous -0.2701 0.0003 1.6 1.23–2.0

Nodes = 1 -0.7019 \0.0001 3.2 2.2–4.7

Nodes = 2 -0.9804 \0.0001 5.2 3.3–8.1

Nodes = 3 -1.2394 \0.0001 8.0 3.6–17.4

TotalLN 0.0286 \0.0001

Tstage = 2 9 tx = CRT 0.5523 0.0011

Tstage = 3 9 tx = CRT 0.6674 \0.0001

Tstage = 4 9 tx = CRT 1.2559 \0.0001

Tx = CRT 9 nodes = 1 0.9149 \0.0001

Tx = CRT 9 nodes = 2 0.3996 0.0262

Tx = CRT 9 nodes = 3 0.4749 0.1284

Tx = CRT 9 totalLN -0.0167 0.0243

Log (scale) -0.5176 \0.0001

Log (scale) -0.5176 \0.0001

Log logistic multivariate regression model beta coefficients. The associated odds ratio (OR) and 95 % CI are also provided. Note: age modeled
using restricted cubic spline function with four knots, requiring three independent coefficients: Age, Age0, and Age0 0. Interaction terms indicate
how the influence of adjuvant chemo-therapy or CRT varies by T and N stages and total LN (Eil et al. 2013)
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with pathologic nodal status on multivariate analysis, with
an OR of 1.5 (0.5–5.5; p = 0.5). This predictive tool esti-
mates that a cT2N0 patient with a tumor that measures
\2 cm has only a 27 % chance of having N1 disease, while
a cT2N0 patient with a tumor[2 cm has a 72 % of having
N1 disease. This is troubling data given the inherent clinical
confidence most place in EUS data, as well as the need for
certainty in predicting nodal status—which many weight
heavily when determining whether to offer neoadjuvant
therapy. Additionally, the lowest risk oncologic features as
measured by Gaur’s nomogram, a T2 patient maintains a
27 % risk of having nodal disease. Many would consider
this a high enough likelihood to consider CRT, given the
documented benefit. More precise predictive tools are
required to narrow the spectrum of patients considered for
trimodal treatment.

5.3 Predicting Pathologic Complete Response
After Neoadjuvant Chemoradiotherapy

The ability to confidently predict which patients with an
apparent clinical CR (cCR) will have a pCR would provide
an opportunity to further stratify which patients may not
obtain a survival benefit from esophagectomy following
chemoradiotherapy. However, a pCR does not guarantee
disease free survival. Many patients with a documented
pCR have documented disease recurrence and ultimately
succumb to their disease. However, the prognosis is sig-
nificantly improved and the likelihood of a local failure is

greatly reduced for patients with no residual disease when
compared to all other patients with residual disease (Chir-
ieac et al. 2005; Donahue et al. 2009; Brucher et al. 2006).
Those patients that respond with a pCR, approximately
30 % of those undergoing neoadjuvant CRT, demonstrate a
55 % 5 year survival vs. 34 % for all patients treated with
neoadjuvant CRT followed by surgery. The prognostic
power of the pathologic response has been reproducible,
with some advocating for its addition to the traditional
TNM stage (Swisher et al. 2005). Of those who achieve a
preoperative cCR, a small minority have a true pCR. Some
are found to have a partial response, and others have no
demonstrable response to neoadjuvant CRT in comparison
to estimated pretreatment TNM (cTNM). However, based
on the SEER-Medicare based nomogram discussed above,
even patients with advanced ypTNM stage benefitted from
neoadjuvant CRT (Eil et al. 2013). Given the reliable
prognostic power of response to CRT, the accuracy of the
clinical stage found prior to neoadjuvant treatment is critical
to ultimately determining which strategy will result in the
greatest survival benefit.

Several series have demonstrated post neoadjuvant CRT
restaging techniques to be concerningly inaccurate. Post
treatment biopsies have an accuracy approaching 30 %
and are not prognostic of outcome. Post treatment endo-
scopic biopsy reveals no residual malignancy in approxi-
mately 80 % of patients, while the incidence of pCR is
25–30 %.

Regarding the accuracy of EUS ycTNM, Kalha and
colleagues performed a retrospective review of 83 patients
from MD Anderson revealed that EUS restaging correctly
identified the T stage in only 29 % of patients (Kalha et al.
2004). The sensitivity for detecting nodal disease was only
51 %. Of the 22 patients who responded to the neoadjuvant
chemoradiotherapy with a complete pathologic response, 19
were restaged by EUS as having residual disease. Given the
above findings, some have endeavored to find modes of post
treatment evaluation other than clinical restaging to esti-
mate the patient’s state of disease and response to treatment.

Of the diagnostic modalities currently available, the
change in PET standard uptake value (SUV) before and
after treatment has proven to be the most reliable indicator
of response (Ajani et al. 2012). In the setting of these
diagnostic limitations, at the end of 2012 a predictive
nomogram with an end point of pCR based on clinical
parameters following CRT was released based on the
institutional database of MD Anderson. The strongest pre-
dictor of pCR was the SUV after treatment. Unfortunately,
PET scanning calibration is not standardized across insti-
tutions. In the face of these limitations, they produced a
model with a bias-corrected area under the curve (AUC) of
0.7 (95 % CI = 0.64–0.73). Figure 3 represents their point
scale nomogram.

Fig. 2 Nomogram to predict pathologic lymph node involvement
(path N1) using clinical measurements for M. D. Anderson training
set. The nomogram consists of six rows. Row 1 (points row) is the
point assignment for each variable. Rows 2–4 correspond to the
variables included in the model. For an individual patient, each
variable in rows 2–4 is assigned a point value, which is determined by
drawing a vertical line from the appropriate position on the variable
row to the points row. The assigned points for all three variables are
added, and the total is marked in row 5 (total points). Then, the risk of
path N1 is calculated by drawing a vertical line from the appropriate
position on the total-points row to the final row (predicted path N1
probability). Point scale nomogram adapted from Gaur et al. (2010)
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While these predictive tools hold promise for improving
individualized treatment regimens, their discriminatory
power is not yet such that one could depend upon it for
embarking upon an esophageal preservation strategy for a
specific patient. Molecular markers and oncogenetics hold
promise to increase our predictive power in the future. This
topic is discussed elsewhere in this chapter and will not be
addressed in this section.

5.4 Predicting Survival for Patients Receiving
Definitive Chemoradiotherapy

A tool predicting survival for patients unfit, unwilling, or of
too advanced stage for surgery may not intuitively be of
value—what decision is there to make when the planned
treatment is already determined? However, when one con-
siders the purpose of a nomogram and brings the information
provided by such a tool into the larger clinical arena, it could
advance all of the goals of a clinical prediction tool: aid in
medical decision making, provide straightforward informa-
tion for patients, supply baseline outcomes to aid in research
protocol design, and potentially a baseline to compare against
similar patients who did undergo CRT followed by surgery.

In contemplating the benefit of an esophageal preserva-
tion strategy for some patients based on their cCR and other
appropriate variables, a predictive survival tool for those
that have received definitive CRT would be immediately
useful. Using their institutional clinical database including
257 patients undergoing definitive CRT Suzuki et al. (2012)

produced a nomogram predicting benefit from definitive
CRT. Similarly to Ajani et al., discussed above, for
predicting pCR, PET SUV was a significant predictor of
outcome. However, here post treatment endoscopic biopsy
was the strongest predictor of OS following treatment, as no
pathologic staging data was available. Their final CI was 0.7
for predicting OS. Given the baseline complex medical
history, making many of them inappropriate for operative
intervention, OS analysis may be confounded by deaths due
to non-oncologic etiologies (Fig. 4).

5.5 Predicting Perioperative Mortality

As part of a comprehensive strategy to correctly predict
which patients will benefit from treatment, one must ulti-
mately incorporate the potential mortality from treatment
itself. Several nomograms for prediction of complications
following esophagectomy have been published and are
discussed below. As a general assertion one can say that
these nomograms have been difficult to apply outside of
their home institution due to the multifactorial etiology of
the end outcomes, differing patient populations, operative
techniques, and post operative management.

In2006Steyerbergetal. (2008) reportedapredictivemodel
for mortality following esophagectomy based on SEER-
Medicare data from 1991 to 1996 and validated on several
other cohorts. Perhaps due to the complex multifactorial
nature of post operative outcomes, the Medicare database, and
the low incidence of perioperative mortality the predictive
power was low—a CI of 0.58 when externally validated.

Fig. 3 The nomogram consists of eight rows. Row 1 (points row) is
the point assignment for each variable. Rows 2–6 correspond to the
variables included in the model. For an individual patient, each variable
is assigned a point value, which is determined by drawing a vertical line
from the appropriate position on the variable row to the points row. The
demonstrates that combining variables can increase the probability of
predicting pathCR to as high as 80 % if a patient scores [160 points.
Among the most influential factors for attaining the highest scores for
predicting pathCR were lower postchemoradiation SUVmax and the
absence of cancer cells on postchemoradiation biopsy specimens. Point
scale nomogram adapted from Ajani et al. (2012)

Fig. 4 Row 1 (points row) is the point assignment for each variable.
Rows 2–6 correspond to the variables included in the model. For an
individual patient, each variable is assigned a point value, which is
determined by drawing a vertical line from the appropriate position on
the variable row to the points row. Point scale nomogram adapted from
Suzuki et al. (2012)
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Table 9 below shows the variables considered in their
nomogram with Fig. 5 graphically demonstrating the esti-
mated 30-day perioperative mortality.

While the above model is not independently adequate for
medical decision-making in its current state with a CI of
0.58, it provides a template for a more precise prediction
tool. A more accurate, perhaps institution specific, predic-
tion tool for perioperative mortality may be of use. Such a

Table 9 Score chart to estimate 30-day mortality after cancer-direc-
ted surgery for esophageal cancer

Characteristic Score

Age, years

50 -1

65 0

80 1

Comorbidity

Pulmonary 1

Cardiovascular 1

Diabetes 1

Hepatic 1

Renal 1

Neoadjuvant therapy

Radiotherapy 1.5

Chemoradiotherapy 1

Hospital volume, No. of esophagectomy/year

Low (B1) 0

Intermediate (1.1–2.5) -0.5

High (C2.6) -1.5

Very high (±50) -2

Sum score is obtained by adding scores. Intermediate scores for age
can be approximated by linear interpolation. For example, age 72
corresponds to a score of +0.5. The formula to calculate the pre-
dicted probability of surgical mortality is P (mortality) -1/[1 ? exp
(2.41 – 0.32 9 score)]. Cancer. Adapted from Steyerberg et al.
(2008)

Fig. 5 Adapted from Steyerberg
et al. Score chart to estimate
30-day mortality after cancer-
directed surgery for esophageal
cancer

Fig. 6 Estimated surgical mortality in relation to the sum cumulative
score that can be obtained from Table 9. The 95 % CIs are based on
analysis of four cohorts, containing 3,592 patients undergoing surgery
for esophageal cancer using the aforementioned scale and formula.
Adapted from Steyerberg et al. (2008)
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tool could be of use in counseling high-risk patients with
advanced stage to avoid esophagectomy based on a high
estimate of postoperative mortality. Additionally, a peri-
operative mortality risk prediction tool may be used in
conjunction with those predicting survival after cCR from
chemoradiotherapy—identifying those patients most
appropriate for esophageal salvage (Fig. 6).

6 Summary

While esophageal cancer continues to claim the lives of
a significant number of those that it affects, aggressive
trimodal treatment strategies within a targeted population
has resulted in progressive increases in survival. However,
neoadjuvant CRT followed by esophagectomy has the
potential to provide significant survival benefit to patients
whose tumor biology is responsive to CRT, despite
advanced disease. However, the oncologic response to
treatment is heterogenous across and within clinically
stratified treatment groups. Accurately identifying those
patients that will benefit from aggressive treatment, and
sparing non-responders the risks associated with trimodality
treatment will depend on novel utilization of existing
prognostic tools and the development of additional assays.
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Abstract

The use of radiotherapy for treatment of gastric cancer
has become commonplace over the past 10 years
following reporting of the US Intergroup Trial 0116.
However, gastric irradiation has proved to be very
challenging for radiation oncologists. Aside from the
technical difficulties associated with radiotherapy, there
are also many clinical challenges faced by clinicians
when deciding optimal treatment for patients with gastric
cancer. With increasing use of perioperative chemother-
apy and more extensive surgical resection, the indica-
tions for radiotherapy have become less well defined.
Radiation oncologists are also wary of the acute and
potential late toxicities associated with abdominal irra-
diation. This chapter will describe the challenges faced
by radiation oncologists when treating gastric cancer and
summarise the available evidence regarding prognostic
and predictive factors for survival, response and toxicity
after radiotherapy.

1 Introduction

The use of radiotherapy for treatment of gastric cancer has
only become commonplace over the past 10 years following
reporting of the Gastric Surgical Adjuvant Trial (INT0116)
that demonstrated a major survival advantage to the use of
postoperative adjuvant chemoradiotherapy (Macdonald
et al. 2001). This trial randomly assigned 556 patients fol-
lowing surgery to either observation or adjuvant therapy
with 4 monthly cycles of bolus 5-fluorouracil (5-FU) and
leucovorin combined with 45 Gy of external beam radio-
therapy. With a median follow-up period of 5 years, the
3 year survival rate was 50 % in the chemoradiotherapy
group versus 41 % in the surgery alone group (p = 0.005).
The Intergroup trial highlighted the fact that many radiation
oncologists are not familiar with the complex techniques of
radiotherapy planning and delivery for gastric cancer. An
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evaluation of the radiotherapy treatment planning issues
related to implementation of the adjuvant program in this
study demonstrated that 35 % of the patients reviewed for
initial compliance had major or minor deviations in protocol
radiation therapy at the time of initial pretreatment review
(Smalley et al. 2002). Until recently, many clinical trial
protocols for treatment of gastric cancer (including
INT0116) employed 2D treatment planning and parallel-
opposed anteroposterior-posteroanterior (AP-PA) field
arrangements, resulting in large radiotherapy target vol-
umes. However, many radiation oncologists are reluctant to
treat such large abdominal volumes with anterior and pos-
terior fields due to concerns about normal tissue toxicity,
particularly in relation to the kidneys, liver and spinal cord.
Current modern techniques of radiation delivery including
3-dimensional conformal radiotherapy (3D-CRT) and
intensity-modulated radiotherapy (IMRT) employ multiple
radiation fields that conform more accurately to the high-
risk volume and produce superior dose distributions with
the potential to reduce normal tissue toxicity. However,
despite the use of CT-based target volume delineation and
conformal radiation techniques, many radiation oncologists
continue to experience difficulties with gastric irradiation.
In a recently reported multi-institutional national study that
employed CT planning and 3D-conformal techniques, 35 %
of treatment plans contained protocol violations relating to
target volume delineation despite the provision of detailed
protocol guidelines including a contouring atlas (Leong
et al. 2011).

Aside from the technical challenges of gastric irradia-
tion, there are also many clinical challenges faced by
practicing radiation oncologists when deciding optimal
treatment for patients with gastric cancer. The decision
making process has been made more difficult by recent
developments in treatment including the use of alternative
neo/adjuvant strategies. Although postoperative chemora-
diotherapy has been adopted as standard of care in some
parts of the world, it is still uncommonly used in other parts.
This relates mainly to criticism of INT0116 with regard to
surgical quality as 54 % of patients underwent less than a
D1 lymph node dissection despite the recommendation for a
D2 dissection. However, there are also concerns amongst
medical and radiation oncologists regarding the outdated
chemoradiation regimen that was employed and the toxicity
associated with the treatment. The combined modality
regimen in this program was associated with grade 3 and
grade 4 toxicity in 41 and 32 % of cases, respectively. The
recently published MRC MAGIC trial provides a new
option for the treatment of resectable gastric cancer
(Cunningham et al. 2006). This trial randomly assigned 503
patients with resectable gastric cancer to either

perioperative chemotherapy (3 preoperative and 3 postop-
erative cycles of epirubicin, cisplatin, 5-FU [ECF]) and
surgery or surgery alone. With a median follow-up of
4 years, the 5 year survival rate was 36 % in the perioper-
ative chemotherapy group versus 23 % in the surgery alone
group (p = 0.0009). The MAGIC study has expanded the
range of treatment options available for resectable gastric
cancer. For patients seen preoperatively, a regimen of per-
ioperative ECF represents an alternative standard of care for
adjuvant therapy. Therefore, in Western countries there are
2 standards of care for patients with resectable gastric
cancer, and since the publication of the INT0116 and
MAGIC studies, clinicians have been faced with the
dilemma of which strategy to employ. Perioperative che-
motherapy is used mainly in the United Kingdom and parts
of Europe, while postoperative chemoradiation is used
mainly in North America.

As with other GI tumour sites, there is increasing interest
in the use of preoperative chemoradiotherapy for gastric
cancer, which has several distinct advantages compared to
postoperative treatment. One of the main advantages is the
potential for tumour downstaging with an increase in the
complete R0 resection rate. Preoperative therapy is also
much better tolerated than postoperative therapy, thereby
ensuring that all patients receive the intended treatment.
Both of these advantages were clearly demonstrated in the
MAGIC study. Preoperative treatment also allows the
radiation oncologist to delineate radiotherapy target vol-
umes with greater ease and accuracy because the stomach is
intact and the precise location of the primary tumour is
known. The strategy of preoperative chemoradiotherapy has
been reported in several phase II studies. Ajani et al.
reported the results of a multi-institutional phase II study of
34 patients treated with 2 cycles of 5-FU/folinic acid/cis-
platin followed by chemoradiation (45 Gy with concurrent
continuous infusional 5-FU) and then surgery (Ajani et al.
2004). The R0 resection rate was 70 % and the pathological
complete response (pCR) rate was 30 %. The median sur-
vival time was 34 months, which is similar to postoperative
chemoradiotherapy reported in INT0116. In the RTOG 99-
04 phase II study, there were 49 patients who were treated
with 2 cycles of 5-FU/folinic acid/cisplatin prior to che-
moradiation (45 Gy with concurrent continuous infusional
5-FU/paclitaxel) and subsequent surgery (Ajani et al. 2006).
The R0 resection rate was 77 % and the pCR rate was 26 %.
Importantly, both studies reported acceptable toxicity and
no increase in postoperative morbidity. Preoperative
radiotherapy alone has been investigated in a phase III trial
from Beijing in which 370 patients with gastric cancer were
randomised to radiotherapy (40 Gy in 20 fractions) and
surgery, or surgery alone (Zhang et al. 1998). The ten-year
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survival rates were 20 % for preoperative radiotherapy and
13 % for surgery alone (p = 0.009). The R0 resection rate
was higher for patients undergoing preoperative radiother-
apy (80 versus 62 %), and the pCR rate for this group was
11 %. Morbidity and mortality rates were not increased in
patients receiving preoperative treatment. Although preop-
erative chemoradiation is still an investigational approach,
which is being tested in the ongoing TOPGEAR randomised
phase III trial (Leong et al. 2012), there is an increasing
number of reports in the medical literature describing this
approach.

Because gastric irradiation is a relatively new treatment
strategy, there is little in the published literature regarding
prognostic and predictive factors for survival, response and
toxicity after radiotherapy. Nevertheless, this chapter will
describe the challenges faced by radiation oncologists when
treating gastric cancer and summarise the available evi-
dence that may be used in the decision making process.

2 Prognostic Factors for Survival
in Resectable Gastric Cancer. Which
Patients Need Radiotherapy?

2.1 AJCC Staging System

With increasing use of perioperative chemotherapy and
more extensive surgical resection, the indications for adju-
vant radiotherapy have become less well defined. Patients
were eligible for the INT0116 study if either, (1) The pri-
mary tumour penetrated the muscularis propria or extended
to adjacent organs; or (2) The regional lymphatics were
involved (T3,4 and/or N1,2 according to the 1988 staging
criteria of the American Joint Commission on Cancer
[AJCC]). This was based on pattern-of-failure data from the
Minnesota Re-operative Series documenting that approxi-
mately 60 % of those with positive lymph nodes or exten-
sion of the primary tumour through the serosa relapse in the
tumour bed, regional lymph nodes, stump, or anastomosis
(Gunderson and Sosin 1982). Pathological tumour stage is
still the main criterion for determining the need for post-
operative chemoradiation. AJCC stage is used as a surrogate
measure for predicting individual patient risk after surgery.
Since the INT0116 trial, the AJCC staging system has
undergone four revisions leading to the current 7th edition
in 2010 Table 1. The aim of each revision was to improve
the prognostic value of the staging system by adding sub-
groups to existing stage groupings and introducing new
predictive parameters, while keeping the staging system
simple and intuitive. Dikken et al. have recently evaluated
the changes in the 7th edition AJCC staging system

compared to the 6th edition with regard to complexity and
predictive accuracy (Dikken et al. 2012). Differences
between the 2 staging systems were evaluated using a
combined data set of 2,196 patients from Memorial Sloan-
Kettering Cancer Centre (MSKCC) and the Dutch Gastric
Cancer Trial who underwent an R0 resection for gastric
cancer. Within this patient cohort, 16 % received preoper-
ative chemotherapy, 16 % received postoperative chemo-
therapy and 5 % received postoperative radiotherapy. The
concordance index for each staging system was calculated
to examine its accuracy for predicting stage-specific sur-
vival. Concordance index for a staging system measures
how closely the ranking of patient stage correlates with the
ranking of actual patient outcome (100 % = absolute con-
cordance). The new staging system was found to be more
complex with 9 stage groups compared to 7 in the previous
edition. Redefinition of nodal staging into N1, N2 and N3
groups has resulted in a more even distribution with
improved predictive accuracy of N classification. However,
the predictive accuracy of the AJCC 7th edition was sig-
nificantly worse than that of the AJCC 6th edition (con-
cordance index 0.697 versus 0.711; P \ 0.01). Although
subdivision of AJCC 6th edition stage II into 7th edition
stage IIA, IIB and IIIA has produced 3 significantly dif-
ferent prognostic groups, the subdivision of 6th edition
stage IIIA into 7th edition stage IIIA and IIIB has produced
2 groups with virtually identical stage-specific survival. The
authors concluded that for individual patient outcome, no
improvements were detected from the 6th to the 7th edition
staging systems.

2.2 Nomograms

Selecting patients for adjuvant therapy based solely on
AJCC stage is not entirely accurate. The AJCC stage
groupings stratify disease-specific survival after an R0
resection into risk groups based on the depth of tumour
invasion and the number of positive lymph nodes. All
patients grouped within a particular AJCC stage group are
assumed to have the same prognosis and are therefore
treated in the same way. However, for individual patients,
risk can vary substantially within a particular stage group
depending on other prognostic factors. Tools for individual
patient prognostication have been developed that outper-
form the AJCC classification in prognostic accuracy. In
2003, Kattan et al. from MSKCC developed a postoperative
nomogram for predicting disease-specific survival after an
R0 resection for gastric cancer (Kattan et al. 2003) (Fig. 1).
Rather than stratifying patients into risk groups, nomograms
are tools that combine all proven prognostic factors to
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predict individual patient risk. The MSKCC nomogram
utilised data from 1,039 patients who had undergone R0
resections. Nomogram predictor variables included age,
sex, primary tumour site, Lauren histology, number of
positive lymph nodes, number of negative lymph nodes, and
depth of invasion. The concordance index for the model was
0.80. The concordance index provides the probability that
for two randomly selected patients in which one patient has
an event before the other, the patient who had the event first
has a poorer predicted outcome from the nomogram (for
concordance, higher is better). When compared with the
predictive ability of AJCC stage, the nomogram discrimi-
nation was superior (concordance index 0.80 versus 0.77;
P \ 0.001). The authors noted heterogeneity within several
of the AJCC stage groups with a range of nomogram-pre-
dicted probabilities within each group.

In the last 10 years, D2 lymph node dissection has become
more commonly practiced worldwide despite the fact that
published randomised trials have not demonstrated improved
survival with more extensive nodal dissections (Bonenkamp
et al. 1999; Cuschieri et al. 1999). One of the main criticisms

of the INT0116 trial has been the lack of quality assurance
relating to surgical technique. It has been claimed that the
benefits of chemoradiation are only due to the compensation
of poor surgery, and that these benefits would not be seen if a
D2 dissection had been performed. D2 nodal dissection has
been the standard of care in Eastern countries for many
decades and the survival rates for Eastern patients with
gastric cancer are consistently higher than those for Western
patients (MacDonald 2011; Strong et al. 2010). A nomogram
predicting 5- and 10 year overall survival after D2 gastrec-
tomy in Eastern patients has recently been reported (Han
et al. 2012). Han et al. analysed data from 7,954 patients who
underwent D2 gastrectomy at Seoul National University
Hospital (SNUH) in Korea. The nomogram was constructed
and validated by randomly assigning two-thirds of the
patients to the training set (n = 5,300) and one-third to the
validation set (n = 2,654). Nomogram predictor variables
included age, sex, primary tumour location, depth of inva-
sion, number of metastatic lymph nodes, and number of
examined lymph nodes. The nomogram was validated firstly
using the SNUH validation set and then an additional

Table 1 AJCC TNM classification of gastric cancer

Stage Description

Primary tumor (T)

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ: intraepithelial tumor without invasion of the lamina propria

T1a Tumor invades lamina propria or muscularis mucosae

T1b Tumor invades submucosa

T2 Tumor invades muscularis propriaa

T3 Tumor penetrates subserosal connective tissue without invasion of visceral peritoneumb or adjacent structures (including spleen,
transverse colon, liver, diaphragm, pancreas, abdominal wall, adrenal gland, kidney, small intestine, and retroperitoneum)

T4a Tumor invades serosa (visceral peritoneum)

T4b Tumor invades adjacent structures

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis (pN0 denotes negative finding in all examined lymph nodes, regardless of the total number
removed and examined)

N1 Metastasis in 1–2 regional lymph nodes

N2 Metastasis in 3–6 regional lymph nodes

N3a Metastasis in 7–15 regional lymph nodes

N3b Metastasis in C16 regional lymph nodes

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis (including seeding of the peritoneum and positive peritoneal cytology)
a Penetration to the muscularis propria with extension into the gastrocolic or gastrohepatic ligaments, or into the greater or lesser omentum,
without perforation of the visceral peritoneum covering these structures is categorized as T3; perforation of the visceral peritoneum covering the
gastric ligaments or the omentum is categorized as T4
b Intramural extension to the duodenum or esophagus is classifi ed by the depth of the greatest invasion in any of these sites including stomach
Source Edge et al. (2009)
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external validation was performed using a data set
(n = 2,500) from the Cancer Institute Ariake Hospital
(CIAH) in Tokyo, Japan. In the SNUH validation set, the
actual survival corresponded closely with the predicted sur-
vival, and the nomogram exhibited superior discrimination
power compared with the current 7th edition of the AJCC
staging system for gastric cancer (concordance index 0.78
versus 0.69; P \ 0.001). Similar to the MSKCC nomogram,
a wide range of predicted survivals could be identified within
each AJCC stage group. In the CIAH validation set, the
concordance index was 0.79 and the predicted survival was
within a 10 % margin of nomogram prediction.

The use of a nomogram can improve prognostic accuracy
when trying to predict outcome after surgery in an indi-
vidual patient. The information derived can be used to
decide whether adjuvant treatment is required if the pre-
dicted risk of treatment failure exceeds some predefined
threshold. For generalised use of a nomogram by other
institutions or other countries, it is important to minimise
the effect of differences in surgical technique and pathologic

examination. Details regarding D2 gastrectomy and the
minimum number of nodes examined are not provided in
the report by Kattan. Nevertheless, the MSKCC nomogram
has been externally validated for accuracy in several Wes-
tern patient cohorts (Koc et al. 2009; Novotny et al. 2006;
Peeters et al. 2005). In the SNUH data set, all patients
underwent a D2 gastrectomy and patients were excluded if
the number of examined lymph nodes was less than 16.
However, although this nomogram may be useful in Korea
and Japan where D2 gastrectomy is routinely performed, it
has not been validated using a Western patient cohort. The
universal applicability of these nomograms across both
Eastern and Western populations remains a question for
several reasons. Firstly, the treatment paradigms for adju-
vant therapy are different in the East and West. In Eastern
countries, adjuvant therapy consists almost exclusively of
postoperative chemotherapy, and there is very little use of
radiotherapy or preoperative treatment (Bang et al. 2012;
Sakuramoto et al. 2007). Secondly, there are clear differ-
ences in the epidemiology and clinical presentation of

Fig. 1 Memorial Sloan-Kettering Cancer Center nomogram for
disease-specific survival (DSS). Number of positive nodes (NumPos-
Nodes); number of negative nodes (NumNegNodes) probability
(Prob.); antrum or pyloric (A/P), body or middle one-third (B/M),
gastroesophageal junction (GEJ); proximal or upper one-third (P/U);

intestinal (int); mixed (mix); diffuse (Dif); mucosa (MM); propria
muscularis (MP); suspected serosal invasion (S1); definite serosal
invasion (S2); adjacent organ involvement (S3); submucosa (SM); and
subserosa (SS). Reprinted with permission � (2003) American Society
of Clinical Oncology. All rights reserved. Kattan et al. (2003)
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gastric cancer in the East compared with the West (Bunt
et al. 1995; Guggenheim and Shah 2012; Verdecchia et al.
2003). Some studies also suggest that Eastern patients may
have better survival rates, stage-for-stage compared with
Western patients, even after controlling for the extent of
surgical resection (Strong et al. 2010).

2.3 Combining Postoperative
Chemoradiation with Preoperative
Chemotherapy

One dilemma faced by clinicians is how to manage patients
who commence treatment with preoperative ECF but show
no evidence of tumour downstaging at surgery. Should
these patients continue with postoperative ECF according to
the MAGIC regimen, or should they change to postopera-
tive chemoradiation? This question is being addressed in the
ongoing CRITICS trial that is being conducted in the
Netherlands and Scandinavia. CRITICS is a randomised
trial of preoperative epirubicin, cisplatin and capecitabine
[ECX] followed by either surgery and additional ECX (i.e.,
MAGIC), or by surgery and postoperative chemoradiation
(i.e., INT0116). The question being addressed by this trial is
whether postoperative chemoradiation improves survival
and/or locoregional control compared to postoperative
chemotherapy alone in patients that receive preoperative
chemotherapy followed by surgery. Currently, in the
absence of any randomised data to guide treatment deci-
sions, it is not unreasonable to offer postoperative chemo-
radiation to those patients who have not demonstrated any
evidence of downstaging with preoperative chemotherapy
(i.e., those with pathological T3-4 tumours or node positive
tumours). It is known from the INT0116 trial that postop-
erative chemoradiation is effective in these patients, while
the contribution of postoperative chemotherapy as given in
the MAGIC trial is controversial given that only 42 % of
patients completed the postoperative chemotherapy (Mac-
donald et al. 2001).

2.4 Molecular Biomarkers

The development of new molecular biomarkers can be used
to identify subgroups of tumours with different biological
and clinical behavior. Several molecular techniques have
been utilized to identify potential predictors of lymph node
status in patients with gastric cancer including altered DNA
copy number and expression of specific genes, genome
wide mRNA expression analysis, and gene expression
profiling (Buffart et al. 2009; Li et al. 2008; Marchet et al.
2007; Teramoto et al. 2005; Wu et al. 2008; Zheng et al.
2006). However, none of the identified markers have shown

clinical utility and the gold standard to predict prognosis
after surgery remains TNM staging.

3 Prognostic and Predictive Markers
Associated with Chemoradiotherapy

3.1 Clinico-Pathological Features

3.1.1 Postoperative Chemoradiotherapy
There is very little information in the published literature
reporting prognostic factors for survival after chemoradia-
tion for gastric cancer. The 5 year survival estimates for
patients treated on INT0116 show decreasing survival with
increasing T-stage and number of positive lymph nodes
(MacDonald 2011). Patients with T1-2 tumours had 56 %
5 year survival compared to 38 % for patients with T3
tumours. The 5 year survival estimates for patients with N0,
N1-3, and N [ 4 nodal disease were 60, 50 and 30 %
respectively. In a recent update of the INT0116 trial,
Smalley et al. performed exploratory subset analyses of
treatment effect for the following variables; sex, race, T-
stage, N-stage, D level of resection, primary tumour loca-
tion, and histology (Smalley et al. 2012). These analyses
showed that postoperative chemoradiation was beneficial in
all subsets with the exception of patients with diffuse his-
tology who exhibited minimal non-significant treatment
effect. The authors were unable to explain this finding and
caution that it may be a random observation of an unplan-
ned subset analysis.

Several studies have shown lymph node status to be an
important prognostic factor for survival following adjuvant
chemoradiation. Quero et al. have recently reported a series
of 52 patients who underwent gastrectomy and postopera-
tive chemoradiotherapy for gastric cancer (Quero et al.
2012). The proportion of patients who had D1 and D2
lymph node dissection was 71 and 15 % respectively. This
study reported pathologic nodal status to be predictive of
disease-free survival. Patients with B6 positive lymph
nodes had a 5-year disease-free survival rate of 57 %
compared to 32 % for patients with 7–15 positive nodes and
18 % for patients with [15 positive nodes (p = 0.02). Osti
et al. reported a series of 55 patients with gastric cancer who
underwent D2 gastrectomy followed by postoperative che-
moradiotherapy (Osti et al. 2012). In this study, lymph node
ratio (LNR: defined as the ratio of the number of metastatic
nodes to the number of removed nodes) C4 and N3 nodal
stage were significant prognostic factors for overall survival
and relapse. In addition, stage III–IV disease was also
identified as being a significant prognostic factor for sur-
vival. Chang and co-workers treated a series of 120 patients
with gastric cancer over a 10 year period using the INT0116
regimen (Chang et al. 2011). Fifty-two percent of patients
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underwent conventional radiotherapy planning and were
treated with simple AP-PA techniques, while 48 % under-
went CT planning. This study showed that stage of disease,
and particularly nodal stage was an important prognostic
factor for survival. Interestingly, the authors also reported
that CT planning was a favourable predictor of survival as
compared with conventional planning. Kassam et al. from
the Princess Margaret Hospital reported a series of 82
patients with resected gastric cancer who were treated with
postoperative chemoradiotherapy (Kassam et al. 2006).
Only 6.1 % of patients underwent a D2 lymph node dis-
section, while 48 % underwent less than a D1 dissection. In
this series, tumour and nodal stage significantly influenced
relapse-free and overall survival. Three year relapse-free
survival was 74 % for patients with T1/2 tumours compared
to 36 % for patients with T3/4 tumours (p = 0.008). Three
year overall survival was 85 % for T1/2 tumours versus
53 % for T3/4 tumours (p = 0.02). Patients with N0/1
tumours had a 3-year relapse-free survival of 63 % com-
pared to 0 % for patients with N2/3 tumours (p \ 0.001).
Three year overall survival was 80 % for N0/1 tumours
versus 0 % for N2/3 tumours (p \ 0.001). Zhu et al. have
recently reported the results of a randomised, multicentre
trial from China that compared IMRT plus concurrent
chemotherapy with chemotherapy alone in 380 gastric
cancer patients treated with D2 gastrectomy (Zhu et al.
2012). IMRT was associated with an increase in the median
duration of relapse-free survival (50 months for IMRT
versus 32 months for chemotherapy alone; p = 0.029),
although there was no significant difference in overall sur-
vival. An analysis of prognostic factors showed that lymph
node metastasis and TNM stage were both independent
prognostic factors. This study provides the first phase III
evidence of benefit for postoperative chemoradiation in
patients undergoing D2 gastrectomy.

Verheij et al. have recently assessed the performance of
the MSKCC gastric nomogram in a cohort of 139 patients
who received postoperative chemoradiation after an R0
resection for gastric cancer (Verheij et al. 2012). As pre-
viously described, this nomogram was developed from a
data set of patients who had undergone R0 resections
without any adjuvant therapy. The concordance index of the
nomogram was 0.64 for patients who received postoperative
chemoradiation, which was lower than the concordance
index for patients who received no adjuvant therapy (0.80).
The observed survival of patients receiving postoperative
chemoradiation was approximately 20 % higher than that
predicted by the nomogram. The authors concluded that the
MSKCC nomogram significantly underpredicted the sur-
vival of this patient group, confirming the survival benefit
conferred by postoperative chemoradiation. This study

highlights the need to update current postoperative nomo-
grams with incorporation of patient cohorts receiving
adjuvant therapy.

3.1.2 Preoperative Chemoradiotherapy
Several investigators have reported prognostic factors for
survival after preoperative chemoradiotherapy for gastric
cancer. In the RTOG 99-04 phase II study of preoperative
chemoradiotherapy, Ajani et al. reported that 82 % of
patients with a pCR following preoperative chemoradio-
therapy were alive compared with 69 % of patients with less
than pCR (Ajani et al. 2006). A similar correlation between
pCR and overall survival in gastric cancer patients treated
with preoperative chemoradiation has been reported by other
groups (Ajani et al. 2004; Reed et al. 2008). Rostom et al.
reported a study of 41 patients with operable gastric cancer
who were treated with 2 cycles of induction chemotherapy
(fluorouracil, docetaxel, and cisplatin) followed by 45 Gy of
radiation with concurrent fluorouracil and docetaxel, and
then surgery (Rostom et al. 2012). The pCR rate was 24 %
and the 3 year overall survival rate was 47.3 %. In this study,
overall survival was significantly correlated with pathologi-
cal response, R0 resection, dissected pathologically positive
lymph nodes, and post-surgery T-stage. Investigators from
the MD Anderson Cancer Center investigated the role of
surgical pathology stage following preoperative chemoradi-
ation as a prognosticator of overall survival (Rohatgi et al.
2006). The patient cohort for this study comprised 74 patients
enrolled on 2 prospectively conducted, preoperative che-
moradiation trials. All patients were staged with endoscopic
ultrasound (EUS) and laparoscopy and were treated with
induction chemotherapy followed by chemoradiation to
45 Gy, and then surgery. This analysis did not show any
correlation between baseline clinical stage as determined by
EUS and overall survival. However, there was a significant
correlation between postsurgical T, N, and overall stages
with overall survival. Of all the factors assessed, the patho-
logic AJCC stage was the strongest predictor of overall sur-
vival. Patients with stages 0-II tumours survived significantly
longer than patients with stages III-IV tumours (median time
not reached vs 12 months respectively; p = 0.001). In
addition, patients who achieved a pCR survived significantly
longer than those who did not (median time not reached
versus 53 months; p = 0.004). The authors concluded that
when preoperative chemoradiation is employed, the surgical
pathology stage is a better prognosticator of overall survival
than the baseline clinical stage. In a separate study utilising
the same patient cohort, the same investigators have shown
that clinical stage after preoperative chemoradiation is also a
better predictor of patient outcome than baseline clinical
stage (Patel et al. 2007). Amongst the 74 patients who
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received preoperative chemoradiation, 35 underwent repeat
preoperative staging with EUS. For these patients, the cor-
relation between baseline EUS stage and overall survival was
not statistically significant. However, there was a significant
correlation between pre-surgical EUS stage and overall sur-
vival. Patients with pre-surgical stages I-II tumours survived
significantly longer than patients with pre-surgical stages III-
IV tumours (median time not reached versus 15.2 months
respectively; p = 0.01).

3.2 Molecular Biomarkers

Although there are many reports describing molecular bio-
markers associated with response to chemotherapy in gastric
cancer (Mutze et al. 2011; Robb and Mariette 2012; Van
Cutsem et al. 2012; Wang et al. 2012), there is very little
published data relating to molecular biomarkers associated
with the use of chemoradiotherapy. This reflects the rela-
tively short period of time that radiotherapy has been used as
part of curative treatment for gastric cancer. Lee et al.
investigated the impact of E2F-1 expression on the clinical
outcome of gastric cancer patients treated with surgery and
adjuvant chemoradiation (Lee et al. 2008). E2F-1 is a tran-
scription factor that can act either as an oncogene or a
tumour suppressor gene depending on the primary tumour
type, and it controls the transcription of several genes
involved in DNA synthesis (Bell and Ryan 2004; La Than-
gue 2003; Wu et al. 2001). The patient cohort for this study
comprised 467 patients from a single centre in Korea who all
underwent D2 gastrectomy followed by adjuvant chemora-
diation using the INT0116 regimen (45 Gy of radiation plus
5-FU and leucovorin). Immunohistochemical studies using
tissue microarrays showed that E2F-1 immunopositivity
predicted more favourable survival as compared with E2F-1
immunonegativity [p = 0.050, hazard ratio = 0.702, 95 %
confidence interval 0.487–1.013]. However, AJCC stage
was still the most powerful prognostic factor in this series.
Soyuer et al. investigated the prognostic significance of CD9
expression in 49 patients with locally advanced gastric
cancer treated with surgery and adjuvant chemoradiation
(Soyuer et al. 2010). CD9 is a tetraspanin transmembrane
protein that plays an important role in inhibiting cell motility
in several tumour cell lines, including gastric cancer.
Immunohistochemical evaluation showed CD9 positivity to
be a significant prognostic factor for disease-free and overall
survival. Ongoing and future clinical trials will continue the
search to identify molecular biomarkers of response and
survival, but currently there are no reliable prognostic
markers to identify gastric cancer patients who may benefit
from adjuvant chemoradiotherapy.

4 Toxicity of Chemoradiotherapy
for Gastric Cancer

4.1 Acute and Late Toxicities

A major concern amongst radiation oncologists when con-
templating gastric irradiation is toxicity. Radiotherapy to
the abdomen can result in significant acute toxicity related
to hepatic and gastrointestinal mucosal exposure. In addi-
tion, gastric irradiation may also affect critical normal tis-
sues such as the kidneys, liver, lungs, and heart, resulting in
late toxicities. The combined modality regimen employed
in INT0116 was associated with considerable acute toxicity,
with grade 3 and grade 4 toxicity occurring in 41 and 32 %
of cases, respectively (Macdonald et al. 2001). Only 64 %
of patients completed treatment as planned and 17 % of
patients were unable to complete radiotherapy due to
treatment related toxicity. The main toxicities associated
with this treatment were haematologic and gastrointestinal.
Major grade 3/4 haematologic toxicity occurred in 54 % of
patients while major grade 3/4 gastrointestinal toxicity
occurred in 33 % of patients. There have been no reports of
late treatment-related toxicities with long-term follow-up,
although 21 patients in the chemoradiation arm developed
second malignancies compared to 8 in the observation arm
(Smalley et al. 2012). Other investigators have also reported
high toxicity rates when using the INT0116 regimen. In the
study by Chang et al. of 120 patients treated with the
INT0116 regimen, the reported rate of grade 3 or greater
acute toxicity was 66 %, while the rate of grade 4 toxicity
was 22 % (all due to neutropenia) (Chang et al. 2011).
Grade 3 gastrointestinal toxicity occurred in 8 % of patients
while grade 3/4 haematologic toxicity occurred in 61 % of
patients. The authors reported that anaemia and gastritis
were the most commonly occurring late complications of
treatment. Twelve patients developed gastritis that was
confirmed by gastroscopy and was either grade 1 or 2. Three
patients developed anastomotic strictures, 2 patients
developed malabsorption, and 1 patient developed a bowel
obstruction. Grade 1 renal impairment was observed in 3
patients and was manifested clinically as mildly elevated
serum creatinine or proteinuria. Interestingly, ultrasound
and CT performed on these 3 patients demonstrated
atrophic left kidneys that were attributed to radiation.
Kundel et al. have recently evaluated the tolerability of the
INT0116 regimen in 166 patients treated over a 7 year
period (Kundel et al. 2011). Treatment compliance was
relatively poor with only 54 % of patients completing the
entire chemoradiation regimen (87 % completed radio-
therapy and 57 % completed chemotherapy). In all cases,
treatment discontinuation was due to treatment related
toxicity. Acute toxicity was considerable with 46 % of
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patients experiencing grade C3 toxicity. Grade C3 haema-
tologic toxicity occurred in 32 % of patients with the most
common being neutropenia and leukopenia (grade C3 in 30
and 25 % respectively). Febrile neutropenia was reported in
15 % of patients. Grade C3 non-haematologic toxicity
occurred in 25 % of patients with the most common being
nausea, vomiting and diarrhoea (10 % for each toxicity).
Three patients (1.8 %) died from treatment related toxicity
and 48 patients (29 %) were hospitalised for toxicity. Late
radiation toxicity was not reported for this study.

It should be noted that the majority of patients in the
above studies were treated according to the original
INT0116 protocol i.e., bolus 5-FU/leucovorin chemother-
apy combined with radiotherapy delivered using AP-PA
fields. In the decade that has elapsed since publication of the
INT0116 trial, several alternative chemoradiation regimens
for gastric cancer have been reported that combine more
current systemic treatment with modern techniques of
radiotherapy delivery. The aim of any new regimen is to
enhance the therapeutic ratio by improving efficacy and
reducing toxicity. We recently reported the results of a
prospective, multi-centre study that evaluated a regimen of
ECF chemotherapy combined with chemoradiation (Leong
et al. 2011). In this study, 54 patients received adjuvant
treatment consisting of 1 cycle of ECF chemotherapy, fol-
lowed by radiotherapy (45 Gy) with concurrent continuous
infusional 5-FU, and then 2 further cycles of ECF. All
patients were treated using multiple-field 3D conformal
techniques (Leong et al. 2005). The proportion of patients
completing cycles 1, 2, and 3 of ECF chemotherapy were
100, 81, and 67 % respectively. Ninety-four percent of
patients completed radiotherapy as planned. Grade 3/4
neutropenia occurred in 66 % of patients with 7.4 %
developing febrile neutropenia. Grade 3/4 gastrointestinal
toxicity occurred in 28 % of patients. At a median follow-
up period of 36 months, the 3 year overall survival rate was
61.6 %. While overall treatment compliance in this study
was similar to that observed in INT0116 where 64 % of
patients completed treatment as planned, the radiotherapy
compliance was higher than in INT0116 where 17 % of
patients were unable to complete radiotherapy due to
treatment related toxicity. The higher radiotherapy com-
pletion rate observed in our study compared to INT0116
may be due in part to the conformal radiotherapy techniques
that were employed compared to the AP-PA field arrange-
ments used in INT0116. Intergroup trial CALGB 80101 is
the follow-on study to INT0116, and it has recently been
reported in abstract form (Fuchs et al. 2011). This ran-
domised phase III trial compared the INT0116 regimen with
an ECF-based regimen, which is almost identical to the one
used in our study. An analysis of the toxicity profiles favors
the ECF arm. The rates of diarrhoea, mucositis, dehydration
and grade 4 neutropenia in the ECF arm were

approximately half that in the control arm (15 versus 7 %;
15 versus 7 %; 9 versus 4 %; 33 versus 19 %). Overall
grade 4 toxicity was 40 % in the control arm vs 26 % in the
ECF arm (p \ 0.001). However, there was no difference in
overall survival between the 2 arms (5 year overall survival
44 % for ECF arm versus 41 % for control arm; p = 0.80).

4.2 Predictive Factors for Toxicity After
Gastric Irradiation

There are no reports in the published literature describing
factors that predict for acute toxicity after gastric irradia-
tion. Radiation oncologists need to be cognizant of the
toxicity profile associated with this treatment, and carefully
select patients for adjuvant therapy after considering factors
such as age, performance status, comorbidity and nutritional
status. Patients also require appropriate ancillary care
including nutritional support, anti-emetics and regular blood
counts to ensure that the prescribed treatment is completed
with minimal toxicity.

4.2.1 Renal Toxicity
Aside from the acute toxicity of treatment, radiation on-
cologists are particularly wary of the potential late com-
plications of gastric irradiation. Perhaps the most critical
organs in this regard are the kidneys, owing to their rela-
tively lower tolerance compared to other normal tissue
structures. Risk estimates for radiation-associated kidney
injury are currently based on dosimetric factors derived
from dose volume histogram (DVH) analysis. Unfortu-
nately, our current understanding of kidney dose response is
still rudimentary. Partial-kidney irradiation risk estimates
are still based on very basic dose-volume models, which fail
to take into account the spatial distribution of both radiation
dose and existing kidney function. There is a paucity of
information in the medical literature regarding partial kid-
ney tolerance after modern chemoradiation for gastrointes-
tinal malignancies. Most of the published studies have been
in lymphoma and seminoma where the radiation doses are
lower and the volumes of kidney irradiated are smaller
compared with those for gastric cancer. Jansen et al.
reported the results of a prospective study investigating late
renal toxicity following postoperative chemoradiation for
gastric cancer (Jansen et al. 2007). In this study, renal
function was monitored in 44 patients using Tc99m-thiatide
renography performed before and at regular intervals after
postoperative chemoradiation. The left-to-right ratio in
activity was used as an index of the division of renal
function between the 2 kidneys. The study demonstrated a
progressive decline in relative left kidney function of
approximately 11 % after 6 months (p = 0.012) and 52 %
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after 18 months (p \ 0.001). The V20 (percentage volume
receiving 20 Gy) for the left kidney and the mean left
kidney dose were found to be associated with decreased
kidney function. One patient who was followed up for more
than 18 months developed clinically symptomatic reno-
vascular hypertension. May et al. analysed the clinical and
dosimetric factors associated with changes in renal function
in 63 patients who received abdominal irradiation for gas-
trointestinal malignancies (May et al. 2010). Changes in
renal function were assessed using creatinine clearance
measured before radiotherapy and at 6 month intervals after
radiotherapy. Median follow-up was 17.5 months and
median radiation dose was 50.4 Gy. This study demon-
strated a progressive decline in renal function over time
with creatinine clearance decreasing 21.37 % (SD 21.77)
from 98.46 mL/min (SD 36.95) before radiotherapy to
74.20 mL/min (SD 25.74) one year after radiotherapy
(p \ 0.0001). Multivariate analysis showed pre-radiother-
apy creatinine clearance, V10 (percentage of bilateral renal
volume receiving 10 Gy), and mean kidney dose to be
significantly associated with the development of grade C2
renal complications at 1 year after chemoradiation
(p = 0.0025, 0.0170, and 0.0095, respectively). Because the
kidney partial tolerance to radiotherapy is largely unknown,
it is difficult to make firm recommendations about dose
constraints for renal irradiation. The recently published
QUANTEC paper on radiation-associated kidney injury
provides the best summary of studies that have been
reported to date (Dawson et al. 2010). In this paper, the
authors have produced a composite schematic of combined
kidney DVH of data from these studies, which provides
some broad guidelines for clinicians (Fig. 2). One of the
major difficulties encountered with gastric irradiation is
how to balance the dose constraints for the liver with those
of the kidneys. Whether or not the dose constraints for all
organs can be met, will depend in part, on the tolerance
doses imposed for each organ. In the majority of cases,
gastric irradiation is associated with relatively high radia-
tion doses to either, or both kidneys, so any dose constraints
that are imposed need to be realistically achievable. It
should also be remembered that use of nephrotoxic che-
motherapy with abdominal radiotherapy can reduce renal
tolerance and compound renal toxicity (Stewart et al. 1989;
Tarbell et al. 1988).

4.2.2 Liver Toxicity
In contrast to radiation-associated kidney injury, the data
relating to radiation-induced liver disease (RILD) has been
reasonably well studied and analysed. One of the largest
reported series of patients treated with partial liver irradiation
comes from the University of Michigan (Dawson et al. 2001,
2002). These studies have demonstrated that small portions
of the liver can be irradiated to a very high dose. Estimates of

the liver doses associated with a 5 % risk of RILD for uni-
form irradiation of one-third, two-thirds, and the whole liver
were 90, 47, and 31 Gy, respectively. Mean liver dose was
also associated with RILD, with no cases reported in patients
with a mean liver dose of less than 31 Gy. The recently
published QUANTEC paper on radiation-associated liver
injury has proposed guidelines for normal liver dose con-
straints; for a 5 % or less risk of RILD, the mean normal liver
dose (liver minus gross tumour volume) should be\32 Gy in
2 Gy fractions (Pan et al. 2010). There are several factors that
may render patients more susceptible to RILD including pre-
existing liver dysfunction, hepatitis B carrier status, con-
current chemotherapy, and portal vein tumour thrombosis
(Cheng et al. 2004; Dawson et al. 2002; Kim et al. 2007;
Liang et al. 2006).

4.3 Strategies Aimed at Reducing Toxicity

4.3.1 IMRT
There are several treatment strategies that may potentially
reduce acute and long-term sequelae of chemoradiation
while maintaining adequate coverage of the target volume.
IMRT can potentially reduce toxicity by decreasing radia-
tion exposure to adjacent critical normal tissues. Previously
reported studies have shown that compared to 3D-CRT,
IMRT for postoperative treatment of gastric cancer can
reduce radiation dose to the kidneys, spinal cord and liver
(Alani et al. 2009; Dahele et al. 2010; Minn et al. 2010).

Fig. 2 Composite schematic of combined kidney DVH of data from
published studies, represented as regions associated with minimal
(\5 %), low (*5 %), moderate-to-high (*5–30 %), high (C30 %),
or undocumented estimated toxicity risks. Clinical experience that
yielded risk estimates for each region also indicated. Actual risks
associated with using each region on its own or regions in combination
are plan-specific and associated with substantial uncertainty. Reprinted
with permission. � (2010) Elsevier Ltd. All rights reserved. Dawson
et al. (2010)
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The majority of these studies have been dosimetric com-
parisons with only a few reporting clinical outcomes.
Chakravarty et al. reported their experience using IMRT as
preoperative treatment for localized gastric cancer (Chak-
ravarty et al. 2012). In this series from the MD Anderson
Cancer Center, 25 patients were treated with induction
chemotherapy followed by preoperative IMRT with con-
current chemotherapy, and then surgical resection. Fol-
lowing preoperative treatment, the R0 resection rate was
80 % and the pCR rate was 20 %. These rates are similar to
those reported in previous studies of preoperative chemo-
radiation for gastric cancer using 3D-CRT (Ajani et al.
2004, 2006). Interestingly, the rates of grade 3 acute tox-
icity, hospitalisation, and feeding tube use did not appear to
be lower in patients treated with IMRT when compared to
those in a group of 50 patients treated at the same institution
with preoperative 3D-CRT (56 versus 54 %; 24 versus
28 %; 76 versus 78 % respectively). The authors postulate
that acute toxicity in these patients is likely due to irradi-
ation of the gastric mucosa, which will be the same
regardless of the radiation technique employed. Grade 3
acute toxicities included dehydration (40 %), nausea
(32 %), anorexia (20 %), fatigue (8 %), dysphagia (4 %),
and odynophagia (4 %). There were no reports of grade 4 or
higher toxicity. Although IMRT did not appear to reduce
the rates of acute toxicity in this study, it did lead to dosi-
metric sparing of the liver and kidneys. Minn et al. com-
pared the clinical outcomes and toxicity in patients treated
with postoperative chemoradiation for gastric cancer using
IMRT versus 3D-CRT (Minn et al. 2010). In this study of
57 patients, 31 were treated with IMRT and 26 with 3D-
CRT. Similar to the MD Anderson series, grade C2 acute
gastrointestinal toxicity was found to be similar between the
3D-CRT and IMRT patients (61.5 versus 61.2 %, respec-
tively). However, 3 patients in the 3D-CRT group required
a treatment break due to toxicity, whereas no patient in the
IMRT group required a treatment break. IMRT led to
improved sparing of the liver (V30 16.1 % for IMRT versus
28 % for 3D-CRT) as well as the kidneys (median V20

18 % for IMRT versus 22 % for 3D-CRT). With a median
follow-up of 1.3 years, grade 3 late toxicity was experi-
enced by 3 patients in the 3D-CRT group, all of whom
developed small bowel obstruction. For the IMRT group,
grade 3 toxicity was experienced by 1 patient who devel-
oped a stricture requiring surgery. This study also suggested
that IMRT may potentially preserve kidney function over
3D-CRT. The median ‘pre-irradiation serum creatinine to
most recent post-irradiation creatinine’ was unchanged in

the IMRT group (0.80 mg/dL) but increased in the 3D-CRT
group from 0.80 mg/dL to 1.0 mg/dL (p = 0.02).

4.3.2 Preoperative Chemoradiation
Preoperative radiotherapy can also potentially reduce target
volumes and dose to normal tissues compared to postop-
erative radiotherapy. Tillman et al. compared normal tissue
radiation doses using preoperative versus postoperative
radiotherapy for locally advanced gastroesophageal junction
and proximal gastric cancers (Tillman et al. 2008). In this
dosimetric comparison, hypothetical preoperative treatment
plans were generated for 5 patients who had undergone
postoperative radiotherapy with curative intent. The pre-
operative treatment plans were then compared to the post-
operative plans used to treat the patient with respect to pre-
specified dose volume parameters. The study showed that
target volumes were smaller using preoperative radiother-
apy by an average of 23 %. This was mainly due to the fact
that with preoperative treatment, there is no requirement to
cover anastomotic sites that are often located high in the
chest following surgery for gastroesophageal junction
tumours. For the same reason, the resultant composite lung
doses were reduced in the preoperative plans by 50–79 %.
In all patients, the V20 for the lungs was reduced from a
mean of 16 to 2.9 %. Likewise, the V30 for the heart was
also reduced in all preoperative plans (15.8 versus 35.4 %).
In contrast, the radiation doses to the kidneys, liver and
spinal cord were similar with both approaches.

5 Conclusion

In contrast to most other tumour sites, the use of radio-
therapy in the curative treatment of gastric cancer is a rel-
atively new treatment strategy. As such, there is a paucity of
information in the published literature regarding prognostic
and predictive factors for response, survival and toxicity
after radiotherapy. The majority of published studies have
been small, single institution series and have not been
validated in larger patient cohorts or randomised phase III
trials. Clinicians must currently rely on traditional clinico-
pathological factors such as TNM staging to guide clinical
decision making. Nevertheless, considerable efforts are
being directed towards gastric cancer research with large
phase III chemoradiation trials such as CRITICS and
TOPGEAR due for completion in the next few years. These
trials incorporate well designed correlative science studies
that will hopefully identify molecular biomarkers of
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response and survival, thereby allowing a more personalised
approach to patient management.
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Abstract

Treatment of pancreatic cancer is challenging. Both
delayed diagnosis, locoregional disease extension, like-
lihood of local relapse and distant metastases contribute
to disappointing outcome. Many patients are not ame-
nable to curative surgical resection. Controversy exists
around role and concepts of neoadjuvant and adjuvant
chemo- and chemoradiation in common ductal adeno-
carcinoma scenarios, regarding both resectable and
borderline resectable disease. Palliative treatment includ-
ing chemoradiation and stereotactic body radiotherapy
continues to evolve. The focus of this chapter is
prognostic and predictive models for patients with ductal
adenocarcinoma.

1 Introduction

When the use of chemoradiation for localized pancreatic
cancer is considered, it is important to appreciate several
disease characteristics that differ greatly from those of most
other malignancies. In patients who cannot undergo curative
resection the median survival is usually 12 months or less,
with eventual progression of local and distant disease
occurring commonly after chemoradiation or chemotherapy,
and modest improvement in median survival to be expected.
Even if the primary tumor is completely resected, disease-
specific mortality is typically in the order of 80 % due to the
problems of local disease recurrence and distant metastases.
Most pancreatic cancer patients have some combination of
host-related factors, such as advanced age, poor performance
status, and medical comorbidity, or tumor related factors,
such as anorexia and exocrine insufficiency, that often make
them relatively poor candidates for aggressive therapy. A
recent study evaluated all cases diagnosed between 2007 and
2009 in the Region of Southern Denmark (population:
1,200,000). Six-hundred-eighteen cases were registered,
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25 of which did not have adenocarcinoma (Bjerregaard et al.
2013). Patients were divided in 3 clinical groups based on
initial therapy; group 1: resection (n = 64), group 2: che-
motherapy or chemo-radiotherapy (n = 191), group 3: no
tumor directed therapy (n = 324). Median survival in the
three groups was 25.7, 8.1 and 1.1 months respectively.

Decision making in pancreatic cancer is complex and
requires dedicated multidisciplinary teams. Since outcome
is so poor with standard therapies in localized pancreatic
cancer, these patients are appropriate for clinical trials
incorporating novel chemotherapeutic and molecularly tar-
geted agents (Brunner and Scott-Brown 2010). While
improved local tumor control with more effective radio-
sensitization could have a modest impact on median sur-
vival in patients with locally advanced and resectable
pancreatic cancer, significant improvement in median sur-
vival duration will require the development of more effec-
tive systemic regimens that address the dominant distant
failure pattern. It is hoped that current efforts will lead to
gradual improvements in outcome for patients with pan-
creatic cancer. In this chapter, prognostic and predictive
models are discussed with an emphasis on recent clinical
trials that included sufficiently large patient cohorts.

2 Diagnosis, Staging, and Initial
Management of Pancreatic Cancer

The initial goals in the evaluation and treatment of symp-
tomatic patients are to determine resectability, establish a
histologic diagnosis, and reestablish biliary tract outflow.
Accurate clinical staging is critical in the multidisciplinary
management of pancreatic cancer. Abdominal computed
tomography (CT) is the most common diagnostic imaging
technique used to reliably confirm and determine the stage
of suspected pancreatic malignancies. In many centers,
endoscopic ultrasonographically guided fine-needle biopsy
of the pancreas is the procedure of choice for the diagnosis
of pancreatic malignancies. Accurate determination of
resectability is the most important aspect of clinical staging
(Callery et al. 2009). Surgical resectability is based on
involvement of the superior mesenteric vessels and the
celiac artery and its branches. The American Joint Com-
mittee on Cancer (AJCC) staging system for exocrine
pancreatic duct cancer is shown in Table 1. Basically, three
criteria are necessary for resectability: (1) localized disease,
(2) lack of involvement of the celiac axis or superior mes-
enteric artery, and (3) patency of the superior mesenteric/
portal venous confluence. Inaccurate clinical determination
of surgical resectability leads to incomplete resections
which are not curative and do not prolong median survival
(Neoptolemos et al. 2001).

3 Multidisciplinary Management
of Resectable Tumors

Multiple studies have demonstrated that clinicopathologic
factors such as tumor size, histologic differentiation, margin
status, and nodal involvement are statistically significant
prognostic variables (Corsini et al. 2008; Miller et al. 2009).
The pancreatic nomogram , originally developed in the
Memorial Sloan-Kettering Cancer Center (MSKCC) in the
USA, combines clinicopathological and operative data to
predict disease-specific survival at 1, 2 and 3 years from
initial resection. It was based on prospectively collected
data from 555 pancreatic resections for adenocarcinoma
(Brennan et al. 2004). Factors include age, gender, weight
loss, T stage, number of positive and negative nodes,

Table 1 AJCC TNM classification of carcinoma of exocrine pancreas

Stage Descriptions

Primary Tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor limited to the pancreas, 2 cm or less in greatest
dimension (resectable primary tumor)

T2 Tumor limited to the pancreas, more than 2 cm in greatest
dimension (resectable primary tumor)

T3 Tumor extends beyond the pancreas but without
involvement of the celiac axis or superior mesenteric
artery (potentially resectable primary tumor)

T4 Tumor involves the celiac axis or the superior mesenteric
artery (unresectable primary tumor)

Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis.
Regional lymph node sampling from nodes around
common hepatic artery, celiac artery, splenic hilum,
infrapyloric nodes are required during Whipple’s
procedure in pathological staging. Ideally, [10 lymph
nodes should be sampled during surgery

Distant Metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis (including seeding of the peritoneum
and positive peritoneal cytology)

Stage Grouping

T1 T2 T3 T4

N0 IA IB IIA III

N1 11B IIB IIB III

Ml IV IV IV IV

Source Edge et al (2010)
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differentiation, margins and others. An external patient
cohort from a retrospective pancreatic adenocarcinoma
database at the Academic Medical Centre in Amsterdam
was used to test the validity of the nomogram (De Castro
et al. 2009). The cohort included 263 consecutive patients
who had surgery between 1985 and 2004. The 1-, 2- and 3-
year disease-specific survival rates were 61, 30 and 16 %
respectively. The nomogram concordance index was 0.61.
The calibration analysis of the model showed that the pre-
dicted survival did not significantly deviate from the actual
survival. Thus, this model may aid in counseling patients.

Historically, chemoradiation has been shown to reduce
the probability of local tumor recurrence (Anonymous
1987). Chemoradiation accomplishes this by eradicating
microscopic residual disease remaining in the tumor bed
after complete tumor resection or through the reduction in
regional lymph node recurrence (Belka et al. 2006). In the
case of pancreatic cancer, the retroperitoneal margin is
nearly always close and often positive, and isolated lymph
node recurrences are rare. Therefore, at least in theory,
locoregional therapy in pancreatic cancer can be optimized
with complete gross tumor resection and treatment of
microscopic disease at the retroperitoneal margin with
chemoradiation. Unfortunately, however, multiinstitutional
trials have reported strikingly high rates of local tumor
recurrence. Local tumor recurrence (or more likely) per-
sistence was identified as a component of the first site of
failure in 39 % of patients enrolled on the GITSG trial
(Anonymous 1987), 53 % of patients enrolled on the EO-
RTC trial (Klinkenbijl et al. 1999), and 62 % of patients
enrolled on the ESPAC-1 trial (Neoptolemos et al. 2004).
Moreover, several trials questioned whether chemoradiation
truly improves survival more than adjuvant chemotherapy.
Schmidt et al. reported a randomized phase III trial of
adjuvant chemoradiation plus interferon alfa-2b versus flu-
orouracil (5-FU) and folinic acid (FA) for patients with
resected pancreatic adenocarcinoma (Schmidt et al. 2012).
Between 2004 and 2007, 132 R0/R1 resected patients
received either 5-FU, cisplatin, and interferon alfa-2b plus
radiotherapy followed by two cycles of 5-FU (arm A, n =
64) or six cycles of 5-FU monotherapy (arm B, n = 68).
Median survival for all randomly assigned patients was
26.5 months in arm A and 28.5 months in arm B. The
hazard ratio was 1.04, p = 0.99. A randomized phase II
intergroup study explored the feasibility and tolerability of a
gemcitabine-based regimen after R0 resection of pancreatic
head cancer (Van Laethem et al. 2010). Patients (n = 90)
were randomly assigned to receive either four cycles of
gemcitabine (control arm) or gemcitabine for two cycles
followed by weekly gemcitabine with concurrent radiation
(50.4 Gy; CRT arm). Treatment was completed per protocol
by 87 and 73 % in the control and CRT arms, respectively,
and grade 4 toxicity was 0 and 5 %, respectively. In the

CRT arm, three patients experienced grade 3-related late
toxicity. Median DFS was 12 months in the CRT arm and
11 months in the control arm. Median OS was 24 months in
both arms. First local recurrence was less frequent in the
CRT arm (11 % vs. 24 %).

As compared to Europe, adjuvant chemoradiation is
more commonly used in the United States (Kimple et al.
2012; Van Laethem et al. 2012). For adjuvant therapy, the
Radiation Therapy Oncology Group (RTOG) has defined in
a consensus panel guidelines for the delineation of the
clinical target volume (CTV) in pancreatic head cancer
(Goodman et al. 2012). In addition to the preoperative
tumor volume and the pancreaticojejunostomy these
guidelines define the following elective nodal volumes:
celiac artery, superior mesenteric artery, portal vein and
aorta. One of their landmark clinical trials was RTOG 9704
(Willett et al. 2003; Regine et al. 2011). After resection of
pancreatic adenocarcinoma, patients were randomized to
pre- and post-chemoradiation 5-FU versus pre- and post-
chemoradiation gemcitabine. CRT was provided at 50.4 Gy
with continuously provided 5-FU. Four hundred fifty-one
patients were eligible. Univariate analysis showed no dif-
ference in overall survival (OS). Pancreatic head tumor
patients (n = 388) had a median survival and 5-year OS of
20.5 months and 22 % with gemcitabine versus
17.1 months and 18 % with 5-FU. On multivariate analysis,
patients on the gemcitabine arm with pancreatic head
tumors experienced a trend toward improved OS (p = 0.08).
The sequencing of 5-FU CRT with gemcitabine as done in
this trial was not associated with a statistically significant
improvement in OS. Despite local recurrence being
approximately half of that reported in previous adjuvant
trials, distant disease relapse still occurred in more than
70 % of patients. These findings served as the basis for the
ongoing EORTC/U.S. Intergroup RTOG 0848 phase III
adjuvant trial evaluating the impact of CRT after comple-
tion of a full course of gemcitabine. RTOG 9704 data were
also used to determine the influence of lymph node factors
(number of positive nodes (NPN), total nodes examined
(TNE), and lymph node ratio (LNR ratio of NPN to TNE))
on OS and disease-free survival (DFS). Both TNE, NPN,
and LNR were associated with OS and DFS (Showalter
et al. 2011). A previous multivariate analysis of RTOG
9704 demonstrated two significant factors that predicted
OS: nodal involvement (hazard ratio 1.5) and CA 19-9 level
[90 (hazard ratio 3.3) (Berger et al. 2008). CA 19-9 is a
stratification factor for the current RTOG adjuvant pancreas
trial (0848) (Table 2).

A different North American study was reported by Mo-
ghanaki et al. (2011). Between 1984 and 2006, this group
retrospectively analyzed 91 patients with pancreatic cancer
treated with pancreaticoduodenectomy or total pancreatec-
tomy followed by adjuvant 5-FU-based chemoradiation at
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the University of Pennsylvania. The prognostic significance
of demographic factors, stage, year of surgery, tumor
location, grade, resection status, and number of positive
lymph nodes on overall survival were examined. With a
median follow-up of 6.5 years, the overall median survival
was 2.3 years, and the 5-year overall survival was 29 %. In
multivariate analysis, completeness of resection (p\0.001),
fewer number of positive lymph nodes (0 vs. 1–2 vs. 3 or
more) (p = 0.004), and age B60 years (p = 0.006) were all
independently associated with improved overall survival.
Some centers have used intraoperative radiotherapy (IORT)
with or without external beam radiotherapy (EBRT) and
chemotherapy (Pisters et al. 1998; Jingu et al. 2012).
However, the focus of this chapter is not on technical
aspects of radiotherapy.

4 Down-Staging Patients with Locally
Advanced Disease

There is a widespread perception that some unresectable
pancreatic tumors can be converted to resectable ones with
the use of chemotherapy or chemoradiation. The interpre-
tation of published studies is limited by inconsistent and
subjective definitions of resectability and by variable, in
part inadequate preoperative radiologic assessments of
resectability. Probably the most variable factor in deter-
mining resectability and thus interpreting whether a tumor
has been converted to resectable from unresectable is the
meaning of vascular involvement (Katz et al. 2013).
Although most surgeons would agree that tumor encase-
ment of either the celiac artery or the superior mesenteric
artery constitutes unresectable disease, opinions vary with
regard to more limited arterial involvement. It is probably in
this group of patients that, theoretically, active cytotoxic
therapy could lead to down-staging (Golcher et al. 2008).
These cases are sometimes referred to as ‘‘marginally

resectable’’ or borderline resectable . In a recent study,
patients were deemed borderline resectable if they had
severe unilateral superior mesenteric vein or portal vein
impingement, tumor abutment of the superior mesenteric
artery, gastroduodenal artery encasement up to the origin
from the hepatic artery, or colon invasion (Kim et al. 2013).
Sixty-eight evaluable patients received treatment at 4 cen-
ters. Treatment consisted of two 28-day cycles of gemcit-
abine (1,000 mg/m2 on days 1, 8, and 15) and oxaliplatin
(85 mg/m2 on days 1 and 15) with radiotherapy during
cycle 1 (30 Gy in 2-Gy fractions). Patients were evaluated
for surgery after cycle 2. Patients who underwent resection
received 2 cycles of adjuvant chemotherapy. The only
characteristic associated significantly with R0 resection was
CA 19-9 response. Comparing any increase (n = 15) with a
0–50 % decrease (n = 13) and a [50 % decrease (n = 27)
demonstrated that a decrease in CA 19-9 was associated
with R0 resection (p = 0.02). Resection (R0 vs R1/R2 vs
none), baseline quality of life, female gender, tumor in the
pancreatic body or tail (compared with the pancreatic head),
and lower CA 19-9 levels at baseline were associated with
improved survival (all p \ 0.05). In the patients who
underwent surgical resection (n = 43), longer surgery time
(p = 0.03) and increased blood loss during surgery
(p = 0.02) were associated with poorer survival, and mar-
ginal associations were observed with surgical procedure
(Whipple was inferior to distal-subtotal pancreatectomy;
p = 0.057) and histologic treatment effect (p = 0.068).

In Heidelberg, Germany, a total of 215 patients with
locally advanced pancreatic cancer were treated with che-
moradiation at a single institution (Habermehl et al. 2012).
Radiotherapy was delivered with a median dose of 52.2 Gy
in single fractions of 1.8 Gy. Chemotherapy was applied
concomitantly as gemcitabine at a dose of 300 mg/m2

weekly, followed by adjuvant cycles of full-dose gemcita-
bine (1,000 mg/m2). After neoadjuvant treatment restaging
was done to evaluate secondary resectability. After che-
moradiation a total of 26 % of all patients with primary
unresectable disease were offered secondary resection.
Tumor-free resection margins could be achieved in 39 %
(R0-resection). Patients with complete resection after CRT
showed a significantly increased median overall survival
with 22.1 compared to 11.9 months in non-resected
patients. In most cases the first site of disease progression
was systemic with hepatic (52 %) and peritoneal (36 %)
metastases. A different study population from the United
States was comprised of 240 consecutive patients who
received neoadjuvant chemoradiation and surgery, and was
compared with 60 patients who had no neoadjuvant therapy
between 1999 and 2007 (Estrella et al. 2012). Among the
240 treated patients, the 1-year and 3-year DFS rates were
52 and 32 %, with a median DFS of 15.1 months. The 1-
year and 3-year OS rates were 95 and 47 %, with a median

Table 2 Major prognostic factors in pancreatic adenocarcinoma

Resectable stages Locally advanced, non-
metastatic disease

Tumor size Performance status

Tumor location (head versus
other)

Age

Nodal involvement CA 19-9 level

Histologic differentiation Uncertainty regarding distant
metastases (stage Mx)

CA 19-9 level PET-CT related features such
as SUVmax and tumor volume

Better prognosis is also expected
in patients with younger age, less
weight loss and female gender
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OS of 33.5 months. By univariate analysis, DFS was asso-
ciated with age, post-therapy tumor stage (ypT), lymph
node status (ypN), number of positive lymph nodes, and
AJCC stage, whereas OS was associated with intraoperative
blood loss, margin status, ypT, ypN, number of positive
lymph nodes, and AJCC stage. By multivariate analysis,
DFS was independently associated with age, number of
positive lymph nodes, and AJCC stage, and OS was inde-
pendently associated with differentiation, margin status,
number of positive lymph nodes, and AJCC stage. In
addition, the treated patients had better OS and lower fre-
quency of lymph node metastasis than those who had no
neoadjuvant therapy. In a series of 132 North American
patients (Breslin et al. 2001), survival duration was superior
for women (p = 0.04) and for patients with no evidence of
lymph node metastasis (p = 0.03). There was no difference
in survival duration associated with patient age, dose of
preoperative radiation therapy, the delivery of intraopera-
tive radiotherapy, or the histologic grade of chemoradiation
treatment effect.

Currently, stereotactic body radiotherapy (SBRT) is also
being explored in comparable patient groups (Polistina et al.
2010; Chuong et al. 2013). Approximately one-third of
initially staged non-resectable tumor patients would be
expected to have resectable tumors following neoadjuvant
therapy, with comparable survival as initially resectable
tumor patients (Gillen et al. 2010). A recent meta-analysis
included 19 studies, which involved 2,148 patients (Lau-
rence et al. 2011). Only cohort studies were included. The
meta-analysis found that patients with unrespectable pan-
creatic cancer who underwent neoadjuvant chemoradio-
therapy achieved similar survival outcomes to patients with
resectable disease, even though only 40 % were ultimately
resected. Neoadjuvant chemoradiotherapy was not associ-
ated with statistically significant increase in the rate of
pancreatic fistula formation or total complications, although
there was an increase in the risk of peri-operative death.

White et al. performed a study to evaluate the applica-
bility of an already mentioned nomogram, which was
developed for patients undergoing resection without pre-
operative chemoradiation and which incorporates several
post-resection pathological factors (Brennan et al. 2004), to
a population of patients who received preoperative CRT
prior to resection (White et al. 2006). From 1994 to 2004,
82 patients with biopsy-proven, radiographically localized
adenocarcinoma of the pancreatic head underwent preop
CRT followed by pancreaticoduodenectomy (PD); 50 con-
current patients underwent PD without preoperative CRT.
Mean nomogram-predicted disease-specific survival rates
were compared with observed rates from the time of
resection. Despite having more locally advanced tumors on
initial staging (21 vs. 8 %; p\0.05), patients who received
preoperative CRT had smaller resected tumors (mean 2.3

vs. 3.1 cm; p\0.01), were less likely to have T3 tumors (54
vs. 80 %, p\0.01), were less likely to have positive lymph
nodes (29 vs. 58 %, p\0.01), and had fewer positive lymph
nodes (mean 0.4 vs. 1.9, p\0.01), all factors that imply
treatment effect and favorably impact on nomogram-pre-
dicted outcome. Observed DSS was similar to predicted
DSS in both groups. The similarity in observed and pre-
dicted DSS following resection in patients who received
preoperative CRT suggested that the effects (whether
treatment, selection, or no effect) were reflected by the
nomogram. The ability of the nomogram to evaluate
the effects of preoperative CRT on survival was limited by
the potential effects of preoperative CRT on factors within
the nomogram.

5 Chemoradiation in Locally Advanced
Disease (LAPC)

Locally advanced pancreatic cancer is generally incurable
and all therapies have significant limitations. In reality,
patients probably benefit modestly from both systemic
therapy and chemoradiation; these approaches are comple-
mentary and should both be considered in patients with
locally advanced disease (Huguet et al. 2007). Acute tox-
icity can be reduced if the radiation fields are confined to
the gross primary tumor and clinically enlarged lymph
nodes, regardless of the radiosensitizing chemotherapy that
is used (Jackson et al. 2010). Treating uninvolved regional
lymph nodes requires larger amounts of gastric and duo-
denal mucosa to be treated which can lead to higher rates of
gastrointestinal toxicity and is not likely to improve median
survival.

In GITSG studies of 5-FU–based chemoradiation therapy
in patients with locally advanced pancreatic adenocarci-
noma (Anonymous 1979; Moertel et al. 1981) patients were
randomly assigned to receive 40 Gy of radiation plus 5-FU,
60 Gy plus 5-FU, or 60 Gy without chemotherapy. Radia-
tion therapy was delivered as a split course, with 20 Gy
given over 2 weeks followed by a 2-week rest. 5-FU was
delivered IV at a bolus dose of 500 mg/m2/day for the first
3 days of each 20-Gy cycle and given weekly (500 mg/m2)
following the completion of chemoradiation therapy. The
median survival was 10 months in each of the chemoradi-
ation groups and 6 months for the group that received
60 Gy without 5-FU. In contrast to the results from the
GITSG, an ECOG study suggested no benefit to chemora-
diation therapy over 5-FU alone (Klaassen et al. 1985). The
ECOG study randomly assigned patients with locally
advanced or incompletely resected pancreatic adenocarci-
noma to receive chemoradiation therapy (40 Gy and
600 mg/m2/day 5-FU for 3 days) or 5-FU alone (600 mg/
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m2/week). The chemoradiation therapy group received
weekly bolus administration of 5-FU following chemora-
diation therapy until there was evidence of disease pro-
gression. The median survival was 8.3 months in the group
that received chemoradiation therapy and 8.2 months in the
group that received 5-FU alone. It was evident both in the
GITSG studies and in the ECOG trial that patients with
locally advanced, unresectable pancreatic cancer who are
symptomatic to the point of not being fully ambulatory do
not benefit from anticancer therapy. More recent trials of
chemoradiation for locally advanced pancreatic cancer have
investigated continuous-infusion 5-FU in combination with
EBRT. Capecitabine appears to have similar efficacy to
intravenously administered 5-FU and is an appropriate
substitute for infusional or bolus 5-FU when used with
radiotherapy. In a phase I trial, 800 mg/m2 was the rec-
ommended dose when capecitabine was given on days of
radiation only (Saif et al. 2005).

The introduction of gemcitabine was a step forward in
the treatment of pancreatic cancer. Its value as a systemic
agent and the recognition of its radiosensitizing properties
stimulated the study of combinations of gemcitabine with
EBRT for patients with localized pancreatic cancer
(Blackstock et al. 1999; McGinn et al. 2001; Pipas et al.
2001; Wolff et al. 2001; Murphy et al. 2007; Girard et al.
2010; Brunner et al. 2011; Cardenes et al. 2011). Several
strategies have been investigated including seven-weekly
injections of gemcitabine with short course EBRT (30 Gy),
twice-weekly gemcitabine with 50.4 Gy of EBRT, weekly
gemcitabine with 50.4 Gy of EBRT, and full dose weekly
gemcitabine with escalating doses of radiation. Most of
these studies suggested gastrointestinal toxicity as a dose-
limiting factor, but hematologic toxicity has also been
observed. Several multiinstitutional studies have been
completed evaluating gemcitabine-based chemoradiation.
In a small study performed in Taiwan, 34 patients with
locally advanced pancreatic cancer were randomized to
receive 5-FU based chemoradiation (500 mg/m2 daily for
3 days, every 14 days with radiation to a total dose of
50.4–61.2 Gy) or gemcitabine and radiation (600 mg/m2

weekly with equivalent doses of radiation) (Li et al. 2003).
The objective response rate to gemcitabine and radiation
was 50 % and only 13 % for 5-FU chemoradiation. In
addition, median survival was substantially better using
gemcitabine compared with 5-FU (14.5 months vs.
6.7 months, p = 0.027). These efficacy results must be
interpreted with caution because of the limited accrual (34
patients) and the poor results in the control group. A phase
II study conducted in patients with locally advanced pan-
creatic cancer by the Cancer and Leukemia Group B eval-
uated gemcitabine given at 40 mg/m2 twice weekly. In that
study, there were 35 and 50 % grade 3 or 4 gastrointestinal
and hematologic toxicities, respectively, and the median

survival was only 8.5 months (Blackstock et al. 2001) Not
surprisingly, the Cancer and Leukemia Group B abandoned
this approach in locally advanced pancreatic cancer. Both of
these studies used regional nodal fields that likely contrib-
uted to the significant gastrointestinal toxicity. In contrast,
the approach that was developed at the University of
Michigan delivered high doses of gemcitabine (1,000 mg/
m2) and a slightly lower radiotherapy dose (36 Gy in 15
fractions over 3 weeks), with conformal radiation fields
encompassing the gross tumor volume alone. At that insti-
tution, the irradiation of a smaller volume of normal tissue
was reported to be well tolerated (McGinn et al. 2001).
Investigators have since embarked on further studies eval-
uating the same regimen. As reported in 2008, 41 patients
enrolled at six institutions (Small et al. 2008). Among the
39 treated patients, the most common toxicities were grade
3 neutropenia (13 %), grade 3 nausea (10 %) and grade 3
vomiting (10 %). Thirteen (81 %) of 16 patients initially
judged resectable, three (33 %) of nine borderline-resect-
able patients, and one (7 %) of 14 unresectable patients
underwent resection after therapy. One-year survival rates
were 73 % for all patients, 94 % for resectable patients,
76 % for borderline-resectable patients, and 47 % for
unresectable patients. The authors concluded that full-dose
gemcitabine with concurrent radiotherapy was well toler-
ated and active. Later it was shown that intensity-modulated
radiotherapy (IMRT) to a total dose of 55 Gy can be given
together with full-dose gemcitabine (Ben-Josef et al. 2012).
However, the issue of radiation dose escalation in LAPC is
controversial. In patients with limited survival expectation a
favorable balance between toxicity, treatment time,
resource utilization and survival outcome is crucial (Mur-
phy et al. 2012).

A small randomized ECOG trial was reported in 2011
(Loehrer et al. 2011). Patients with localized unresectable
adenocarcinoma of the pancreas were randomly assigned to
receive gemcitabine alone (at 1,000 mg/m2/week for weeks
1–6, followed by 1 week rest, then for 3 of 4 weeks) or
gemcitabine (600 mg/m2/week for weeks 1–5, then 4 weeks
later 1,000 mg/m2 for 3 of 4 weeks) plus radiotherapy
(starting on day 1, 1.8 Gy per fraction, total dose 50.4 Gy).
Of 74 patients entered, patients in the radiation arm had
greater incidence of grades 4 and 5 toxicities (41 % vs.
9 %), but grades 3 and 4 toxicities combined were similar
(77 % vs. 79 %). No statistical differences were seen in
quality of life measurements at 6, 15 to 16, and 36 weeks.
The primary end point was survival, which was 9.2 months
and 11.1 months for arms A and B, respectively (p = 0.017).
In conclusion, there was moderately improved overall sur-
vival with the addition of radiation therapy to gemcitabine.
A different concept studied in France failed to improve
survival (Chauffert et al. 2008). This randomized study
(n = 119) compared chemoradiation (60 Gy, 2 Gy/fraction;
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concomitant 5-FU, 300 mg/m2/day, days 1–5 for 6 weeks;
cisplatin, 20 mg/m2/day, days 1–5 during weeks 1 and 5)
and gemcitabine (1,000 mg/m2 weekly for 7 weeks).
Maintenance gemcitabine (1,000 mg/m2 weekly, 3 of
4 weeks) was given in both arms until disease progression
or toxicity. Actually, gemcitabine treatment was superior to
chemoradiation. Regarding radiotherapy technical consid-
erations in the management of LAPC the recent American-
French consensus recommendations provide important
guidance (Huguet et al. 2012).

The RTOG has published a phase II trial evaluating
capecitabine-based chemoradiation (825 mg/m2 twice
daily) with bevacizumab (RTOG 0411) followed by sys-
temic therapy with concurrent gemcitabine and bev-
acizumab (Crane et al. 2009). Eighty-two patients were
treated. The addition of bevacizumab to chemoradiotherapy
followed by bevacizumab and gemcitabine resulted in a
similar median survival (11.9 months) to previous RTOG
studies in patients with locally advanced pancreatic cancer.
The purpose of the randomized phase II study RTOG 0020
was to evaluate the addition of weekly low- dose gemcita-
bine with concurrent paclitaxel/RT and to evaluate the
efficacy and safety of the farnesyl transferase inhibitor
R115777 following chemoradiation (Rich et al. 2012).
Patients in Arm 1 received gemcitabine, 75 mg/m2/week,
and paclitaxel, 40 mg/m2/week, for 6 weeks, with 50.4 Gy
radiation. Patients in Arm 2 received an identical chemo-
radiation regimen but then received maintenance R115777
until disease progression or unacceptable toxicity. One
hundred ninety-five patients were entered into this study,
and 184 were analyzable. The median survival time was
11.5 months and 8.9 months for the chemoradiation and
chemoradiation plus R115777 arms, respectively. A differ-
ent phase II trial was designed to assess the efficacy and
safety of cetuximab, gemcitabine, and oxaliplatin followed
by cetuximab, capecitabine, and radiation therapy in LAPC
(Crane et al. 2011). Sixty-nine patients received gemcita-
bine and oxaliplatin every 2 weeks for four doses, followed
by radiation (50.4 Gy to the gross tumor only) with con-
current capecitabine (825 mg/m2 twice daily). Cetuximab
(500 mg/m2) was started on day 1 of chemotherapy and was
continued every 2 weeks during chemotherapy and che-
moradiotherapy. Diagnostic cytology specimens were
immunostained for Smad4(Dpc4) expression. Median
overall survival time was 19.2 months. Acneiform rash
correlated with improved survival (p = 0.001), but initial
CA19-9, borderline resectable initial stage, and surgical
resection (n = 7) did not. The 1-year and 2-year radio-
graphic local progression rates were 23 and 61 %, respec-
tively. Smad4(Dpc4) expression correlated with a local
rather than a distant dominant pattern of disease progression
(p = 0.016). Prospective validation of Smad4(Dpc4)
expression in cytology specimens as a predictive biomarker

is necessary before this parameter can be recommended for
widespread use.

Recently, final results of a large randomized phase III
trial among patients with LAPC and the first to test gene
transfer against this malignancy were reported (Herman
et al. 2013). The study compound, TNFerade biologic is a
novel means of delivering tumor necrosis factor alpha to
tumor cells by gene transfer. In all, 304 patients were ran-
domly assigned 2:1 to standard of care plus TNFerade (SOC
+ TNFerade) versus standard of care alone (SOC). SOC
consisted of 50.4 Gy in 28 fractions with concurrent fluo-
rouracil (200 mg/m2 per day continuous infusion). TNFer-
ade was injected intratumorally before the first fraction of
radiotherapy each week by using either a percutaneous
transabdominal or an endoscopic ultrasound approach. Four
weeks after chemoradiotherapy, patients began gemcitabine
(1,000 mg/m2) with or without erlotinib until progression or
toxicity. The analysis included 187 patients randomly
assigned to SOC + TNFerade and 90 to SOC. Median
survival was 10 months for patients in both the SOC +
TNFerade and SOC arms (hazard ratio 0.90; p = 0.26).
Median progression-free survival was 6.8 months for SOC
+ TNFerade versus 7.0 months for SOC. Multivariate
analysis identified five baseline characteristics prognostic
for survival: age, M stage (M0 v Mx), prior cancer history,
prior cancer treatment, and baseline CA19-9 (Table 2).
Some authors have also reported that patients with
decreasing level of CA 19-9 (marker dynamics after treat-
ment) fared better than non-responders (Micke et al. 2005).

As mentioned in the sections dealing with resectable
pancreatic tumors, SBRT including frameless image-guided
approaches with individualized fractionation regimens is
currently being evaluated for different patient groups, also
those with unresectable disease, recurrent disease or pre-
viously irradiated (Koong et al. 2004; Chang et al. 2009).
Initial results suggest that combination with gemcitabine
appears feasible (Gurka et al. 2013). In the study by Di-
dolkar et al. pain relief was noted in the majority of patients
lasting for 18–24 weeks (n = 85, Didolkar et al. 2010). Most
of the patients died of distant disease progression while
their primary tumor was controlled. Overall median survival
from diagnosis was 18.6 months and from SBRT it was
8.7 months. Another study suggested that freedom from
local progression depends on tumor volume (cut-off 15 ml)
and SBRT dose above 22 Gy (most patients received single
fraction SBRT; Rwigema et al. 2011). Parameters corre-
lating with duodenal toxicity after single fraction SBRT
have been developed by the Stanford University group
(Murphy et al. 2010). They included V(10)-V(25) and
D(max) as well as Lyman NTCP model. This group also
reported on prognostic value of PET-CT derived parameters
in 55 patients and found that maximum standardized uptake
value (SUVmax) was prognostic in multivariate analysis
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(Schellenberg et al. 2010). 18Fluorodeoxyglucose (FDG)
was used as PET tracer. A different small study suggested
that FDG-PET-CT-defined gross tumor volume size might
predict outcomes of LAPC patients treated with definitive
chemoradiation (Parlak et al. 2012). A third small study
with 20 patients suggested that FDG-PET may be used to
decide whether or not patients could have complete surgical
resection after chemoradiation (Choi et al. 2010). Larger
studies are necessary to elucidate the role of PET-CT in
patients assigned to radiotherapy.

One of the larger analyses of prognostic factors was
performed by the Eastern Cooperative Oncology Group
(ECOG) (Cohen et al. 2005). In that study, 114 patients
were randomized to receive 59.4 Gy EBRT in 1.8-Gy
fractions alone or in combination with 5-FU and mitomy-
cin-C. Of multiple patient characteristics evaluated, only
performance status (PS) was a significant predictor of both
disease-free survival and overall survival (p = 0.006). The
median survival time of PS 0–1 patients was 9.2 months,
compared to 7.1 months for PS 2 patients. Authors from
Denmark described the results in 178 LAPC patients treated
from 2001 to 2010 and developed a prognostic model for
both survival and the possibility of a subsequent resection
(Bjerregaard et al. 2012). CRT consisted of 50 Gy in 27
fractions combined with tegafur-uracil(UFT)/folinic
acid(FA). The median survival from diagnosis was
11.5 months. A Cox regression model for survival demon-
strated resection (hazard ratio 0.12) and pre-CRT gemcita-
bine-based therapy (HR 0.57) as being associated with a
favorable outcome. A logistic regression model showed
stage III disease (odds ratio 0.16) and abnormal hemoglobin
(OR 0.26) as being associated with lower odds of resection.

Systematic toxicity analyses are limited. The MD
Anderson Cancer Center group evaluated medical records
and treatment plans of 106 patients with LAPC who were
treated with chemoradiation between 2005 and 2010 (Kelly
et al. 2013). All patients received neoadjuvant and con-
current chemotherapy. Seventy-eight patients were treated
with conventional radiation to 50.4 Gy in 28 fractions; 28
patients received dose-escalated radiation therapy (range,
57.5–75.4 Gy in 28–39 fractions). Treatment-related
toxicity was graded according to Common Terminology
Criteria for Adverse Events, version 4.0. Twenty patients
had treatment-related duodenal toxicity events, such as
duodenal inflammation, ulceration, and bleeding. Four
patients had grade 1 events, 8 had grade 2, 6 had grade 3, 1
had grade 4, and 1 had grade 5. On univariate analysis, a
toxicity grade C2 was associated with tumor location, low
platelet count, an absolute volume (ccm) receiving a dose of
at least 55 Gy[1 ccm, and a maximum point dose[60 Gy.
Of these factors, only V(55 Gy) = 1 ccm was associated
with duodenal toxicity on multivariate analysis (hazard ratio
6.7; p = 0.002). The spinal cord dose is typically limited to

50 Gy. The mean dose to the entire liver should be kept
below 32 Gy. The mean dose to bilateral entire kidneys
should be limited to 18 Gy or less.

6 Conclusion

Improving the treatment of pancreatic cancer is a challenge.
Variations in practice pattern are considerable, reflecting
the limited number of high quality randomized trials per-
formed in this disease. Major prognostic factors include
tumor size and location, nodal involvement, distant metas-
tases, histologic differentiation, CA 19-9 level, age, per-
formance status and weight loss. Predictive factors for
treatment response and toxicity are emerging, related for
example to biomarkers, PET imaging characteristics and
dosimetric factors. However, confirmatory analyses are
needed before general recommendations can be made. The
technical potential to deliver radiation to the upper abdomen
in an unprecedentedly precise and normal tissue sparing
manner has never been better than in the current era. With
gradual improvements in systemic treatment beyond gem-
citabine monotherapy, which impact micrometastatic dis-
ease as one competing cause of failure and eventually death,
future trials have to determine whether or not improved
local control can be achieved and how much this factor
influences survival.
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Abstract

The treatment of hepatocellular carcinoma and liver
metastases pose unique considerations to the radiation
oncologist. The increasing incidence of hepatocellular
carcinoma in North America mandates the refinement of
prevention strategies, identification of high-risk individ-
uals, and further development of prognostic and predic-
tive scoring systems for locally ablative therapies. Given
the advances in systemic therapy for patients with
colorectal malignancies, as well as for other primaries,
there is a subset of patients who can experience a
prolonged disease-free interval or are potentially curable
from the ablation of metastatic liver lesions. More
refined methods for identifying these patients using
clinical and pathologic factors are currently under
investigation. With the advent of conformal radiotherapy
and stereotactic radiotherapy, there is a low risk of
hepatic toxicity for patients with normal hepatic func-
tion. Caution should be exercised when treating patients
with underlying hepatic compromise.

Abbreviations

HCC Hepatocellular carcinoma
RILD Radiation-induced veno-occlusive liver disease
SBRT Stereotactic body radiation therapy
CP Child-Pugh

1 Introduction

Primary hepatic malignancies are a global health issue.
Primary liver cancer is the third most common cause of
cancer death worldwide (Parkin and Ferlay et al. 2001). The
most common histology of primary liver cancer is hepato-
cellular carcinoma, although cholangiocarcinoma and less
commonly sarcoma and hepatoblastoma are other
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pathologic variants (Cance and Stewart et al. 2000). The
incidence of hepatocellular carcinoma is geographically
dependent and parallels the incidence of hepatitis B and C
viruses, as at least 80 % of primary liver malignancies are
attributable to these infections (Bosch and Ribes et al.
2004). Given that the most common variant of primary liver
cancer is hepatocellular carcinoma, we will focus our dis-
cussion on this histologic variant.
Metastatic disease to the liver is the most common hepatic
malignancy (Memon and Lewandowski et al. 2011). It is a
particularly common scenario for patients with colorectal
primaries, as it has been estimated that 25 % of patients
present with liver metastases at diagnosis, and an additional
50 % will experience hepatic metastatic disease progression
within 5 years (Bengmark and Hafstrom 1969). The
majority of these patients will die as a result of their hepatic
metastatic disease (Foster 1984). Although the older para-
digm for treatment of patients with metastatic colorectal
cancer was generally palliative and/or supportive in nature,
recent advances in chemotherapy have improved the sur-
vival of these patients, with median survivals of 2 and more
years (Chang and Swaminath et al. 2011). Surgical series
have documented that long-term survival can be obtained in
a favorable subset of patients with hepatic metastases (Aloia
and Vauthey et al. 2006; Simmonds and Primrose et al.
2006; Taniai and Yoshida et al. 2006; Tomizawa and
Ohwada et al. 2006; Wei and Grant et al. 2006). However,
approximately 80–90 % of colorectal patients with meta-
static liver disease are not surgical candidates (Alberts and
Horvath et al. 2005; Van Cutsem and Adam et al. 2006;
Muratore and Bouzari et al. 2007; Daowood and Mahad-
evan et al. 2009), and it is estimated that only 10–30 % of
these patients can be downstaged to a resectable state by the
use of chemotherapy (Kemeny 2006). Therefore, there is a
large population of patients with potentially curable disease
that could benefit from non-operative, ablative therapeutic
interventions. We will focus our discussion on the prog-
nostic classification schemes and treatment-specific factors
for liver metastases. This chapter focuses on metastatic liver
disease and hepatocellular carcinoma, discussing clinical
and treatment-related factors that determine clinical out-
comes and radiological factors that facilitate radiation
planning. Furthermore, since toxicity, particularly radiation-
induced liver disease, is a major concern in the application
of radiotherapy to the liver, this will be reviewed.

2 Primary Liver Cancer

2.1 Clinical Factors

The incidence of hepatocellular carcinoma is heavily
influenced by regional rates of hepatitis infection. Hepatitis

B infection accounts for the majority of hepatocellular
carcinoma diagnoses in Southeast Asia and sub-Saharan
Africa, whereas the preponderance of cases in Japan, Eur-
ope, and North America are due to hepatitis C.

In the United States, the cumulative lifetime risk of
hepatocellular carcinoma is 0.88 % in men and 0.42 % in
women (Ries and Kosary et al. 2004). In the year 2010,
24,120 new cases of liver and biliary cancers were diag-
nosed, resulting in 18,910 deaths, with a 3:1 male to female
predominance (Jemal and Siegel et al. 2010). The incidence
of hepatocellular carcinoma in the United States is rising, as
reflected by a 30 % increase in death rate from 1991 to 2006
(Jemal and Siegel et al. 2010). This trend is largely attrib-
utable to hepatitis C infection, and it is estimated that 4
million Americans are infected with this virus (Spradling
and Rupp et al. 2012). Although the incidence of hepatitis C
infection has decreased in the last several decades, the two
to four decade latency period between viral infection and
the development of hepatocellular carcinoma is thought to
be responsible for the rising incidence of hepatocellular
carcinoma in the United States.

Chronic inflammation of the liver is the predominant
mechanism of developing hepatocellular carcinoma. Hepa-
titis B and C as well as alcoholic cirrhosis are risk factors
for the development of hepatocellular carcinoma. Individ-
uals chronically infected with either hepatitis B or C appear
to have a 100-fold increased risk for the development of
hepatocellular carcinoma as compared with non-infected
individuals (Beasley and Hwang et al. 1981; Heintges and
Wands 1997). Coinfection with both hepatitis B and C
appears to have a synergistic effect (Chen and Yu et al.
1997). While alcohol-induced cirrhosis clearly has been
associated with the development of hepatocellular carci-
noma (Hassan and Hwang et al. 2002), population-based
studies have been confounded by coinfection with hepatitis.

The bulk of efforts striving to reduce the prevalence of
hepatocellular carcinoma have focused upon the reduction
of hepatitis B and C transmission. A vaccine for hepatitis B
has been commercially available since 1982. Due to the
genetic diversity of the hepatitis C virus, a vaccine has not
yet been developed. Efforts to reduce this blood-borne
pathogen include needle exchange programs, blood trans-
fusion screening assays, universal precautions for health
care providers, and treatment with interferon alpha for
individuals known to be infected with hepatitis C (Ben-
vegnu and Alberti 1996).

Other non-viral causes of hepatocellular carcinoma
include alcoholic cirrhosis and/or excessive alcohol intake,
nonalcoholic steatohepatitis (NASH), environmental expo-
sure to alfatoxin, as well as rare inherited metabolic disor-
ders including hereditary hemochromatosis, porphyria
cutanea tarda, alpha 1-antitrypsin deficiency, Wilson’s dis-
ease, and Stage IV primary biliary cirrhosis (Fattovich and

152 C. F. Lauro and T. E. Schefter



Stroffolini et al. 2004). It has been estimated that approxi-
mately 15–50 % of patients diagnosed with hepatocellular
carcinoma do not have the classic risk features of viral
hepatitis and/or heavy alcohol use (El-Seraq 2004).

Identification of patients at high risk for the development
of hepatocellular carcinoma has the potential to identify
individuals with early stage, and thereby potentially cur-
able, disease. The NCCN identifies high-risk individuals as
those diagnosed with viral, autoimmune, or alcoholic cir-
rhosis, NASH, or non-cirrhotic hepatitis B carriers. These
patients are recommended to undergo serum alpha-feto-
protein and/or hepatic ultrasound evaluation every
6–12 months (Benson and Abrams et al. 2009). This rec-
ommendation is supported by a randomized controlled trial
conducted in China, in which 18,816 patients with either a
diagnosis of hepatitis B infection or chronic hepatitis were
enrolled to undergo either clinical observation or surveil-
lance with serum alpha-fetoprotein evaluation and ultra-
sound at 6 month intervals. There was a 37 % reduction in
hepatocellular carcinoma mortality among those random-
ized to the screening arm, although\60 % of these patients
complied with the screening protocol (Zhang and Tang
et al. 2004).

Upon a histologic confirmation of hepatocellular carci-
noma, a multidisciplinary evaluation is indicated, which
includes a complete history and physical examination,
hepatitis panel, and serum evaluation of hepatic function,
including bilirubin, transaminases, alkaline phosphatase, PT
or INR, albumin, BUN, creatinine, CBC, platelets, and
AFP. Chest imaging should be performed, with bone scan as
indicated. The Child-Pugh classification is a commonly
utilized tool for assessment of hepatic function, which is
based on the degree of ascites and encephalopathy as well
as bilirubin, albumin, and international normalized ratio
(INR) levels (Table 1).

Commonly used staging systems for hepatocellular car-
cinoma include the American Joint Committee on Cancer
(AJCC) TNM staging system (Table 2), as well as the
Barcelona Clinic Liver Cancer (BCLC) classification
(Fig. 1). A criticism of the BCLC is that patients with portal
invasion, node positive, and/or metastasis positive disease
are collectively grouped, and focal therapies are not rec-
ommended for this heterogeneous cohort of patients. Other

staging systems including the Okuda staging system (Okuda
and Obata et al. 1985) and Cancer of the Liver Italian
Program (CLIP) scoring system (Kanematsu and Hoshi
et al. 1999), which are clinical staging systems best suited
for patients with poor liver reserve and advanced disease.
The presence of portal vein thrombosis alone has been
shown to portend a poor prognosis, with a median survival
of 3 months without treatment for these patients (Wang and
Zhang et al. 2008).

2.2 Treatment-Specific Factors

The majority of patients with hepatocellular carcinoma are
asymptomatic, and symptomatology from primary liver
cancer portends a poor prognosis. Treatment options for
hepatocellular carcinoma are dependent upon underlying
liver function. Less than 30 % of patients present with
potentially resectable, and thereby potentially curably dis-
ease (Bruix and Sherman 2005). Five-year survival for this
favorable cohort of patients ranges between 40 and 70 %.
Approximately, 20 % of patients are diagnosed with end
stage, symptomatic disease. Treatment strategies for these
patients are palliative in nature, and median survival is less
than 3 months. The remainder of patients, approximately
50 %, are diagnosed with inoperable, locally advanced
disease (Llovet and Bruix et al. 2003), and therapeutic
modalities may include chemotherapy, percutaneous abla-
tion, embolization, conformal radiotherapy, and/or SBRT.

2.2.1 Liver Transplantation in the Management
of Hepatocellular Carcinoma

Liver transplantation is the gold standard treatment for
hepatocellular carcinoma, as both the cirrhotic liver and
primary disease are eradicated. The United Network for
Organ Sharing (UNOS) uses the Milan criteria to identify
patients who are suitable for transplant, which stipulates
that one tumor should be B5 cm, or up to 3 tumors could
measure up to 3 cm each, without extrahepatic spread or
macrovascular invasion. For patients with these favorable
features, the 4-year survival rate was reported to be 85 %,
and the recurrence-free survival was 92 % (Mazzaferro and
Doci et al. 1996).

Table 1 Assessment of Hepatic Cirrhosis: The Child-Pugh Score

Score Bilirubin (mg/dL) Albumin (g/dL) Prothrombin time (sec) Hepatic Encephalopathy (grade) Ascites

1 \2 [3.5 \4 None None

2 2–3 2.8–3.5 4–6 1–2 Mild (detectable)

3 [3 \2.8 [6 3–4 Severe (tense)

Child class: A, 5–6; B, 7–9; C, [ 9

Child-Pugh classification of hepatic function is based on the international normalized ratio (INR), bilirubin and albumin serum levels, as well as
the degree of ascites and encephalopathy

Liver Cancer and Metastases 153



Table 2 TNM Classification for Liver Tumors from the American Joint Committee on Cancer (AJCC) 7th edition (2010)

Primary Tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Solitary tumor without vascular invasion

T2 Solitary tumor with vascular invasion or multiple tumors none more than 5 cm

T3a Multiple tumors more than 5 cm

T3b Single tumor or multiple tumors of any size involving a major branch of the portal vein or hepatic vein

T4 Tumor(s) with direct invasion of adjacent organs other than the gallbladder or with perforation of visceral peritoneum

Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

Distance Metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

Anatomic stage/Prognostic groups

Stage I T1 N0 M0

Stage II T2 N0 M0

Stage IIIA T3a N0 M0

Stage IIIB T3b N0 M0

Stage IIIC T4 N0 M0

Stage IVA Any T N1 M0

Stage IVB Any T Any N M1

The original and primary source for this information is the AJCC Cancer Staging Manual, Seventh edition (2010) published by Springer Science
and Business Media LLC (SBM)

Fig. 1 Barcelona Clinic Liver Cancer (BCLC) classification for
hepatocellular carcinoma (HCC). Llovet and Di Bisceglie et al.
(2008) Barcelona Clinic Liver Cancer (BCLC) classification for
hepatocellular carcinoma (HCC) including incidence, estimated sur-
vival, and management options. PST, performance status based on

Eastern Cooperative Oncology Group score; N nodal stage; M
metastases stage; CLD cadaver liver transplantation; LDLT living
donor liver transplantation; RF radiofrequency ablation; PEI percuta-
neous ethanol injection; TACE transarterial chemoembolization
(Llovet and Di Bisceglie et al. 2008)
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Liver transplantation is limited by organ availability, and
approximately 20 % of patients who have been listed on the
liver transplant list have subsequently withdrawn due to
tumor progression. Therefore, an interest in ‘‘bridge’’ thera-
pies has emerged to maintain patient eligibility for liver
transplant. Traditional bridge therapies have included
radiofrequency ablation (Lu et al. 2005), chemoembolization
(Heckman and Devera et al. 2008), and radioembolization
with yttrium-90 microspheres (Kulik and van Holsbeeck
et al. 2006). Hepatic resection as a bridge to transplant
yielded higher operative mortality, increased recurrence, and
poorer outcome than patients receiving primary liver trans-
plantation in a prospective, single institution French experi-
ence, and has subsequently been abandoned as a bridge
therapy (Adam and Azoulay et al. 2003).

More recently, SBRT has emerged as a viable bridge to
transplant strategy. The Baylor experience reported a 5-year
overall survival rate of 100 % for 10 patients with hepato-
cellular carcinoma who received bridge therapy in the form
of SBRT to a median dose of 51 Gy in 3 Gy fractions prior
to orthotopic transplant (O’Connor and Davis et al. 2012).
The University of Rochester experience, which treated 11
evaluable lesions in 10 patients to a median dose of 50 Gy
in 5-Gy fractions, reported no grade C 3 toxicities and no
radiation-induced liver disease. All patients were alive at a
median follow-up of 19.6 months (Katz and Chawla et al.
2012). Finally, a prospective phase I-II trial conducted at
indiana university treated 14 hepatocellular carcinoma
patients with a Child-Pugh Class B score of\8 were treated
to a total dose of 40 Gy in 5 fractions. Local control at
12 months was 87.5 % (Cardenes and Lasley et al. 2012).
Three grade 4 toxicities were observed, which included
hyperbilirubinemia, hypokalemia, and thrombocytopenia.

2.2.2 Surgical Resection in the Management
of Hepatocellular Carcinoma

Hepatic resection is a potentially curative option for patients
with early stage disease. Prediction of post-operative
hepatic reserve is an essential component of the preopera-
tive evaluation of these patients. To assess for the adequacy
of the future liver remnant, the Child-Pugh classification has
historically been employed (Table 1). In North America,
the current evaluation for resection typically includes the
determination of the presence of portal hypertension, as
quantified by hepatic vein catheterization (Bruix and Cas-
tells et al. 1996). Other methods to clinically assess for
portal hypertension include the presence of splenomegaly
and/or thrombocytosis. The literature is mixed regarding the
exact margin required for adequate removal of the tumor,
although 1–2 cm is generally recommended.

2.2.3 Percutaneous Ablation in the Management
of Hepatocellular Carcinoma

Percutaneous ablation is a local therapy whereby substances
(alcohol or acetic acid) are injected into a focal liver lesion,
or the temperature is changed (via radiofrequency ablation,
microwave, laser, or cryotherapy). Ethanol and radiofre-
quency ablation are the two most commonly reported
ablative techniques. In a retrospective analysis of five ran-
domized trials, it appears that radiofrequency was superior
to ethanol ablation in terms of overall survival and local
control for small HCC (Chen and Li et al. 2006). Radio-
frequency ablation was directly compared to hepatic
resection in a randomized trial of 230 patients conducted in
China. Hepatic resection was found to be significantly
superior to radiofrequency ablation, with an overall survival
rate of 75.6 % versus 54.8 %, and recurrence-free survival
of 51.3 % versus 28.7 %, respectively (Huang and Yan
et al. 2010). The NCCN currently endorses ablation as a
local treatment modality for patients with a small burden
(tumors B 3 cm) of unresectable disease (Benson and Ab-
rams et al. 2009). Lesions not suitable to ablation include
lesions near the dome, as they are less well visualized with
ultrasound, and lesions near large blood vessels, due to
concerns of heat sink from nearby circulation.

2.2.4 Endovascular Therapies in the Management
of Hepatocellular Carcinoma

Endovascular therapies for the treatment of hepatocellular
carcinoma include radioembolization and chemoemboliza-
tion. These techniques exploit the differential perfusion of
hepatic malignancies and parenchyma, given that tumor cells
derive their blood supply from the hepatic artery, whereas
normal hepatocytes rely on the hepatic vein. In this way,
cancerous cells are preferentially targeted with relative
sparing of normal hepatocytes. Radioembolization is a
catheter-based, liver-directed therapy that involves the
hepatic intra-arterial injection of isotopes, typically yttrium-
90, bound to resin microspheres. While the major mechanism
of radioembolization is due to radiation, embolization also
attempts to induce ischemic necrosis of the tumor. In con-
trast, transcatheter arterial chemoembolization attempts to
both increase the local concentration of chemotherapeutic
agents and induce ischemic necrosis of the tumor. In hepa-
tocellular carcinoma, chemoembolization and radioemboli-
zation have been used to delay disease progression, bridge to
potential liver transplantation, or palliate symptoms.

Multiple randomized trials comparing transcatheter arte-
rial chemoembolization versus best supportive care for
patients with unresectable hepatocellular carcinoma and
without severe liver disease found no advantage to
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transarterial chemoembolization versus conservative therapy
(Pelletier 1990; Hepatocellulaire 1995), although a meta-
analysis of 7 randomized, controlled trials found a significant
2-year overall survival benefit of chemoembolization versus
control (Adam and Azoulay et al. 2003). The NCCN endorses
chemoembolization as a treatment option for patients with
unresectable hepatocellular carcinoma without main portal
vein thrombosis, as ischemic hepatitis is a known compli-
cation of this procedure (Benson and Abrams et al. 2009).

A recent comparative analysis study of patients with
unresectable hepatocellular carcinoma without portal vein
thrombosis compared 122 patients who received chemo-
embolization and 123 who received radioembolization
(Salem and Lewandowski et al. 2011). The acute side
effects of abdominal pain and transaminitis were signifi-
cantly more frequent in the chemoembolization cohort.
Time to progression was statistically improved from 8.4 to
13.3 months, favoring patients who underwent radioembo-
lization as opposed to chemoembolization. Various older,
retrospective studies have concluded that radioembolization
and chemoembolization are equivalent locoregional thera-
pies with similar effectiveness and safety profiles (Poon and
Lau et al. 2007; Shannon and Williams 2008).

The most commonly used radioisotope for radioembo-
lization is yttrium-90 (90Y), which is a pure beta-emitter
with a half-life of 64.2 h. In a recent, prospective report of
long-term outcomes of patients receiving 90Y, overall time
to progression was 7.9 months (Poon and Lau et al. 2007).
Patients with Child-Pugh A disease, with or without portal
vein thrombosis, enjoyed the longest survival. Survival
times significantly differed between patients with Child-
Pugh A and B disease, at 17.2 months and 8.8 months,
respectively. Patients with Child-Pugh B disease who had
portal vein thrombosis fared the poorest, with a median
survival of 5.6 months. Baseline patient characteristics,
including age and performance status, as well as serum
indicators of hepatic function predicted for survival.

2.2.5 External Beam Radiotherapy
in the Management of Hepatocellular
Carcinoma

Prior to the development of conformal radiotherapy, the
utilization of radiotherapy in the management of hepato-
cellular carcinoma was limited by toxicity, given that the
whole liver was necessarily encompassed in the radiation
portal. Radiation-induced veno-occlusive liver disease
(classic RILD) was the dose-limiting complication, which
was pathologically first described by Reed and Cox in the
early 1960s (Reed 1966).

The advent of conformal radiotherapy permitted delin-
eation of target lesions, thereby enabling partial volumes of
the liver to be spared from radiotherapy. Furthermore, the
dose-volume relationship between liver irradiation and RILD

became better elucidated. In 2002, a Normal Tissue Com-
plication Probability (NTCP) model was described which
estimated a 50 % complication risk of RILD for whole-organ
irradiation of 39.8 Gy for patients with primary hepatobiliary
cancer. (Dawson and Normolle et al. 2002).

One of largest experiences of conformal radiotherapy in
the treatment of hepatocellular carcinoma is derived from
the Seong experience in Korea, which is a retrospective
series of 298 patients with hepatocellular carcinoma. The
majority (81.9 %) of patients were treated with conformal
radiotherapy to a total dose of C45 Gy. On multivariate
analysis, a BED of[53.1 Gy was shown to be a significant
factor for better prognosis (Seong and Lee et al. 2009).

In the United States, the University of Michigan con-
ducted a series of trials with conventionally fractionated,
conformal partial liver radiotherapy which was delivered in
doses up to 90 Gy in 1.5-Gy fractions on a twice-daily
schedule with concurrent intra-arterial hepatic fluorode-
oxyuridine (Robertson and Walker et al. 1997; McGinn and
Ensminger et al. 1998; Dawson and McGinn et al. 2000;
Ben-Josef and Normolle et al. 2005). For the 35 patients
enrolled in these trials with hepatocellular carcinoma, an
objective response was obtained in 56 % of patients, and
median survival was 15.2 months. There was a statistically
significant effect for dose, as patients who received a total
dose of C75 Gy enjoyed improved progression free survival
than patients who received lesser total radiotherapy doses
(Ben-Josef and Normolle et al. 2005). A summary of trials
of conformal radiotherapy is provided in Table 3. Typi-
cally, local control has been reported between 54 and 81 %,
and 1-year overall survival ranges between 43 and 65 %.

2.2.6 Stereotactic Body Radiotherapy
in the Management of Hepatocellular
Carcinoma

Stereotactic body radiation therapy (SBRT) has emerged as
powerful, non-invasive ablative technique with the capacity
for local tumor eradication in the absence of surgery. The
experience of SBRT for hepatocellular carcinoma is rela-
tively small, given the new application of SBRT in the
treatment of this entity. Several trials have reported their
experiences with hepatocellular carcinoma and SBRT, with
total doses typically between 36 and 60 Gy delivered in 3–6
fractions (Table 4) (Liang and Zhu et al. 2006; Mendez-
Romero and Wunderink et al. 2006; Tse and Hawkins et al.
2008; Cardenes and Price et al. 2010; Goyal and Einstein
2010; Kwon and Bae et al. 2010; Louis and Dewas et al.
2010; Seo and Kim et al. 2010). In contrast to patients with
metastatic liver tumors, the majority of patients with hepa-
tocellular carcinoma have cirrhotic livers, so estimation of
post-treatment hepatic function is increasingly important.
Further details regarding the toxicity of SBRT in
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hepatocellular carcinoma are reviewed later in the ‘‘Toxic-
ity’’ section.

One of the largest prospective trials of SBRT in hepa-
tocellular carcinoma was conducted at the Princess Mar-
garet Hospital. In this phase 1 trial, 31 patients with
unresectable hepatocellular carcinoma with Child-Pugh A
liver function were treated with 6 fraction SBRT. The total
SBRT dose was dependent upon NTCP calculations that

estimated the risk of RILD from 5 to 20 % based on the
University of Michigan experience. The median tumor dose
was 36 Gy (range 24–54 Gy). A median overall survival of
11.7 months was observed for patients with hepatocellular
carcinoma. There was a 24 % rate of Grade 3 transaminitis,
and no acute Grade 4–5 toxicities. There was one late Grade
5 toxicity resulting from a GI bleed (Tse and Hawkins et al.
2008).

Table 4 Studies of stereotactic body radiotherapy for Hepatocellular Carcinoma

Study Patients CP Class
A (%)

Total dose (fractions) 1-year local
control (%)

1-year overall
survival (%)

Mendez-Romero and
Wunderink et al. 2006
(Mendez-Romero and
Wunderink et al. 2006)

8 75 37.5 Gy (3 fractions) for \ 4 cm
25 Gy (5 fractions) or 30 Gy (3
fractions) for C 4 cm

75 75

Tse and Hawkins et al. 2008
(Tse and Hawkins et al. 2008)

31 100 24–54 Gy (6 fractions) 65 48

Cardenes and Price et al. 2010
(Cardenes and Price et al. 2010)

17 (25
tumors)

35 36–48 Gy (3 fractions) for CPA
36–42 Gy (3 fractions) or 40 Gy (5
fractions) for CPB

100 75

Goyal and Einstein et al. 2010
(Goyal and Einstein et al. 2010)

6 NA 24–45 Gy (1–3 fractions) 100 67

Seo and Kim et al. 2010
(Seo and Kim et al. 2010)

38 89 33–57 Gy (3–4 fractions) 79 68

Kwon and Bae et al. 2010
(Kwon and Bae et al. 2010)

42 90 30–39 Gy (3 fractions) 72 93

Louis and Dewas et al. 2010
(Louis and Dewas et al. 2010)

25 88 45 Gy (3 fractions) 95 79

Stenmark and Liu et al. 2011
(Stenmark and Liu et al. 2011,
January 20–22)

31 69 Majority 50 Gy (5 fractions) or
60 Gy (3 fractions)

88 81

Abbreviations: CPA Child-Pugh Class A; CPB Child-Pugh Class B

Table 3 Trials of conformal, conventionally fractionated radiotherapy for Hepatocellular Carcinoma

Study Patients CP Class A
(%)

Total dose (dose per fraction) 1-year local
control

1-year overall
survival

Liu and Li et al. 2004
(Liu and Li et al. 2004)

44 86 40–60 Gy, fractional dose
unreported

61 % 61

Ben-Josef and Normolle et al.
2005
(Ben-Josef and Normolle et al.
2005)

35 100 40–90 Gy in 1.5 Gy fx BID 81 % 57

Liang and Zhu et al. 2005
(Liang and Zhu et al. 2005)

128 84 36–68 Gy, majority 4- to 6-Gy
fx

69 % at
3 months

65

Kim and Kim et al. 2006
(Kim and Kim et al. 2006)

70 88 44–54 Gy in 2- to 3-Gy fx 54 % 43

Mornex and Girard et al. 2006
(Mornex and Girard et al. 2006)

27 59 36–66 Gy in 2-Gy fx 78 % NA

Seong and Lee et al. 2009
(Seong and Lee et al. 2009)

398 77 25–60 Gy, majority 1.8- to 5-Gy
fx

NA 45

Abbreviations: BID twice daily; CP Child-Pugh; fx fractions
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2.2.7 Chemotherapy in the Management
of Hepatocellular Carcinoma

Sorafenib is an oral multikinase inhibitor of vascular
endothelial growth factor and platelet-derived growth factor
receptors. The SHARP (Sorafenib Hepatocellular Carci-
noma Assessment Randomized Protocol) trial was a large
phase 3, randomized, placebo-controlled trial that evaluated
sorafenib in patients with advanced hepatocellular carci-
noma (Llovet and Ricci et al. 2007). Patients receiving
sorafenib experienced a 3 month improvement in median
survival than those randomized to placebo (10.7 months vs
7.9 months, P \ 0.001). Time to radiographic progression
was also significantly improved with the addition of so-
rafenib by approximately 3 months. Similar in design to the
SHARP trial, the Asia–Pacific trial found a statistically
significant improvement in overall survival (6.5 months vs
4.2 months) as well as median time to progression
(2.8 months vs 1.4 months) for patients treated with so-
rafenib versus placebo (Cheng and Kang et al. 2009). The
NCCN designates sorafenib as the only treatment option
with a category 1 designation for Child-Pugh Class A
patients with unresectable disease (Benson and Abrams
et al. 2009).

3 Metastatic Liver Disease

3.1 Clinical Factors

The spectrum of metastatic disease to the liver is broad,
ranging from a single metastatic lesion to innumerable
hepatic metastases. Traditionally, the presence of liver
metastases denoted an incurable state, and interventions
were largely restricted to systemic therapy and/or palliative
in nature. However, surgical series of metastasectomy have
challenged this assumption, with recent studies document-
ing 5-year survival rates from 42 to 71 % for patients with
solitary hepatic metastases (Aloia and Vauthey et al. 2006;
Simmonds and Primrose et al. 2006; Taniai and Yoshida
et al. 2006; Tomizawa and Ohwada et al. 2006; Wei and
Grant et al. 2006). From these observations, the concept of
‘oligometastases’ denoted that, for patients with limited
volume and sites of metastatic disease, localized cancer
therapies have the potential to be curative in nature
(Weichselbaum and Hellman 2011).

The identification of patients with hepatic metastases
who have disease that is potentially amenable to curative,
locoregional therapies has been investigated in a retro-
spective manner by surgical series. There is evidence that
patients presenting synchronously with a primary colon
cancer and liver metastases may have a more disseminated
disease state and corresponding shorter disease-free interval
than for patients developing metachronous metastases (Tsai

and Su et al. 2007). Fong et al. examined the clinical and
pathologic findings of 1,001 consecutive patients at a single
institution undergoing partial liver resection for metastatic
colorectal disease. Five-year survival for all patients was
37 %, and the 10-year survival was 22 %. Findings that
portended a poor long-term survival on multivariate anal-
ysis included positive surgical margins, extrahepatic dis-
ease, node positive primary, disease-free interval of
\12 months, [1 hepatic metastasis, largest hepatic tumor
[5 cm, and CEA [ 200 mg/mL (Fong and Fortner et al.
1999). A clinical risk score corresponding to tumor recur-
rence at 1, 2, 3, 4, and 5 years was developed from these
findings (Table 5).

Similarly, Pawlik et al. conducted a multicenter, retro-
spective analysis of 557 patients undergoing hepatic
resection. At a median follow-up of 29 months, the median
survival for patients with a positive surgical margin was
significantly inferior to patients with negative margins, with
a median survival of 49 months for the former group, and
the median survival was not reached for the latter group.
Width of the negative surgical margin did not appear to
predict for survival (Pawlik and Scoggins et al. 2005).

3.2 Treatment-Specific Factors

3.2.1 Fractionated Radiotherapy
in the Management of Metastatic Liver
Disease

The use of radiotherapy in the management of metastatic
liver disease has classically been limited by toxicity. In the
1970s and 1980s, numerous studies suggested that low-dose
whole-liver radiotherapy (generally 21–30 Gy in 2- to 3-Gy
fractions) conferred an improvement in pain control in up to
90 % of patients, without an overall survival benefit (Prasad
and Hendrickson et al. 1977; Sherman and Order 1978;
Borgelt and Gelber et al. 1981). Median survival was poor
in these studies, as demonstrated by an 11 week median

Table 5 Clinical risk score for tumor recurrence

Survival (%)

Score 1 year 2 year 3 year 4 year 5 year Median
(mo)

0 93 79 72 60 60 74

1 91 76 66 54 44 51

2 89 73 60 51 40 47

3 86 67 42 25 20 33

4 70 45 38 29 25 20

5 71 45 27 14 14 22

Each of the following risk factors are one point: Node-positive pri-
mary, disease-free interval \12 months, [1 tumor, size [5 cm,
CEA [ 200 ng/ml (Fong and Fortner et al. 1999)
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survival observed in RTOG 76-05 (Borgelt and Gelber et al.
1981). Studies which sought to augment the efficacy of low-
dose whole-liver radiotherapy with various methods,
including hyperfractionation, misonidazole radiosensitiza-
tion, and radiolabelled antibodies, did not suggest signifi-
cant benefit as compared with whole-liver radiotherapy
alone (Liebel and Massullo et al. 1987; Stillwagon and Guse
et al. 1989; Abrams and Pajak et al. 1998).

The advent of 3-dimensional, conformal radiotherapy
enabled the delivery of partial liver radiotherapy, permitting
tumor dose escalation without the inherent dose limitations
of whole-liver radiotherapy. The University of Michigan
published the results of a phase I-II trial in 1995, which
escalated the dose of conformal radiotherapy from 48 to
72.6 Gy in 1.5- to 1.65-Gy fractions with concurrent intra-
arterial hepatic flurordeoxyuridine (Robertson and Walker
et al. 1995). Fifty percent of patients achieved an objective
response (11 of 22 patients), with the remainder of patients
experiencing stable disease. The median survival was
20 months, which compared favorably to older, whole-liver
series. In another study, 45 patients with colorectal liver
metastases were treated with either low-dose whole-liver
radiotherapy to a total dose of 8–31 Gy in 2- to 3-Gy
fractions, versus low-dose whole-liver radiotherapy fol-
lowed by tumor boost to 33–60 Gy (Mohiuddin and Ahmad
et al. 1996). Median survival was improved from 4 to
14 months with the addition of the boost.

3.2.2 Stereotactic Body Radiotherapy
in the Management of Liver Metastases

Stereotactic body radiotherapy (SBRT) is a hypofractionated
radiation technique that utilizes both increased target con-
formality and steep dose gradients outside the planning target
volume to deliver an ablative tumor dose (Schefter and
Kavanagh 2011). Several clinical developments are neces-
sary for the delivery of SBRT: (1) secure patient immobili-
zation; (2) accurate repositioning from simulation to
treatment delivery; (3) multiple arcing small aperture fields;
(4) assessment of organ motion; (5) stereotactic registration
of the target; and (6) ablative dose fractionation (Timmerman
and Kavanagh et al. 2007). An early application of SBRT was
in the treatment of medically inoperable, early stage lung
cancer. A phase II North American study evaluated 55
patients who received 54 Gy in 3 Gy fractions to a non-small
cell lung primary (Timmerman and Galvin et al. 2010). The
documented 3-year survival rate of 55.8 % and local tumor
control rate of 97.6 % compared favorably to the outcomes of
conventionally fractionated management, with a low rate of
treatment toxicity. From the findings of this phase II trial and
the work of others, SBRT is now an NCCN recognized
management approach for medically inoperable primary
lung cancer (Ettinger and Bepler 2010).

Early reports of the use of SBRT in the treatment of liver
lesions emanated from Stockholm in the 1990s (Blomgren
and Lax et al. 1995; Lax and Blomgren et al. 1998). Sub-
sequently, several phase I-II trials have investigated the use
of SBRT in liver lesions (Table 6) (Herfarth and Debus
et al. 2001; Hoyer and Roed et al. 2006; Mendez-Romero
and Wunderink et al. 2006; Lee and Kim et al. 2009;
Rusthoven and Kavanagh et al. 2009; Goodman and
Wiegner et al. 2010; Rule and Timmerman et al. 2011).
Typically, eligible patients had one to five hepatic metas-
tases, all \5 cm in diameter. While the majority of the
metastases were secondary to colorectal primaries, meta-
static lesions from other gastrointestinal cancers, renal cell
carcinoma, breast cancer, bladder cancer, and ovarian can-
cer were treated. It has been postulated that the best can-
didates for SBRT are similar to those most suitable for
metastasectomy, in that they have controlled primary
tumors, a limited burden of metastatic disease, metachro-
nous appearance of primary and metastatic disease, younger
age, and higher performance status (Timmerman and
Bizekis et al. 2009).

The results of the phase I/II series describing liver SBRT
have championed its use as a safe, ablative nonsurgical
technique. One of the earliest series was reported by Herf-
arth and Debus et al. in 2001, where 60 liver lesions (56
metastases, 4 primary tumors) in 36 patients were treated
with doses escalated from 14 to 26 Gy in a single fraction.
The actuarial local control rate after 18 months was 81 %
(Herfarth and Debus et al. 2001). Every patient experienced
post-treatment, CT findings of a sharply demarcated hypo-
dense area surrounding the target, at a median time of
1.8 months following SBRT (Herfarth and Hof et al. 2003).

A multi-institutional phase I/II study from the University
of Colorado treated patients with one to three hepatic
lesions with individual tumor diameters \6 cm with three
fraction SBRT (Schefter and Kavanagh et al. 2005; Rus-
thoven and Kavanagh et al. 2009). During phase I, the total
dose was safely escalated from 36 to 60 Gy, and the phase
II dose was 60 Gy. Actuarial in-field local control rates at
one and 2 years post-treatment were 95 % and 92 %,
respectively. Toxicities were minimal, as demonstrated by a
2 % rate of grade C 3 toxicity (one patient experienced a
grade 3 soft tissue toxicity). In a phase I trial at the Uni-
versity of Texas Southwestern, patients were treated in three
dose-escalation cohorts: 30 Gy in 3 fractions, 50 Gy in 5
fractions, and 60 Gy in 5 fractions (Rule and Timmerman
et al. 2011). A critical non-tumorous hepatic volume of
700 mL was spared from doses [21 Gy. There was a sta-
tistically significant difference in local control between the
60- and 30- Gy cohorts, with a 2 year local control rate of
100 and 56 %, respectively. There were no toxicities grade
3 or greater reported.
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In a multi-institutional study, 65 patients with 102
colorectal metastases treated with one to six fraction SBRT
were retrospectively analyzed (Chang and Swaminath et al.
2011). On multivariate analysis by lesion, total dose, dose
per fraction, and BED all correlated significantly with local
control. Conversely, patient characteristics including age
and number of prior chemotherapy regimens were not
associated with local control. A tumor control probability
model estimated that the dose required for [90 % local
control was 46- to 52-Gy in 3 fractions. There was a trend
correlating local tumor control with overall survival, sug-
gesting that hepatic tumor control is a significant clinical
objective.

3.2.3 Radiofrequency Ablation
in the Management of Liver Metastases

Radiofrequency ablation is a procedure that utilizes an
alternating electrical current to generate thermal ablation of
interstitial tissue via an open, laparoscopic, or percutaneous

approach. The experience of radiofrequency ablation (RFA)
in the management of liver metastases has been limited to
retrospective studies (Gleisner and Choti et al. 2008; de Jong
and Pulitano et al. 2009; Hur and Ko et al. 2009; (Reuter and
Scoggins et al. 2009). Toxicity of RFA appears to be modest,
with a major complication rate ranging between 0 and 2 %
(Wong and Mangu et al. 2010). There is wide range of
reported outcomes in these studies, with 5-year survival
ranging between 14 and 55 %, and local control rates
reported as 3.6–60 % (Wong and Mangu et al. 2010). The
predominance of the literature suggests that RFA yields
inferior local recurrence and overall survival outcomes as
compared with surgical resection (Abdalla 2009; de Jong and
Pulitano et al. 2009). The 2009 ASCO clinical evidence
review and 2012 Cochrane Database Systemic Review con-
cluded that, given the lack of randomized trials, there is
insufficient evidence to form the basis of clinical recom-
mendations for the use of RFA (Wong and Mangu et al. 2010;
Cirocchi and Trastulli et al. 2012).

Table 6 Outcomes of phase I/II studies of SBRT for liver metastases

Study Patients No. of tumors by
type:
metastasis/primary

Total dose (fractions) Local control Time

Herfarth and Debus et al. 2001 37 56/4 14–26 Gy (1 fraction) 67 % 18 Months

81 % with
C20 Gy

Phase I/II

(Herfarth and Debus et al. 2001)

Mendez-Romero and Wunderink et al.
2006

25 34/11 37.5 Gy (3 fractions) 82 % 24 Months

Phase I/II

(Mendez-Romero and Wunderink et al.
2006)

Hoyer and Roed et al. 2006 44 NR 45 Gy (3 Fractions) 79 % 24 Months

Phase II

(Hoyer and Roed et al. 2006)

Lee and Kim et al. 2009 68 141/0 Variable NTCP-based 71 % 12 Months

Phase I

(Lee and Kim et al. 2009) Median 42 Gy (6
fractions)

Rusthoven and Kavanagh et al. 2009 47 63/0 36–60 Gy (3 fractions) 92 % 24 Months

Phase I/II

(Rusthoven and Kavanagh et al. 2009)

Goodman and Wiegner et al. 2010 26 33/7 18–30 Gy (1 fraction) 77 % 12 Months

Phase I

(Goodman and Wiegner et al. 2010)

Rule and Timmerman et al. 2011 27 37/0 30 Gy (3 fractions) 56 % 24 Months

89 %

100 %Phase I 50 Gy (5 fractions)

(Rule and Timmerman et al. 2011) 60 Gy (5 fractions)
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3.2.4 Radioembolization in the Management
of Liver Metastases

As described previously, radioembolization is a catheter-
based, liver-directed therapy that involves the hepatic intra-
arterial injection of isotopes, typically yttrium-90, bound to
resin microspheres. The data regarding radioembolization
has reported little toxicity, although the experience is limited
to small trials with highly selected patients. A recent multi-
center phase III study of 46 patients compared intravenous
fluorouracil with or without radioembolization for patients
with unresectable, chemotherapy-refractory liver-limited
metastatic colorectal cancer. The results suggested a signif-
icant improvement in terms of median time to tumor pro-
gression of 2.1 and 4.5 months, favoring the
radioembolization arm, without a statistically significant
difference in grade 3 or 4 toxicities (Hendlisz and Van den
Eynde et al. 2010).

4 Radiation Planning Techniques

There are several issues unique to the treatment planning for
liver metastases and primary liver cancer. Given the prox-
imity of critical adjacent normal structures and the potential
for radiation-induced liver injury to the normal hepatic
parenchyma, it is critical to accurately define the tumor and
reproducibly localize the lesion(s) on a daily basis.

Hepatic lesions are difficult to discriminate from normal
hepatic parenchyma in noncontrast, computed tomography
(CT) imaging. The addition of intravenous, timed contrast
can permit improved visualization of both primary and
metastatic liver lesions. Primary hepatocellular carcinoma
more avidly enhances than normal hepatic parenchyma
during the arterial phase (acquired after a 20- to 30-second
delay) and washes out during the venous (50–60 second) or
late delayed ([180 second) phases of imaging (Bruix and
Sherman 2011). In contrast, metastatic lesions are better
visualized with addition of intravenous contrast timed for
the venous phase. Furthermore, the additional imaging
modalities of magnetic resonance imaging (MRI) and pos-
itron emission tomography (PET) can assist in the dis-
crimination of hepatic lesions. As these studies must be
registered to the planning CT scan, it is advisable to per-
form these ancillary studies in the same immobilization
device to facilitate registration (Brock 2011).

Breathing motion and daily changes of the liver position
may be substantial. Motion management strategies include
abdominal compression and breath-hold techniques. Imag-
ing techniques for motion assessment include repeat 3-
dimensional imaging between two extreme states of the
breath cycle, or four-dimensional assessment of the respi-
ratory cycle.

Daily localization of the liver lesion is critical to permit
for dose escalation and sparing of the normal hepatic
parenchyma. Various imaging modalities are utilized for
treatment delivery, including two-dimensional images,
ultrasound, kV and MV volumetric guidance, and IGRT.
Image-guided radiotherapy (IGRT) may facilitate tumor
dose escalation via reduction of PTV margins and improved
precision of radiotherapy. The placement of fiducial mark-
ers is utilized to assist with IGRT, and is associated with
little toxicity (Kothary and Heit et al. 2009).

5 Toxicity

Prior to the development of conformal radiotherapy, the
utilization of radiotherapy in the management of metastatic
and primary liver lesions was limited by toxicity. Toxicity
to the liver is dependent upon the volume of liver irradiated,
radiation dose, functional reserve of the liver, and other
medical comorbidities.

The two most challenging complications after hepatic
irradiation are radiation-induced liver disease and chest wall
toxicities. These will be the topic of further discussion.

5.1 Radiation-Induced Liver Disease

Radiation-induced veno-occlusive liver disease (RILD) was
historically the dose-limiting complication, which was
pathologically described by Reed (1966). These pathologic
findings are responsible for both ‘‘classic’’ and ‘‘nonclassic’’
RILD. In ‘‘classic’’ RILD, which typically occurs within
4 months after completion of radiotherapy, patients present
with fatigue, weight gain, increased abdominal girth, hepa-
tomegaly, anicteric ascites, and an isolated elevation in
alkaline phosphatase without accompanying transaminitis
(Lawrence and Robertson et al. 1995). In contrast, ‘‘non-
classic’’ RILD is usually experienced by patients with
underlying cirrhosis. This clinical scenario is characterized
by jaundice and/or significant transaminitis within 3 months
post completion of hepatic radiotherapy (Cheng and Wu et al.
2002; Liang and Zhu et al. 2006; Xu and Liang et al. 2006).

In 1965, Ingold first described the relationship between
total liver dose and RILD (Ingold and Kaplan et al. 1965).
RILD occurred in 1 out of 8 patients who received a total
liver dose of 30–35 Gy, as compared with 12 of 27 who
received doses in excess of 36 Gy. This observation was
confirmed in RTOG 84-05, which was a phase I-II study
which escalated the whole-liver dose from 27 Gy to 33 Gy
in 1.5-Gy fractions with twice-daily scheduling (Russell and
Wasserman et al. 1993). No patients experienced RILD at a
total dose of 30 Gy, as compared with 10 % of patients who
received 33 Gy. In the Emami paper, the probability of a
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5 % complication within 5 years from treatment (TD5/5)
for the whole liver was defined as 30 Gy in 2-Gy fractions
(Emami and Brown et al. 1991).

The liver is an organ organized in radiobiologically
parallel architecture, with numerous, repetitive functional
subunits. A significant portion of the liver can be ablated
without resultant hepatic dysfunction, if a portion of the
normal liver is spared from a mean dose. Furthermore, the
organ is capable of regeneration, which may provide long-
term recovery from radiotherapy. This notion is supported
by surgical series, which have demonstrated that as much as
80 % of the noncirrhotic liver can be removed without
triggering liver failure (Penna 2002; Shah and Coates et al.
2007).

Studies investigating the use of SBRT for hepatic
metastases have reported low rates of RILD, presumably
because this cohort of patients are without underlying
hepatic dysfunction. The University of Colorado prospec-
tive phase I/II trial demonstrated the safety of escalating
doses for hepatic metastases to 60 Gy in 3 fractions
(Schefter and Kavanagh et al. 2005; Rusthoven and Kava-
nagh et al. 2009). In this study, a ‘‘critical volume’’ model
mandated that at least 700 mL of normal liver receive
\15 Gy of total dose. Support for these constraints were
extrapolated from the surgical literature where, as previ-
ously noted, as much as 80 % of normal liver could be
resected without precipitating liver failure (Penna 2002;
Shah and Coates et al. 2007). Assuming an average liver
size of 2,000 mL, the deliberate sparing of 700 mL would
ensure at least 35 % uncompromised liver volume. In this
series, no grade 3 or higher hepatotoxicity was noted. No
prospective dose-escalation trials have reached maximum
tolerated doses (MTD) (Herfarth and Debus et al. 2001;
Rusthoven and Kavanagh et al. 2009; Goodman and
Wiegner et al. 2010; Rule and Timmerman et al. 2011) and
reports have consistently demonstrated that patients with

adequate baseline liver function can tolerate SBRT with
minimal hepatotoxicity.

In contrast, investigators the Princess Margaret Hospital
utilized a conceptually different approach to normal liver
constraints for SBRT to hepatic metastases. The Lyman
normal tissue complication probability model dictated the
6-fraction SBRT total dose. In this way, individualized
radiation doses were designated to maintain the nominal
risk of RILD for three estimated risk levels (5, 10, and
20 %). The median SBRT dose was 41.8 Gy in 6 fractions.
Two patients experienced grade 3 transaminitis. No RILD
was observed, suggesting that the Lyman normal tissue
complication probability model likely overestimates the risk
of hepatic injury. One patient experienced a grade 4 duo-
denal bleed and grade 5 malignant small bowel obstruction.
This patient received maximum doses to 5 cc of the stom-
ach and duodenum of 31.1 Gy and 33.1 Gy, respectively.

In contrast to patients with hepatic metastases, patients
with hepatocellular carcinoma typically have compromised
underlying liver function. Therefore, dose constraints for
both conventionally fractionated treatment and SBRT must
account for post-treatment liver reserve. In the study of
SBRT for hepatocellular carcinoma reported by Son et al.,
36 patients were treated with SBRT for unresectable
hepatocellular carcinoma to doses of 30–39 Gy in 3 frac-
tions (Son and Choi et al. 2010). Grade 2 or higher hepatic
toxicity was noted in 33 % of patients, and 11 % of patients
developed progression of Child-Pugh class. On multivariate
analysis, the only parameter associated with the progression
of Child-Pugh class was the total liver volume receiving a
dose\18 Gy. The investigators proposed that the total liver
volume receiving \18 Gy should be[800 cc to reduce the
risk of hepatic function deterioration.

The Quantitative Assessment of Normal Tissue Effects
in the Clinic (QUANTEC) recommendations reflect the
differential dose considerations for patients with liver

Table 7 Quantitative Assessment of Normal Tissue Effects in the Clinic (QUANTEC) recommendations for dose constraints for external beam
radiotherapy to the liver

Liver
metastases

Primary liver cancer Descriptor

Whole-liver RT B30 Gy, 2 Gy/
fx

B28 Gy, 2 Gy/fx Whole-organ prescription dose

21 Gy/7 fx
21 Gy/7 fx

Partial liver RT, conventional
fractionation

\32 Gy \28 Gy Mean normal liver dose for tumor dose B2 Gy/
fraction

SBRT, 3–6 fractions \15 Gy/3 fx \13 Gy/3 fx Mean normal liver dose

\20 Gy/6 fx \18 Gy/6 fx

CPB \ 6 Gy, in 4–6 Gy/
fx

SBRT, 3–5 fractions C700 mL of normal liver receives B15 Gy Critical volume model

Abbreviations: CPB Child-Pugh Class B; fx fractions; RT radiotherapy; SBRT stereotactic body radiotherapy
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metastases as opposed to primary liver cancer, and are
summarized in Table 7.

Treatment of radiation-induced liver injury is largely
supportive, as no pharmacologic therapies are currently
approved for the treatment of RILD. Treatment typically
involves diuresis for fluid retention, analgesics for dis-
comfort, paracentesis for ascites, and correction of coagu-
lopathy (Guha and Kavanagh 2011). Animal studies have
suggested that glutathione or a combination of selenium and
vitamin E may offer hepatic radioprotection (DeLeve 1998;
Gençel and Naziroglu et al. 2010).

5.2 Chest Wall Toxicity

Chest wall pain and rib fracture are other reported toxicities
of liver and lung SBRT. A commonly used metric for
quantification of chest wall dose is the volume receiving
[30 Gy (V30)(Dunlap and Cai et al. 2010; Bongers and
Haasbeek et al. 2011; Creach and El Naqa et al. 2012).
Creach et al. identified that a V30 threshold of 0.7 % and V40
threshold of 0.19 % correlate with a 15 % risk of chest wall
pain (Creach and El Naqa et al. 2012). Woody et al. created a
predictive model of chest wall pain using a modified equiv-
alent uniform dose model created from four distinct SBRT
fractionation schemes (Woody and Videtic et al. 2012).
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Abstract

Rectal adenocarcinoma and anal canal squamous cell
cancer represent two distinct diseases that arise from the
distal gastrointestinal tract and utilize radiation concurrent
with chemotherapy as a component of care for localized
presentations. While chemoradiation is administered pre-
operatively for rectal cancer, and as definitive treatment for
anal cancer, localized management decisions and determi-
nation of prognosis are currently based on the assessment
of clinical stage. For these cancers, the role of imaging to
guide radiotherapy is critical and further investigation into
the identification of biomarkers and other predictors for
individualized patient care is warranted.
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IMRT Intensity modulated radiation therapy
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nology Criteria for Adverse Events version
3.0

RTOG Radiation Therapy Oncology Group
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HIV Human immunodeficiency virus
HARRT Highly active antiretroviral therapy
PTV Planning tumor volume

1 Rectal Cancer Introduction

Colorectal cancer is the third most common new cancer
diagnosis in the U.S., with an estimated 103,170 of new
cases of colon cancer and 40,290 of rectal cancer in 2012
(Siegel et al. 2012). The median age of onset is 62, with a
male predominance. Its incidence has decreased from 60.5
per 100,000 in 1976 to 46.4 in 2008, in large part due to
screening, and mortality has decreased due to improvements
in early detection and treatment. Although colorectal cancer
mortality has been progressively declining since 1990 at a
rate of about 3 percent per year, it still remains the second
most common cause of cancer death in the U.S. (Siegel
et al. 2012). While the majority of cases are sporadic, 10 %
have an inherited predisposition, including hereditary non-
polyposis colorectal cancer and familial adenomatous pol-
yposis (Jasperson et al. 2010). Environmental risk factors
for developing colorectal cancer include a diet rich in ani-
mal fat and low in fiber, smoking, alcohol, and prior radi-
ation (Ahmed 2003).

Colon and rectal cancers have different patterns of failure
after surgery and are therefore also managed differently.
Clinically, a lesion from the dentate line to within
12–16 cm from the anal verge by proctoscopy is considered
rectal cancer, although the precise anatomic division of the
rectum and sigmoid colon is the peritoneal reflection. As the
location of the rectum is deep within the pelvis, surgical
access to rectal lesions, in contrast to colon cancers, is often
limited by the anatomical boundaries of the pelvis. Local
recurrence in rectal cancer, therefore, is more of a concern
than in colon cancer, and adjuvant radiation-based treat-
ment is often necessary to reduce this risk.

2 General Treatment Paradigm

Preoperative staging has an important role to play in guid-
ing initial treatment decisions in rectal cancer. In addition to
digital rectal examination, serum carcinoembryonic antigen
(CEA), complete colonoscopy to rule out cancers elsewhere
in the bowel, and full-body CT or PET/CT to rule out

distant metastatic disease, the current treatment paradigm
for localized rectal cancer requires a detailed imaging work-
up for accurate clinical staging. Both endoscopic ultrasound
(EUS) and pelvic MRI are currently employed and are used
to determine the depth of invasion of the primary tumor, the
distance of the tumor from the sphincter complex, the
potential for achieving negative circumferential margins
with total mesorectal excision (TME), any involvement of
mesorectal or iliac lymph nodes, and any invasion of
adjacent organs such as the prostate or vagina. EUS is
extremely accurate for assessing invasion of tumors within
the bowel wall, but less accurate for staging tumors beyond
the wall, as it is not able to well visualize the mesorectal
fascia. EUS is also of low value in obstructed rectums
where the scope is not able to pass the tumor. High reso-
lution MRI predicts the circumferential margin (positive or
negative) with high accuracy and T2-weighted sequences
are recommended. The accuracy of EUS ranges from 80 to
95 %, compared with 75–85 % for MRI and 65–75 % for
CT in determining local staging of the primary tumor
(Siddiqui et al. 2006). In a meta-analysis of 84 studies, all
three imaging modalities were equivalent in staging nodal
status (Lahaye et al. 2005).

Figures 1 and 2 summarize preoperative and postopera-
tive decisions regarding the use of radiation. In clinical
stage I patients (T1N0, T2N0), definitive local surgery with
nodal dissection is appropriate. If pathology reveals pT3/T4
or N1-2 disease, then postoperative chemoradiation fol-
lowed by adjuvant chemotherapy is recommended. In select
clinical stage I patients, such as those with medical co-
morbidities or other contraindications to a larger surgery, or
tumors with very favorable pathology, local excision using
a full thickness resection with negative margins may be
utilized, followed by 50.4–54 Gy chemoradiation for pT1
tumors with poor histopathologic features and for all pT2
cancers (Schmoll et al. 2012). If pathology at local excision
reveals pT3/4 disease, then 50.4 Gy chemoradiation, fol-
lowed by consideration of TME, and then additional sys-
temic therapy should be administered. Additionally, select
patients with low-lying distal cT2 lesions may be consid-
ered for preoperative chemoradiation in attempts to convert
an abdominoperineal resection (APR) to a sphincter sparing
TME.

For clinical stage II–III rectal cancers (T3-T4N0 or N +)
implying locally advanced disease, preoperative treatment
is indicated. The German Rectal Cancer Study Group CAO/
ARO/AIO-94 phase III trial compared preoperative long-
course radiotherapy (50.4 Gy in 28 fractions) followed by
TME, with TME followed by postoperative standard che-
moradiation (54 Gy over 6 weeks with concurrent 5-FU).
Patients in the preoperative radiation arm had a decreased
risk of local recurrence at 10 years (7.1 vs. 10 %,
p = 0.048), improved acute and late morbidity, enhanced
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tumor downstaging, and an increased rate of sphincter-
preserving surgery for those declared upfront to have
required an APR, relative to the postoperative chemoradi-
ation arm (Sauer et al. 2004, 2012). There was, however, no
difference in overall or disease-free survival between pre-
operative and postoperative chemoradiation. Of note, both
arms received 4 cycles of chemotherapy outback, and the
rate of distant failures was the same in both of these groups
(29.8 and 29.6 % at 10 years, p = 0.9) (Sauer et al. 2012).

In the United States, preoperative treatment for stage II–
III cancers is long-course chemoradiation to 50.4 Gy with
concurrent 5-FU-based chemotherapy (continuous infusion
5-FU or oral capecitabine), rather than short-course radia-
tion (5 Gy 9 5 fractions) to 25 Gy, which is commonly

used in Europe, because of the concern for heightened late
effects with one week of hypofractionated radiation. These
two preoperative regimens were compared head-to-head in
the recently published Tasman Radiation Oncology Group
(TROG) 01.04 trial; 326 patients with T3N0-2M0 ultra-
sound or MRI staged rectal cancer were randomized to
receive either standard fractionated long-course chemora-
diation followed by TME 4–8 weeks later or short-course
radiation followed by TME one week later (Ngan et al.
2012). No statistical difference in rates of local or distant
recurrence or overall survival was reported at a relatively
short follow-up of 3 years. However, in a subset analysis of
patients with distal (\5 cm from the anal verge) tumors,
there was an observed difference in local recurrence rate

Clinical Staging*

cT3-4 N0 M0 or N+cT1-2 N0# cTany N+ M1a (oligometastatic)

Pre-operative 
chemoradiation^ 

(50.4 Gy in 28 fractions)

Pre-operative radiation 
(25 Gy in 5 fractions) TME alone

Fig. 1 Preoperative chemoradiation for rectal cancer: decisions based
on clinical staging (* Local clinical staging based on exam, EUS and
MRI; distant disease staging based on full body PET/CT or CT of
chest, abdomen and pelvis. # Select patients with low-lying distal cT2
lesions may be considered for preoperative chemoradiation in attempts

to convert an APR to a sphincter sparing TME ^ Chemotherapy
concurrent with long-course radiation may be 5-FU or capecitabine).
Of note, all clinical stage II and III patients receive additional
postoperative chemotherapy

Pathological Staging*  

pT3 N0 M0 pT1-2 N0 pT4 N0 M0   or N+

Consider long-course 
chemoradiation 

(50.4 Gy in 28 fractions)^

Long-course chemoradiation 
(50.4 – 55.8 Gy in 28-31  

fractions)

Local excision with poor 
histopathology features

Long-course chemoradiation
or TME

TME
alone

Fig. 2 Postoperative chemoradiation for rectal cancer: decisions
based on pathologic staging (* No preoperative chemoradiation was
administered ^ If high lesion with negative margins and good
histopathology features, may consider omitting chemoradiation). Of

note, may consider adjuvant chemoradiation for any margin positive
status, and all stage II and III patients receive additional postoperative
chemotherapy
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favoring long-course preoperative chemoradiation (12.5 %
in the short-course arm compared with 0 % in the long-
course arm, p = 0.21). Pathologic downstaging was also
significantly more common in the long-course preoperative
arm (45 vs. 28 %), though the rate of APR was similar (79
and 77 %). An increased risk of local recurrence was
associated with older patients, poorer ECOG performance
status, positive lymph nodes, and increased CEA level.
Notable, 56 % of patients in both arms had T3N0 disease,
which may have led to the similar outcomes, and another
criticism was the different duration of treatment in the two
arms (patients in the short-course radiation arm go through
approximately 1 week of preoperative treatment before
surgery versus the 2–4 months before surgery in the long-
course arm). It is unclear whether this difference in timing
affected outcome, and this is anticipated to be one of the
analyses performed for the ongoing Stockholm III three arm
randomized trial comparing short-course radiation followed
by TME one week later, with short-course radiation or long
course–chemoradiation followed by TME 4–8 weeks later
(Pettersson et al. 2010).

One clinical scenario potentially favoring preoperative
short-course radiation is oligometastatic disease. In a phase
II study by the Dutch Colorectal Group, 50 patients with
primary rectal cancer presenting with synchronous resect-
able metastasis received short-course preoperative pelvic
radiation followed by six cycles of capecitabine, oxaliplatin
and bevacizumab, and then resection of the primary as well
as resection and/or ablation of the metastasis (van Dijk et al.
2010). Of the 41 patients who proceeded to surgery, 44 %
achieved a pCR or near-pCR of the rectal tumor. No notable
toxicities were observed during radiation or peri-opera-
tively, and no progression was noted during chemotherapy.
Another phase II trial for patients with cT3-4, any N and
any M rectal cancer examined preoperative short course
radiation followed by 4 cycles of mFOLFOX6 chemother-
apy prior to surgery (Myerson et al. 2012). Of the 44
evaluable cases, 33 had ypT0-2 residual disease. These two
studies suggest that short-course preoperative radiation may
be a reasonable strategy to achieve durable disease-free
survival and local palliation in patients with low burden
metastatic disease. Some institutions also consider neoad-
juvant short-course radiation a valid alternative in patients
with cT3N0 rectal cancer whose disease does not need
downsizing (not threatened by a close circumferential
margin; located in the upper and mid rectum) (Mohiuddin
et al. 2008). Adjuvant chemotherapy decisions are then
made based on pathological data.

In the U.S., concurrent adjuvant postoperative chemo-
therapy is administered for patients with clinical stage II
or III cancer that received preoperative chemoradiation or

for those that underwent upfront TME and had pathologic
stage II or III disease receiving chemoradiation postoper-
atively. The efficacy of postoperative radiation therapy and
5-FU-based chemotherapy for stage II and III rectal cancer
was established by a series of prospective, randomized
clinical trials from the Gastrointestinal Tumor Study
Group (GITSG-7175), the Mayo/North Central Cancer
Treatment Group (NCCTG-794751), and the National
Surgical Adjuvant Breast and Bowel Project (NSABP-R-
01) (Thomas and Lindblad 1988; Krook et al. 1991;
Wolmark et al. 1988). These studies demonstrated an
increase in both disease-free and overall survival when
postoperative chemoradiation and four additional cycles of
adjuvant 5-FU were administered.

While chemotherapy with fluoropyramidines has shown
to enhance local control and the pCR rate when admin-
istered concurrently with long course pelvic radiation, the
addition of 5-FU based chemotherapy after surgery has not
conferred a survival benefit following preoperative che-
moradiation (Bosset et al. 2006). The European Organi-
zation for Research and Treatment of Cancers (EORTC)
22921 study showed that there was no significant impact
on overall survival with either pre- or postoperative che-
motherapy (HR for death in the preoperative chemoradi-
ation group was 1.02 compared with the preoperative
radiation group; and the 5-year overall survival rate was
63.2 % for patients that did not receive adjuvant chemo-
therapy as compared to 67.2 % for patients receiving 5-FU
postoperatively). However, an unplanned subset analysis
of patients who underwent complete resection with nega-
tive margins and had M0 disease at surgery showed that
ypT0-2 patients appeared to experience a survival benefit
from adjuvant 5-FU as compared with ypT3-4 patients;
patients in whom no downstaging was achieved did not
benefit (Collette et al. 2007). Despite these findings, many
academic oncologists recommend that 5-FU and more
recently FOLFOX be considered as adjuvant chemother-
apy in rectal cancer. However, there are no data in pre-
operatively treated clinical stage II or III rectal cancer to
support this consideration.

Table 1 Predictors of local recurrence in rectal cancer

Prognostic factor

Clinical

T stage

Node-positive

Pathologic

Circumferential margins \2 mm

Treatment response to preoperative chemoradiation

170 J. Y. Chin et al.



3 Prognostic Factors

The prognosis of patients with localized rectal cancer is
associated with several factors including the depth of tumor
penetration through the bowel wall, involvement of pelvic
lymph nodes, positive circumferential (radial) margin, and
response to preoperative chemoradiation. However, only
disease stage and circumferential margin status has been
validated in multi-institutional prospective studies
(Table 1).

3.1 Disease Stage (Tumor and Nodal)

The American Joint Committee on Cancer (AJCC) staging
system is universally recommended and describes the ana-
tomical extension of rectal tumors (American Joint Com-
mittee on Cancer 2010), Table 2. Its prognostic value is
based on data derived from the outcome of patients after
complete surgical resection with or without combined
modality therapy. Both tumor penetration of the bowel wall
(the T stage) and lymph node involvement (the N stage) are
associated with an increased risk of local recurrence, distant
relapse and overall survival (Gunderson et al. 2002, 2004).
In pooled analyses of 2551 patients from three phase III
North American postoperative localized rectal cancer trials,
both overall and disease-free survival were dependent on
TN stage, and treatment method (Gunderson et al. 2002).
Three patient risk groups were defined: intermediate- (T1-
2N1, T3N0), moderately high- (T1-2N2, T3N1, T4N0), and
high- (T3N2, T4N1, T4N2) risk. Patients with a single high-
risk factor (T1-2N1, T3N0) had better overall survival,
disease-free survival, and local disease control than patients
with both high-risk factors; surgery and chemotherapy
(without radiation) for these patients resulted in a 5-year
overall survival rate of approximately 85 %.

The Intergroup 0114 adjuvant trial for rectal cancer,
comparing the addition of leucovorin and/or levamisole to
5-FU chemotherapy, demonstrated that even in the TME
era, adjuvant therapy was beneficial in patients with
resectable T3-4 or N1-3 disease, with no distant metastases
(Tepper et al. 2002). Within this locally advanced group of
patients, those with T4 or T3N+ disease had significantly
lower overall survival (55 % at 5 years) and disease-free
survival (44 %), compared to patients with T1-2N+ or
T3N0 disease who had a 5-year overall survival of 76 %
(RR 2.1, p \ 0.0001) and disease-free survival of 67 % (RR
2.0, p \ 0.0001). Local recurrence also varied by stage: the
higher risk group of T4 or T3N+ disease had double the
local failure rate at 5 years than did the T1-2N+ or T3N0
patients (18 vs. 9 %, respectively, p \ 0.0001). Interest-
ingly, this prospective study also found that males had a

worse overall survival than females (RR 1.2, p = 0.03),
though disease-free survival or local recurrence was not
significantly different by gender. There was no interaction
between gender and stage, although it was found that
females experienced more toxicity than males (81 %
females reported grade 3–5 toxicity compared with 69 % of
males).

Table 2 AJCC TNM classification of rectal cancer (clinical or
pathological)

Stage Description

Primary tumor (T)a

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ, intraepithelial or invasion of the lamina
propria

T1 Tumor invades submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades through the muscularis propria into perirectal
tissue

T4a Tumor penetrates to the surface of the visceral peritoneum

T4b Tumor directly invades or is adherent to other organs or
structures

Regional lymph nodes (N)b

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1a Metastasis in 1 node

N1b Metastasis in 2–3 regional nodes

N1c Tumor deposits in the subserosa, mesentery, or
nonperitonealized perirectal tissues without regional nodal
metastasis

N2a Metastasis in 4–6 regional nodes

N2b Metastasis in 7 or more regional nodes

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1a Metastasis confined to one organ site (liver, lung, ovary,
nonregional lymph node)

M1b Metastases in more than one organ/site or the peritoneum
a The use of ‘‘m’’ denotes multiple primaries; ‘‘r’’ denotes recurrent
disease; ‘‘y’’ if tumor is staged after neoadjuvant chemoradiation (and
not at initial presentation); ‘‘L0’’ or ‘‘L1’’ denotes with or without
lymphatic vessel invasion, respectively; ‘‘V0,’’ ‘‘V1,’’ or ‘‘V2’’
denotes no, microscopic, or macroscopic venous invasion, respectively
b Regional nodes include perirectal, presacral, lateral sacral, inferior
mesenteric, internal iliac, sacral promontory, superior rectal, middle
rectal, and inferior rectal; at least 10–14 nodes should be studied for
accurate pN staging in patients who have not undergone neoadjuvant
therapy
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3.2 Surgical Margins

Another important prognostic factor is the circumferential
or radial surgical margin status. The circumferential margin
is a surgically created plane of dissection produced during
the removal of the mesorectum and rectum from its sur-
roundings during a TME. Retrospective studies have con-
firmed a strong association between the presence of
microscopic tumor cells within 1 mm of the circumferential
margin and increased risks of both local recurrence and
disease-free survival, even with meticulous TME surgery
(Wibe et al. 2002). Macroscopic or microscopic margin
radial positivity was recently shown to be a significant risk
factor for local recurrence, resulting in a hazard ratio of 6.46
(p \ 0.001) in the randomized TROG study previously
described (Ngan et al. 2012).

3.3 Tumor Downstaging Following
Preoperative Chemoradiation

The degree of tumor regression following preoperative
chemoradiation has also been demonstrated to be prognostic
for outcome. In the experience of the German Rectal Cancer
Study Group, using a histology grading system that ana-
lyzes cytologic alterations in response to neoadjuvant
treatment, patients whose tumors have no evidence of viable
tumor cells in the rectal wall (tumor regression grade 4) had
improved disease-free survival (86 % at 5 years) and
metastases-free survival, compared with patients whose
tumors showed no regressive changes post-treatment (Rödel
et al. 2005). Patients with tumors showing intermediate
tumor regression yielded an intermediate prognosis (dis-
ease-free survival 75 % at 5 years), and poor tumor
regression predicted for an unfavorable outcome (disease-
free survival 63 % at 5 years). As all stage II and III rectal
cancers are recommended to receive adjuvant chemother-
apy following resection, tumor downstaging is currently not
used to determine chemotherapy-based management
decisions.

3.4 Molecular Markers

Preoperative chemoradiation for localized rectal cancer also
provides investigators with the opportunity to identify pre-
dictive and prognostic markers for treatment response. This
may lead to the potential for individualizing treatment
regimens. Although there are many biomarkers that have
been evaluated in this regard, none have been validated for
clinical use. This is an area that warrants continued
research. In terms of response to systemic therapy, some
molecular markers that are known to confer a poorer

prognosis include microsatellite instability, 18q loss of
homozygosity, epidermal growth factor overexpression,
KRAS mutations, and the BRAF V600E mutation (Tol et al.
2009; Di Nicolantonio et al. 2008; Fallik et al. 2003; Des
Guetz et al. 2009; Khambata-Ford et al. 2007).

4 Investigations into Selective Treatment

4.1 Omission of Pelvic Radiation

While several clinical trials have established that trimo-
dality therapy (surgery with chemoradiation) improves local
recurrence rates over surgery alone, there is ongoing
investigation to identify patients who are at low-risk for
pelvic recurrence, in whom preoperative radiation may be
omitted. In a retrospective review of patients with patho-
logic stage T3N0 rectal cancer who underwent resection
without pelvic radiation or chemotherapy, patients with
favorable histologic features (well- or moderately well-
differentiated carcinomas invading \2 mm into perirectal
fat, without lymphatic or venous vessel involvement)
experienced a local control and recurrence-free survival
advantage (95 and 87 %, respectively), relative to patients
whose tumors exhibited deep perirectal fat invasion, vessel
involvement, or poor differentiation (71 and 55 %, respec-
tively) (Willett et al. 1999).

In Europe, rectal MRI findings (the extramural extent of
the tumor, the relation of the tumor to the mesorectal fascia,
and the presence of suspicious lymph nodes) have been used
to stratify patients into low-, intermediate-, and high-risk
groups for preoperative radiation management decisions.
Patients with MRI determined low-risk disease are treated
with surgery alone, while those with intermediate-risk rectal
tumors receive short course radiotherapy, and patients with
high-risk tumors are administered long course preoperative
chemoradiation (Smith and Brown 2008).

Perhaps pelvic radiation may be omitted in patients who
have a good response to induction chemotherapy. A Phase
II study at Memorial Sloan Kettering Cancer Center
assessed 6 cycles of preoperative FOLFOX with bev-
acizumab in 30 patients with stage II-T3N0-any rectal
cancer (Schrag et al. 2010). At preoperative restaging with
sigmoidoscopy and EUS, all patients were deemed to have a
complete response and underwent TME without pelvic
radiation. An R0 resection (complete resection with nega-
tive margins) was performed in all patients, and the pCR
rate was 27 %. Follow-up thus far is limited; so information
on pelvic control and survival are not yet available. How-
ever, based on this encouraging pilot data, the PROSPECT
trial, a large U.S. phase II/III randomized trial, is actively
accruing patients to determine whether those with locally
advanced rectal cancer undergoing low anterior resection
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with TME may be treated with preoperative chemotherapy
and selective, rather than routine, use of pelvic radiotherapy
prior to resection. Pelvic radiation will be omitted in those
patients having a good response to FOLFOX therapy as
determined by imaging studies (N1048, Schrag 2012).

4.2 Wait-and-See Approach for Surgery

Preoperative chemoradiation may lead to pCR in approxi-
mately 20 % of patients. As such, the option of nonopera-
tive therapy is being evaluated in patients who have a
clinical complete response to neoadjuvant therapy. The
feasibility of this approach was initially reported by inves-
tigators from Brazil, who observed 99 patients with a
clinical complete response to preoperative chemoradiation
without radical resection (Habr-Gama et al. 2006). The
local recurrence rate was remarkably low (5 %), and all
recurrences have been salvaged. This ‘‘wait-and-see’’ policy
has also been studied prospectively by a group from the
Netherlands in 21 patients who achieved clinical complete
response following standard chemoradiation for T4 or
T3N1-2 rectal cancer, based on MRI, endoscopy, digital
rectal exam, and biopsies (Maas et al. 2011). Patients with
node-positive disease at initial staging (16 of the 21
patients) had adjuvant chemotherapy (capecitabine and
oxaliplatin). With a median follow-up of 15 months, only
one patient in the wait-and-see group developed a local
recurrence at 22 months of follow-up that was successfully
salvaged. All other 20 of the patients were alive and dis-
ease-free, with better bowel function than a control group of
patients who had pathologic complete response at surgery.
Overall survival and disease-free survival were comparable
in the wait-and-see and control groups, suggesting that
surgery may be avoided in a very carefully selected group
of patients following chemoradiation.

5 Toxicity

5.1 Acute and Late Morbidity from
Long-Course Chemoradiation

Pelvic chemoradiation can be associated with both acute
and long-term toxicities due to the radiosensitivity of the
surrounding normal structures including bowel, bladder,
genitalia and bone. The German Rectal Cancer Study
demonstrated that both physician-reported acute and late
toxicity was improved with a preoperative chemoradiation
approach (Sauer et al. 2004). Grade 3 or 4 acute toxic
effects occurred in 27 % of the patients in the preoperative
treatment group, as compared with 40 % of the patients
in the postoperative treatment group (p = 0.001); the

corresponding rates of long-term toxic effects were 14 and
24 %, respectively (p = 0.01). They have not yet deter-
mined any predictors for radiation-related morbidity.

The most common toxicity of pelvic chemoradiation is
gastrointestinal. Acute symptoms resulting from adverse
effects of the gastrointestinal tract include gas, diarrhea,
rectal emptying problems, frequent bowel movements and
incontinence, with late effects of obstruction due to stenosis
or adhesions and more rarely malabsorption, necrosis, per-
foration, and fistulation (Coia et al. 1995; Sauer et al. 2004).
Physician-reported grade 3 and higher diarrhea was dem-
onstrated in 36 % of patients in the preoperative chemora-
diation arm of the NSABP R-03 trial, while Bosset and
colleagues reported C grade 2 diarrhea in 38 % of patients
treated with preoperative 5-FU and pelvic radiation (Roh
et al. 2009; Bosset et al. 2006). The incidence of small
bowel obstruction requiring surgery following adjuvant
pelvic radiation for rectal cancer is 4–15 % in historical
series (Collette et al. 2007), with a risk of late anastomotic
strictures of 4–12 % (Sauer et al. 2004). Investigations have
attempted to determine predictors of physician-reported
small bowel toxicity. The primary predictor is increasing
radiation dose. Dose-volume relationships between the
amount of small bowel receiving low- and intermediate-
doses of radiation and the rates of severe diarrhea have been
demonstrated, but not validated in prospective multi-insti-
tutional studies (Tho et al. 2006; Baglan et al. 2002).

Interestingly, it has also been demonstrated that gastro-
intestinal toxicity rates may be interpreted differently by
patients. Seventy-seven consecutive patients receiving pre-
operative chemoradiation at Harvard radiation oncology
departments completed a 7-item Bowel Problems Scale
immediately before weekly physician visits (Chen et al.
2010). By week 5 of long-course chemoradiation, approx-
imately 40 % of all patients developed clinically mean-
ingful pain, bowel urgency, or tenesmus that was not
present during week 1; 30 % developed diarrhea, abdominal
cramping, and passing mucus. Within each physician-
assessed grade of diarrhea, patient experience varied
widely. The same group also evaluated dose-volume pre-
dictors of gastrointestinal toxicity from the patient’s per-
spective in this patient cohort (Chen et al. 2012). The
amount of small bowel receiving at least 15 Gy was sig-
nificantly associated with acute symptoms (p = 0.01).
These studies highlight the importance of including patient-
reported morbidity and associated dose-volume predictors
in prospective trials.

Urogenital dysfunction after chemoradiation for rectal
cancer is also common, but to a much lesser degree than
gastrointestinal toxicity. Acute morbidity may include
incontinence, retention, dysuria, frequency and urgency.
Late urinary tract symptoms have been reported in 2–4 % of
all patients in the German study (Sauer et al. 2004).
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Pelvic radiation for rectal cancer may also lead to
increased sexual dysfunction, although rates of this toxicity
are not well defined. In males, a long-term deterioration of
ejaculatory and erectile function is due to late radiation
damage to the seminal vesicles and small vessels, respec-
tively. In females, radiation leads to vaginal dryness as well
as varying degrees of vaginal fibrosis, with a resultant
diminished sexual satisfaction (Marijnen et al. 2005). Dose-
volume predictors for sexual dysfunction have not been
reported. In females, vaginal dilators following completion
of pelvic radiation are often recommended, although their
efficacy has not been confirmed in randomized trial data.

Additionally, femoral head and pelvic fractures are a late
complication of pelvic radiation that appears to be signifi-
cantly increased in irradiated patients (Bruheim et al. 2010).
In the Norwegian study by Bruheim et al. the incidence of
pelvic fracture was five times higher in the irradiated
patients (5 vs. 1 %) and suggested to be dose-related
(Bruheim et al. 2010). However, female sex appears to be
the only independent predictor for fracture likely due to age
and hormone-related bone loss (Baxter et al. 2005).

5.2 Role of Conformal Radiotherapy

While there is an advantage of neoadjuvant chemoradiation
followed by TME over postoperative adjuvant therapy in
terms of tolerability and local control, acute gastrointestinal
toxicity remains a limiting factor (Sauer et al. 2004). For
example, 36 % of patients in the preoperative arm of the
NSABP R-03 trial experienced C grade 3 diarrhea, while
Bosset et al. reported C grade 2 diarrhea in 38 % of patients
treated with preoperative 5-fluorouracil and pelvic radiation
(Roh et al. 2009; Bosset et al. 2006).

These rates of acute gastrointestinal toxicity are due, in
part, to the large amount of normal small bowel that is in the
standard pelvic radiation field. Dose-volume relationships
between the amount of small bowel receiving low- and
intermediate-doses of radiation and the rates of severe
diarrhea have been demonstrated (Tho et al. 2006; Baglan
et al. 2002). Finding strategies to reduce acute gastrointes-
tinal toxicity may potentially lead to unplanned chemora-
diation treatment breaks, which has been shown to confer
untoward local control and survival outcomes (Fietkau et al.
2007).

One technique to reduce the volume of irradiated small
bowel is the use of prone positioning with a bowel dis-
placement device (belly-board) (Gunderson et al. 1985).
More recently, there has been investigation in the use of
highly conformal treatment approaches, such as intensity
modulated radiation therapy (IMRT). Compared to conven-
tional two- or three-dimensional conformal radiation therapy
(3D-CRT) planning methods, IMRT allows discriminatory

dose escalation to the target volume while minimizing radi-
ation exposure to adjacent normal tissues. Improvements in
treatment-related morbidity have been described in patients
treated with IMRT for other pelvic malignancies including
anal, gynecologic and prostate (Kachnic et al. 2012a, b, c;
Ashman et al. 2005; Mundt et al. 2002).

To this end, we performed a retrospective analysis of 48
consecutive patients treated with preoperative chemoradia-
tion for rectal cancer to a planned dose of 45–50 Gy using
3D-CRT or IMRT while prone on a bowel displacement
device (Parekh et al. 2010). There was a significant reduc-
tion in grade C2 gastrointestinal toxicity (NCI-CTC v3)
between IMRT (30 %) and 3D-CRT (60.7 %), (p = 0.036),
and grade C2 diarrhea: IMRT (10 %) and 3D-CRT
(42.8 %), (p = 0.014). Radiation duration was significantly
less with IMRT, 35 versus 39 days using 3D-CRT,
(p = \0.0001). While pCR rates were 16.7 % for 3D-CRT
and 21.4 % for IMRT, when also including patients with
only microscopic residual disease, pCR plus microscopic
rates were 57.1 % for IMRT and 27.8 % for 3D-CRT,
(p = 0.093). These results are consistent with the published
observations from the Mayo Clinic, which showed a similar
reduction in grade 2+ gastrointestinal toxicity with the use
of IMRT (Samuelian et al. 2011).

The Radiation Therapy Oncology Group (RTOG)
recently completed the phase II 0822 trial examining the
role of preoperative IMRT in combination with capecita-
bine and oxaliplatin. Preliminary results presented only in
abstract form have suggested a small, but insignificant
benefit in GI toxicity with IMRT as compared to patients
treated with 3D-CRT on the RTOG 0247 trial (Garofalo
et al. 2011). Although these data require further analysis,
they may be due to the lack of maximal bowel displacement
and heterogeneous method of contouring small bowel.
Despite these early results, the optimization and further
analysis of this IMRT approach in the combined modality
management of locally advanced rectal cancer is warranted.

6 Anal Cancer Introduction

Anal squamous cell cancer is a rare malignancy and
accounts for only 4 % of all cancers of the lower gastro-
intestinal tract. The estimated new cases from anal cancer in
the United States in 2013 are 7,060 resulting in approxi-
mately 880 deaths (American Cancer Society 2013 Facts
and Figures). In the last decade, the incidence of anal cancer
is increasing due to the association with human papilloma
virus (HPV) infection (Johnson et al. 2004). The incidence
of anal cancer is also higher in those who are Human
Immunodeficiency Virus (HIV) positive due to immuno-
suppression, and in transplant recipients (Johnson et al.
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2004). In contrast to other gastrointestinal tract malignan-
cies, anal cancers are highly sensitive to chemoradiation
alone. Preservation of anorectal function occurs in the
majority of cases, preserving APR for local–regional
recurrences.

The anal canal begins at the narrowing of the rectal
ampulla at the anorectal junction where the rectum enters
the puborectalis sling at the apex of the anal sphincter
complex, and extends distally for approximately 3–4 cm
and ends at the anal verge. This is in distinction from an
anal margin or skin cancer.

7 General Treatment Paradigm

Whereas surgical management with a permanent colostomy
was the first-line approach to treating anal canal cancer
prior to the 1980s, organ preservation with chemoradiation
is now the mainstay of treatment due to the contributions of
Dr. Norman Nigro from Wayne State University (Nigro
et al. 1977). Dr. Nigro initially evaluated chemoradiation,
30 Gy concurrent with 5-FU and mitomycin-C (MMC)
chemotherapy, as neoadjuvant therapy prior to an APR in an
effort to improve pelvic control. When it was shown that
pathologic complete responses were induced in 24 of 28
patients, surgery was then reserved for salvage of local–
regional persistent or recurrent cancer.

Four randomized clinical trials have since validated
chemoradiation with both 5-FU and MMC as the standard
treatment of anal canal cancer (Northover et al. 2010;
Bartelink et al. 1997; Flam et al. 1996; Ajani et al. 2008).
The United Kingdom Coordinating Committee on Cancer
Research (UKCCCR) Anal Cancer Trial (ACT I) and the
European Organization for Research and Treatment of
Cancer (EORTC) phase III studies had similar designs,
comparing 5-FU, MMC and radiation to radiation alone, but
employed higher radiation doses (45 Gy plus a boost) than
the original Nigro trial (Northover et al. 2010; Bartelink
et al. 1997). Both studies demonstrated improved local–
regional control with the addition of doublet chemotherapy
over radiation alone, which translated into higher cancer-
specific survival in the ACT I trial and improved colostomy-
free survival in the EORTC investigation. There was no
statistically significant survival difference in either study
between the two arms, likely in part due to the ability of APR
to salvage persistent or recurrent local–regional disease.

Further investigative attempts focusing on reducing the
acute toxicity, particularly myelosuppression of chemora-
diation, by removing or replacing the MMC from the Nigro
regimen, have been unsuccessful. Elimination of MMC in
the RTOG 87-04 phase III trial, which randomized patients
to radiation (45–54 Gy) and 5-FU (delivered as continuous
infusion in week 1) with or without MMC (delivered weeks

1 and 5) resulted in an almost doubling of 5-year local
recurrence, an increase in colostomy rate (23 vs. 9 % at
4 years, p = 0.002), and a decrease in 5 year disease-free
survival (from 64 % in the 5-FU/MMC arm to 50 % in the
5-FU alone arm, p \ 0.003) (Flam et al. 1996). Moreover,
the addition of MMC to 5-FU and radiation appeared to be
most beneficial to patients with T3-4 or N0 disease, in terms
of colostomy rate reduction.

More recently, cisplatin has been studied as a substitute
for MMC in the RTOG 98-11 trial. Six hundred and eighty-
two patients with stage T2N0 and above non-metastatic anal
canal cancer were randomized to receive either radiation
with 5-FU/MMC (per the RTOG 87-04 study), or to receive
induction 5-FU/cisplatin for 2 cycles followed by radiation
with 5-FU/cisplatin. Radiation was in general a two-
dimensional delivery approach with 45 Gy to the pelvis
followed by a boost to gross disease at the discretion of the
physician to up to 59.4 Gy. Although there was no statis-
tically significant difference in 3-year overall or disease-free
survival between the two groups, local–regional relapse
rates were higher in the cisplatin-treated patients (33 vs.
25 %; p = 0.07), while colostomy-free survival was sig-
nificantly lower (90 vs. 81 %; p = 0.02) (Ajani et al. 2008).
In the most recent update, the use of cisplatin was now
shown to be inferior to MMC in terms of both overall
survival and disease-free survival (5-year disease-free sur-
vival: 67.8 vs. 57.8 %, p = 0.006; 5-year overall survival:
78.3 vs. 70.7 %, p = 0.026), (Gunderson et al. 2012). One
potential limitation of the RTOG 98–11 trial was the use of
induction chemotherapy, which may have accounted for the
poorer outcomes as it delayed the initiation of definitive
chemoradiation. To this end, neither induction or outback
5-FU and cisplatin chemotherapy, nor higher radiation
doses, have been proven effective in enhancing outcomes in
anal canal cancer (Peiffert et al. 2012; James et al. 2009).

To guide chemoradiation treatment decisions in anal
canal cancer, preoperative staging, which is based on gross
tumor volume and nodal involvement, is critical. As such,
anal canal cancers are staged by physical examination and
imaging studies. Digital rectal examination can determine
the sphincter tone, size (which is a main indicator for AJCC
T staging), location, and degree of fixation to adjacent
structures of the primary tumor, while palpation of the
groins can indicate nodal enlargement (AJCC N staging),
(American Joint Committee on Cancer 2010), Table 3.
Female patients should undergo a gynecological examina-
tion to exclude other HPV-associated cancers. Sigmoidos-
copy is also warranted as it provides additional information
about the primary and its mucosal spread. Exam under
anesthesia is sometimes necessary due to pain upon the
digital rectal evaluation. Determination of HIV status is also
important in guiding clinical treatment decisions and will be
discussed in Sect. 3.
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Imaging studies should be performed to further assess
the local extent of the disease and to detect regional ade-
nopathy and/or distant metastases. Local–regional staging
investigations include CT or MRI of the pelvis. MRI has
become the imaging modality of choice for local–regional
staging as it provides high-resolution multiplanar informa-
tion concerning the location, size and extent of the primary
tumor, as well as data regarding the involvement of adjacent
structures (Koh et al. 2008). PET/CT has an increasing role
in staging and radiation treatment planning of anal canal
cancers, as up to 98 % are fluorodeoxyglucose (FDG)-avid
(Grigsby 2009; Saboo et al. 2012). FDG PET/CT is used to
evaluate primary tumor size, lymph node status, and whe-
ther distant metastases are present. It may also be useful for
radiation therapy planning by defining sites of metabolically
active tumor. Several studies have shown that PET/CT (in
comparison with CT or MRI imaging) alters staging of anal
canal cancer in approximately 20–30 % of cases, which has
important implications on treatment field design and radi-
ation dose (Grigsby 2009; Saboo et al. 2012). Due to these
advances in imaging, histologic confirmation of enlarged
inguinal or pelvic nodes is not necessary if the morphologic
and/or metabolic characteristics of the suspicious nodes are
consistent with metastatic disease.

Figure 3 summarizes treatment decisions regarding the
use of radiation for anal canal cancer. In patients with
clinical stage T1 (primary tumor \2 cm) N0 disease, local
surgery with wide negative margins alone is appropriate if
the disease is distal and not involving the sphincter muscle.
If this cannot be achieved, chemoradiation with 5-FU and
MMC appears to be more effective than radiation therapy
alone (Northover et al. 2010), and doses of approximately
45–50.4 Gy to the gross tumor with 30.6–45 Gy to the
elective inguinal, internal and external iliac, mesorectal and
presacral nodal groups are recommended. One single
institution series showed good local–regional control in a
small cohort of these patients with lower total radiation
doses and more limited elective nodal fields (Hatfield et al.
2008). In patients with clinical stage T2N0 cancer, defini-
tive chemoradiation is warranted with total radiation doses
of 50.4–54 Gy to gross disease. With two-dimensional
radiation delivery, total radiation doses of 54 Gy or higher

have been shown to be associated with improved local
control (Fung et al. 1994). For patients with higher stages of
non-metastatic disease, a total radiation dose of 54–59.6 Gy
is employed. Additionally, as in rectal cancer, patients who
present with oligometastatic disease, are managed with
curative intent. Modifications of these clinical treatment
approaches may be made in frail patients or in patients with
HIV who have CD4 counts of less than 200/mcL.

8 Prognostic Factors

The prognosis of patients with localized anal canal cancer is
associated with several factors including the size of the
primary anal tumor, involvement of local–regional lymph
nodes, gender, treatment breaks, response to chemoradia-
tion, as well as HIV status, and p16 and epidermal growth
factor expression. However, only disease stage, gender,
treatment breaks, and clinical response to chemoradiation
have been validated in multi-institutional prospective
studies (Table 4).

8.1 Disease Stage (Tumor and Nodal)

The prognostic value of T and N status in patients treated
with primary chemoradiation is demonstrated in random-
ized trials. In the multivariate secondary analysis of the
RTOG 98-11 trial, tumor-related prognosticators for poorer
survival included large ([5 cm) tumor diameter nodal
positivity, and male gender (Ajani et al. 2009, 2010). Tumor
diameter [5 cm resulted in poorer 5-year disease-free sur-
vival (p = 0.0003) and poorer 5-year overall survival
(p = 0.0031). The presence of clinically involved lymph
nodes is also a significant negative prognostic factor for
locoregional failure and overall survival. In the ACT I trial
previously described, patients with palpable lymph nodes
had almost double the risk of local–regional failure and
death from anal cancer (HR 1.87 and HR 1.83, respec-
tively), than did patients with non-palpable lymph nodes
(Glynne-Jones et al. 2013). In the EORTC phase III study,
lymph node involvement was a significant negative prog-
nostic factor for both local control and survival (Bartelink
et al. 1997). However, the prognosis of N2/N3 disease was
not different from that of N1, nor did the size of involved
nodes (e.g. [2 cm) carry a worse prognosis. In the recent
update of RTOG 98-11, patients with clinically negative
nodes carries an adjusted HR of 1.88 for overall survival,
and 1.82 for disease-free survival, compared with patients
with clinically positive nodes at diagnosis (Gunderson et al.
2012).

Patients with either of these unfavorable characteristics,
that is, tumors over 5 cm in size and/or node positive

Table 3 Predictors of local recurrence in anal canal cancer

Adverse prognostic factor

Clinical

Lymph node involvement

Tumor diameter [5 cm

Male sex

Treatment breaks during chemoradiation

Limited clinical response to chemoradiation
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disease, were analyzed in a subgroup analysis of RTOG 98-
11, and fared worse in terms of disease-free survival (Ajani
et al. 2010). These ‘‘advanced or bulky disease’’ patients
had a local–regional recurrence rate of 40–64 %, signifi-
cantly higher than in patients with T2N0 or T3N0 disease
(*20 %). The very high rate of local–regional recurrence
in patients with bulky disease following concurrent

chemoradiation suggests that more aggressive treatment
may be necessary, such as radiation dose escalation or
adoption of a lower threshold for planned or early surgical
resection. As outlined in Fig. 3, the total radiation dose is
increased for clinically positive nodes and/or larger primary
tumors.

8.2 Gender

Interestingly, female gender is associated with improved
survival and local control in the randomized trials described
above. The ACT I trial demonstrated a HR of 1.6 for local–
regional failure, an HR of 1.8 for death from anal cancer,
and 1.56 for overall survival in favor of women, while
RTOG 98-11 showed a HR of 1.38 for overall survival in
favor of women, p = 0.031 (Glynne-Jones et al. 2013;
Ajani et al. 2008). Perhaps wild type p16 status confers an
improved outcome in anal canal cancers, as with squamous
cell cancer of the head and neck, however, such biomarker
data is not available at this time.

8.3 Treatment Breaks

Treatment breaks during chemoradiation, or overall pro-
longed treatment duration, has been shown in several can-
cers to lead to a detriment in overall survival and local
regional control. RTOG 92-08 investigated split course
therapy, or a planned treatment break, to reduce radiation-
related toxicity associated with dose escalation. In this
phase II trial, forty-six patients with anal tumors more than
2 cm in size received 5FU and MMC on day 1 of each
course of 5-FU. The radiation dose used was 59.4 Gy in
1.8 Gy fractions over 9 weeks with a two-week mandatory
rest (John et al. 1996; Konski et al. 2008). The results were

Clinical Staging*

T2N0

Chemoradiation
50.4-54 Gy to primary, 
30.6-45 Gy to elective 

nodes^

T1N0

Surgery# or Chemoradiation
45 Gy to primary, 

30.6-45 Gy to elective 
nodes^

T3-4 N0

Chemoradiation
54-59.4 Gy to primary, 
30.6-45 Gy to elective 

nodes^

Tany N+ or
Oligometastatic

Chemoradiation
54-59.4 to primary, 

30.6-45 Gy to elective nodes 50.4-
59.4 Gy to involved nodes^

Fig. 3 Definitive chemoradiation for anal canal cancer: decisions
based on clinical staging (* Local clinical staging based on exam, CT,
MRI and PET/CT; distant disease staging based on full body PET/CT

or CT of chest, abdomen and pelvis. # Select patients with distal small
lesions may be considered for excision. ^ Elective nodal irradiation
doses depend on the method of radiation delivery)

Table 4 AJCC TNM classification of anal cancer

Stage description

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor B2 cm in greatest dimension

T2 Tumor [2 cm but B5 cm in greatest dimension

T3 Tumor [5 cm in greatest dimension

T4 Tumor of any size invades adjacent organ(s), e.g., vagina,
urethra, bladder

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in perirectal lymph node(s)

N2 Metastasis in unilateral internal iliac and/or inguinal lymph
node(s)

N3 Metastasis in perirectal and inguinal lymph nodes and/or
bilateral internal iliac and/or bilateral internal iliac and/or
inguinal lymph nodes

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis (including seeding of the peritoneum and
positive peritoneal cytology)

Source Edge et al. (2009)
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compared to the RTOG 87-04 trial previously described in
which patients were treated with 45 Gy in a continuous
schedule plus the same chemotherapy regimen (Flam et al.
1996). On 92-08, 40 % of patients suffered Grade 3 toxicity,
23 % Grade 4 toxicity, and one patient died from infection.
Although these toxicity profiles were similar to RTOG 87-
04, the two-year colostomy rate with 59.4 Gy and a two-
week break was much higher than expected (30 % 92-08 vs.
9 % in 87-04).

A pooled analysis of several trials in anal cancer suggests
that overall treatment duration, independent of treatment
regimen, negatively impacts overall survival possibly due to
accelerated repopulation during fractionated radiotherapy
(Ben-Josef et al. 2010). In multivariate modeling, there was
a trend toward an association between chemoradiation
duration of [44 days and colostomy failure (HR = 1.57;
95 % CI, 0.98–2.50; p = 0.06), and a statistically signifi-
cant association with local failure (HR = 1.96; 95 % CI,
1.34–2.87; p = 0.0006). Prolonged treatment duration is
also one major criticism of the RTOG 98-11 study, as
patients in the 5-FU/cisplatin arm had a lead-in time to
radiation of an additional two months compared with the
5-FU/MMC arm. The median total treatment duration for
the 5FU/cisplatin arm was 101 days, compared with a
median of 49 days for the 5-FU/MMC arm (even though
more patients in the 5FU/MMC arm needed treatment
breaks due to treatment-related toxicity). In effect, this
induction period with 5-FU/cisplatin clinically delayed the
time to definitive treatment with chemoradiation.

8.4 Tumor Response

Determination of clinical response to chemoradiation is
generally based on digital rectal examination and exam under
anesthesia, as there is no prospective multi-institutional data
to support the ability of imaging to accurately predict clinical
outcome. Tumor response or regression at 11 weeks,
18 weeks and 26 weeks post chemoradiation on the ACT II
study (a multicenter, randomized factorial trial that compared
cisplatin versus MMC when combined with 5-FU concurrent
chemoradiotherapy, and two cycles of 5-FU and cisplatin
maintenance chemotherapy versus no maintenance) was
associated with statistically significant improvement in pro-
gression-free survival (11 weeks: 3-year progression-free
survival: 80 % complete response vs. 72 % no complete
response, p = 0.02; 26 weeks 3-year progression-free sur-
vival: 83 % complete response vs. 45 % no complete
response, p \ 0.001) and overall survival (26 weeks: 3-year
overall: 93 % complete response vs. 61 % no complete
response, p \ 0.001) (Glynne-Jones et al. 2012).

At our institution, clinical assessment with digital rectal
examination is routinely performed at 4 week intervals after

completion of chemoradiation. We also perform a PET/CT
at 12 weeks (3 months) after chemoradiation, as metabolic
regression at this time has been shown to predict treatment
response at our institution and others (Day et al. 2011). If
exam or PET/CT suggest that there is residual disease, then
an examination with the patient under anesthesia and biopsy
are performed to confirm these findings and salvage APR is
considered if there is still no evidence of complete response
by 6 months, consistent with the ACT II data. If at any time,
exam or imaging suggests progressive disease, biopsy is
warranted.

8.5 HIV Status

As discussed above, the incidence of invasive anal cancer
appears to be rising in the HIV-positive population, even in
the highly active antiretroviral therapy (HAART) era. It is
believed the increased anal cancer risk is due to the high
prevalence of HPV infection in this population. Though
there is no prospective randomized clinical trial, several
single-institution series suggest that patients with HIV who
develop squamous cell carcinoma of the anal canal are at
increased risk of significant treatment morbidity (acute
grade 3/4 toxicities) and worse local control, as compared to
the immunocompetent population, when treated with che-
motherapy concurrent with non-conformal radiation (Chiao
et al. 2008; Oehler-Janne et al. 2008). With the concern for
morbidity, especially in patients with low CD4 counts,
oncologists often substitute or omit the standard MMC
chemotherapy, which may adversely affect outcomes. More
recently, for patients well controlled on HAART, we and
other groups have shown that HIV-infected patients treated
with concurrent 5-FU, MMC and full dose radiation have
similar disease-free and overall survival as in HIV negative
patients (Romesser et al. 2012). As such, current clinical
practice recommendations are to treat HIV-positive patients
with anal canal cancers at standard chemotherapy and
radiation doses, with added surveillance of treatment-rela-
ted toxicities, most notably hematologic. Treatment modi-
fications are then based on the severity of the acute
complications. For HIV-positive patients with CD4 counts
less than 200/mcL, some oncologists consider using cis-
platin instead of MMC.

8.6 Molecular Markers

HPV, particularly HPV genotype 16, is recognized as an
important etiologic factor for anal squamous cell carcinoma
and is also implicated in the development of cervical and
head and neck cancers. Recently, several studies demon-
strate that the p16 expression status determined by
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immunohistochemical staining is a useful surrogate bio-
marker for HPV integration and predicts the treatment
outcome of chemoradiation in patients with HPV-associated
oropharyngeal cancers (Ang et al. 2010; Rischin et al.
2010). In anal cancer, only one small retrospective series
suggests improved treatment outcome in HPV16-positive
patients after chemoradiation (Yhim et al. 2011). Patients
whose tumors were p16-positive had significantly better 4-
year progression-free survival (63.1 vs. 15.6 %, p \ 0.001)
and overall survival (84.6 vs. 39.8 %, p = 0.008) than p16-
negative tumors. Currently, RTOG investigators are
assessing p16 expression in tissue collected from the 98-11
study.

Anal cancers have been shown to also express epidermal
growth factor (EGFR). One single institution series per-
formed immunohistochemical analysis of EGFR and
reported expression in 86 % of patients with anal cancer,
but no significant correlation was observed between the
degree of EGFR staining and disease-free survival (Ajani
et al. 2009). Currently, RTOG investigators are assessing
EGFR expression in tissue collected from the 98-11 study.
The EGFR protein may also serve as a potential treatment
target in this disease, similar to the approach in head and
neck cancer. Cetuximab, a monoclonal chimeric antibody
against EGFR, is effective in combination with radiotherapy
in treating squamous cell carcinoma of the head and neck
(Bonner et al. 2006). Two phase II studies of cetuximab
combined with 5-FU and cisplatin chemoradiation for anal
canal cancer are being conducted by the Eastern Coopera-
tive Oncology Group and the AIDS Malignancy Clinical
Trials Consortium (AMC-045, Sparano 2006; ECOG-
E3205, Garg 2006).

9 Toxicity

9.1 Acute and Late Morbidity from Definitive
Chemoradiation

Although many of the acute and late effects from chemo-
radiation for anal canal cancer are similar to those reported
above for rectal cancer, the acute dermatologic and hema-
tologic morbidities are heightened due to the use of MMC.
On the RTOG 98-11 trial, conventional radiation therapy
techniques were employed to deliver a total dose of
55–59 Gy for T3, T4, node positive disease or T2 tumors
with residual disease after 45 Gy without a planned treat-
ment break (Ajani et al. 2008). For patients randomized to
the 5-FU/MMC arm, acute toxicity was significant, most
notably grade 3-4 gastrointestinal, skin and hematologic
morbidity rates of 48, 36, and 61 % respectively. Similarly,
preliminary results of the ACT II trial reported a 61 %
grade 3–4 non-hematologic toxicity rate in the MMC arm

(James et al. 2009). Such morbidity often leads to
unscheduled treatment breaks, which may confer untoward
local control and survival outcomes (Ben-Josef et al. 2010).

While radiation-dose volume predictors of gastrointes-
tinal toxicity have already been described in the discussion
of treatment decisions for rectal cancer, the association
between acute hematologic toxicity and the volume of
pelvic bone marrow irradiated for anal cancer is under
evaluation. Investigators from Stanford have recently dem-
onstrated, in a retrospective analysis of 33 patients receiving
IMRT and chemotherapy for anal cancer, that maintaining a
pelvic bone marrow mean radiation dose of \22.5 and
\25 Gy is associated with a 5 and 10 % risk of a hemato-
logic event (grade 3 or higher hematologic morbidity or any
grade C2 event with a modification in chemotherapy dose),
respectively (Bazan et al. 2012). Additionally, Mell and
colleagues described, in a cohort of 48 consecutive patients
with anal cancer treated with concurrent chemoradiotherapy
using IMRT, that the volume of pelvic bone marrow (defined
as the region extending from the iliac crests to the ischial
tuberosities, including the os coxae, lumbosacral spine, and
proximal femora) irradiated was associated with acute grade
3–4 hematologic toxicity (Mell et al. 2008). To date, dose
volume predictors of dermatologic morbidity for anal cancer
have not been identified, but prior to the use of IMRT,
radiation doses as low as 30.6 Gy with concurrent MMC,
yielded grade 2 and higher rates of moist desquamation in
the majority of patients.

9.2 Role of Conformal Radiotherapy

As in the discussion for rectal cancer, conformal radiation
delivery, specifically IMRT, holds the potential to reduce
the significant acute and late toxicities associated with
5-FU/MMC chemoradiation for anal canal cancer. Figure 4
demonstrates the normal tissue sparing with IMRT over a
3D-CRT approach for a patient with clinical T2N0 disease.

To date, the only prospective trial of IMRT, RTOG
0529, has recently been reported (Kachnic et al. 2012a, b,
c). This phase II study combined concurrent 5-FU/MMC
with IMRT to evaluate acute toxicity, and employed real-
time pretreatment evaluation of all IMRT plans. The pri-
mary endpoint was to determine if the combined rate of
acute grade [2 gastrointestinal and genitourinary toxicity
may be decreased by 15 % with the use of IMRT, compared
to the data reported with non-conformal delivered radiation
on the MMC arm of the RTOG 98-11 trial as the benchmark
(Ajani et al. 2008). Planned secondary endpoints assessed
all adverse events, the investigator’s ability to perform
IMRT, and long-term outcomes. All patients received 5-FU
and MMC days 1 and 29 of IMRT. IMRT dose was pre-
scribed based on tumor stage. For T2N0 cancers, the plan
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was for 42 Gy in 1.5 Gy per fractions to the elective nodal
planning tumor volume (PTV) and 50.4 Gy in 1.8 Gy per
fraction to the anal tumor PTV. For T3-4N0-3 cancer, the
dose was increased to 45 Gy in 1.5 Gy per fractions to
the elective nodal PTV, and 54 Gy, 1.8 Gy per fraction, to
the anal tumor. Patients with nodal involvement included

PTVs that received 50.4 Gy in 1.68 Gy per fraction for
nodes \3 cm, and 54 Gy in 1.8 Gy per fraction for [3 cm
in size. Of 63 accrued patients, 52 were analyzable. The
stage of cancer was 54 % stage II, 25 % IIIA, and 21 %
IIIB. In primary endpoint analysis, 77 % experienced grade
2 and higher gastrointestinal/genitourinary acute similar to

Fig. 4 Comparison of IMRT and 3D-CRT radiation for anal canal
cancer. Example of 3D-CRT plan a and IMRT plan b for a patient
with clinical T2N0 anal cancer. From left to right: treatment fields
and coronal, sagittal and axial views. Planning target volume (PTV)
for anal primary (red), with PTV for elective nodes (light blue).
Isodose lines demonstrate the volumes receiving 50.4 Gy (red),
42 Gy (light blue), and 36 Gy (magenta). Note the under-coverage of

the superior iliac nodal region in the 3D-CRT plan, and the sparing
of the anterior bowel and femoral heads in the IMRT plan. Dose-
volume histograms are shown in c and d for the 3D-CRT and IMRT
plans, respectively. Anal primary PTV (red), femoral heads (blue),
genitals (magenta), small bowel (olive) and large bowel (brown).
Compared with 3D, IMRT shows better high-dose sparing of the
critical normal structures
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that reported on RTOG 98-11 (also 77 %). IMRT however
yielded a statistically significant reduction in acute grade 2
and higher hematologic, 73 % (98-11 85 %, p = 0.032),
and grade 3 and higher gastrointestinal, 21 % (98-11 36 %,
p = 0.0082) and dermatologic morbidity, 23 % (98-11
49 %, p \ 0.0001). Treatment interruptions due to toxicity
were less frequent with IMRT. The median duration of
IMRT on RTOG 0529 was 43 days, compared with 49 days
for the RTOG 98-11 MMC arm (p \ 0.0001).

Critical to the use of IMRT is an understanding of the
elective clinical target volumes. On initial pretreatment
review, incorrect investigator contouring was identified in
approximately 80 % of RTOG 0529’s plans, with under-
contouring of the mesorectum in [50 %. It was, however,
reassuring that major deviations to the radiation planning
directives were identified in only 3 cases, demonstrating
that IMRT for anal cancer is feasible in a cooperative group
setting. It is important to note that target volumes for anal
cancer differ from those appropriate for other pelvic
malignancies. While the rectum and its associated mesen-
tery are to be avoided for IMRT planning of cervical or
prostate cancers, they represent the first echelon of nodal
drainage for anal cancer, and therefore must be carefully
contoured. As the mesorectal contouring had proven to be
challenging for the investigators participating in RTOG
0529, two atlases are now available to assist radiation on-
cologists in IMRT contouring and planning (Myerson et al.
2009; Ng et al. 2012).

Analysis of efficacy, patterns of failure, and late effects
for the RTOG 0529 study will be forthcoming in attempts to
validate this approach. If local–regional control appears
equivalent or superior to RTOG 98-11 historical rates, as
has been reported by large retrospective series (Kachnic
et al. 2012a,, b, c), IMRT (with 5-FU and MMC) will
become the standard arm for future RTOG studies and may
likely become standard practice.
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Abstract

The management of gynecologic cancers has historically
been guided by a clinically-oriented staging system,
based largely on physical examination and standard
imaging studies including CT of the abdomen and pelvis.
This has more recently been supplemented by pre-
treatment MRI and functional imaging, as well as
imaging biomarkers. This chapter will focus on the most
common gynecologic malignancies, discussing the clin-
ical, pathological, and treatment-related factors that
influence clinical outcome as well as the influence of
biomarkers on prognosis.

1 Introduction

Gynecologic cancers are a diverse group of tumors which
are characterized by an orderly pattern of loco-regional
spread that is correlated with prognosis. This is reflected in
the International Federation of Gynecology and Obstetrics
(FIGO) staging system. In addition to the traditional staging
system, biologic and molecular markers reflecting angio-
genesis, hypoxia and tumor cell proliferation are emerging
that correspond to treatment response and prognosis.
However, their use in clinical decision-making remains
limited. Imaging-based predictors are easier to utilize in
clinical management, and show promise in predicting out-
come and risk of failure both before and during therapy.

At present, in patients treated primarily with surgery,
histopathologic factors can be highly predictive of treatment
outcomes, and these variables can dictate the need for
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adjuvant radiation therapy and/or chemotherapy. For
example, histopathologic variables such as margin status,
lymphovascular invasion, and positive lymph nodes are
commonly factored into adjuvant therapy decisions (Sedlis
et al. 1999; Peters et al. 2000). In the future, there may be a
role for biomarkers in this regard. However, to date, there
has not been substantial progress in the use of biomarkers
for use in the post-operative setting.

2 Cancer of the Cervix

The prognosis and treatment outcome for patients with
cervical cancerare largely determined by local tumor extent,
tumor size and regional lymphatic spread, which follows

predictable pathways along anatomic routes and lymph node
echelons. In general, the extent of loco-regional spread will
guide the selection of therapy—tumors confined to the cer-
vix are managed primarily by surgical therapy, while those
with extension to the parametrium, distal vagina or adjacent
organs are treated by primary radiation and chemotherapy.

2.1 Staging

The loco-regional tumor extent is only partially reflected by
the traditional FIGO staging system (Pecorelli 2009). The
FIGO staging system (Table 1) relies on findings from
clinical examination and invasive investigations, including
cystoscopy and proctoscopy, with biopsy. It also allows the

Table 1 FIGO and TNM staging of cervical cancer

FIGO TNM Description

– TX Primary tumor cannot be assessed

– T0 No evidence of primary tumor

–a Tis Carcinoma in situ (pre-invasive carcinoma)

I T1 Cervical carcinoma confined to uterus (extension to corpus should be disregarded)a

IA T1a Invasive carcinoma diagnosed only by microscopy (all macroscopically visible lesions are stage IB/T1b tumors). Stromal
invasion with a maximum depth of 5.0 mm measured from the base of the epithelium and a horizontal spread of 7.0 mm or
less. Vascular space involvement, venous or lymphatic, does not affect classification

IA1 T1a1 Measured stromal invasion 3.0 mm or less in depth and 7.0 mm or less in horizontal spread

IA2 T1a2 Measured stromal invasion more than 3.0 mm and not more than 5.0 mm, with a horizontal spread 7.0 mm or less

IB T1b Clinically visible lesion confined to the cervix or microscopic lesion greater than IA1/IA2

IB1 T1b1 Clinically visible lesion 4.0 cm or less in greatest dimension

IB2 T1b2 Clinically visible lesion more than 4.0 cm in greatest dimension

II T2 Cervical carcinoma invades beyond uterus but not to pelvic wall or to lower third of vagina

IIA T2a Tumor without parametrial invasion

IIA1 T2a1 Lesion 4.0 cm or less in greatest dimension

IIA2 T2a2 Lesion more than 4.0 cm in greatest dimension

IIB T2b Tumor with parametrial invasion

III T3 Tumor extends to pelvic wall and/or involves lower third of vagina, and/or causes hydronephrosis or nonfunctioning kidney

IIIA T3a Tumor involves lower third of vagina, no extension to pelvic wall

IIIB T3b Tumor extends to pelvic wall and/or causes hydronephrosis or nonfunctioning kidney

IV T4 Bladder and/or rectal invasion or distant spread

IVA T4a Tumor invades mucosa of bladder or rectum, and/or extends beyond true pelvis (bullous edema is not sufficient to classify a
tumor as IVA)

IVB T4b Distant metastasis (including peritoneal spread, involvement of supraclavicular or mediastinal lymph nodes, lung, liver, or
bone)

3/4 Nx Regional lymph nodes cannot be assessed regional lymph node metastasis

3/4 N0 No regional lymph node metastasis

3/4 N1 Regional lymph node metastasis

3/4 M0 No distant metastasis (no pathologic M0; use clinical M to complete stage group)

3/4 M1 Distant metastasis (including peritoneal spread, involvement of supraclavicular or mediastinal lymph nodes, lung, liver, or
bone)

a FIGO staging no longer includes stage 0 (Tis)
Source Edge et al. (2009)
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use of radiographic information from plain X-ray films.
However, information regarding lymph node involvement, a
strong determinant of outcome, is not incorporated. In
addition, findings from CT, MRI and functional imaging,
namely PET-CT, are not utilized. This results in inherent
limitations in assessing well validated prognostic factors,
including tumor volume, involvement of adjacent struc-
tures, and parametrial extension, that are challenging to
assess by palpation and visual inspection alone. In addition,
the detection of regional lymph node spread and sites of
distant metastatic disease, that can be detected with cross-
sectional imaging, can be missed (Eifel 1994). Due to these
inherent limitations, FIGO staging has been shown to result
in under-staging of 20–60 % of cervical cancer patients,
when compared with surgical staging (Averette et al. 1975).
This explains why significant variations in treatment failure
rates and survival are observed within each FIGO stage
category (Eifel et al. 1994; Perez et al. 1992a).

Despite the fact that the FIGO staging system suffers
from the aforementioned limitations, it remains the current
standard of practice, and provides the major entrance cri-
teria utilized in determining the eligibility of patients for
cooperative group trials. Thus, most current cooperative
group trials enroll patients across almost the entire FIGO
stage spectrum, from stage IB2-IVA, and accession them to
largely uniform treatment regimens. Of note, although
cross-sectional imaging is not ‘‘permitted’’ to influence
FIGO stage assignment, the use of CT, MRI and molecular
imaging with fluorodeoxyglucose (18F)FDG PET imaging is
likely to result in ‘‘stage migration’’ by excluding patients
with subtle imaging-based evidence of regional or distant
metastatic involvement from cooperative group trials
(Fig. 1). This will make any improvements of therapy with
newer interventions difficult to compare to historic controls.
However, the incorporation of functional imaging into
future clinical trials will potentially enhance our ability to
accurately stratify patients and tailor therapy to the ‘‘true’’
clinical stage (i.e. locally advanced vs. metastatic disease).

2.2 Clinical Factors

Eligibility for primary surgical therapy is determined by
regional tumor extent to adjacent structures and signifi-
cantly influences prognosis. Patients with stage I disease
(tumor limited to the cervix) and selected patients with
stage II disease (including patients with upper vaginal
involvement), are candidates for radical hysterectomy. The
overall survival of surgically treated patients with stage IB
tumors ranges from 85 to 90 % (Morley and Seski 1976;
Hopkins and Morley 1991; Landoni et al. 1997). However,
large tumor size, deep cervical invasion, lymphovascular
space invasion, as well as involved lymph nodes and

parametrial involvement have been recognized as risk fac-
tors for pelvic recurrence after radical hysterectomy.
Depending on the number and extent of these factors
present, adjuvant therapy can improve outcomes, albeit at
the cost of increased risk of toxicity from adjuvant radiation
and/or chemotherapy (Sedlis et al. 1999; Peters et al. 2000;
Rotman et al. 2006). Thus, if imaging modalities or other
factors could identify the presence of these pathologic
features during workup leading to upstaging, definitive
radiation and chemotherapy could be considered instead of
primary surgery, thus potentially reducing the morbidity of
treatment.

2.2.1 Stage
In patients with cervical cancer treated with definitive
radiation therapy, FIGO stage remains an important prog-
nostic factor. Due to the relative rarity of cervical cancer in
western nations, phase III cooperative group trials do not
subclassify patients by stage, nor do they group patient
cohorts as stages IB–II versus III–IVA for subgroup

Fig. 1 PET-CT and Staging of Cervical Cancer: A 43 year old
woman with invasive squamous cell carcinoma of the cervix
underwent PET-CT revealing retroperitoneal and supraclavicular
adenopathy, consistent with Stage IV disease
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analyses, because analysis by individual stage categories
would require unachievably large patient cohorts. Based
on large single-institution series in which contemporary
radiation techniques and concurrent chemotherapy were
utilized, reported local control rates, disease free survival
rates, and overall survival rates for patients with Stage
IB–IIA and III–IVA are 87 and 79 %, 74 and 54 %, and
79 and 59 %, respectively (Whitney et al. 1999; Eifel et al.
2004; Rose et al. 2007).

2.2.2 Tumor Volume
In addition to FIGO stage, tumor size has profound
prognostic significance (Eifel et al. 1994; Kovalic et al.
1991). In 1988 FIGO added tumor diameter as a stratify-
ing factor for stage I disease, with tumors less than or
greater than 4 cm classified as stage IB1 versus IB2
respectively. In the 2009 revision of the staging system,
tumor size of greater or less than 4 cm was also incor-
porated into the stage IIB category (Pecorelli et al. 2009).
Tables 2 and 3 shows the profound significance of tumor
size, measured as largest or average palpated diameter, for
local control and survival. Within the same stage category
of IB, tumor size of \4 cm in diameter was associated
with a disease-free survival of 87 %, compared to 72 %
for 6 cm, 69 % for 7 cm, 64 % for 8 cm and 47 %
for [8 cm tumors (Table 2). Similar relationship exists for
tumor size and outcomes within the stage IIB category
(Table 3) (Eifel et al. 1994; Hansgen and Dunst 1996;
Hockel et al. 1996; Homesley et al. 1980; Lowrey et al.
1992; Perez et al. 1992b; Mendenhall et al. 1984).

2.2.3 Lymph Node Status
For any given FIGO stage, lymph node involvement
reduces overall survival by approximately 50 % (Stehman
et al. 1991). Furthermore, among patients with positive
lymph nodes, prognosis declines with increasing extent of
lymph node involvement (Macdonald et al. 2009; Hsu
et al. 1972; Tsai et al. 1999; Takeda et al. 2002; Morice
et al. 1999). In a pooled study by the Gynecologic
Oncology Group (GOG), para-aortic involvement was
associated with an 11-fold risk of recurrence and sixfold
risk of death, and was also associated with extrapelvic
failures (Berman et al. 1984). However, even with para-
aortic lymph node involvement, survival in the range of
20–50 % has been reported for patients with locally
advanced disease (Komaki et al. 1983; Rotman et al.
1994), justifying aggressive therapy for patients with
regional lymphatic spread.

Although controversy exists whether surgical excision of
suspicious lymph nodes improves outcomes, a large retro-
spective study of patients treated in the pre-chemo-radiation
era showed among patients who underwent lymphadenec-
tomy and postoperative radiation, patients with macro-
scopically involved lymph nodes had similar regional and
distant tumor control as those with microscopic lymph node
involvement, and significantly better than those patients
with unresectable lymph nodes (Cosin et al. 1998). This
supports the use of imaging for identification of involved
nodes, thus allowing for a tumor directed combined
modality approach. Increasing use of molecular imaging in
cervix cancer will facilitate this approach and will also

Table 2 Tumor diameter versus disease free survival for stage IB cervical cancer

Size (cm) NP 1 2 3 4 5 6 7 8 [8

Eifel et al. (1994) n = 1,526 94
87

86 72 69 64 47

Lowrey et al. (1992) n = 130 93
77

67

Perez et al. (1992b) n = 384 90
65

*60

Homesley et al. (1980) n = 45 95 67

NP Not palpable

Table 3 Tumor diameter versus disease free survival for stage IIB cervical cancer

Size (cm) NP 1 2 3 4 5 6 7 8 [8

Mendenhall et al. (1984) n = 83 –
84 66

Lowrey et al. (1992) n = 130
100 85 61

NP Not palpable
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likely lead to stage migration as lymph nodes with more
subtle involvement can be identified and treated more
aggressively.

2.3 Patient Factors

2.3.1 Hemoglobin
Over the past 50 years, numerous studies have provided
indirect evidence that the effects of poor tumor blood supply
have an adverse impact on radiation response. Early studies
of morphologic parameters of angiogenesis, such as micro-
vessel density, have been shown to correlate with radio-
responsiveness and clinical outcome in cervical cancer
(Awwad et al. 1986; Cooper et al. 1998). Cervical cancer
patients with high inter-capillary distances locally within
their tumors measured by colposcopy were found to have
increased tumor recurrence rates after radiation therapy
(Kolstad 1968).

Similarly cervical cancer patients with low hemoglobin
levels have been reported to have higher recurrence rates after
radiotherapy (Mendenhall et al. 1984; Bush et al. 1978; Evans
and Bergsjo 1965; Diesche et al. 1983; Thomas 2001; Dunst
et al. 2003). This supports the concept that poor ‘‘systemic’’
oxygenation is clinically significant for treatment outcome.
Haensgen et al. analyzed hemoglobin levels of 70 patients,
and reported survival was 27 % for patients with low hemo-
globin (\11 g/dL), compared to 62 % in those with higher
levels (Haensgen et al. 2001). Dunst et al. mirrored these
results, showing overall survival of 64 and 32 %, respectively
and local recurrence rates of 15 % versus 67 %, respectively
(Dunst et al. 2003). Hemoglobin during the course of therapy,
when the actual cytotoxic events occur, may also be relevant.
Thomas et al. showed in 605 patients that the average weekly
hemoglobin nadir \12 g/dL was associated with a higher
incidence of local failure and metastases (Thomas 2001). In a
recent study, weekly mean hemoglobin levels measured
during the course of radiotherapy was more predictive of
outcome than pre-therapy or nadir hemoglobin (Mayr et al.
2009). In all, the thresholds value for this effect of hemo-
globin level appears to be in the range of 11–12 g/dL.

Although the impact of blood transfusion on outcome in
patients treated with definitive radiation therapy remains
controversial, the Canadian experience suggests that main-
taining hemoglobin levels above 12 g/dL is associated with
improved 5-year survival. Pre-treatment hemoglobin, which
may not reflect the longitudinal status of hemoglobin levels,
did not have any impact on outcome (Grogan et al. 1999).
Interestingly, in one retrospective study of 204 patients at a
single institution where departmental practice was to trans-
fuse for hemoglobin \11 g/dL, it was noted that only
18.5 % of patients who received transfusion had a sustained
response to transfusion, although outcomes for these patients

were equivalent to those presenting with normal hemoglobin
(Kapp et al. 2002). However, for patients who did not have a
sustained response to blood transfusion, outcomes were
significantly worse compared to those with response or
with normal hemoglobin pre-therapy. While there was a
therapeutic benefit to transfusion for those patients with
sustained response, the low rate of response of 18.5 %
was disappointing, and it was proposed that finding and
treating the underlying cause of the anemia may be more
beneficial.

2.4 Histologic Factors

2.4.1 Histology
Approximately 90 % of cervical cancers are squamous cell
carcinomas. Squamous cell carcinomas arise from epithelial
precursors, and can be classified into one of three cell types:
large cell keratinizing, large cell nonkeratinizing, and small
cell. Tumor grade is based on the degree of differentiation,
and is reported as well, moderately, or poorly differentiated.
Adenocarcinoma is the second most common, accounting
for 10–15 % depending on region and age. More recently,
the incidence of adenocarcinomas appears to be increasing,
especially in younger patients (Liu et al. 2001; Smith et al.
2000). Adenocarcinomas arise from the mucus-secreting
endocervical glands of the cervix or the cylindrical mucosa.
The most common subtype of adenocarcinoma of the cervix
is endometrioid adenocarcinoma, where cells have charac-
teristic features of the endometrium and grading is based on
the degree of gland formation. It is critical to differentiate
this from primary endometrioid endometrial adenocarci-
noma as recommended therapy would change, thus clinical
presentation, such as absence or presence of an endometrial
tumor with extension into the cervix, is incorporated to
determine the true site of primary disease. The next most
common subtype of adenocarcinoma is adenosquamous
histology, comprising 21–30 % of adenocarcinomas (Farley
et al. 2003; Kleine et al. 1989), and is characterized by
epithelial cell cores mixed with glandular structures. Other
histologies, such as clear cell, small cell carcinoma, basa-
loid carcinoma, lymphoma, and sarcomas occur, but are rare
and have varying prognostic impact.

The prognosis of adenocarcinoma versus squamous cell
histology is debated. While adenocarcinoma is associated
with an increased risk of failure, particularly metastatic
failure in some retrospective reports (Eifel et al. 1995;
Huang et al. 2011, 2012), many show no significant impact
on outcome between adenocarcinoma and squamous cell
carcinoma (Shingleton et al. 1995; Look et al. 1996;
Davidson et al. 1989). Interestingly, adenosquamous carci-
noma may be associated with poorer recurrence free
and overall survival (Farley et al. 2003; Look et al. 1996;
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Lea et al. 2003; Grisaru et al. 2001; Galic et al. 2012). In all,
the differences in outcomes among these studies may be in
part due to regional variation in Human Papilloma Virus
(HPV) genotype distribution, changes in etiology and inci-
dence of histologic type, differences in treatment approach,
and overall study sizes, making it difficult to draw any
definitive conclusion about subtype implications in the
absence of prospective data.

2.4.2 Histopathologic Risk Factors
in Postoperative Patients

In surgically treated stage I-IIA patients, lymph node
involvement, parametrial invasion and involved margins
have long been recognized as high risk factors for local
recurrence and death (Morrow 1980). In those with involved
lymph nodes, number of involved nodes (\3 vs. [3), bilat-
erality, level (common iliac vs. pelvic) and size (micro- vs.
macroscopic) impact outcome (van Bommel et al. 1987;
Tanaka et al. 1984). Therefore, adjuvant therapy based on
histopathologic risk factors is paramount because salvage
therapy for recurrent cervical cancer after hysterectomy has
dismal results with a 5–45 % survival (Thomas et al. 1993).
Postoperative radiation has been the hallmark in adjuvant
therapy.

Tumor size, depth of invasion and capillary-lymphatic
space invasion have also been shown to impact prognosis in
surgically treated stage I-IIA patients. However, until the
completion of the phase III GOG 92 study, the impact of
adjuvant therapy on survival was not well established. GOG
92 (Sedlis et al. 1999; Rotman et al. 2006) established a set
of intermediate risk factors (commonly referred to as
‘‘Sedlis criteria’’) for poor outcome in stage IB patients
treated with radical hysterectomy. Patients with two of the
three features (capillary lymphatic space invasion, large
clinical tumor diameter, or more than one-third cervical
stromal invasion) were randomized to pelvic radiotherapy
versus no further therapy (Table 4). At 10 years median
follow-up, postoperative radiation reduced the risk of
recurrence by 46 % (HR 0.54) with the greatest benefit in
patients with a combination of deep 1/3 invasion plus tumor
size [4 cm (HR 0.16) or capillary lymphatic space invasion
plus deep 1/3 invasion with any tumor size (HR 0.53)
(Rotman et al. 2006). There was no significant improvement
in overall survival (Table 5). On subgroup analysis, pro-
portionally greater improvement was noted among 44
patients with adenosquamous or adenocarcinoma, where
adjuvant radiation therapy reduced the recurrence rate from
44 to 9 % (Rotman et al. 2006). A current GOG study is
underway to evaluate whether postoperative radiation with
concurrent chemotherapy can further improve upon this
outcome.

Improvement of adjuvant therapy with the addition of
concurrent chemotherapy to radiation has also been

demonstrated for some select patients. The intergroup trial
GOG 109 randomized stage IA2-IIA patients treated with
radical hysterectomy and pelvic lymphadenectomy and high
risk features, defined as positive pelvic lymph nodes and/or
positive margins, and/or microscopic involvement of the
parametrium, to pelvic radiotherapy versus pelvic radio-
therapy with chemotherapy (cisplatin/5-FU for 4 cycles
during and after radiation) (Peters et al. 2000). Addition of
chemotherapy resulted in significant improvement of over-
all survival at 81 % versus 71 % (HR 1.96, p = 0.007). The
greatest benefit was observed for patients with larger tumors
and multiple involved lymph nodes, underscoring the
importance of identification of involved lymph nodes in
order to offer the optimal adjuvant therapy. Table 6 sum-
marizes the results of five randomized trials that show
improved survival with concurrent chemotherapy and
radiotherapy (Peters et al. 2000; Whitney et al. 1999; Rose
et al. 2007; Keys et al. 1999; Morris et al. 1999).

2.4.3 Molecular Tumor Markers

2.4.3.1 HPV

HPV is found in an estimated 93–99.7 % of invasive cer-
vical cancer (Bosch et al. 1995; Walboomers et al. 1999).
Further, the prevalence of different genotypes varies in

Table 4 Inclusion criteria for GOG 92: randomization to postopera-
tive pelvic radiotherapy versus no further therapy in stage IB inter-
mediate risk cervical cancer

LVSI Depth of invasion Tumor size (cm)

Positive Deep 1/3 Any

Positive Middle 1/3 C2

Positive Superficial 1/3 C5

Negative Deep or middle 1/3 C4

Adapted from Sedlis et al. (1999). For inclusion into GOG 92, patients
fit one of the above set of criteria. LVSI lymphovascular space invasion

Table 5 GOG 92 results: postoperative radiotherapy improves
recurrence-free, but not overall survival, in intermediate risk stage IB
cervix cancer

RT (n = 137)
(%)

Observation
(n = 140) (%)

p
value

Recurrences
(all)

17.5 30.7 0.007

AC, AS 8.8 44.0 0.019a

Squamous
cell

20.4 27.8

Survival 80.3 71.4 n.s.

Adapted from Rotman et al. (2006)
a Adenocarcinoma and Adenosquamous histology had a statistically
significant improvement in recurrence free survival with RT compared
to other histologic subtypes treated with RT. RT radiotherapy, AC
Adenocarcinoma, AS Adenosquamous carcinoma, n.s. not significant
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cellular histology. HPV16 is identified in the majority of
squamous cell carcinomas, and HPV18 is the predominant
genotype in adenocarcinomas and adenosquamous carci-
nomas (Bosch et al. 1995). HPV may be a prognostic
indicator for outcomes. Several studies have shown HPV18
and HPV16 is associated with more advanced cervical
cancers at presentation and poorer outcomes (Schwartz
et al. 2001; Pilch et al. 2001; Burger et al. 1996). Further,
HPV18 has been associated with increased radioresistance
and increased recurrence rates compared to other HPV
genotypes in patients receiving only radiation therapy
(Wang et al. 2010). However, HPV18 has subsequently
been shown to be predictive of improved disease specific
survival when concurrent chemotherapy and radiotherapy
was used in place of radiotherapy alone (Wang et al. 2012).
The clinical utility of this association is an area of active
investigation.

2.4.3.2 Angiogenesis

Angiogenesis-related molecular markers would be expected
to be of great importance for radiation and chemotherapy
because of the critical dependence of the cytotoxic effect on
tumor microcirculation and oxygenation (Tannock 1972). It
is postulated that poorly-perfused, hypoxic, endophytic
tumors are associated with radio-resistance and resulting
poor treatment outcome in cervical cancer. Angiogenic
factors have been shown to correlate with tumor recurrence
and survival in surgically treated patients (Cheng et al. 2000;
Dellas et al. 1997; Dinh et al. 1996; Hawighorst et al. 1997;
Lee et al. 2011; Mayr et al. 1999; Kainz et al. 1995;
Obermair et al. 1998; Tjalma et al. 2000). Therefore, there
has been increasing interest in molecular markers of angio-
genesis and cytokines in cervical cancer. Cooper et al.
(Cooper et al. 1998) reported that patients with high MVD
had significantly poorer local control and survival. Although
Gaffney et al. (2003) found increased VEGF and EGFR
expression to be associated with poor survival, inconsistent
results have been observed in regard to VEGF association
with tumor progression, stage (Loncaster et al. 2000),

histologic type (Cheng et al. 2000; Loncaster et al. 2000,
2002) and microvessel density (MVD) (Mayr et al. 1999;
Hawighorst et al. 1998). High expression of another angio-
genic marker, carbonic anhydrase IX (CA IX) correlates
with poor survival (Loncaster et al. 2002). More recently the
GOG evaluated a panel of angiogenesis markers including
MVD, VEGF, CD31 (non-specific endothelial marker),
TSP-1 (thrombospondin-1 an anti-angiogenesis factor), and
CD105 (tumor-specific endothelial marker) and association
with clinical outcome (Randall et al. 2009). Expression of
each was determined in tumors from patients included in
GOG 109, including stage IA2-IIA patients with positive
lymph nodes, parametrial involvement, or positive surgical
margins (Peters et al. 2000). Of these, only high expression
CD31 was independently predictive of improved disease
free and overall survival. Authors posit that this may be
representative of CD31 as a surrogate marker for improved
tumor flow and oxygenation, thus improving response to
adjuvant therapy.

2.4.3.3 Alternate Candidate Molecules

There has been increasing interest in evaluation of molec-
ular mechanisms of radiation response through candidate
gene approach and microarray analysis. Studies in cervical
cancer cell lines have found that genes related to angio-
genesis, apoptosis and tumor cell invasion correlate with
radio-resistance (Harima et al. 2004; Kitahara et al. 2002;
Tewari et al. 2005; Wong et al. 2003). A pilot study of 12
patients in 2008 used microarray analysis and demonstrated
immortalization upregulated protein (IMUP), IGF-2, and
ARHD were associated with tumor recurrence in patients
treated with radiation and concurrent chemotherapy (Klopp
et al. 2008). Proteins that have been shown to correlate with
clinical outcome include Ku80, GADD45 (Harima et al.
2003), bax, bcl-2 (Harima et al. 1998), intracellular adhe-
sion molecule-3 (ICAM-3) (Chung et al. 2005), and hypoxia
inducible factor (HIF)-1a (Bachtiary et al. 2003; Burri et al.
2003). However, to date, none of these molecular markers
has been incorporated into clinical care.

Table 6 Estimates of the relative risk of death in five clinical trials of radiotherapy and concurrent chemotherapy

Study FIGO stage Control group Comparison group Relative risk of death p value

Peters et al. (2000) IB or IIA RT RT plus cisplatin and 5-FU 0.5 0.007

Whitney et al. (1999) IIB–IVA RT plus hydroxyurea RT plus cisplatin and 5-FU 0.72 0.018

Rose et al. (2007) IIB–IVA RT plus hydroxyurea RT plus weekly cisplatin
RT plus cisplatin, 5-FU, hydroxyurea

0.61
0.58

\0.025
\0.025

Keys et al. (1999) IB2 RT RT plus weekly cisplatin 0.54 0.008

Morris et al. (1999) IB–IVA Extended field RT RT plus cisplatin and 5-FU 0.52 0.004

RT radiotherapy, 5-FU 5-fluorouracil
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2.5 Imaging Prognostic/Predictive Markers

2.5.1 Morphologic Imaging
Improvements in spatial and temporal resolution of cross-
sectional imaging have broadened the capabilities of both
anatomical and functional imaging in cervical cancer.
Three-dimensional tumor volume can be quantified, and
tumor extent and involvement of adjacent structures more
accurately assessed than by clinical palpation (Hricak et al.
1988; Hricak 1991; Bhosale et al. 2010; Balleyguier et al.
2011). Higher temporal and spatial resolution also allows
for functional imaging, such as dynamic contrast-enhanced
(DCE) MRI and diffusion-weighted imaging, in addition to
the morphologic/anatomical imaging. Beyond pre-therapy
assessment, repeated imaging throughout the course of
definitive chemoradiotherapy with an intact cervix provides
longitudinal information on functional changes in response
to ongoing therapy. Such on-therapy imaging shows
promise for deriving imaging biomarkers to predict thera-
peutic response and disease outcome.

Tumor size in cervical cancer is best assessed with MRI
(Bhosale et al. 2010; Balleyguier et al. 2011), which was
demonstrated in imaging-histologic correlation studies
(Burghardt et al. 1989; Greco et al. 1989). For on-therapy
assessments, the velocity of tumor regression, assessed by
3D tumor volumetry (not diameter-based measurement)
allows an indirect measure of therapy responsiveness (Mayr
et al. 2006), which has been shown to be predictive of
treatment outcome in cervical cancer patients treated with
radiation/chemotherapy (Hatano et al. 1999; Mayr et al.
1996, 2010; Sethi et al. 2005; Lim et al. 2008). Using 3D
volumetric measurements, Mayr et al. found that patients
with \20 % of residual tumor volume at 40–50 Gy deliv-
ered over 4–5 weeks had excellent local control and disease
free survival of 90.5 and 88.4 %, compared to 23.1 and
45.4 % in patients with slower tumor regression (Mayr et al.
1996). Similarly, Hatano et al. (1999) found 100 % local
control in patients with rapid tumor volume regression to
less than 30 % of the original volume at 30 Gy over
3 weeks. Further, the velocity of tumor shrinkage directly
correlates with patients’ risk for local failure and death of
disease (Mayr et al. 2010). Such early predictive informa-
tion, available during the ongoing therapy course, may open
a window of opportunity to adapt and intensify therapy. For
post-therapy assessment in the early follow-up period,
complete resolution of the tumor 3–6 months after therapy
is associated with better outcome (Hricak 1991; Flueckiger
et al. 1992).

2.5.2 Functional Imaging
Among the functional imaging modalities, DCE MRI pro-
vides an in vivo imaging biomarker that indirectly reflects
tumor perfusion and the delivery of oxygen and therapeutic

agents to the tumor. Low perfusion, indicative of poor
vascularity and oxygenation, before or early during the
course of radiation therapy (at approximately 20 Gy,
*2 weeks), significantly predicts unfavorable local tumor
control (73 % vs. 100 %, p = 0.006) and survival (47 % vs.
79 %, p = 0.001, respectively). The 2-week intra-treatment
time point may be superior to the pre-therapy time point
likely because the 2-week DCE MRI incorporates early
therapy-specific information of responsiveness to the
ongoing treatment (Yuh et al. 2009).

Diffusion-weighed imaging, which indirectly assesses
tumor cellularity (Hamstra et al. 2008; Ross et al. 2003)
provides another imaging biomarker in cervix cancer. The
apparent diffusion coefficient (ADC) measures the magni-
tude of diffusion (of water molecules) within tissues. A low
ADC value is indicative of increased tissue cellularity, and
an increase in the ADC suggests cell death. Such an ADC
increase can occur very early, within days of therapy start,
prior to any morphologic changes (e.g. tumor volume)
(Charles-Edwards and DeSouza 2006; Charles-Edwards
et al. 2008; Chenevert et al. 2000). Early clinical experience
shows that increase in ADC during ongoing radiation and
chemotherapy correlates with improved tumor response
(Harry et al. 2008; Naganawa et al. 2005; Liu et al. 2009).
These studies suggest that both DCE-MRI and DW-MRI
may have value as early imaging biomarkers of radiore-
sponsiveness in cervical cancer.

In addition to being the most accurate assessment of
lymph node involvement, FDG-PET/CT has also been used
to assess the primary tumor during/after therapy. Persistent
metabolic activity of the tumor 3 months after therapy has
been correlated with poor outcome (Kidd et al. 2007).
However, the optimal imaging timing for FDG-PET is a
subject of active investigation.

3 Cancer of the Uterine Corpus

Endometrial cancer is the most common gynecologic
malignancy in the United States. In 2013, 49,500 cases of
endometrial cancer are expected, accounting for approxi-
mately 6 % of female malignancies, with approximately
8,200 deaths anticipated, accounting for 3 % of all female
cancer deaths (Siegel et al. 2013). Mean age at diagnosis in
the United States is approximately 62 years old, consistent
with a disease largely occurring in postmenopausal women.
SEER data show approximately 70 % of cases are diag-
nosed as localized disease, with an 81.5 % 5-year survival
for all stages, and 95.3 % for localized disease (Howlader
et al. 2013). Risk factors for endometrial cancer include
diabetes, obesity, hyperestrogenic state, nulliparity, tamox-
ifen use, early menarche or late menopause, and anovula-
tory cycles (Brinton et al. 1992). Certain genetic diseases,
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such as hereditary nonpolyposis colon cancer (HNPCC) or
Lynch syndrome and Cowden disease, are associated with
increased risk for endometrial cancer, with lifetime risks
ranging from 10 to 60 % depending on disease and specific
genetic mutation (Aarnio et al. 1995; Gustafson et al. 2007).

Most endometrial cancers are diagnosed during the
workup of abnormal, or postmenopausal, vaginal bleeding.
Pathologic diagnosis is essential, as both FIGO stage and
FIGO histologic grade are prognostic for outcome and
determine treatment. Thus, diagnosis is often made via
endometrial biopsy or dilation and curettage for those
patients in which endometrial biopsy is not possible or non-
diagnostic. Endometrial cancers often arise within the
endometrial layer, and spread by invasion into the myome-
trium. In more advanced disease, tumor can spread to the
uterine serosa, adnexa, endocervical canal, peritoneal cavity,
bowel, bladder, and other adjacent structures. Lymphatic
drainage is to the pelvic lymph nodes (including the internal/
external iliacs, common iliacs, obturator, presacral and
parametrial), with direct spread to the para-aortic lymph
nodes possible. FIGO staging requires surgical staging based
on the at-risk areas of spread, therefore total hysterectomy
and bilateral salpingo-oopherectomy, with or without lymph
node dissection, is performed in most patients. Adjuvant
therapy is then based on pathologic information that deter-
mines the stage and grade of each endometrial cancer, both
of which are prognostic for patient outcome.

3.1 Staging

The gold standard for staging in endometrial cancer remains
surgical staging as defined by FIGO (Creasman 2009),

Table 7. Prior to the 1988 FIGO staging system, staging
was clinical evaluation for tumor size, extent of disease
(confined to uterus or pelvic extension), and bowel or
bladder involvement. However, this was found to under-
stage patients approximately 23 % of the time (Creasman
et al. 1987). Therefore, FIGO staging was changed to
incorporate surgical evaluation and subsequent pathologic
information for staging which improved the prognostic
accuracy of staging. Initially, myometrial invasion, cervical
invasion (including endocervical glandular involvement),
adnexal involvement, serosal involvement, positive perito-
neal cytology, and lymph node status were factored into
staging. On the last revision of the FIGO surgical staging
for endometrial cancer (2009), peritoneal cytology and
isolated endocervical glandular involvement have been
removed from the criteria. Further, myometrial invasion,
previously stratified into three levels of involvement, is now
subdivided into only two categories; invasion of less than
one-half or invasion of one-half or more of the myome-
trium. Lymph node positive disease is substratified to pelvic
lymph node only, or para-aortic lymph node disease (IIIC1
vs. IIIC2). In summary, under 2009 FIGO staging, stage I
disease now includes endometrial/myometrial only disease;
stage II disease invades cervical stroma; stage III disease is
a heterogenous group with IIIA including uterine serosa or
adnexal involvement, IIIB involving the vagina, and IIIC1
versus IIIC2 denoting pelvic lymph node only versus any
para-aortic lymph node positive disease; stage IV represents
metastatic disease to other sites not included above.

Surgical staging at minimum is to include total hys-
terectomy and bilateral salpingo-oopherectomy (BSO).
The role of extended surgical staging, with sampling and/
or dissection of the pelvic and para-aortic lymph nodes, is

Table 7 FIGO and American Joint Committee on Cancer (AJCC 7th edition) TNM staging for endometrial cancer

FIGO staging (2008) AJCC 7th edn (2009) TNM staginga Description

Group T N M

IA T1a 0 0 Limited to the endometrium or invades less than half of the myometrium

IB T1b 0 0 Invades half or more of the myometrium

II T2 0 0 Invades cervical stromal tissue but does not extend beyond the uterus

IIIA T3a 0 0 Involves serosa and/or adnexa

IIIB T3b 0 0 Vaginal involvement or parametrial involvement

IIIC1 T1–3 1 0 Metastasis to pelvic lymph nodes

IIIC2 T1–3 2 0 Metastasis to para-aortic lymph nodes

IVA T4 Any 0 Invades bladder mucosa and/or bowel mucosa

IVB Any Any 1 Distant metastasis

Source Edge et al. (2009)
a Changes from the AJCC 6th edition and the previous FIGO staging recommendations (1988):
No longer includes uterine sarcoma (now staged with a new staging system)
Positive peritoneal cytology is no longer considered (previously was T3a/IIIA)
Involvement of the endocervical glands is not longer considered (previously was stage IIA)
Stages IA and IB combined (now: IA). IC moved to IB
Stage IIIC subdivided into IIIC1 and IIIC2
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still debated. Given the significant prognostic importance
of lymph node metastasis, many advocate for lymph node
histologic evaluation, and some have suggested a possible
therapeutic benefit to lymphadenectomy, although not been
proven in a prospective manner. While older techniques
for extended surgical staging required laparotomy, more
modern techniques with laparoscopic assisted methods
have yielded equivalent nodal yields with reduced mor-
bidity for many experienced gynecologic oncologists
(Eltabbakh 2002; Scribner et al. 2002). Given the fact that
many women with endometrial cancer are elderly, obese,
and have co-morbidities such as diabetes, hypertension,
and coronary artery disease, concerns exist for increased
risks of deep venous thrombosis, vascular injury, or pul-
monary emboli in the postoperative setting. Further,
extended surgical staging followed by adjuvant radiation
therapy is reported by some to carry higher enteric
morbidity than hysterectomy and radiation alone
(Lewandowski et al. 1990). Thus, some point to the
experience of PORTEC and ASTEC trials as data to
support omission of routine lymphadenectomy in low and
intermediate risk patients without clinical/palpable ade-
nopathy. PORTEC-1 included intermediate risk stage I
patients, all undergoing total hysterectomy and BSO
without lymphadenectomy randomized to adjuvant radio-
therapy versus observation with 80–85 % overall survival
at 5 years (Creutzberg et al. 2000). In ASTEC, interme-
diate risk patients underwent total hysterectomy-BSO,
pelvic washings, and para-aortic lymph node palpation and
were randomized to lymphadenectomy or no further sur-
gery, with no statistically significant difference on overall
survival at 3 years (ASTEC study group et al. 2009).
Conversely, several studies support the role of maximal
surgical debulking and resection of gross nodal disease,
with improvement in median survival in some cohorts
from 8.8 to 37.5 months (Bristow et al. 2003; Chi et al.
1997; Lambrou et al. 2004).

Of note, the American College of Obstetricians Gyne-
cologists (ACOG) recommends comprehensive surgical
staging including total hysterectomy and BSO, pelvic
washings, bilateral pelvic and paraaortic lymphadenectomy,
and complete resection of all disease, with exceptions
considered for young or perimenopausal women with grade
1 endometrioid adenocarcinoma associated with atypical
endometrial hyperplasia and those at increased risk of
morbidity/mortality secondary to comorbidities (American
College of Obstetricians and Gynecologists 2005). Omental
sampling is also often performed, especially in papillary
serous and clear cell histology due to the risk of upper
abdominal spread.

3.2 Clinical Factors

3.2.1 Stage
Surgical stage continues to be one the most important
clinical factors predictive of outcomes. The outcomes of
81,900 patients with endometrial cancer from 1988 to 2006
in a SEER database and a cohort of 1,268 patients from the
MoMaTEC study were shown to verify the improved
prognostic utility of the current 2009 FIGO staging in
comparison to the FIGO 1988 staging schema (Lewin et al.
2010; Werner et al. 2012). Five year overall survival rates in
early stage disease were 90–96 %, 78–87 %, and 74–80 %,
respectively, for stage IA and IB and stage II. In locally
advanced disease, 5-year overall survival was 48–56 %,
36–53 %, 57–60 %, and 49–53 % for stage IIIA (serosa/
adnexa), IIIB (vaginal), IIIC1 (pelvic lymph node), and
IIIC2 (para-aortic lymph node), respectively. Survival in
stage IV disease ranged from 16 to 57 %.

3.2.2 Lymph Node Status
Lymph node status is incorporated in the staging classifi-
cation above. A drop in 5-year overall survival from 74 to
96 % for stage I/II patients to 49–60 % for node positive
patients is observed (Lewin et al. 2010; Werner et al. 2012).
A variety of features are associated with increased risk for
lymph node metastasis. The strong association of tumor
grade, depth of myometrial invasion and pelvic lymph node
involvement was first demonstrated in the results of GOG
study 33 (Tables 8, 9) (Creasman et al. 1987). In this
clinical-pathologic study, 621 stage I endometrial cancer
patients, accrued from 1977 to 1983, prospectively under-
went hysterectomy, selective pelvic and para-aortic lymph
node dissection and peritoneal cytology. Increasing FIGO
grade and increasing depth of invasion correlated with
progressively higher probability of pelvic lymph node

Table 8 GOG 33: Rate of pelvic lymph node metastasis based on
extent of myometrial invasion and FIGO grade

Grade 1
(%)

Grade 2
(%)

Grade 3
(%)

Endometrium only 0 3 0

Inner 1/3 myometrial invasion 3 5 9

Middle 1/3 myometrial invasion 0 9 4

Deep 1/3 myometrial invasion 11 19 34

Adapted from Morrow et al. (1991). Rates of pelvic lymph node
metastasis observed in 621 Stage I endometrial cancers treated pri-
marily with surgery
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involvement, ranging from less than 5 % in patients without
myometrial invasion, to 34 % in those with both outer third
myometrial invasion and FIGO grade 3 histology.

While node positive patients as a whole have poorer
survival compared to stage I and II patients, it should be
noted that the predictive outcome of node positive disease
should be considered in the context of the extent of other
extrauterine disease. Mariani et al. examined the outcomes
of 51 patients with surgically staged IIIC disease. In this
cohort, it was noted that the 5-year recurrence free survival
(RFS) for node positive only disease was 68 %, but dropped
to 25 % in patients with node positive disease in combi-
nation with other extrauterine disease such as adnexal,
vaginal, serosal involvement or positive peritoneal cytology
(Mariani et al. 2002a). While this study is limited in its
correlation to today’s practice as few patient received
chemotherapy, this poorer outcome in ‘‘higher burden’’
disease suggests these patient may require a more aggres-
sive treatment approach. The overall nodal disease burden,
as described by absolute number of positive lymph nodes
and ratio of positive nodes to total nodes on lympadenec-
tomy has also been shown to be prognostic in some studies
(Chan et al. 2007a). Five-year disease-specific survival for
those with 1, 2–5, and [5 positive nodes were 68.1, 55.1,
and 46.1 %, respectively (p \ 0.001). Percentage of posi-
tive lymph nodes was also evaluated, with 5-year disease-
specific survival of 77.3 to 60.7 to 40.9 % in those
with B0, [10 to C50 %, and [50 % nodes involved,
respectively. Both factors were independently prognostic on
multivariate analysis.

3.2.3 Adnexal and Serosal Involvement
FIGO stage IIIA is defined by serosal and/or adnexal
disease spread. Adnexal involvement is associated with
poorer outcomes, but is highly correlated with other adverse
features such as high tumor grade, other metastatic sites,
and unfavorable histology. When considering adnexal
involvement in the absence of other factors, outcomes are

more favorable than for all stage IIIA patients taken as a
whole, with 5-year disease-free survival ranging from 71 to
86 % (Connell et al. 1999; Greven et al. 1989). Serosal
involvement is associated with high risk of distant failure,
owing in part to its association with other risk factors such
as other sites of metastatic disease and higher stage
presentation (Greven et al. 1989; Ashman et al. 2001).
Similar to adnexal involvement, however, isolated serosal
involvement portends an improved prognosis over all
patients with serosal involvement, with 5-year disease-free
survival of 41.5 % versus 20 % (Ashman et al. 2001).

3.3 Patient Factors

3.3.1 Age
Age has long been considered a risk factor for development
of endometrial cancer, as well as prognostic of outcomes. In
general, endometrial cancer is a disease of postmenopausal
women. Younger women who develop endometrial cancer
tend to have improved survival, often with risk factors such
as estrogen or other hormone related-disorders, including
but not limited to, infertility, polycystic ovarian syndrome,
ovarian dysfunction, anovulatory cycles, and obesity (Ota
et al. 2005). Young patients tend to have low grade endo-
metrioid histology, correlating to more favorable outcomes.

While many studies have shown advanced age to be an
independent predictor of worse outcomes (Kosary 1994;
Abeler and Kjorstad 1991; Irwin et al. 1998), many small
studies have found this to not be a prognostic factor. Some
of been concerned that patient comorbidities, potential
de-escalation of therapy in the elderly, or narrow cohorts, or
propensity for more advanced stage at diagnosis, or more
aggressive histology at diagnosis, among a multitude of
other confounding factors, may explain the apparent
discrepancy. Regardless, age is still part of the risk strati-
fication of patients for selection of adjuvant therapy as is
discussed below.

3.3.2 Serum CA-125
CA-125 is a serum tumor marker that can readily be tested,
commonly used to monitor ovarian cancer. The role of
CA-125 in endometrial cancer has been proposed to be
prognostic, with elevated preoperative CA-125 levels
associated with increased risk of lymph node metastasis
(Chung et al. 2006). Many suggest measurement of preop-
erative serum CA-125 given several studies suggestive of
prognostic utility (Powell et al. 2005); although no change
in therapy is offered based on this value. Some have also
proposed an age stratified CA-125 cutoff to improve the
predictive value of CA-125 levels, with higher cutoffs
proposed in younger patients (Chao et al. 2013). The NCCN
guidelines designate CA-125 as an optional test in both

Table 9 GOG 33: rate of para-aortic lymph node metastasis based on
extent of myometrial invasion and FIGO grade

Grade 1
(%)

Grade 2
(%)

Grade 3
(%)

Endometrium only 0 3 0

Inner 1/3 myometrial invasion 1 4 4

Middle 1/3 myometrial invasion 5 0 0

Deep 1/3 myometrial invasion 6 14 23

Adapted from Morrow et al. (1991). Rates of para-aortic lymph node
metastasis observed in 621 Stage I endometrial cancers treated
primarily with surgery
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workup and surveillance, while the American Society of
Gynecologists Oncologists does not endorse the routine use
of CA-125 during surveillance in the absence of clinical
findings concerning for metastatic disease (Salani et al.
2011). Future studies regarding the use of CA-125 are war-
ranted and will likely focus on its potential as a tool for pre-
diction of extrauterine disease in early stage patients or its use
during surveillance for early detection of disease recurrence
and whether this translates to improved patient outcomes.

3.4 Histologic Factors

While tumor stage is the most important prognostic indi-
cator, many of the other confirmed prognostic features
relate to information from the histology of the tumor itself.
Tumor cell type, grade of differentiation, and LVSI are
significantly important, and assist with stratification of
patients within surgical staging groups into risk categories.
Thus, the results of each can have significant influence on
the adjuvant therapy given, as patients with early stage, low
risk histology may not require adjuvant therapy, the same
stage patient with high risk histology or tumor grade may
have poorer outcomes if adjuvant therapy is not offered.

3.4.1 Histology
Given that surgical staging predominates for endometrial
cancer, characteristics found on pathologic evaluation are
highly prognostic. Cell type and tumor grade are highly
predictive of patient outcomes, and carry significant weight
in determining if adjuvant therapy after hysterectomy
should be offered. Additional information regarding myo-
metrial invasion, cervical stromal invasion, lymphovascular
invasion, and others have also been shown to be prognostic
and are used to help stratify risk of recurrence in patients
with early stage disease. The following section on histology
relates to histologic factors studied largely in endometrioid
adenocarcinomas. In general, non-endometrioid histologies
such as papillary serous and clear cell adenocarcionoma are
highly correlated with many of these adverse pathologic
factors, thus are deemed high risk in even early stage dis-
ease, and are offered more aggressive adjuvant therapy.

3.4.1.1 Histologic Type

The vast majority of endometrial cancers arise within the
endometrial layer of the uterus, with subsequent growth and
spread, usually into the myometrium, as it progresses.
Adenocarcinoma accounts for the majority of endometrial
cancer cases diagnosed. The most common histologic sub-
type is endometrioid histology, accounting for nearly
75–80 % of endometrial cancer cases. This is a gland
forming variant of adenocarcinoma, often with appearance
similar to that of the endometrium. Overall prognosis for

low grade endometrioid adenocarcinoma is favorable. By
some reports, approximately 25 % of adenocarcinomas
can have squamous differentiation, where the grade of the
glandular component is prognostic (Abeler and Kjorstad
1992). Villoglandular and mucinous adenocarcinomas
are infrequently identified, with no significant effect on
outcomes with villoglandular (Zaino et al. 1998a), and
improved outcomes with mucinous features (Ross et al.
1983). Two less common, yet clinically significant subsets
of adenocarcinoma, include papillary serous and clear
cell adenocarcinoma, accounting for a majority of the
remaining non-endometrioid cases. Papillary serous carci-
nomas histologically have a complex papillary architecture,
resembling serous carcinoma of the ovary. Nuclear atypia is
common, and psammoma bodies can be present. Clear cell
carcinomas have 3 types of growth patterns, tubulocystic,
papillary, or solid patterns, and are less likely to contain
psammoma bodies. Any tumor that contains 10 % or more
of either papillary serous or clear cell adenocarcinoma
features are classified as mixed histology, although prog-
nosis tends to correlate with the most advanced histology in
the tumor.

Endometrial cancer is subdivided into type 1 or type 2
tumors; type 1 defined as low grade (FIGO grade 1 and 2)
endometrioid tumors (nearly 80 % of adenocarcinoma), and
type 2 encompassing FIGO grade 3 endometroid tumors,
papillary serous, and clear cell adenocarcinomas. A differ-
ent etiology of tumorigenesis has been proposed in these
two subgroups. Type 1 tumors are generally associated with
the classical risk factors for endometrial cancer including
nulliparity, obesity, unopposed estrogen, early menarche/
late menopause, tamoxifen therapy, among others. It has
been proposed that elevated estrogenic state experienced in
these situations can stimulate the endometrial layer, leading
to hyperplasia, a likely precursor to endometrial cancer in
some settings. Type 2 tumors, on the other hand, are not
associated with hyperestrogenism or endometrial hyper-
plasia. Stage by stage, more aggressive histology is asso-
ciated with poorer clinical outcomes (Boruta et al. 2004).
As such, type 2 tumors are often included as a risk factor
warranting intensification of adjuvant therapy as discussed
below.

Uterine sarcomas (endometrial stromal sarcomas, leio-
myosarcomas, and other mesenchymal tumors), and mixed
epithelial and mesenchymal tumors (adenosarcomas and
malignant mixed mullerian tumors), are much less common
types of uterine cancer. As a group, they all confer very
poor prognosis at diagnosis. They tend to be associated with
higher stage at diagnosis, and dismal disease free and
overall survival (Prat 2009; Callister et al. 2004). More
aggressive therapy is generally favored in this group of
patients given their significantly higher risk for failure and
death, however given the relative rarity, poor response to
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proposed interventions, and paucity of prospective data, there
is no clearly defined guideline in management (Rauh-Hain
and Del Carmen 2013; Kanthan and Senger 2011).

3.4.1.2 Tumor Grade

Across a multitude of studies, tumor grade has been shown
to be strongly associated with prognosis, degree of myo-
metrial invasion, and risk for lymph node metastasis. FIGO
grading of endometrioid carcinomas incorporate the degree
of gland formation and nuclear grade. The percent solid
(nonglandular) growth is scored as increased solid growth is
associated with more aggressive behavior. Grade 1 is defined
as no more than 5 % solid growth, grade 2 with 6 to 50
percent solid growth, and grade 3 with more than 50 percent
solid growth. If glandular grade is different from nuclear
grade, nuclear grade predominates. Non-endometrioid
tumors are graded by nuclear grade alone. Zaino et al.
reported 5-year survival rates of 94 % for grade 1, 84 % for
grade 2, and 72 % for grade 3 tumors (Zaino et al. 1998a).
Given the significant prognostic feature of tumor grade, it is
incorporated into risk stratification of patients within a given
stage to help direct adjuvant therapy.

3.4.1.3 Myometrial Invasion

Degree of myometrial invasion has been shown to be an
independent predictor for outcome in a multitude of studies
(Creasman et al. 1987; Morrow et al. 1991). This has been
validated since originally described and continues to be
incorporated as part of the current FIGO staging. While risk
factor groups have been described based on thirds of
invasion, the most recent revision of FIGO staging has
established 50 % as the cutoff between stage IA and stage
IB endometrial cancer.

3.4.1.4 Cervical Stromal Invasion

Cervical stromal invasion is included in FIGO staging,
given its prognostic significance in outcomes with reduced
5-year disease-free survival of 74–80 % for stage II disease
compared to 90–96 % for stage IA. Previously, any cervical
invasion was classified as stage II disease in the 1988 FIGO
schema, with stage IIA defined as isolated endocervical
epithelial involvement and stage IIB for deeper stromal
invasion. However, several reports failed to demonstrate a
difference in survival between the two groups (Orezzoli
et al. 2009; Eltabbakh and Moore 1999). Thus, this sub-
classification was eliminated with the recent 2009 revision
of FIGO staging and currently cervical stromal invasion
only constitutes stage II disease. This has been shown to be
independently prognostic for patient outcomes, with a 44 %
increase in risk of progression or death and a 33 % increase
in risk of death (Tewari et al. 2012).

3.4.1.5 Lymphovascular Space Invasion

Lymphovascular space invasion (LVSI) has been shown to
be a predictor of risk of relapse and poorer survival, inde-
pendent from tumor grade or depth of myometrial
involvement (Morrow et al. 1991; Mariani et al. 2002b, c).
LVSI has been shown to increase the rate of pelvic lymph
node metastasis (Creasman et al. 1987). LVSI continues to
be used as one of several histologic criteria for risk strati-
fication for adjuvant therapy selection and clinical trial
inclusion.

3.4.1.6 Peritoneal Cytology

In previous 1988 FIGO staging, the presence of malignant
cells in peritoneal fluid was designated stage IIIA disease.
However, multiple studies failed to show this as an inde-
pendent prognostic factor (Hirai et al. 1989; Tebeu et al.
2004; Takeshima et al. 2001). The revised 2009 FIGO
staging has eliminated positive peritoneal cytology as a
factor in staging. However, recently Milgrom et al. showed
that in stage III patients, positive peritoneal cytology was
predictive of outcome and associated with distant relapse
(Milgrom et al. 2013). This is consistent with the observa-
tion that positive peritoneal cytology, while not indepen-
dently prognostic, may enhance the negative impact of
other adverse factors (Takeshima et al. 2001). Peritoneal
cytology is still obtained at most institutions during
hysterectomy, as it may have some effect on adjuvant
therapy selection, and is used as inclusion criteria of some
ongoing phase III trials.

3.4.2 Implications of Postoperative Histology
on Adjuvant Treatment

As previously discussed, multiple histologic and clinical
factors have been found to be independently prognostic of
clinical outcome. While some of these are directly used for
staging, others are used for risk stratification to help predict
a benefit from adjuvant therapy and aid in the selection of
adjuvant therapy.

3.4.2.1 Risk Group Stratification in Early Stage Endo-

metrial Cancer

Adjuvant therapy in endometrial cancer is dictated in large
part by stage and risk factors within each stage. This is
specifically true for early stage endometrial cancer where
the extent and method of adjuvant radiotherapy has evolved.

Observation is reasonable for patients with stage IA,
grade 1, favorable histology disease, otherwise deemed low
risk. In patients with stage I disease, and any risk factor,
including Grade 2–3 disease, LVSI, lower uterine segment
involvement, deep myometrial invasion, or advanced
age [ 50–70, adjuvant therapy has traditionally been
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considered. Previously, the GOG 33 data demonstrated
advanced grade or deep myometrial invasion were risk
factors for lymph node positive disease, which was asso-
ciated with worse disease free survival. These risk factors
had been employed to determine the need for postoperative
pelvic radiation, but how to much weight to assign these
risk factors has evolved.

The traditional indications for pelvic radiation in early
stage disease have been challenged by the results of the
Post-Operative Radiation Therapy in Endometrial Cancer
(PORTEC) (Creutzberg et al. 2003, 2004) and GOG 99
(Keys et al. 2004) studies, resulting in identification of a
new set of risk factors. This paradigm change has also been
fueled by advances in surgical approach over the past 2
decades, with a more comprehensive degree of lymph node
dissection, even in co-morbid patients. Based on both trials’
results, a new high-intermediate risk group was defined by
each cooperative group and a more multi-faceted algorithm
was developed that incorporated grade, depth of myometrial
invasion, LVSI, and age. PORTEC’s and GOG 99’s results
are highly consistent showing an incidence of failure in the
30 % range for the GOG-defined high-intermediate-risk
group and for the grade 3 group in PORTEC. The high-
intermediate-risk group was defined by GOG as (1) grade
2–3 with deep third myometrial invasion and LVSI; or (2)
age [ 50 and two of the risk factors in (1); or (3) age [ 70
and one of the risk factors in (1). The definition based on the
PORTEC data is similar: \50 % myometrial invasion and
grade 3 (any age); or [50 % invasion and grade 1–2 and
age [ 60 years. However, the combination of \50 %
myometrial invasion, grade 3 and LVSI is considered a
high-risk feature by PORTEC-2 due to the significantly
lower 5-year overall survival of 58 % observed in the
PORTEC 1 study (Creutzberg et al. et al. 2004). These
overall results are supported by a metaanalysis by Kong
et al. (2007) of all four randomized trials (Creutzberg et al.
2000, 2004; Keys et al. 2004; Aalders et al. 1980) that
shows adjuvant radiotherapy improved disease specific and
overall survival for patients with grade 3 tumors and stage
IB ([50 % invasion) disease. The failure pattern in the
high-intermediate-risk group has been found to consist
largely of vaginal recurrences, therefore, while the high risk
patients are often recommended pelvic radiotherapy, high-
intermediate risk group patients are often offered vaginal
cuff brachytherapy and/or pelvic radiotherapy as vaginal
recurrences are the most likely site of failure. This group
has been studied by PORTEC-2, and vaginal cuff brachy-
therapy was found to be equivalent in preventing pelvic
recurrence to whole pelvic radiation (Nout et al. 2010).

Adjuvant therapy for high risk disease is an area of
active research as there is data to suggest intensifying
therapy with chemotherapy is warranted, and currently
practiced at many institutions. PORTEC-3 is currently

enrolling patients with the high risk criteria and randomiz-
ing patients postoperatively to pelvic radiation or pelvic
radiation with concurrent and post-radiation chemotherapy.
Eligible patients include those with \50 % myometrial
invasion plus grade 3 and LVSI; [50 % myometrial inva-
sion with grade 3, or advanced endometrial cancer,
including stage II–III disease, papillary serous or clear cell
histologies. The results are eagerly anticipated.

3.4.2.2 Locally Advanced Endometrial Cancer

Stage III and IVA endometrial cancer is often described as
locally advanced endometrial cancer. This group represents
a heterogenous group of patients, with varying degrees of
tumor burden and tumor histology, with the best adjuvant
therapy not clearly defined. GOG 122 established a role for
chemotherapy over whole abdominal radiation owing to
improved disease free and overall survival of 38–50 %, and
42–55 %, respectively (Randall et al. 2006). More recently,
Hogberg et al. compiled the data from two randomized
European trials, NSGO-EC-9501/EORTC-55991 and
MaNGO ILIADE-III, which randomized patients to adju-
vant radiotherapy alone or sequential chemotherapy and
radiation therapy. This indicated a significant improvement
in 5-year progression-free survival from 69 to 78 %, with a
trend for improved overall survival (Hogberg et al. 2010).
The extent of radiotherapy, timing with chemotherapy, and
patient selection is still an area of active study.

3.4.3 Molecular Markers
Molecular markers are an area of active interest. In most
cases, markers are correlated with established prognostic
indicators, such as tumor histology and grade. Some of the
most studied factors are briefly reviewed. To date, the
clinical utility of these markers is limited.

3.4.3.1 DNA Ploidy

DNA content, or more specifically, aneuploidy, has been
studied by many groups. The frequency of aneuploidy has
been shown to increase with increased tumor grade
(Lundgren et al. 2002). Papillary serous carcinoma has been
shown to exhibit aneuploidy, as well (Prat et al. 1994).
Further, DNA aneuploidy has been shown to be an inde-
pendent predictor for disease free survival (Zaino et al.
1998b; Nordstrom et al. 1996).

3.4.3.2 Microsatellite Instability

Microsatellite instability (MSI) is strongly associated with
endometrial cancer in patient with HNPCC, occurring in
nearly 75 % of such patients, and occurs in approximately
25–45 % of sporadic endometrial carcinomas. Microsatel-
lites are short repeats of DNA that are integrated throughout
the genome, and MSI is associated with deficits in DNA
mismatch repair. In some studies, MSI is associated with
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improved clinical outcome (Maxwell et al. 2001). However,
there is discrepancy in the published literature, with several
reports showing no correlation with clinical outcome
(Zighelboim et al. 2007; Baldinu et al. 2002), while others
have shown MSI to be an independent prognostic indicator
for poorer survival (Mackay et al. 2010; Nout et al. 2012;
Steinbakk et al. 2011). This disagreement may be related to
sample size, cohort selection, different adjuvant therapies,
confounding variables, or may indicate identification of the
specific downstream genetic alterations is actually more
relevant (Steinbakk et al. 2011).

3.4.3.3 Ki-67 Proliferation Index

Cellular proliferation is an area of interest in most cancer
cell types. This has also been evaluated by many groups for
endometrial cancer. Nuclear Ki-67 antigen is a marker of
proliferating cells, and has been shown to be associated with
histological grade and depth of myometrial invasion, as well
as other risk factors (Kudela et al. 2012). High levels of
Ki-67 expression have also been associated with increased
risk of recurrence and poorer survival in some studies
(Salvesen et al. 1998).

3.4.3.4 Oncogenes

HER2 and EGFR are both members of the ErbB/HER
signaling family, a group of tyrosine kinase receptors crit-
ical in cellular proliferation and differentiation, and are
implicated in tumorigenesis in many tumor models. HER2
expression was associated with higher tumor grade and
depth of myometrial invasion but not independently prog-
nostic for survival, whereas EGFR overexpression in
endometrioid adenocarcinoma decreased survival from 89
to 69 % (p \ 0.04), and in serous papillary and clear cell
from 86 to 27 % (p \ 0.03) (Khalifa et al. 1994; Konecny
et al. 2009). There is continued interest in this pathway
as inhibitors of EGFR and HER2 are actively used in
other cancer treatment and exploitation of this pathway with
these pharmaceuticals theoretically may improve patient
outcomes.

P53 has been reported to be more highly expressed in
type 2 tumors (Kudela et al. 2012). Not surprisingly, this
has also been correlated with poorer patient outcomes
(Mariani et al. 2000; Saffari et al. 2005; Silverman et al.
2000). Currently, clinical utility of this marker is uncertain
as no targeted therapies are readily available.

The evaluation of PTEN as a prognostic factor is also
controversial. PTEN is a tumor suppressor gene that down
regulates the PI3-Kinase pathway, thus slowing down cel-
lular proliferation. PTEN is mutated in approximately
20–80 % of endometrial cancers, but with less frequency in
serous carcinoma. Results regarding the effect of PTEN on
patient outcomes is mixed (Latta and Chapman 2002).

3.4.3.5 Cell Adhesion Molecules

Cell adhesion molecules have been widely studied in tumor
biology, and are responsible in part for coordinating
cell–cell interaction, cellular proliferation, and metastasis.
E-cadherin is a cell membrane protein that complexes with
cytoplasmic B-catenin regulating cellular adhesion and
growth. The loss of E-cadherin expression results in release
of B-catenin, which is then able to induce a subset of genes
responsible for endothelial to mesenchymal transition which
is one mechanism by which tumorigenesis and metastasis is
thought to occur. Loss of E-cadherin expression is com-
monly seen in non-endometrioid endometrial carcinoma,
but occasionally in endometrioid histology (Holcomb et al.
2002; Mell et al. 2004). Although in the same pathway,
B-catenin has not been found to be independently prognostic
of clinical outcomes (Nout et al. 2012; Singh et al. 2011).

3.4.3.6 Steroid Receptors

Expression of estrogen receptor (ER) and progesterone
receptor (PR) has been extensively examined, given hor-
monally directed therapy is of particular interest in patients
who may not be surgical candidates or have otherwise limited
treatment options. Some studies indicate ER and PR expres-
sion are associated with less aggressive tumor behavior/grade
(Ferrandina et al. 2005; Geisinger et al. 1986; Kadar et al.
1993; Jeon et al. 2006). While progestins are often used in
relapsed or advanced disease, a recent metaanalysis indicates
there is no data at present to support its use in primary disease
(Martin-Hirsch et al. 2011); prospective evaluation of
receptor expression and treatment response is warranted.

3.5 Imaging Prognostic Factors

FIGO staging for endometrial cancer by definition requires
surgical staging. In the United States, a majority of centers
include routine pelvic lymphadenectomy and para-aortic
lymph node sampling at the time of hysterectomy. Mor-
bidity is associated with such extended surgery, although
has improved with advances in surgical technology. Further,
the ASTEC trial, albeit with relatively limited follow-up, to
date has not shown a survival benefit to lymphadenectomy
in early stage disease (ASTEC study group et al. 2009).
Thus, there is great interest in developing new ways to
predict risk of lymph node involvement, and to identify
those patients with acceptably low risk of involvement in
order to identify patients where omission of lymphadenec-
tomy is reasonable. While clinical exam prior to 1988 was
shown to understage endometrial cancer in 13–22 % of
patients, newer imaging technology is now available, and
may be promising in identification of factors such as myo-
metrial invasion, extrauterine involvement, as well as risk
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of pelvic lymph node disease. These are briefly reviewed
here.

3.5.1 Morphologic Imaging
Computed tomography (CT) has been used for preoperative
assessment in endometrial cancer, but its role is with limi-
tations. The ability of CT to delineate endometrial cancer in
the uterus is relatively insensitive, especially for small
endometrial cancers (i.e. stage IA), with overall sensitivity
of 53 % (Grossman et al. 2008). Accuracy of CT for
myometrial invasion has been reported to be 61 % with
sensitivity of 40 % in one study comparing ultrasound, CT,
and MRI for depth of myometrial invasion assessment (Kim
et al. 1995). Multidetector CT has improved accuracy for
depth of myometrial invasion and cervical involvement at
95 and 81 %, respectively (Tsili et al. 2008). The applica-
bility of this modality is limited given this single experience
in 16 patients, thus warrants further evaluation. Sensitivity
and specificity of CT for lymph node involvement has been
reported at 52 and 92 %, respectively (Connor et al. 2000).
Chest CT can be considered in high risk patients, such as
advanced stage or high grade tumors who are at increased
risk for pulmonary metastasis.

The accuracy of ultrasound for myometrial invasion has
been described by many groups. The accuracy of trans-
vaginal ultrasound (TVUS) for predicting stage IA versus
stage IB endometrial cancer reportedly ranges from 69 to
93 % (Kim et al. 1995; DelMaschio et al. 1993; Prompeler
et al. 1994). High-frequency TVUS has been shown to have
accuracy of 73 % for assessment of myometrial invasion
(Arko and Takac 2000). The reported experience of ultra-
sonography to predict cervical involvement has also been
limited, with only 7 of 10 patients with pathologic cervical
involvement reported pretherapy to have involvement based
on ultrasound (Akbayir et al. 2011; Szantho et al. 2001).
The use of 3D ultrasonography with volume contrast
imaging has also been described. Jantarasaengaram et al.
reported accuracy of 92 % for predicting myometrial
invasion and 90 % for cervical involvement (Jantarasa-
engaram et al. 2013). Sonohysterography, which involves
intracavitary infusion of saline followed by evaluation with
TVUS, has been employed in some settings, with accuracies
of 84–89 % for assessing deep myometrial invasion (Chang
et al. 2010; Valenzano et al. 2001; Dessole et al. 2006). The
use of this modality is controversial, however, due to con-
cern of tumor spillage into the peritoneal cavity with saline
infusion, which has been documented by some investigators
(Dessole et al. 2006; Alcazar et al. 2000).

The use of ultrasound has been compared to MRI in
multiple investigations, and consistently has been found to
be superior to ultrasound for evaluation of cervical
involvement and depth of myometrial invasion (Kim et al.
1995; DelMaschio et al. 1993; Arko and Takac 2000;

Antonsen et al. 2013a; Yamashita et al. 1993a). Further,
contrast enhanced MRI, compared to unenhanced MRI,
results in significantly improved accuracy, ranging from 85
to 92 % accuracy for depth of myometrial invasion versus
55–78 % for non-contrasted imaging (Kinkel et al. 1999; Ito
et al. 1994; Saez et al. 2000; Sironi et al. 1992; Yamashita
et al. 1993b; Sala et al. 2009). Accuracy rates for deter-
mination of cervical involvement range from 86 to 95 %
(Manfredi et al. 2004; Takahashi et al. 1995; Nagar et al.
2006). The use of MRI for pelvic and para-aortic lymph
node involvement is comparable to CT, with sensitivity and
specificity reported at 44–66 % and 73–98 %, respectively.
Thus, given MRI’s superior assessment of depth of myo-
metrial invasion and cervical involvement, it is generally
preferred over CT and ultrasound for preoperative workup.

3.5.2 Functional Imaging
The use of PET/CT in endometrial cancer is an area of
active investigation. A recent meta-analysis of 18F-FDG
PET or PET/CT for identification of metastatic lymph nodes
in endometrial cancer reported the pooled estimates for 243
patients, indicating sensitivity and specificity of 63 %
(95 % CI, 48.7–75.7 %) and 94.7 % (95 % CI,
90.4–97.4 %), respectively (Chang et al. 2012). The rela-
tively low sensitivity is uncertain, but may be related to low
glucose metabolism in low grade lesions, as well as limited
ability to detect subcentimeter metastases. Further, PET
imaging is limited in ability to detect intraperitoneal tumor
implants and parenchymal implants. Due to these limita-
tions, CT and MRI are preferable for detection of extra-
uterine disease, although FDG-PET may be appropriate in
patients with high grade tumor that is likely to be FDG avid
(Lee et al. 2011).

The role for PET/CT for assessment of myometrial
invasion and cervical invasion is uncertain. Antonsen et al.
recently reported the results of 318 patients with endome-
trial cancer who preoperatively underwent 2D ultrasonog-
raphy, MRI, and PET/CT imaging. Sensitivity, specificity,
and accuracy for PET/CT for myometrial invasion were 93,
49, and 61 %, and 43, 94, and 83 %, respectively for cer-
vical invasion, which were similar to MRI (Antonsen et al.
2013a).

SUVmax has been evaluated by some groups, with
limited data suggesting SUVmax may be able to predict
higher stage disease, higher grade tumors, risk of deeper
myometrial invasion, and lymph node metastatic risk
(Antonsen et al. 2013b; Nakamura et al. 2010). Other
studies have indicated SUVmax can also predict for poor
disease free survival (Kitajima et al. 2012) and overall
survival (Nakamura et al. 2011, 2013).

Finally, 18F-FDG PET or PET/CT has also been used for
detection of recurrent disease (Park et al. 2008; Belhocine
et al. 2002; Chung et al. 2008; Kitajima et al. 2008).
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Saga et al. assessed the use of 18F-FDG PET in 21 patients
for detection of recurrence and evaluation of treatment
response. Compared to conventional imaging and serum
tumor markers, FDG-PET combined with CT or MRI was
more accurate and had comparable or better sensitivity and
specificity (Saga et al. 2003). Currently, the ACR guidelines
indicate that FDG-PET is usually appropriate over MRI
pelvis or CT pelvis if recurrence is suspected clinically (Lee
et al. 2011).

4 Cancer of the Vulva

Vulvar cancer is a rare disease, accounting for only 5 % of
malignancies of the female genital tract (Siegel et al. 2012).
It is estimated that in 2013 there will be approximately
4,700 new cases and 900 deaths due to this disease in the
United States (Siegel et al. 2012). The mean age at diag-
nosis for vulvar cancer is 65 years, and clinical risk factors
for this disease include immunodeficiency, prior history of
cervical cancer, cigarette smoking, vulvar dystrophy, vulvar
or cervical intraepithelial neoplasia, and HPV infection
(Ansink 1996; Madsen et al. 2008).

Vulvar cancer is a disease of the skin, arising from
squamous epithelium, and tumor spread occurs primarily
through the lymphatic system. The first station of nodal
spread is the inguino-femoral lymph nodes, usually super-
ficial first then deep, which then spreads in a predictable
fashion to the pelvic lymph nodes in more advanced cases.
Pelvic lymph node involvement without inguinal node
involvement is rare (Krupp and Bohm 1978). Locally,
vulvar cancer can invade adjacent structures including the
vagina, bladder, anus and rectum. Given the propensity of
this type of cancer to spread to adjacent structures and
metastasize to lymph nodes, standard of care had previously
been en bloc resection of the primary tumor with inguin-
ofemoral lymph node dissection, resulting in significant risk
of morbidity and psychosexual impact. However, the
approach to treatment has evolved over the last several
decades, with therapy ranging from wide local excision for
small, superficial lesions, to definitive or neoadjuvant
chemo-radiation which may reduce the extent of surgical
resection required, versus pelvic exenteration in advanced
disease.

4.1 Staging

Prognostic factors for vulvar cancer include size and local
extension of the primary tumor, as well as the degree of
lymphatic involvement, as reflected in the most recent
(2009) version of the FIGO staging system (Hacker 2009),
Table 10. As with other gynecologic malignancies, the

FIGO staging system is a clinicopathologic staging system
and formal recommendations for the staging evaluation for
vulvar cancer have not been established. The extent and size
of the primary tumor is established by clinical examination,
often by EUA, including colposcopy, excisional biopsy or
FNA of clinically positive inguinal nodes, and/or cystos-
copy and proctoscopy based on presentation in advanced
disease. Clinical palpation alone does not have a high
degree of specificity or sensitivity for inguino-femoral
adenopathy (Homesley et al. 1993; Franklin 1972; Selman
et al. 2005). Thus, imaging modalities such as MRI and
PET/CT, as well as CT of the chest, abdomen, and pelvis
are also typically employed, particularly to evaluate for
lymph node involvement. Several studies have shown that
MRI may be useful in evaluating the inguinofemoral lymph
nodes (Singh et al. 2006; Sohaib et al. 2002). However, it is
important to note that radiologic findings cannot be used as
a substitute for pathologic assessment of the nodes.

The gold standard for pathologic assessment of the
inguinofemoral lymph nodes is lymphadenectomy. How-
ever, this carries a significant risk for morbidity. Recently,
studies have evaluated the utility of sentinel lymph node
biopsy, rather than lymphadenctomy in select patients as
this technique carries less morbidity (Hefler et al. 2008).
Comparison of sentinel lymph node biopsy to lymphade-
nectomy in a phase II GOG study showed that a sentinel
lymph node can be found in 92 % of patients, and is 92 %
sensitive, with a false negative rate of 2 % in patients with
tumor less than 4 cm in size (Levenback et al. 2012).
Information from sentinel lymphadenectomy has not yet
been incorporated into the staging system. However, data
from the recent GROINSS-V study indicates that the dis-
ease burden identified in the sentinel node is a sensitive
indicator of prognosis (Oonk et al. 2010).

4.2 Clinical Factors

Lymph node involvement and size and extent of primary
tumor are the strongest prognostic indicators in vulvar
cancer, thus the 2009 FIGO staging system incorporates
both factors. In the past, wide local excision or en bloc
resection with bilateral inguinofemoral lymph node dis-
section was the standard surgical approach. However,
bilateral lymphadenectomy carries significant risk for
morbidity, both in the short and long term due to wound
complications, infection, and lymphedema. Therefore,
efforts are made to identify a cohort of patients that may not
require lymph node dissection, albeit with an abundance of
caution. In early vulvar cancer, appropriate management of
the lymph nodes is the single most important factor in
decreasing mortality as recurrence in the undissected
inguino-femoral lymph nodes results in higher mortality
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(Cormio et al. 2010). Tumor size and depth of invasion can
help predict for risk of lymph node involvement, therefore,
combined with clinical exam and imaging, the decision for
surgical evaluation of lymph nodes is determined.

4.2.1 Stage
In the 1988 FIGO staging system, prognosis was well dis-
tributed among the stage categories with 89 % 5-year sur-
vival for stage I, 85 % for stage II, 74 % for stage III and
31 % for stage IV (Homesley et al. 1991). However stage
III consisted of a heterogeneous group of patients, with
survival ranging from 30 to 100 %. The current revised
2009 FIGO staging system improves upon the prior staging
schema by including more detailed information regarding
the extent of lymph node involvement by subdividing the
category into Stage IIIA and IIIB based on size and number
of lymph nodes, or extracapsular spread (Stage IIIC), all of
which are reported to closely correlate with prognosis
(Homesley et al. 1991; Hacker et al. 1983; Lataifeh et al.

2004; Origoni et al. 1992; Raspagliesi et al. 2006; Fons
et al. 2009a; Woelber et al. 2009). Several recent studies
have validated the prognostic utility of these expanded stage
categories (Tan et al. 2012; Tabbaa et al. 2012).

4.2.2 Tumor Volume
While lymph node involvement is the most important out-
come predictor in multivariate analysis, tumor size has been
shown to be an independent prognostic factor for local
recurrence (Rutledge et al. 1970). However, in several lar-
ger contemporary series, tumor size does not independently
predict disease free and overall survival on multivariate
analysis (Raspagliesi et al. 2006; Tantipalakorn et al. 2009),
although associations between T-stage and local recurrence-
free and disease-free survival are seen in univariate analysis
in a large series of 215 patients with reported local recur-
rence-free survival and disease-free survival rates of 85 and
88 % in T1 lesions, 74 and 61 % in T2 and 69 % and 37 %
for T3/4 tumors (Rouzier et al. 2002). Finally, tumor size

Table 10 AJCC TNM and FIGO staging of vulvar cancer

TNM FIGO Description

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tisa Carcinoma in situ

T1a IA Lesions 2 cm or less in size, confi ned to the vulva or perineum and with stromal invasion 1.0 mm or lessb

T1b IB Lesions more than 2 cm in size or any size with stromal invasion more than 1.0 mm, confined to the vulva or perineum

T2c II Tumor of any size with extension to adjacent perineal structures (lower/distal third of urethra, lower/distal third vagina, anal
involvement)

T3d IVA Tumor of any size with extension to any of the following: upper/ proximal two thirds of urethra, upper/proximal two thirds of
vagina, bladder mucosa, rectal mucosa, or fixed to pelvic bone

Regional lymph nodes (N)e

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1a IIIA One lymph node metastasis each 5 mm or less

N1b IIIB One lymph node metastasis 5 mm or greater

N2a IIIB Three or more lymph node metastases each less than 5 mm

N2b IIIB Two or more lymph node metastases 5 mm or greater

N2c IIIC Lymph node metastasis with extracapsular spread

N3 IVA Fixed or ulcerated regional lymph node metastasis

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 IVB Distant metastasis (including pelvic lymph node metastasis)

Source Edge et al. (2009)
a FIGO no longer includes stage 0 (Tis)
b The depth of invasion is defined as the measurement of the tumor from the epithelial–stromal junction of the adjacent most superficial dermal
papilla to the deepest point of invasion
c FIGO used the classification T2/T3. This is defined as T2 in TNM
d FIGO used the classification T4. This is defined as T3 in TNM
e An effort should be made to describe the site and laterality of lymph node metastasis
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correlates closely with the probability of lymph node
involvement, thereby likely conferring worse prognosis
through its association with this unfavorable risk factor. The
incidence of lymph node involvement is 5–8 % for
tumors \1 cm and increases to 24 % for 1–2 cm, 31 % for
2–3 cm and 36 % for 3–5 cm tumors (Gonzalez Bosquet
et al. 2003; Boyce et al. 1985).

4.3 Patient Factors

4.3.1 Age
While the mean age at diagnosis of vulvar cancer is 65,
advanced age is a prognostic factor for increased risk of
groin node metastasis and worse survival (Homesley et al.
1993; Sznurkowski et al. 2013; Blecharz et al. 2008;
Ramanah et al. 2012). However, this variable has not been
significant in some cohorts when adjusted for stage, lymph
node status, and surgical therapy (Raspagliesi et al. 2006;
Woelber et al. 2009; Burger et al. 1995).

4.3.2 Hemoglobin
As in many cancers, tumor hypoxia is thought to be one
factor for poor prognosis. Vulvar cancer patients with
anemia have been found to have higher incidence of
inguinal lymph node metastasis (Stone et al. 2005; van de
Nieuwenhof et al. 2010). On univariate analysis, Hefler
et al. showed hemoglobin \12 g/dl resulted in shorter sur-
vival, similar to van de Nieuwenhof et al. that showed
hemoglobin \11.3 g/dl was an independent predictor of
poorer survival (van de Nieuwenhof et al. 2010; Hefler et al.
2000). Interestingly, this did not correlate with expression
of hypoxia markers GLUT-1 nor CA-IX. Further evaluation
of this variable has not been studied, therefore clinical
utility is uncertain, as anemia may simply be a marker of
poorer overall health.

4.4 Histologic Factors

4.4.1 Histology
Nearly 85–90 % of vulvar malignancies are squamous cell
carcinoma. Melanoma is the second most common while
other histologies such as basal cell carcinoma, Bartholin’s
gland adenocarcinoma, Merkel cell and sarcomas are more
rare (Hunter 1975; Finan and Barre 2003; Sugiyama et al.
2007; Stang et al. 2005; Ragnarsson-Olding et al. 1993;
Weinstock 1994). Squamous cell carcinoma are often
classified into one of two types; classic, warty, Bowenoid
type or keratinizing, differentiated, simplex type. Squamous
cell carcinoma of the vulva often arise in the setting of
premalignant conditions such as vulvar intraepithelial neo-
plasia (VIN) or other areas of chronic inflammation such as

lichen sclerosis Bowen’s disease, Paget’s disease, and
erythroplasia of Queyrat (Carlson et al. 1998; Kutlubay
et al. 2013). A large subset of premalignant conditions,
particularly usual type VIN, are associated with HPV
infection and are more likely to be observed in young
women or smokers and warty or basaloid type squamous
cell tumors. Conversely, keratinizing type is more often
reported in older women in the setting of chronic inflam-
mation such as lichen sclerosis (Hildesheim et al. 1997; de
Koning et al. 2008; Del Pino et al. 2013). This dichotomy is
thought to be a result of two different tumorigenic mecha-
nisms that can result in vulvar squamous cell carcinoma,
HPV dependent or independent mechanisms. Several
reports indicate patients with HPV positive tumors have
better survival than those with HPV negative tumors
(Lindell et al. 2010).

Data supporting prognostic implications of tumor grade
or LVSI is varied. In multiple studies, higher tumor grade is
associated with increased risk for lymph node metastasis
and worse overall survival (Homesley et al. 1993; Sznur-
kowski et al. 2013; Podratz et al. 1983; Lavie et al. 1999).
However, it was not a significant variable for survival
according to Burger et al. or Lataifeh et al. (Lataifeh et al.
2004; Burger et al. 1995). LVSI is associated with increased
risk of lymph node metastasis (Homesley et al. 1993;
Husseinzadeh et al. 1990; Binder et al. 1990) and is sig-
nificant for overall survival on univariate analysis (Lataifeh
et al. 2004; Raspagliesi et al. 2006; Burger et al. 1995;
Knopp et al. 2004; Paladini et al. 1994), but only retains
significance on multivariate analysis in a select few reports
(Raspagliesi et al. 2006; Knopp et al. 2004).

4.4.2 Depth of Invasion
Depth of tumor invasion, defined as the distance from the
epithelial/stromal junction to the deepest point of invasion,
correlates strongly with lymph node involvement. While the
risk of lymph node involvement for tumors with \ 1 mm
invasion is essentially nil, it increases to 6 % for 1–2 mm
depth of invasion, 8 % for 2–3 mm, 22 % for 3–4 mm,
25 % for 4–5 mm and 38 % for [ 5 mm depth of invasion.
Lymph node dissection is therefore recommended for
tumors with a depth of invasion of [1 mm (Berek and
Hacker 1989). Similar criteria should be applied for the
decision of adjuvant radiation in un-dissected groins. Other
investigators observed variable threshold level of 3 mm
(Woelber et al. 2009) and 9 mm as predictors of relapse and
survival (Nicoletto et al. 2010).

4.4.3 Surgical Margins
A clear association between surgical margins and local
failure has been shown. Microscopic margins of \8 mm (in
formalin fixed tissue) are associated with a local recurrence
rate of 48 %, compared to no recurrences with wider
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margins (Heaps et al. 1990). This correlation has been
substantiated in a more recent study showing a 23 % inci-
dence of local recurrence in patients with margin distance
of \ 8 mm, compared to no recurrences in those
with [8 mm margins (Chan et al. 2007b). Adjuvant radio-
therapy significantly reduces local recurrence rates for both
close and positive margins and improved survival (Faul
et al. 1997; Viswanathan et al. 2013).

4.4.4 Histopathologic Lymph Node Status
Lymph node status is the single most significant prognostic
factor in vulvar cancer. Lymph node positivity has a pro-
foundly adverse effect on treatment outcome, with survival
declining from [90 % in patients with negative lymph
nodes to as low as 30 % or less in those with involved
lymph nodes (Homesley et al. 1993; Hacker et al. 1983;
Origoni et al. 1992; Rutledge et al. 1970; Podratz et al.
1983; Chan et al. 2007b; Iversen et al. 1980).

Number and pathologic extent of the lymph node
involvement are of paramount importance for prognosis
(Table 11). Patients with involvement of one lymph node
and small primary tumors tend to have a survival above
90 %, whereas survival is reduced below 35 % in those
with 2 or more nodes (Homesley et al. 1991). In a large
single institution study of 389 patients, nodal status was the
most significant independent prognostic factor, followed by
LVSI. Within the node-positive group, percentage of nodal
replacement and extracapsular spread independently pre-
dicted outcome (Raspagliesi et al. 2006).

The prognostic significance of bilaterality of LN
involvement has remained controversial, some suggesting
that it influences outcome (Burger et al. 1995; Fons et al.
2009b), while others find no correlation when the number of
lymph nodes is also considered (Hacker et al. 1983;
Raspagliesi et al. 2006). Of note, the most recent revision of
the FIGO staging has eliminated laterality of lymph node
involvement in favor or number and size, and the presence
or absence of extracapsular extension.

Recommendations regarding adjuvant therapy have been
informed in part by GOG 37, in which 114 patients who
underwent radical vulvectomy and bilateral inguino-
femoral lymph node dissection, and with positive lymph
nodes were randomized to adjuvant bilateral inguinal and

pelvic radiation versus pelvic node dissection (Homesley
et al. 1986). Patients with [2 involved inguinal nodes
showed a significant benefit from adjuvant radiotherapy
over surgery. The study was underpowered to draw clear
conclusions on involvement of one or two lymph nodes.
However, single-institution studies suggest that gross
involvement of a single node also has a substantial recur-
rence risk, particularly if extranodal extension is present,
and warrants consideration of adjuvant therapy (Origoni
et al. 1992; Ansink et al. 1991).

4.4.5 Molecular Markers

4.4.5.1 DNA Ploidy

Aneuploidy has been reported to correlate with other poor
prognostic factors, and has been reported to predict for
worse outcome (Lerma et al. 1999; Mariani et al. 1998),
although other studies have shown no significant relation-
ship (Knopp et al. 2004; Dolan et al. 1993).

4.4.5.2 HPV Dependence and Independence

HPV positive tumors, which occurs more commonly in
younger patients, may be associated with a better prognosis
(Monk et al. 1995; Ansink et al. 1994). Given that vulvar
cancer is thought to be driven by HPV-dependent and
independent pathways, several groups have looked at
associated markers. Basaloid and warty tumors, often con-
sidered HPV-dependent tumors, often express p16, and are
p53 negative, whereas keratinized tumors, classically HPV-
independent tumors, are p16 negative and p53 positive
(Santos et al. 2004; Kruse et al. 2008). Investigators have
also explored if markers of HPV infection, such as
p16INK4a, a protein that is increased due to HPV E7 onco-
gene activity, is prognostic in vulvar cancer. Knopp et al.
and Tringler et al. showed high expression was associated
with improved survival on univariate, but not multivariate
analysis (Knopp et al. 2004; Tringler et al. 2007). The
expression of p53 has also been associated with poorer
overall survival in several studies (Hoffmann et al. 1999;
Scheistroen et al. 1999; Kohlberger et al. 1995). Of note, in
Scheistrøen et al., this was only found in stage III vulvar
cancer, and not stage I and II disease. Kagie et al. and
McConnell et al. did not find p53 overexpression to be a

Table 11 The effect of positive lymph nodes on cancer specific survival

Negative LN 1–2 ? LN 3 ? LN

Homesley et al. (1993) 91 % 75 % 36 %, [*5–6 LN:24 %, *7 LN: 0 %]

Hacker et al. (1983) 94 % (0–1 LN) 80 % (2 LN) 12 % ([ 3 LN)

Origoni et al. (1992) – 55 % (\3 LN) 22 % ([ 3 LN)

Chan et al. (2007b) – 92 % (\2 LN) 30 % ([ 2: LN)

LN lymph node
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significant prognostic indicator, but did note its presence in
adjoining premalignant lesions, such as VIN, perhaps
indicating it as a marker for malignant transformation from
precursor lesions (Kagie et al. 1997; McConnell et al.
1997).

4.4.5.3 ErbB/HER Signaling Family

HER2 and EGFR expression have also been identified in a
variety of small studies as prognostic indicators for clinical
outcome. HER2 and EGFR overexpression has been iden-
tified in 47 and 67 % of vulvar cancers, respectively
(Hantschmann et al. 2005; Johnson et al. 1997). Further,
both HER2 and EGFR expression has been associated with
increased risk for lymph node metastasis, while EGFR
overexpression, in the absence of HPV infection, is
associated with decreased survival (Johnson et al. 1997;
Gordinier et al. 1997; Woelber et al. 2012; Growdon et al.
2008). Given that small molecule EGFR tyrosine kinase
inhibitors and HER2 directed therapies are available, this
may represent a cohort of patients that may benefit from
targeted therapies in the future.

4.4.5.4 Angiogenic Factors

Increased VEGF expression is associated with increased
microvessel density, and has been associated with poorer
survival (Jach et al. 2011; Obermair et al. 1996). CA IX,
often associated with hypoxia, is up-regulated in various
solid tumors, including vulvar cancer. High intratumoral
expression has been associated with unfavorable disease-
free survival (Kock et al. 2011; Choschzick et al. 2010).
Interestingly, higher serum CA IX preoperatively was also
associated with unfavorable prognosis (HR 7.2 p = 0.02)
(Kock et al. 2011). The clinical utility of such measure-
ments is uncertain.

4.4.5.5 Microarray Identified Factors

Several groups have employed microarray techniques to try
to identify prognostic markers, or therapeutic targets, in
vulvar cancer (Kowalewska et al. 2012; Fons et al. 2007),
some of which were significantly associated with worse
disease free survival including cyclooxygenase 2 and
Caspase 3, (Fons et al. 2007) and SFN, CA12 and JUP
which are associated with increased nodal recurrence risk
and earlier time to recurrence (Kowalewska et al. 2012).
However, given the limited number of cases, and unknown
mechanism of these markers, further studies will be needed
in order to verify any prognostic or therapeutic potential.

4.5 Treatment Related Factors

Vulvar cancer is primarily surgically treated disease, while
radiation therapy plays a major role in adjuvant therapy and

in locally advanced unresectable disease. Over time, the
surgical approach has become more tailored toward clinical
stage at presentation, with wide local excision acceptable
for stage IA lesions, and the use of sentinel lymph node
biopsy instead of lymphadenectomy in lateralized, clinically
negative, early stage patients at the time of primary treat-
ment with vulvectomy result in reduced morbidity without
compromise in local control (Levenback et al. 2012; Van
der Zee et al. 2008).

The approach to locally advanced disease has also
evolved. More recently, the use of neoadjuvant chemo-
therapy and/or radiation or definitive chemoradiotherapy
have been investigated. Patients with locally advanced
unresectable vulvar cancer treated on the GOG 101 and 205
studies received neoadjuvant concurrent radiation and
chemotherapy prior to resection of residual disease (Moore
et al. 2012; Montana et al. 2000). Response to neoadjuvant
therapy was a powerful predictor of local control and sur-
vival. In GOG 205, among the patients who completed
therapy, 64 % achieved a complete clinical response and
50 % of patients achieved a complete pathological response
(Moore et al. 2012). Among those with pathological
response, local control was 75 % (22/29), and 3 local fail-
ures were salvageable with surgical resection; thus 25/29
patients with complete pathologic response are disease free.
Conversely, only 43 % (9/21) of patients with incomplete
response survived. Among those who did not undergo
resection of persistent tumor, none survived.

4.6 Imaging Prognostic Factors

As treatment of vulvar cancer has evolved from radical
vulvectomy and bilateral inguino-femoral lymphadenec-
tomy to a more tailored surgical and neoadjuvant chemo-
radiation approach, the accuracy of pre-treatment staging is
increasingly important.

Imaging prognostic factors have not been clearly iden-
tified in vulvar cancer. However molecular imaging is
emerging as a useful tool to identify lymph node involve-
ment, location and extent. Given the rarity of vulvar cancer,
diagnostic imaging utility is extrapolated from experience
in cervical and anal cancer. In a small prospective study,
PET/CT has been shown to have a sensitivity of 67 % and
specificity of 95 % in indentifying lymph node involve-
ment, and was particularly useful in detecting extranodal
involvement (Cohn et al. 2002), which all constitute pow-
erful prognostic factors. Thus patients may be triaged to
more aggressive therapy based on the imaging findings,
however at present, imaging cannot substitute for histologic
information obtained with invasive lymph node evaluation.

MRI has also become common for evaluation of vulvar
cancer at diagnosis. While early stage vulvar cancers can
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often be staged on clinical exam, the extent of involvement
of adjacent structures may be more difficult in locally
advanced disease. MRI has been shown to be 70–85 %
accurate with particular utility in defining the extent of
invasion of adjacent structures and outlining tumor size,
thus aiding in pretreatment surgical or radiotherapeutic
planning (Kataoka et al. 2010; Sohaib et al. 2002).

5 Cancer of the Vagina

Primary vaginal cancer, defined as a lesion arising from the
vagina, without involvement of the vulva or cervix, is a rare
entity comprising only 1–2 % of gynecologic malignancies.
The incidence of invasive vaginal cancer in the US has been
reported at 0.69 per 100,000 women, with approximately
1,100 invasive cases annually. The median age at diagnosis
is 68 years (Wu et al. 2008). Greater than 90 % are of
squamous cell etiology. Risk factors for vaginal carcinoma
include history of HPV infection, cervical intraepithelial
neoplasia, prior hysterectomy, first intercourse before
17 years of age, five or more sexual partners, genital warts,
chronic irritant vaginitis, and immunosuppression (Daling
et al. 2002; Okagaki et al. 1983; Brinton et al. 1990; Bouma
et al. 1994; Sillman et al. 1997).

Vaginal cancer is often found to be multifocal and often
arises in the upper vagina. Tumor spread can be by local
extension, lymphatic spread or hematogenous dissemina-
tion. Current FIGO staging is by clinical exam, chest and
skeletal radiography. By definition, vaginal cancer cannot
involve the vulva or cervix, therefore, multiple biopsies are
performed to rule out involvement as this may change the
diagnosis of the primary lesion. The lymphatic drainage of
the vagina is very complex, with the upper vagina draining
primarily via cervical lymphatics to the interiliac and
parametrial nodes. The posterior vagina drains into the
presacral, anorectal and inferior gluteal nodes, while the
distal vagina drains in a vulvar pattern to the inguinal and
femoral nodes, and subsequently to the pelvic nodes. Thus,
all regional nodal stations are at risk for spread in vaginal
carcinoma within the mid vagina, or tumors spanning sev-
eral areas of the vagina.

Given the rarity of this disease, phase III trials have not
been conducted, with guidelines drawn from retrospective
studies and extrapolated from cervical and anal cancer
experience given similarities in histology and preference for
organ preservation. Similarly, prognostic and predictive
factors are more challenging to elucidate in vaginal cancer
due to limited data and relatively non-standardized
treatment.

5.1 Staging

FIGO staging is the major prognostic indicator of disease
outcome (2009). A thorough bimanual and rectovaginal
exam is the most important tool for evaluation of local
extent of disease, and often is carried out under anesthesia
at which time biopsies can also be performed. Clinical exam
focuses on differentiating vaginal wall only (stage I),
extension to subvaginal tissue (stage II), or extension to the
pelvic wall (stage III). In advanced disease, cystoscopy,
proctoscopy, and IV pyelogram to rule out hydronephrosis
may be indicated to rule out direct extension of tumor which
would constitute stage IVA disease. Biopsies of the cervix
or any other suspicious lesions should be performed to rule
out cervical, urethral, or vulvar primaries, as these must be
excluded for the diagnosis of vaginal cancer by FIGO cri-
teria. Chest and skeletal radiography are also allowed. The
results of biopsy or fine-needle aspiration of the inguinal/
femoral or other nodes may be included in the clinical
staging, although FIGO does not specify staging stratifica-
tion for lymph node positive disease.

5.2 Clinical Prognostic Factors

5.2.1 Stage
Clinical stage is the major prognostic factor for overall
survival. Most patients, except those with very limited
involvement, are treated with primary radiation therapy.
Based on NCDB data, one of the largest retrospective
reviews of survival by stage, 5-year overall survival was
73 % for stage I, 58 % for stage II, and 36 % for stage
III–IV (Creasman and Menck 1998). Similarly, in a SEER
analysis by Shah et al., 5 year disease specific survival was
84 % for stage I tumors, 75 % for stage II tumors, and 57 %
for stage III/IV (Shah et al. 2009).

5.2.2 Tumor Volume
Tumor size is an important predictor of outcome. In one of
the largest series of patients treated with primary radiation,
pelvic control was 85 % in tumors \4 cm versus 75 % in
those [4 cm, and disease-specific survival was 82 and
60 % respectively (Frank et al. 2005). In a series of 301
patients by Chyle et al., lesions \5 cm maximum dimen-
sion had a 10-year local recurrence rate of 20 % compared
to 40 % for [5 cm, which was significant on univariate
analysis (Chyle et al. 1996). Perez et al. demonstrated tumor
size was only predictive of pelvic control and disease free
survival in stage II patients without parametrial involve-
ment (Perez et al. 1999). Length of vaginal involvement has
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been implicated as an adverse prognostic factor (Kirkbride
et al. 1995), which may also be linked to tumor size.

5.2.3 Tumor Location
While location of the tumor is important, particularly in
consideration of nodal regions at risk, the utility of location
as a prognostic factor is unclear. Several studies have
indicated better survival and decreased risk for recurrence
for patients with tumors located in the proximal half
compared to those of the entire vagina or distal portion
(Chyle et al. 1996; Kucera and Vavra 1991; Urbanski et al.
1996; Ali et al. 1996). Lesions of the posterior vagina wall
also have worse prognosis than other locations (Chyle et al.
1996; Dixit et al. 1993). Counter to these studies, however,
Perez et al. did not show any prognostic value to tumor
location in the posterior vaginal wall (Perez et al. 1988).

5.2.4 Lymph Node Status
Surgical series have reported rates of pathologic nodal
involvement that range from 6 %-14 % for stage I disease
and 26–32 % for stage II disease (Al-Kurdi and Monaghan
1981; Davis et al. 1991). Al-Kurdi and Monaghan noted that
12 % survived when pelvic or inguinal lymph nodes were
involved as compared to 47 % survival in node negative
patients. However, these are small studies, and given the
fact FIGO staging does not include lymph node disease, it is
difficult to assess its prognostic utility.

5.3 Histologic Factors

5.3.1 Histology
The majority of invasive vaginal cancers are squamous cell
histology at [90 %. Approximately 5 % of primaries are
adenocarcinoma, most commonly clear cell adenocarci-
noma, and 3–5 % are malignant melanoma. Other less
common histologies include sarcomas, lymphoma, leuke-
mia, and neuroendocrine small cell.

Among the histopathologic factors, correlation between
histologic tumor grade and outcome has been controversial
although two studies have demonstrated increased rates of
recurrence with higher tumor grade (Chyle et al. 1996;
Vavra et al. 1991). Adenocarcinaomas appear to confer a
less favorable prognosis than squamous cell carcinomas,
particularly those unrelated to DES exposure (Frank et al.
2007). DES induced clear cell adenocarcinomas in younger
women arising from in utero exposure have a generally
better prognosis than squamous cell carcinoma, but are
unlikely to be seen today, as the use of DES during preg-
nancy has been banned in 1975.

5.3.2 Molecular Markers
Squamous cell carcinoma of the vagina, much like other
gynecologic malignancies, are associated with HPV-
dependent and independent pathways. HPV-negative
tumors tend to occur in older women, with classical kera-
tinizing, verrucous features. HPV-positive tumors are
associated with basaloid, non-keratinizing lesions, tend to
occur in younger patients, and present with earlier stage
disease (Daling et al. 2002; Larsson et al. 2013). Larsson
et al. showed significantly improved 5 year overall survival
in HPV-positive tumors compared to HPV-negative tumors
at 51.1 and 10.7 %, respectively (p = 0.0008). Owing to
the rarity of vaginal cancer, evaluation of other molecular
markers has been limited.

5.4 Treatment Related Factors

Stage is an important determinant of therapy selection, as
stage I patients and selected stage II patients may be ame-
nable to surgical therapy alone, ranging from wide local
excision to vaginectomy with reported survival rates of
90 % or greater (Creasman and Menck 1998). Some pop-
ulation based studies have also reported improved survival
with surgery over radiotherapy for early stage disease of
90 % versus 38 %, but is likely confounded due to patient
selection bias and the use of radiotherapy in patients
deemed poor surgical candidates due to comorbid disease
(Creasman and Menck 1998). Similar results were observed
in a SEER analysis that identified an adjusted hazard ratio
of 1.5 for increased mortality risk in stage I patients
undergoing radiotherapy in place of definitive surgery (Shah
et al. 2009).

Given that organ preservation is desirable if outcomes
are equivalent to surgery, the utility of definitive radio-
therapy has also been explored. Superficial stage I tumors
can be treated with brachytherapy alone. However several
investigators have observed higher local recurrence rates in
stage I patients with infiltrating lesions or higher grade
tumors, thus external beam radiation has been advocated in
such patients (Nori et al. 1983; Leung 1993). Definitive
radiotherapy for early stage disease has reported cause
specific survival of 40–90 % for stage I and 35–78 % for
stage II disease (Frank et al. 2005; Perez et al. 1999; Kucera
and Vavra 1991; Urbanski et al. 1996; Kirkbride et al. 1995;
de Crevoisier et al. 2007; Tran et al. 2007; Prempree and
Amornmarn 1985; Pingley et al. 2000). In more advanced
disease, the combination of external beam radiotherapy with
brachytherapy has been shown to improve pelvic control
and survival in stage II vaginal cancer (Pingley et al. 2000).
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Locally advanced disease is often approached with external
beam radiotherapy with or without chemotherapy, given to
the extremely morbid exenteration that would be necessary
to remove surgically.

Although the influence of tumor location within the
vagina on prognosis has not been substantiated (Chyle et al.
1996; Perez et al. 1999; Kirkbride et al. 1995), tumor
location has profound impact of radiation therapy planning,
and treatment algorithms have been based on location and
depth of invasion to optimize therapy and minimize toxic-
ity. Following external beam therapy, upper vaginal and
apical tumors are treated with intracavitary radiation, if
their residual thickness is 5 mm but require more invasive
interstitial therapy for thicker lesions. Anterior mid-vaginal
lesions are treated with interstitial therapy, and posterior
mid-vaginal lesions with a highly conformal or IMRT
external beam boost due to the poor tolerance of interstitial
therapy in the perirectal region. Confined distal vaginal
lesions can be treated with interstitial brachytherapy,
whereas massive lesions require external beam boost (Frank
et al. 2005).

The role of addition of chemotherapy is still evolving.
No randomized trials evaluating radiotherapy with or
without chemotherapy have been performed, although
chemotherapy is used concurrently in some settings given
the experience of improved outcomes in locally advanced
cervical cancer (Morris et al. 1999; Lanciano et al. 2005;
Rose et al. 1999). Feasibility has been demonstrated in
several small institutional studies. Concurrent 5-fluorouracil
(5-FU) with bolus cisplatin or mitomycin C in patients with
early stage disease resulted in 93 % cause specific survival
at 5 years (Dalrymple et al. 2004). Five year cause specific
survival of 50 % and pelvic control rate of 31 % were
reported in 26 locally advanced patients treated with
definitive radiotherapy and concurrent 5-FU and mitomycin
C or single agent cisplatin (Kirkbride et al. 1995). A small
series reporting outcomes for neoadjuvant paclitaxel and
cisplatin prior to radical surgery in 11 stage II patients
resulted in 27 % complete clinical response and 64 %
partial clinical response with chemotherapy, and 18 % rate
of disease recurrence at median follow up of 75 months
(Benedetti Panici et al. 2008).

5.5 Imaging Prognostic Factors

Delineation of tumor size and degree of infiltration or
spread is of critical importance, especially in the setting of
definitive radiotherapy. Therefore, information obtained
from radiographic workup guides treatment approach and
delivery.

Given the inaccuracy of clinical palpation findings, MRI
is a very useful tool for delineating extent of disease. MRI

can be used in determining tumor thickness and paravaginal
infiltration on T2-weighted imaging, identified as hyper-
intense lesions (Taylor et al. 2007). This is in line with the
superior soft tissue resolution described with MRI from
cervical cancer literature Bipat et al. 2003; Hricak et al.
2005. Visualization of the vaginal tumor may be improved
with the instillation of vaginal gel or a dry vaginal tampon
(Young et al. 2012).

Similar to its utility in cervical cancer, PET has shown
high sensitivity in identifying inguinal or pelvic lymph
node involvement in advanced vaginal cancer and by some
reports is more accurate than CT scan (Lamoreaux et al.
2005). In practice, PET can be critical for defining target
volumes for accurate external beam and brachytherapy
planning. Taken together, MRI and/or PET imaging is
often obtained to identify tumor size and predict lymph
node involvement and MRI is often recommended in the
setting of surveillance to distinguish between tumor
recurrence or radiation change. These modalities appear
more sensitive than CT alone, therefore 3D CT informa-
tion is often used primarly for radiotherapy treatment
planning.

6 Summary

Gynecologic malignancies are somewhat unique in regard
to the methods of staging and treatment compared to more
commonly encountered cancers such as lung, breast, or
prostate. Clinical and surgical staging have long dominated
how gynecologic cancers are evaluated and substratified.
With the advent of new imaging modalities and molecular
diagnostic abilities, more information is available prior to
selection of therapy, and the prognostic utility of these
factors is evolving. As more research focuses on validating
prognostic utility of imaging, histopathologic characteris-
tics, and molecular footprints, treatment approach will
likely continue to evolve.
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Abstract

Bladder cancer is the 9th most common cancer diagnosis
worldwide. There are more than 330,000 new cases each
year and more than 130,000 deaths per year. Although
radical cystectomy has been considered as standard for
localised muscle-invasive bladder cancer, there is rapidly
growing evidence from numerous phase-II-studies that
concurrent radiochemotherapy yields survival rates
identical to surgical series but with the chance of bladder
preservation in 70% to 80% of long-term survivors.
Patients treated in organ-sparing protocols should ini-
tially undergo a complete transurethral resection of the
bladder tumour (TUR-BT), followed by chemoradio-
therapy. Major prognostic factor of the overall remission
are the completeness of the TUR-BT prior to radiother-
apy and the use of chemotherapy. The overall survival of
patients lies in the range of about 50% after 5 years
which is nearly identical to cystectomy series. Major
prognostic factors for overall survival such as age or
T-category etc. are reported. The acute toxicity of radio-
therapy is moderate. Late toxicity of organ-preserving
treatment protocols is low and compares favourably
to series with radical cystectomy. A small number of
prognostic factors are well established for patients
undergoing radiotherapy or radiochemotherapy for blad-
der cancer (especially age, T-category and completeness
of TUR). Currently, there are few nomograms and
prognostic models available; all of them include different
clinical prognostic factors. New molecular factors have
so far not been sufficiently investigated. Nomograms for
toxicity (which is low) are not available.
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1 Major Clinical Facts About Bladder
Cancer

1.1 Epidemiology

Bladder cancer is the 9th most common cancer diagnosis
worldwide. There are more than 330,000 new cases each
year and more than 130,000 deaths per year with an esti-
mated male: female ratio of 3.8:1 (Ploeg et al. 2009). The
mean age at diagnosis is about 65 years.

1.2 Histological Subtypes

More than 90 % of all bladder cancers are urothelial car-
cinoma (also called transitional cell neoplasms ), while
squamous cell carcinoma (SCC) constitutes 5 % of cases.
Adenocarcinoma (most often in dome of bladder; urachal
remnant) and small cell cancers make up less than 1 %. An
overview over general treatment concepts is given in
Table 1. The following paragraphs concentrate on urothelial
cancers.

1.3 TNM Classification

The Tumor, Node, Metastasis (TNM) Classification of
Malignant Tumors is the method most widely used to
classify the extent of cancer spread (Table 2). Concerning
histological grading, the use of the 2004 WHO classification
is recommended but still needs to be validated by more
clinical trials. Most clinical trials published so far on
bladder tumors have been performed using the 1973 WHO
Classification.

2 General Treatment Concepts
for Urothelial Cancers in Radiation
Oncology

2.1 Treatment Concepts in Superficial,
Non-muscle Invasive Bladder Cancer
(Ta, Tis, T1)

Over 80 % of newly diagnosed cases are classified as Ta,
Tis or T1. TUR (transurethral resection) is the cornerstone
of initial treatment. In case of risk factors, additional
intravesical cytostatic therapy, either with cytotoxic drugs
(e.g. mitomycin C) or with Bacillus Calmette-Guérin
(BCG) is recommended. The efficacy of intravesical therapy
with regard to reduction of local recurrence rate and
delaying progression is evident, but a significant impact on

long-term outcome and survival remains controversial.
Cystectomy is considered as standard therapy in case of
poor-prognostic superficial cancers with failure after TUR
and intravesical therapy (especially in recurrent T1 G3
cancers).

There are few data on the use of radiotherapy. Some
older series from the Netherlands have demonstrated good
results with TUR and adjuvant interstitial brachytherapy of
the tumor area. Data on external beam radiotherapy are very
limited. In a prospective series from Erlangen University,
Germany, external beam radiotherapy plus concurrent
chemotherapy was used for poor prognostic T1 tumors
which otherwise would have been considered candidates for

Table 1 Histological subtypes and general treatment recommenda-
tions in bladder cancers

Histological type Remarks Treatment strategy

Urothelial
cancer,
transitional
cancer

Most frequent
subtype ([ 90–95 %)

Superficial tumors

TUR ± intravesical
therapy is standard

Radiochemotherapy
indicated, if otherwise
cystectomy would be
performed

Cystectomy for
recurrent and
progressive tumors
after bladder-sparing
initial treatment

Immediate
cystectomy as option
in high-risk tumors
(T1 G3)

Muscle-invasive
tumors (T2-4)

Organ-preservation
with TUR and
radiochemotherapy,
salvage-cystectomy
only in case of relapse

Radical cystectomy,
(neo)adjuvant
chemotherapy for
high-risk patients

Squamous cell
cancer

Rare (about 5 %),
mostly advanced,
prognosis slightly
inferior to urothelial
cancer

Few data. Treatment
as muscle-invasive
urothelial cancer is
recommended

Adenocarcinoma Rare (\1 %) Surgery (partial or
complete cystectomy)
is standard. No data on
efficacy of
radiotherapy

Undifferentiated
small cell cancer

Very rare (�1 %) Treatment as
extrapulmonary small
cell cancer
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cystectomy. The results with regard to overall survival
compare favourably to the results of series with cystectomy.
The bladder-preservation rate was about 65 % suggesting
that an organ-preserving approach is justified even in non-
muscle invasive tumors which otherwise would be treated
with cystectomy (Weiss et al. 2006).

2.2 Treatment Concepts and Therapy Results
in Localised Muscle-Invasive Bladder
Cancer (T2-4 N0/1 M0)

Although radical cystectomy has been considered as standard
for localised muscle-invasive bladder cancer, there is rapidly
growing evidence from numerous phase-II studies that con-
current radiochemotherapy yields survival rates identical to
surgical series but with the chance of bladder preservation in
70–80 % of long-term survivors. The most impressive
advantage with regard to survival has recently been shown
in the British BC 2001-study which demonstrated the

superiority of concurrent chemoradiation over radiotherapy
alone (James et al. 2012). The absolute difference in sur-
vival was 13 % after 5 years which is higher than the
increase in survival with adjuvant or neoadjuvant chemo-
therapy prior or after radical cystectomy. Thus, radioche-
motherapy is the standard of care for organ preservation and
is, with regard to survival, to be considered as equieffective
to cystectomy according to the best available evidence at
the moment.

2.3 Indications for Definitive Curative
Radiotherapy

Radiotherapy is an attractive curative option for nearly all
patients with muscle invasive bladder cancer with the addi-
tional advantage of bladder preservation in the majority of
patients. Standard treatment for patients with curative
approach is radiotherapy plus concurrent chemotherapy. The
best chemotherapy regimen is not yet clear. The most widely
used drug has been cisplatin (Roedel et al. 2002). However, a
combination of 5-FU and mitomycin C has also demonstrated
significant efficacy in the BC 2001-trial and is surely an
evidence-based alternative to cisplatin (James et al. 2012).
A further drug for radiosensitization is paclitaxel which has
been shown to be safe and efficacious in patients with con-
traindications to cisplatin (Mueller AC et al. 1977). There are
no obvious contraindications against an organ-preserving
approach with combined radiochemotherapy except patients
with previous pelvic radiation treatment or other situations
that limit the administration of a curative radiation dose.

All patients should initially undergo a complete transure-
thral resection of the bladder tumor (TUR-BT). The TUR
should be complete, if possible; a macroscopically complete
TUR-BT is a major prognostic factor. TUR-BT is followed by
chemoradiotherapy. About 6 weeks after chemoradiotherapy,
a control cystoscopy is recommended. A pathologically
complete remission (pCR) can be achieved in about 70 % of
all patients and a pCR is a prognostic factor for survival, long-
term tumor control in the bladder and bladder preservation
(Jenkins et al. 1988; Shipley et al. 1997; Mameghan et al.
1995; Roedel et al. 2002). Patients with residual invasive
tumor on control cystoscopy should undergo salvage cys-
tectomy, if there are no contraindications to major surgery.

Start of radiotherapy is recommended 4–6 weeks after
TUR-BT because some time is normally required until local
symptoms after TUR (dysuria, urgency) have been solved.

2.4 Adjuvant Radiotherapy

The role of adjuvant radiotherapy is not well defined with
very limited data. Preoperative radiotherapy has been used

Table 2 2009 TNM classification of urinary bladder cancer (updated
2012)

T: Primary tumor

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Ta Non-invasive papillary carcinoma

Tis Carcinoma in situ: ‘flat tumor’

T1 Tumor invades subepithelial connective tissue

T2 Tumor invades muscle

T2a Tumor invades superficial muscle (inner half)

T2b Tumor invades deep muscle (outer half)

T3 Tumor invades perivesical tissue

T3a Microscopically

T3b Macroscopically (extravesical mass)

T4 Tumor invades any of the following: prostate, uterus, vagina,
pelvic wall, abdominal wall

T4a Tumor invades prostate, uterus or vagina

T4b Tumor invades pelvic wall or abdominal wall

N: Lymph nodes

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single lymph node in the true pelvis (hypogastric,
obturator, external iliac or presacral)

N2 Metastasis in multiple lymph nodes in the true pelvis
(hypogastric, obturator, external iliac, or presacral)

N3 Metastasis in common iliac lymph node(s)

M: Distant metastasis

M0 No distant metastasis

M1 Distant metastasis
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in historical studies but is not considered as standard in
contemporary guidelines. Preoperative chemoradiation fol-
lowed by cystectomy is, from a theoretical point of view, an
attractive concept, but should only be used in clinical trials.

2.5 Palliative Radiotherapy

Palliative radiotherapy is useful for the relief of symptoms
such as bleeding and reduces the pain for patients with T4
bladder tumors, pelvic nodal disease, bone and other distant
metastases. Short courses of palliative pelvic radiotherapy
may be beneficial for elderly patients who have significant
comorbidities precluding radical treatment.

3 Efficacy and Toxicity of Radiotherapy

3.1 Remission Rate and Local Control

In several large prospective series, efficacy of therapy has
been determined by cystoscopic evaluation of remission
rates. The overall remission rates that have been reported
are in the range of 60–70 %. Major prognostic factor that
have consistently been reported are the completeness of the
TUR-BT prior to radiotherapy and the use of chemotherapy.
The completeness of TUR has in some series been classified
as visibly complete or incomplete. In one large prospective
series, visibly complete TUR was further subdivided in
pathologically complete (R0) or incomplete (R1). This
subdivision enabled the definition of a very favourable
group (T2-3 R0) with a very high rate of clinical remission
(90 %) and overall survival (Dunst et al. 2001). Moreover,
within the group of patients with histologically proven
complete TUR (R0-resection), there was no difference
between cT2- and cT3-tumors. Thus, the impact of estab-
lished prognostic factors depends on the parameters which
are included in a multivariate model.

3.2 Overall Survival

The overall survival of patients treated in organ-sparing
protocols lies in the range of about 50 % after 5 years
which is nearly identical to cystectomy series. One might
assume that at least a subset of radiotherapy patients is
referred to radiotherapy because of contraindication to
major surgery. Being unfit for surgery, however, is a major
prognostic factor for survival and identical survival figures
after radiotherapy as compared to cystectomy despite a
possibly negative selection further support the efficacy of
radiotherapy.

Major prognostic factors for overall survival are: age,
T-category, completeness of TUR, and remission after
radiochemotherapy.

3.3 Bladder Preservation

Bladder preservation can be achieved in about 70–80 % of
patients undergoing an organ-preserving approach. These
figures have very consistently been reported in the litera-
ture. The percentage of bladder-preservation in long-term
survivors is in the same range resulting in a bladder-intact
survival after 5 years of about 40 % (Roedel et al. 2002;
Efstathiou et al. 2012).

Major prognostic factors for bladder-preservation are:
completeness of TUR, remission after radiochemotherapy
and T-category.

3.4 Acute Toxicity

The acute toxicity of radiotherapy is moderate. Most
patients experience mild to moderate symptoms, mainly
GU-symptoms such as frequency, urgency, increased noc-
turia and reduced voiding intervals. Severe acute rectal and
bowel symptoms (grade 3 to 4) have been reported each in
about 5 % of patients. In patients receiving simultaneous
chemotherapy, additional chemotherapy-related symptoms
occur frequently. Severe symptoms (grade 3 to 4) have been
reported in terms of haematological toxicity (leucopenia,
thrombocytopenia, each about 20–30 %), nausea and
vomiting (about 5 %) and elevation of serum creatinine
(about 5 %). An impact of patient-related parameters or
tumor characteristics to the frequency or severity of acute
reactions has not been reported. The only risk factor is the
administration of chemotherapy.

3.5 Late Toxicity

Late toxicity of organ-preserving treatment protocols is low
and compares favourably to series with radical cystectomy.
The two largest series in the literature (Rödel et al. 2002;
Efstathiou et al. 2009) cover more than 700 patients with
follow-up times of more than 5 years and have reported
consistent data. Moderate late GU-toxicity (mainly
increased voiding frequency and intermittent dysuria) were
observed in about 20–25 % of all patients. Grade 3 and 4
late toxicity comprises of GU-toxicity (about 15–20 %) and
GI-toxicity (about 5–10 %). Grade 4-complications requir-
ing surgery were observed in less than 5 % of patients. Loss
of bladder due to complications (cystectomy due to radia-
tion-related side effects like contracted bladder) was noted
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in 2.5 % of patients with preserved bladder and local tumor
control. In both analyses, no prognostic factors for late
toxicity have been reported.

4 Nomograms

4.1 Prognostic Factors and Nomograms
in Patients Undergoing Cystectomy

For patients who have undergone radical cystectomy, the
most important prognostic factors are pT-category, R0-
resection or margin status, pathologically proven lymph
node involvement or lymph node density, and (in some
other series) elevated CRP and age (Ali-El-Dein et al. 2013;
Fairey et al. 2012; Fossa et al. 1996; Xylinas et al. 2012;
Yafi et al. 2011). Other factors such as grading or specific
histological features seem to be less important. Recently,
the impact of molecular features has been stressed. On the
basis of these data, a variety of nomograms have been
proposed (Table 3). The disadvantage of these factors is
that most of them (and especially the most relevant ones)
can only be derived from pathohistological examination;
this, however, is not possible in patients undergoing a non-
surgical approach.

It has been suggested that a more radical and extensive
lymph node dissection can improve prognosis (Skinner
1982; Leissner et al. 2004). Although this hypothesis has
not definitively been confirmed in randomized trials, it is
likely that variations in the type of treatment may impact on
prognosis and may thereby change the impact of prognostic
factors. Therefore, a unique problem of nomograms results
from the fact that they reflect the outcome under certain
therapeutic conditions.

Precystectomy nomograms have been used to estimate
the risk of locally advanced disease, especially perivesical
involvement (T3-4) or lymph node involvement which
might be important for treatment decision (e.g. the indica-
tion for neoadjuvant chemotherapy prior to cystectomy).
However, even nomograms that had been validated did not
lead to reproducible results when applied to different patient
cohorts (May et al. 2011).

Shariat and coworkers (2008) have recently reviewed the
literature and found 11 published prediction tools of which
8 had undergone validation. The authors conclude, how-
ever, that the current nomograms still need to be refined. On
the other hand, nomograms are surely more precise in
predicting the prognosis of an individual patient as com-
pared to single prognostic factors, TNM-categories or
UICC-stage.

In the last years, molecular prognostic factors have been
identified (Schepeler et al. 2012; Mitra et al. 2013). Very
recently, some new models and nomograms including other

factors and gene expression profils have been published
(Ishioka et al. 2012; Riester et al. 2012; Todenhöfer et al.
2012). However, each of these series is based on a limited
number of about 250 to less than 600 patients and include
patients who have been treated over a broad time range at a
single institution.

4.2 Nomograms in Patients Undergoing
Organ-Preservation with Definitive
Radio(chemo)therapy

Organ-preserving therapy of muscle-invasive bladder can-
cer is a highly effective treatment option for the vast
majority of patients. In patients suitable for radical cystec-
tomy, this approach is very likely as effective as surgery
with regard to overall survival but offers the chance of
bladder preservation in three quarters of the patients. In

Table 3 Studies with nomograms and prognostic models in patients
undergoing cystectomy for urothelial bladder cancer

Author Data base Prognostic factors in
multivariate model and/or
use of nomogram

Fossa
et al.
(1996)

Single-institution analysis
of 534 patients treated
with preop. XRT and
cystectomy or definitive
radiotherapy

T category, trial
participation, treatment,
creatinine, haemoglobin,
age and time since initial
diagnosis

Bochner
et al.
(2006)

International cohort study,
4462 cystectomy patients,
treatment period
1969–2004

Indication for adjuvant
chemotherapy can better
be predicted by
nomogram than by stage,
resulting in less
chemotherapy without
impairment of survival

Yafi
et al.
(2011)

2287 patients from 8
academic centers in
Canada, treatment period
1993 through 2008

Independent factor for OS
and DFS: pT-category,
R0-resection, receipt of
adjuvant chemotherapy,
performance of pelvic
lymphadenectomy, non-
smoker for OS and DFS

Gakis
et al.
(2011)

246 patients, single
institution, treatment
period 1999 through 2009

Independent factor for
CSS: Elevated CRP,
tumor stage, lymph-node
density, margin status

Xylinas
et al.
(2012)

2145 patients with pT1-3
bladder cancer treated
with radical cystectomy.
Nomogram was
developed from data of
1067 US-patients and
validated in 1078
European patients

pT-stage, gender,
lymphovascular invasion,
and positive margin were
independent factors for
both disease recurrence
and cancer-specific
mortality

OS = overall survival, DFS = disease-free survival, CSS = cause-
specific survival
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patients who are unsuitable for major surgery (e.g. due to
age or comorbidity), it is the only curative approach.
However, most of the data on outcome derive from two
large mono-institutional prospective series (MGH in the
US, Erlangen University in Europe, covering together sev-
eral hundreds of patients), a variety of smaller phase-II
studies (each with less than 100 patients) and one large
randomized study from Great Britain with nearly 500
patients. However, the series differ slightly and although a
variety of prognostic factors have consistently been repor-
ted, their impact varies between series making it difficult to
derive precise information.

One of the first multivariate models for patients under-
going definitive radiotherapy for bladder cancer has been
reported by Hannisdal and coworkers (1993). They found
five variables independently associated with poor prognosis:
T4 tumors, blood sedimentation rate ESR [30 mm/h,
albumin \35 g/l, serum LDH [400 U/I and age [75 years.
The authors concluded that a small number of routine lab-
oratory tests could help to identify poor prognostic patients.

Recently, Coen and coworkers have published a nomo-
gram based on outcome of 325 patients treated at MGH in
the period from 1986 to 2009 (Coen et al. 2013). This is the
only nomogram so far in the literature for patients under-
going radiotherapy. Prognostic factors included in the
development of the nomogram included T-category, com-
pleteness of TUR, presence of hydronephrosis, age, sex and
tumor grade. Different nomograms for predicting treatment
response (CR-rate), disease-specific survival (DSS), and
survival with intact bladder (BIS) were developed. The
aforementioned prognostic factors contributed in different
ways (Table 4); for each outcome item (CR, DSS, BIS), 3
or 4 out of the six parameters were included in the nomo-
gram. Completeness of TUR was the only parameter that
was included in all three nomograms supporting the over-
whelming impact of this factor. Moreover, the nomograms
predicted outcome only over a certain range; for example, a
patient with poor prognostic factors (0 points in the
nomogram) had a 5-year disease-specific survival of 39 %
whereas a patient with the maximum sum of points (and
best predictable outcome) had a 5-year DSS of 81 %.

Both prognostic models are not directly comparable
because they analysed different outcome parameters based
on not exactly the same factors. However, both models
highlight the impact of age and hydronephrosis. The impact
of hydronephrosis can be explained as an indirect marker
for large tumor volume or paravesical extension with uret-
heral obstruction. The early model of Hannisdal was set up
at a time when modern imaging techniques (CT, MRI) were
not routinely used and even in the MGH series, it is not
clear what imaging modalities had been used in the patients
over the period from 1986 through 2009. Thus, the impact
of hydronephrosis might result from the fact that it reflects

the best available information on tumor volume for the
whole series. This leads to the problem that nomograms are
nearly always based on a certain number of selected vari-
ables which are available in the included patients (Table 5).

Moreover, female sex is associated with a slight advan-
tage in the model of Coen et al. (2013). This is in contrast
to a variety of other investigations which found no better
prognosis or even a slightly lower survival in female patients
(Roedel et al. 2002).

Molecular markers have been investigated in patients
undergoing cystectomy and have been found to improve the
accuracy of nomograms. In patients undergoing definitive
radiotherapy, few information on molecular markers is
available. Roedel and coworkers found that a high apoptotic
index ([median = 1.6 %) and a high Ki-67 expression
([median = 8.8 %) were significantly related to initial
complete response (CR) and local control with preserved
bladder after 5 years (Roedel et al. 2000). Recently,
MRE11-expression was also identified as a prognostic and
predictive factor in patients undergoing definitive radio-
therapy (Choudbury et al. 2010). These findings have been

Table 4 Variables included in nomograms to predict different out-
come parameters in patients undergoing transurethral resection and
concurrent radiochemotherapy for muscle invasive bladder cancer at
Massachusetts General Hospital in the period from 1986 to 2009

Variable Prediction
of CR

Prediction
of 5-year
DSS

Prediction of
5-year bladder
intact survival

Hydronephrosis
no/yes

100/0 – 100/0

Age
\ 65y/C 65y

45/0 – 45/0

TUR complete/
incomplete

100/0 100/0 70/0

Gender
female/male

35/0 – –

T-category
cT2/cT3-4

– 100/0 60/0

Grade 2/3 – 65/0 –

Maximum
points

280 265 275

Probability with
0 points (%)

30 41 11

Probability with
maximum points
(%)

88 79 56

Modified from Coen et al. (2013). The numbers in the rows are points
depending on the expression of a variable. Figures are estimated from
the plots in the original publication. The points for all variables are
summed up with the sum lying between 0 points and the maximum
points. The prediction of a CR would be calculated with the nomogram
as follows: for example, a female patient (35 points) with age\65 years
(45 points) and a complete TUR (100 points) and no hydronephrosis
(100 points) would achieve the maximum number of points (280 points)
and therefore the maximum likelihood of a CR (88 %)
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confirmed in another study by Laurberg and coworkers who
have demonstrated that a combination of MR11- and
TIP60-expression might be able to distinguish two different
subgroups of patients of which one had a significant better
prognosis after cystectomy as compared to radiotherapy and
the other after radiotherapy suggesting that molecular
markers might also be able to guide treatment decisions
(Laurberg et al. 2012). However, these data have been
retrospectively collected and need to be validated in a
prospective trial.

Nomograms on toxicity have so far not been published.

5 Summary and Recommendations

Organ-preserving therapy of muscle-invasive bladder can-
cer is a highly effective treatment option for the vast
majority of patients. For patient suitable for radical cys-
tectomy, this approach is very likely as effective as surgery
with regard to overall survival but offers the chance of

TUR-B 
(R0 if possible) 

Chemoradiotherapy

Control  TUR-BT 

Follow up Curative Therapy: 
Salvage- Cystectomy, TUR 
palliative: Chemotherapy 

Relapse 

 Pathological CR 
No Response 

Fig. 1 General treatment
concept for an organ-preserving
treatment approach

Table 5 Comparison of established variables in nomograms and independent prognostic factors for different outcome parameters (survival,
remission, bladder-preservation)

Nomogram of Coen and
coworkers

Prognostic model of Hannisdal
and coworkers

Additional independent prognostic factors
in other investigations

Overall survival n.d. T4-tumors;
age [75 years;
elevated BSRa;
albumin \35 g/l;
serum LDH [ 400 U/l

Completeness of TUR;
T-category;
histologic grade;
gender

Cause-specific survival, disease-
specific survival

Completeness of TUR;
T-category;
histologic grade;

n.d. Age;
gender

Complete remission Completeness of TUR;
hydronephrosis;
age; gender

n.d. T-category;
Apoptotic index Ki-67-expresssion

Bladder preservation, bladder-
intact-survival

Hydronephrosis;
completeness of TUR;
T-category; age

n.d. Completeness of TUR ;
remission after XRT;
T-category

a BSR blood sedimentation rate, n.d. not determined
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bladder preservation in three quarters of the patients. In
patients who are unsuitable for major surgery (e.g. due to
age or comorbidity), it is the only curative approach
(Fig. 1). However, most of the data on outcome derive from
two large mono-institutional prospective series (MGH in the
US, Erlangen University in Europe, covering together sev-
eral hundreds of patients), a variety of smaller phase-II
studies (each with less than 100 patients) and one large
randomized study from Great Britain with nearly 500
patients. The series differ only slightly in terms of treatment
concept and outcome and a variety of prognostic factors
have consistently been reported. Nevertheless, their impact
varies between series making it difficult to derive precise
information. Moreover, established prognostic factors (e.g.
hydronephrosis or completeness of TUR) are probably only
surrogate parameters for tumor volume and invasiveness
and their impact results from the fact that they were the best
available information on tumor volume for the majority of
patients. Their impact might be smaller or negligible in
patients undergoing contemporary imaging techniques such
as CT, MRI or PET. Moreover, there are very few reports
on the impact of molecular or genomic expression profiles
but the very limited data so far suggests that these infor-
mation might be very helpful to predict prognosis and to
guide therapy decisions.

Nomograms are, in general, considered to offer the best
information with regard to survival and counseling and
decision making (Kattan et al. 2003). This is probably also
true for certain clinical situations in bladder cancer (e.g.
decision on adjuvant chemotherapy after cystectomy). For
patients undergoing radiotherapy, the situation is less clear,
mainly due to limited data from prospective bladder-pres-
ervation protocols.

In summary, a small number of prognostic factors is well
established for patients undergoing radiotherapy or radio-
chemotherapy for bladder cancer (especially age, T-cate-
gory and completeness of TUR). Their usefulness for
clinical decision making, however, is limited. All patients
should be treated with the standard organ-preservation
protocol and it can currently not be recommended to change
the standard treatment on the basis of any clinical, histo-
logical or molecular markers. However, the data on new
prognostic factors are increasing and better prediction of
outcome might become possible in the future.
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Abstract

The knowledge in the field of prostate cancer is rapidly
changing. The majority of diagnoses relate to the use of
screening prostate-specific antigen (PSA), which remains
controversial. A combination of PSA level at diagnosis,
clinical stage, and Gleason score is used to stratify
patients into prognostic groups, with risk-adapted treat-
ment assignment. The evaluation of treatment options for
low-, intermediate- and high-risk prostate cancer has
remained difficult primarily because of the lack of
randomized trials. Most patients present with curative
disease stage. Validated first-line treatment options
include radical prostatectomy and radiation therapy, via
either interstitial seed implants or external-beam radia-
tion (EBRT). Radiation therapy for localized prostate
cancer leads to equivalent oncologic outcomes as
compared with radical prostatectomy. Interstitial seed
implants and EBRT appear clinically equivalent. Modal-
ity-specific toxicity profile and logistics should be
incorporated into the decision-making process of the
individual patient. Results from randomized studies have
established the value of dose-escalated radiotherapy
alone in the unimodality setting versus standard-dose
irradiation in combination with neoadjuvant and concur-
rent hormonal treatment. The timing and optimal dura-
tion of endocrine therapy in the era of dose escalation
remain investigational. Adjuvant radiation therapy
improves clinical outcome for pT3 prostate cancer or
positive surgical margins.

Abbreviations

ADT Androgen deprivation therapy
CTV Clinical target volume
DVH Dose volume histogram
EBRT External beam radiotherapy
FFCF Freedom from clinical failure
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GTV Gross tumor volume
IMRT Intensity modulated radiotherapy
IPSS International prostatic symptom score
OS Overall survival
OAR Organ at risk
PCa Prostate cancer
PFS Progression free survival
PLND Pelvic Lymph Node Dissection
PSA Prostate specific antigen
PTV Planning target volume
RT Radiotherapy

1 Introduction

Cancer of the prostate (PCa) is currently the second most
common cause of cancer death in men. The majority of
diagnoses relate to the use of screening prostate-specific
antigen (PSA), which remains controversial. PCa affects
elderly men more often and therefore is a bigger health
concern in developed countries. In developed countries,
PCa accounts for 15 % of male cancers compared with 4 %
of male cancers in developing countries. Within Europe
large regional differences exist in the incidence rates of PCa
(Brady et al. 2011; Heidenreich et al. 2011, 2012; Mottet
et al. 2011).

Risk factors for prostate cancer are multiple. More
established factors include increased life expectancy, rou-
tine adoption of PSA, ethnicity and family history. Potential
but less established factors are obesity, dietary habits,
exercise and prostatic inflammation.

Diagnosis and clinical staging depends on findings from
history and physical examination, imaging and lab tests.
Pathological staging depends on findings during surgical
resection and pathological examination, in addition to those
required in clinical staging. The 7th edition Union Inter-
nationale contre le Cancer (UICC) 2009 Tumour Node
Metastasis (TNM) classification is used for staging
(Table 1).

Beyond Gleason score, pretreatment serum PSA, and
stage at diagnosis, additional pathologic factors including
percent positive biopsy cores, PSA density and velocity,
length of core involvement by tumor, and presence of
perineural invasion also portend prognostic significance.

Since the clinical behavior of prostate cancer might
range from indolent to highly aggressive, prognostic
assessment is important for predicting outcome and treat-
ment selection. A number of prognostic schemes have been
developed. The clinical grouping system developed by
the National Comprehensive Cancer Network (NCCN)
is summarized, in addition with suggested general risk-

adapted treatment recommendations in Table 2. Localized
prostate cancer can be treated with surgery, radiation ther-
apy, or the combination of both. In addition, hormonal
therapy plays a role in the treatment of locally advanced
disease. For selected patients with very low- or low-risk
disease, active surveillance may be a valid option. It should
be noted that no randomized trial exists comparing modern
radiation with prostatectomy techniques, and that oncologic
outcomes for localized prostate cancer appear similar, when
appropriate radiation doses are employed (Kupelian et al.
2004). In a recent large scale comprehensive review of the
literature by Grimm et al. (2012) comparing risk stratified
patients by treatment option and with long-term follow-up,
the statistical analysis suggested that, in terms of bio-
chemical-free progression, brachytherapy provides superior
outcome in patients with low-risk disease. For intermediate-

Table 1 Tumor node metastasis (TNM) classification of cancer of
the prostate

T—primary tumor

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Clinically unapparent tumor not palpable or visible by
imaging

T1a Tumor incidental histological finding in 5 % or less
of tissues resected

T1b Tumor incidental histological finding in more than
5 % of tissue resected

T1c Tumor identified by needle biopsy (e.g. because of
elevated PSA level)

T2 Tumor confined within the prostate

T2a Tumor involves one half of one lobe or less

T2b Tumor involves more than half of one lobe,
but not both lobes

T2c Tumor involves both lobes

T3 Tumor extends through the prostate capsule

T3a Extracapsular extension (unilateral or bilateral)

T3b Tumor invades seminal vesicle(s)

T4 Tumor is fixed or invades adjacent structures other than
seminal vesicles. External sphincter, rectum, levator
ani and/or pelvic wall

N—regional lymph nodes

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

M—distant metastasis

M0 No distant metastasis

M1 Distant metastasis

M1a Non-regional lymph node(s)

M1b Bone(s)

M1c Other site(s)
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risk disease, the combination of EBRT and brachytherapy
appears equivalent to brachytherapy alone. For high-risk
patients combination therapies involving EBRT and
brachytherapy plus or minus androgen deprivation therapy
appear superior to more localized treatments such as seed
implant alone, surgery alone or EBRT.

2 Treatment of Non-Metastatic
Prostate Cancer

External-beam radiation therapy (EBRT) is one of the most
important definitive treatment modalities for localized
prostate cancer of all stages. Following initial single-insti-
tution reports of improved efficacy and therapeutic ratio by
Hanks et al. (1998), dose-escalation strategies have become
an important focus of prostate cancer research endeavors.
Clinical evidence for dose escalation in EBRT is presented
in Table 3 for randomized clinical trials.

Several randomized and non-randomized studies have
shown that dose escalation with a dose-range of 76–80 Gy
has a significant impact on 5-year survival without bio-
chemical relapse. Two randomized trials focused on clinical
stages T1-3 N0 M0 and opened the clinical decision for
dose escalation. The MD Anderson study (Kuban et al.
2008) compared 78 with 70 Gy conventional radiotherapy.
It included 305 patients stage T1b to T3 with a median
follow-up of 8.7 years. The results showed a significant
increase in freedom from biochemical and/or clinical failure
(p = 0.004), which was largest for patients with initial
PSA [ 10 ng/ml (p = 0.001) (Table 3).

The PROG 95-09 study (Zietman et al. 2010) evaluated
393 T1b-T2b patients, of whom 75 % had a Gleason
score \ 6 and a PSA \ 15 ng/ml. Patients were randomized

to receive an initial boost to the prostate alone, using con-
formal protons of either 19.8 or 28.8 Gy, and then 50.4 Gy
to a larger volume. With a median follow-up of 5.5 years,
there was a significant increase in 5-year freedom from
biochemical failure (p \ 0.001) in favour of low-risk
patients given a higher dose (79.2 Gy) versus those given a
conventional dose (70.2 Gy). There was a strong trend in the
same direction for the intermediated-risk patients (n = 144,
p = 0.06). 11 versus 6 % of patients subsequently required
ADT for recurrence after conventional versus high-dose RT
(p = 0.047). There remains no difference in OS (78.4 vs.
83.4 %, p = 0.41) and toxicity rates (1–3 % of grade 3–4)
between the two arms.

A Dutch randomized phase III trial (Peeters et al. 2006)
comparing 68 with 78 Gy showed a significant increase in
5-year freedom from clinical or biochemical failure (FFF or
FFCF) for patients in an intermediate risk-group. 669
patients with T1b–T4 diseases were enrolled. With a fol-
low-up of 51 months, 5-year FFF was significantly better
after 78 Gy (64 vs. 54 %). No difference in late genitouri-
nary or gastrointestinal toxicity was observed. As a result of
these randomized studies, a minimum dose [74 Gy is rec-
ommended for EBRT.

Androgen-deprivation therapy (ADT), consisting of a
combination of luteinizing-hormone-releasing hormone
(LHRH) suppression and an anti-androgen, has been eval-
uated as an adjunct to standard-dose EBRT as an alternative
strategy to improve outcomes in patients with intermediate-
and high-risk prostate cancer. The supportive trials,
although heterogeneous in their patient selection criteria
and radiation treatment volumes, generally demonstrate
statistically and clinically significant improvements in
overall survival. Evidence in support of androgen suppres-
sion is most mature in patients with high-risk disease.

Table 2 NCCN risk groups (2010)

Risk group Parameter Suggested treatment strategy

Very low T1a, Gleason B 6, PSA \ 10, \3 positive
biopsy cores and \50 % cancer per core

Active surveillance using PSA and DRE, if expected survival \20 years

Low T1–T2a, Gleason B 6 and PSA \ 10 Active surveillance using PSA and DRE if expected survival \10 years,
using PSA, DRE, and repeat biopsy if expected survival C10 years, or
definitive therapy using IG-IMRT, brachytherapy, or radical prostatectomy
(RP)

Intermediate T2b–T2c, Gleason 7, or PSA 10–20 IG-IMRT with or without short-term ADT with or without brachytherapy
boost or RP

High T3a, Gleason 8–10, or PSA [ 20 IG-IMRT and long-term ADT or radical prostatectomy plus PLND with or
without adjuvant RT

Locally
advanced: very
high

T3b–T4 IG-IMRT plus long-term ADT or radical prostatectomy plus PLND with or
without adjuvant RT or ADT

Locally
advanced: LN

N1 ADT or IG-IMRT and long-term ADT

Distant
metastases

M1 ADT
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Beginning in the 1980s research organizations in the USA
and Europe launched a series of trials for which mature
follow-up data are now available, and which have system-
atically evaluated the efficacy, timing and duration of
androgen suppression therapy. For overview of studies see
Table 4.

Two randomized trials demonstrated clinical evidence on
combined EBRT with hormonal therapy for intermediate-
risk prostate cancer. D’Amico et al. reported on a phase III
clinical trial comparing RT with or without 6 months of
ADT. 80 % of 206 randomized patients had intermediate-
risk prostate cancer (D’Amico et al. 2004, 2008). Confor-
mal radiation comprised 70.35 Gy in 36 fractions
prescribed to the prostate and seminal vesicles with a cone-
down boost to the prostate. Initial results at a median fol-
low-up of 4.5 years revealed statistical improvements in
prostate cancer-specific survival, survival free of salvage
androgen deprivation, and OS rate. Updated results after a
median follow-up of 7.6 years showed that all-cause mor-
tality was significantly greater in the RT alone arm (HR 1.8,
p = 0.01). Subgroup analysis suggested that the significant
difference was primarily in patients with no or minimal
comorbid illness.

The TROG 96.01 randomized clinical trial (Trans-Tas-
man Radiation Oncology Group, Australia) studied the
optimal duration of short-course hormonal therapy (Den-
ham et al. 2008). This three-arm study compared prostate-
only radiation to 66 Gy, versus radiation and 3 or 6 months
of androgen deprivation before and during radiation for
intermediate-risk patients. Results revealed a significant
improvement in prostate-cancer-specific mortality with 6

(HR 0.56) but not 3 (HR 0.95) months of short-term
androgen deprivation.

Fortunately, the incidence of locally advanced PCa (T3-
4N0M0) has declined as a result of individual or mass
screening. Pelvic lymph node irradiation is optional (see
Sect. 3), but the results of radiotherapy alone are unsatis-
factory. Because of the hormonal dependence of PCa, ADT
has been combined with external irradiation in locally
advanced PCa (T3-4N0M0) with the aim of reducing the
risk of distant metastasis and decreasing the risk of non-
sterilisation and/or local recurrence as a source of secondary
metastases. Numerous randomized trials have confirmed the
value of long-term administration.

The RTOG study 86-10 (Pilepich et al. 2001) included
471 patients with bulky ([5 9 5 cm) tumours T2-4 N0-X
M0. Androgen deprivation therapy was administered at
2 months before irradiation and during irradiation, or in the
case of relapse in the control arm. 32 % of patients were
diagnosed as T2, 70 % as T3-4, and 91 % as N0. The
hormone treatment consisted of oral eulexine, 250 mg three
times daily, and goserelin acetate (Zoladex) 3.6 mg every
4 weeks by subcutaneous injection. RT target volumes and
doses were similar to RTOG 85-31 (Pilepich et al. 1997;
Lawton et al. 2001), also including the regional lymphatics
to an initial 44–46 Gy, followed by a prostate boost to
65–70 Gy. The 10-year overall survival estimates were
43 % for ADT plus irradiation versus 34 % for hormonal
treatment, although the difference was not significant
(p = 0.12). There was a significant improvement in the
10-year disease-specific mortaliy (23 vs. 36 %; p = 0.01),
DFS (11 vs. 3 %; p \ 0.0001) and in biochemical failure

Table 3 Main randomized studies on localized PCa supporting dose escalation

Reference Number of
patients

Dose escalation Endpoint Comment

Kuban et al.
2008

301 78 versus 70 Gy : 8-year biochem. DFS: 78 versus
59 %

Largest benefit among patients with
pretreatment PSA [ 10 ng/ml

Peeters et al.
2006

669 78 versus 68 Gy 5-year FFF sign better after 78 Gy: 64
versus 54 %

No sign differences in FFCF or OS

Zietman
et al. 2010

393 70.2 or 79.2 GyE
proton RT

10-year ASTRO BF 32.4 versus
16.7 % for high-dose RT

Difference was largely due to low- and
intermediate disease

Table 4 Main trials combining RT plus hormonal treatment (intermediate-risk prostate cancer)

Reference Number
of
patients

Treatment schedule Endpoint Comment

D’Amico
et al.
2008

206 70.35 Gy in 36 fractions +6 months
of ADT

All-cause mortality was sign greater
in RT alone arm

Sign difference was primarily in
patients with no or minimal
comorbid illness

Denham
et al.
2008

802 RT to 66 Gy alone or RT plus 3 or
6 months of ADT before and during
RT

Sign improvement in PCa-specific
mortality with 6 but not 3 months
of ADT
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(65 vs. 80 %; p \ 0.0001). No significant impact on the risk
of fatal cardiac events was seen with the addition of ADT.

The RTOG 85-31 trial (Pilepich et al. 1997; Pilepich
et al. 2005; Lawton et al. 2001) randomized 977 patients
to adjuvant goserelin (Arm I) versus observation (Arm II)
with hormones initiated at relapse. Eligible patients had
advanced tumor characteristics (T3-4 N0-1 M0) or patho-
logic penetration (pT3) through the capsule to the resection
margin or seminal vesicle involvement after RP. Androgen
deprivation therapy was begun in the last week of irradia-
tion and continued up to relapse or was started at recur-
rence. A total of 15 % of patients in the first group and
29 % in the second group had undergone RP, 14 and 26 %
were pN1. Goserelin was administered every 4 weeks. RT
portals included treatment of the regional lymphatics to an
initial 44–46 Gy (except in node-negative postoperative
cases) followed by a prostate boost to 65–70 Gy. With a
median follow-up of 7.6 years for all patients, at 10 years,
the absolute survival rate was significantly greater for the
adjuvant arm than for the control arm: 49 versus 39 %
(p = 0.002). The 10-year local failure rate for the adjuvant
arm was 23 versus 38 % for the control arm (p \ 0.0001).
The corresponding 10-year rates for the incidence of distant
metastases and disease-specific mortality was 24 versus
39 % (p \ 0.001) and 16 versus 22 % (p = 0.0052),
respectively, both in favour of the adjuvant arm (Lawton
et al. 2001, 2008; Pilepich et al. 2005).

The EORTC 22863 was an open-labeled randomized
phase 3 trial (Bolla et al. 2002, 2010). Eligible patients were
younger than 80 years and had newly diagnosed histologi-
cally proven T1–2 prostatic adenocarcinoma with WHO
histological grade 3, or T3-4N0M0 and any histological
grade. The trial compared EBRT and adjuvant long-term
(concurrent and adjuvant) androgen suppression with
radiotherapy alone. EBRT initially targeted the prostate and
pelvic nodes to 50 Gy, with a subsequent prostate-only
boost to an additional 20 Gy. Hormonal therapy consisted
of monthly goserelin administration for 3 years, beginning
on the first day of EBRT and 1 month of cyproterone ace-
tate. With a median follow-up of 66 months, combination
therapy compared with radiotherapy alone yielded signifi-
cantly better survival (78 % vs. 62 %, p = 0.001) (Bolla
et al. 2002). At a median follow-up of 9.1 years, the 10-year
overall survival remained significantly higher at 58.1 versus
39.8 % (p \ 0.0001), as did clinical progression-free sur-
vival at 47.7 versus 22.7 % (p \ 0.0001). The 10-year
cumulative incidence of PCa mortality was 11 versus 31 %
(p \ 0.0001). No significant difference in cardiovascular
mortality was noted between treatment groups both in
patients who had cardiovascular problems at study entry
and in those who did not. The 10-year cumulative incidence
of cardiovascular mortality was 11.1 versus 8.2 %
(p = 0.75) (Bolla et al. 2010).

In conclusion the trials devoted to locally advanced PCa
have shown a significant gain in overall survival of the
combination of EBRT and long-term ADT and raised the
question of whether the gain was due to ADT alone rather
than to the combined approach. However, many trials were
launched to assess the value of a long-term ADT plus or
minus irradiation.

Mottet et al. (2012) report on the results of a phase 3
multicentric randomized trial devoted to 264 N0-X patients
classified as cT3–4 (n = 254) or pT2 with positive biopsies
of the capsule (n = 10), randomly allocated between long-
term (3-year) ADT alone or combined with three-dimen-
sional conformal radiotherapy (3D-CRT). ADT was
administered with an LHRH-agonist (leuprorelin) given
subcutaneously with a 3-monthly depot and an oral anti-
androgen (flutamide) for 1 month to inhibit flare-up. In the
ADT alone arm, 33 patients received salvage RT for local
progression. RT was focused on the pelvis with a four-field
box technique (46 + 2 Gy) followed by a boost on the
prostate and periprostatic tissue (22 ± 2 Gy). The patients
were \80 year old with a World Health Organization
(WHO) performance score (PS) \ 2. There was no patho-
logic central review. 49 % had Gleason score 4–6, and
22.5 % of the patients had a baseline PSA [ 20 ng/ml.
With a median follow-up of 67 months, there was a sig-
nificant difference in favor of the combined approach with
regard to local–regional control (p \ 0.0001), metastatic
progression (p = 0.018), and progression-free survival
(p \ 0.001), but there was no improvement in overall sur-
vival or disease-specific survival because of an insufficient
target sample size and/or not mature enough results. With
the same concept, a life-long ADT, and a greater target
sample size, the trials reported by Warde et al. (2011) and
Widmark et al. (2009) shared these results but with added
value for survival.

Warde et al. (2011) reported on a cohort of 1205 N0-X
patients (T3–4) (n = 1057), T2 with PSA [ 40 ng/ml
(n = 119), or T2 with PSA [ 20 ng and Gleason [ 8
(n = 25) randomized between life-long ADT (bilateral
orchidectomy or LHRH agonist) with or without RT
(65–70 Gy to prostate + 45 Gy to pelvic lymph nodes).
With 6-year median follow-up, the combined approach
significantly reduced the risk of death (p = 0.033) and of
disease-specific death (p = 0.001). The SPCG-7/SFUO 3
trial (Widmark et al. 2009) accrued a cohort of 875 N0-X
M0 patients (T3, any WHO grade (n = 862); T1b–T2 G2–3
(n = 168); unknown (n = 5). Patients were randomly
assigned to endocrine treatment alone (3 months of total
androgen blockade followed by continuous endocrine
treatment using flutamide) or to the same endocrine
treatment combined with 3D-CRT (70 Gy to the prostate).
With 7.6 years median follow-up, the combined approach
halved the 10-year PCa-specific mortality (p \ 0.0001) and
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decreased overall mortality (p \ 0.004). These results
mimic somehow what was observed for locally advanced
breast cancer, with the greatest effect being achieved with
the combination of RT and endocrine treatment given
concomitantly.

3 Prophylactic Irradiation of Pelvic Lymph
Nodes in High-Risk Localized PCa

The optimal strategy for target definition, especially whole-
pelvis lymph nodes versus prostate-only radiation therapy,
has not been determined. Invasion of the pelvic lymph
nodes is a poor prognostic factor. However, randomized
trials showed inconclusive results according to what extend
patients benefited from prophylactic whole-pelvis irradia-
tion. The RTOG 94-13 four-arm randomized trial (Roach
et al. 2003) attempted to discern the relative merits of pelvic
nodal irradiation versus prostate-only EBRT in patients
with an estimated risk of lymph node involvement of 15 %,
and timing (adjuvant versus neoadjuvant and concurrent) of
hormonal therapy. The total duration of hormonal treatment
was 4 months. An OS difference was seen among all study
groups, yet there were no significant differences in PFS or
OS between neoadjuvant versus adjuvant hormones, or
pelvis versus prostate-only radiation. When neoadjuvant
hormone therapy was used in conjunction with EBRT,
pelvic nodal irradiation yielded an improved PFS versus
prostate-only RT. Neoadjuvant hormones plus pelvic nodal
RT improved OS versus adjuvant hormones plus pelvic
nodal RT. Late severe GU toxicities were similar in the 4
arms, though severe GI toxicities were more frequent in the
neoadjuvant hormone and whole-pelvis arm.

The GETUG-01 randomized phase III trial (Pommier
et al. 2007) also studied the role of pelvic and prostate
versus prostate-only RT. The trial stratified patients
according to risk of lymph node involvement. Initial results
with limited follow-up of 42 months demonstrated no sig-
nificant difference in 5-year PFS between the study groups,
either in the high- or low-risk strata.

4 Transperineal Brachytherapy

Transperineal brachytherapy is a safe and effective tech-
nique. Modern series continue to demonstrate excellent
outcomes for radioactive implantation, either as mono-
therapy for low-risk cases or selected high-risk patients, or
as boost treatment in conjunction with external beam ther-
apy. According to the American Brachytherapy Society
there is consensus on the following eligibility criteria: Stage
cT1b–T2a N0 M0, a Gleason score B 6 assessed on a suf-
ficient number of random biopsies, an initial PSA level of
\10 ng/ml,\50 % of biopsy cores involved with cancer, a
prostate volume of \50 cm3, an International Prostatic
Symptom Score \ 12 (IPPS) (Nag et al. 1999).

There are no randomized trials comparing brachytherapy
with other curative treatment modalities, and outcomes are
based on non-randomized case series. Results of permanent
implants have been reported from different institutions, with
different follow-up. Biochemical control was reported to
range from 48 (high risk) to 97 % (low risk) (see Table 5).
A significant correlation has been shown between the
implant dose and recurrence rates. As demonstrated in a
recent multi-institutional study of 2693 men with T1–2
prostate cancer, D90 [ 130 Gy emerged as a highly sig-
nificant predictor of 8-year PSA relapse-free survival (93
vs. 76 %, p \ 0.001).

5 Immediate and Delayed Post-Operative
External Irradiation After Radical
Prostatectomy

While prostatectomy provides good control rates for patients
with organ-confined disease, failure rates for patients with
cancer extensions beyond the capsule are substantial, par-
ticularly in cases of high Gleason grade and positive mar-
gins. Extracapsular invasion (pT3) is associated with a risk
of local recurrence, which can be as high as 30 %. In mul-
tifactorial analyses, the predictors of biochemical relapse

Table 5 Results of brachytherapy (125I/103Pd-Isotopes)

Reference Patients
(n)

Risk group EBRT Endpoints
(years)

Biochemical control
(%)

Comment

Buckstein et al.
2013

131 Low and
intermediate

Yes 11.5 All: 90 Patients younger than
60 years

Kao et al. 2008 643 Low No 5 All: 97 Neoadjuvant hormonal
treatment

Taira et al. 2010 463 Low and
intermediate

No 12 All: 97

Zelefsky et al.
2007

2693 All No 8 Low: 82
Intermediate: 70
High: 48

Meta-analysis
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are: PSA level (p = 0.005), Gleason score of the surgical
specimen (p = 0.002) and positive surgical margins
(p \ 0.001).

Three prospective randomized trials have assessed the
role of immediate post-operative radiotherapy (adjuvant
radiotherapy). The randomized phase III EORTC trial
22911 (Bolla et al. 2012) recruited patients age 75 or
younger with untreated cT0–3 PCa. Eligible patients were
randomly assigned centrally (1:1) to postoperative irradia-
tion (60 Gy) to the surgical bed or to a wait-and-see policy
until biochemical progression (increase in PSA [ 0.2 lg/L
confirmed twice at least 2 weeks apart). 1,005 patients were
randomly assigned and were followed up for a median of
10.6 years. Postoperative irradiation significantly improved
biochemical progression-free survival compared with the
wait-and-see group (198 [39.4 %] of 502 patients in post-
operative irradiation group vs. 311 [61.8 %] of 503 patients
in the wait-and-see group had biochemical or clinical
progression or died; HR 0.49 [95 %, CI 0.41–0.59];
p \ 0.0001). Late adverse effects (any type of any grade)
were more frequent in the postoperative irradiation group
then in the wait-and-see-group (10-year cumulative inci-
dence 70.8 % [66.6–75.0] vs. 59.7 % [55.3–64.1];
p = 0.001). It was concluded that results at median follow-
up of 10.6 years show that conventional postoperative RT
significantly improved survival and local control compared
with a wait-and-see policy, supporting results at 5 year
follow up; however, improvements in clinical progression-
free survival were not maintained. Exploratory analyses
suggested that postoperative RT might improve clinical
progression-free survival in patients younger than 70 years
and in those with positive surgical margins, but could have
a detrimental effect in patients aged 70 years or older.

The most suitable candidates for immediate radiation
therapy might therefore be those with multifocal positive
surgical margins and a Gleason score [7. The conclusion of
the ARO trial 96-02 (n = 385) appear to support those of
the EORTC study (Wiegel et al. 2009). In this phase III trial
patients with pT3N0 disease and (in contrast to the other
two studies) an undetectable PSA level after RP were ran-
domized to adjuvant RT (60 Gy) versus observation. After a
median follow-up of 54 months, the irradiated group dem-
onstrated a significant improvement in biochemical pro-
gression-free survival of 72 versus 54 %, respectively
(p = 0.0015). This finding demonstrates that adjuvant
radiotherapy works even in the setting of undetectable PSA
after RP and additional risk factors.

Between 1988 and 1997, SWOG 8794 randomized 425
men with non-organ-confined cancer or positive surgical
margins (pT2+N0M0 or pT3N0M0) to immediate adjuvant
RT using 60–64 Gy by conventional technique versus
observation (Thompson et al. 2009). Because the study did
not require men to have an undetectable PSA prior to study

entry, 33 % of men in both arms had PSA [ 0.2 ng/ml at
the time of randomization. The use of salvage RT was not
mandated by protocol in the observation arm, and a total of
70 men (33 %) ultimately received postoperative RT (most
for a rising PSA). The median PSA at the time of salvage
RT in these men was 1.0 ng/ml, which would be considered
‘‘late’’ salvage therapy by current standards. Over a median
follow-up of almost 13 years, adjuvant RT was associated
with a significant improvement in metastasis-free survival
(HR: 0.7, p = 0.016) and overall survival (HR: 0.7,
p = 0.023). Metastases-free survival considers the devel-
opment of distant metastasis and death from any cause as
events. The rate of observed distant metastasis was low
(17 % in the observation arm and 9 % in the RT arm), and
the majority of events in the analysis of metastasis-free
survival and OS were deaths without evidence of metastatic
PCa (68 % in the observation arm and 78 % in the RT arm).
Adjuvant RT was also associated with reductions in the
need of salvage RT. In exploratory analyses, all subgroups
(Gleason 2–6 vs. 7–10, pT3a or postoperative surgical
margins vs. seminal vesicle invasion, undetectable vs.
detectable PSA) appeared to benefit from adjuvant RT with
respect to metastasis-free survival. Rectal and urinary tox-
icity and urethral stricture rates were higher with adjuvant
RT, but the overall rates were low.

In conclusion, the decision whether to proceed with
adjuvant RT for high-risk PCA (pT3-4 pN0-1) after RP or to
postpone RT as an early salvage procedure in case of bio-
chemical relapse remains difficult. In daily practice, the
urologist should explain to the patient before RP that
adjuvant irradiation could be applied if the patient has
negative prognostic risk factors. Ultimately, the decision to
treat needs a multidisciplinary approach to determine the
optimal timing of radiotherapy when used and to provide
justification when not used.

6 The Role of Hypofractionation

In ideal circumstances, the fractionation schedule of
radiotherapy should match the fractionation sensitivity of
the tumor relative to nearby normal tissues. The alpha–beta
(a/b) ratio for most cancers is believed to be about 10 Gy,
but for prostate cancer values as low as 1.5 Gy have been
suggested, which is smaller than the roughly 3 Gy reported
for the late reactions of most normal tissues (including
rectum). These findings have potentially important thera-
peutic implications. Hypofractionated radiotherapy with
fewer high-fraction-size treatments would be beneficial for
prostate cancer because it would deliver a larger biological-
equivalent dose to the tumor than would conventional
treatment in 1.8–2.0 Gy fractions, while maintaining a
similar or lower incidence of late normal tissue reactions.
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Furthermore, improved resource utilization and patient
convenience because of short treatment duration would be
important gains. Maintenance of few treatment-related side-
effects is of paramount importance.

Dearnaley et al. (2012) undertook a multistage, multi-
center randomized controlled trial (Conventional or Hypo-
fractionated High-dose Intensity Modulated Radiotherapy
in Prostate Cancer: CHHiP). Men with localized prostate
cancer were randomized between 2002 and 2006 at 11 UK
centres. Patients were randomly assigned in a 1:1:1 ratio to
receive conventional or hypofractionated high-dose inten-
sity modulated radiotherapy, and all were given 3–6 months
of neoadjuvant androgen suppression. Computer-generated
random permuted blocks were used, with risk of seminal
vesicle involvement and radiotherapy-treatment centre as
stratification factors. The conventional schedule was 37
fractions of 2 Gy to a total dose of 74 Gy. The two hypo-
fractionated schedules involved 3 Gy treatments given
either in 20 fractions to a total dose of 60 Gy, or 19 frac-
tions to a total of 57 Gy. The primary endpoint was pro-
portion of patients with grade 2 or worse toxicity at 2 years
on the RTOG scale. The primary analysis included all
patients who received at least one fraction of radiotherapy
and completed a 2-year assessment. 153 men recruited to
stages 1 and 2 were randomly assigned to receive conven-
tional treatment of 74 Gy, 153 to receive 60 Gy, and 151 to
receive 57 Gy. With 50.5 months median follow-up 4.3 %
(95 %, CI 1.6–9.2) of 138 men in the 74 Gy group had
bowel toxicity of grade 2 or worse on the RTOG scale at
2 years, as did 3.6 % (1.2–8.3) of 136 men in the 60 Gy
group, and 1.4 % (0.2–5.0) of 143 men in the 57 Gy group.
For bladder toxicities 2.2 % (0.5–6.2) of 138 men, 2.2 %
(0.5–6.3) of 137, and 0.0 % (0.0–2.6) of 143 had scores of
grade 2 or worse on the RTOG scale at 2 years. From these
results it was concluded that hypofractionated high-dose
radiotherapy seems equally well tolerated as conventionally
fractionated treatment at 2 years.

In a recent publication by Botrel et al. (2013) a sys-
tematic review and meta-analysis of all randomized con-
trolled trials comparing the efficacy and side effect profile of
hypofractionated versus conventional EBRT for PCa was
conducted. The final analysis included nine trials compris-
ing 2,702 patients. Freedom from biochemical failure was
reported in only three studies and was similar in patients
who received hypofractionated or conventional radiother-
apy. The incidence of acute adverse gastrointestinal events
was higher in the hypofractionated group. Acute genito-
urinary toxicity was similar among the groups. The inci-
dence of all late adverse events was the same in both
groups. Hypofractionated radiotherapy in localized prostate
cancer was not superior to conventional radiotherapy and
showed higher acute gastrointestinal toxicity in this meta-
analysis. Because the number of published studies is still

small, future assessments should be conducted to clarify
better the true role of hypofractionated radiotherapy in
patients with prostate cancer.

7 Radiation Therapy Techniques
and Target Delineation

IMRT represents the current standard of care for prostate
EBRT. According to patient set up and planning, patients
should be instructed to present with an empty rectum and
comfortably full bladder. Patients are positioned either
supine or prone (with or without a rectal balloon depending
on institutional practice) on a custom immobilization
device. A volumetric CT scan employing a slice thick-
ness \ 3 mm is obtained through the volume of interest and
imported into a computer for organ segmentation and
treatment planning. MRI fusion is employed to delineate the
prostate apex. MRI fusion enhances definition of the pros-
tate-rectum interface, the prostatic apex, and neurovascular
bundles. The use of a T2-weighted volumetric sequence is
suggested. Given susceptibilities for organ deformation,
intra- and interfraction organ motion, IMRT is typically
combined with daily image guidance. A variety of methods,
including ultrasound, fiducial implantation and KV imag-
ing, KV cone-beam CT, MVCT, and intrafraction tracking
using transponders are in clinical use. Pelvic radiation using
IG-IMRT and incorporating intraprostatic fiducial markers
can reduce the volumes of rectum and bladder receiving
high doses, thus reducing toxicities. The recently published
RTOG consensus documents represent a valuable guideline
for postoperative target delineation (Lawton et al. 2009;
Michalski et al. 2010). Definitions of gross target volume
(GTV), clinical target volume (CTV), and planning target
volume (PTV) in IMRT in prostate-only radiation include
prostate on imaging studies as GTV, with 0.5–1 cm margins
in 3D to achieve PTV. The CTV of seminal vesicles and
pelvic lymph node regions (if select to treat) include distal
common, internal, and external iliac regions, presacral, and
obturator regions. The probability of involvement can be
determined by stage, pretreatment PSA, PSA doubling time
and/or velocity, high-percent biopsy core involvement, the
presence of perineural invasion, and the Roach formulas
and/or Partin tables (Roach et al. 1994; Partin et al. 1997;
Eifler et al. 2013). These and different nomograms are
available on the internet, for example via CaP Calculator.
Using a nationally representative mail survey of 1,422
prostate cancer specialists in the United States, Kim et al.
queried about self-reported clinical implementation of
quality of life instruments, prostate cancer nomograms and
life expectancy prediction tools in late 2011. A total of
313 radiation oncologists and 328 urologists completed
the survey for a 45 % response rate. Although 55 % of
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respondents reported using prostate cancer nomograms,
only 27 and 23 % reported using quality of life and life
expectancy prediction instruments, respectively (Kim et al.
2012). Probably, these variations result from different fac-
tors, including time constraints and unresolved issues
around the validity of different tools and their applicability
in different patient populations, as discussed in the intro-
ductory chapters of this textbook. Organs at risk (OARs) in
EBRT of prostate cancer, in both adjuvant and definitive
settings, include rectum and bladder. Suggested DVH
constraints for dose-escalated IMRT are specified in the
RTOG active protocols. Efforts towards development of
toxicity-prediction nomograms are ongoing (Fiorino et al.
2012; Roeloffzen et al. 2012; Valdagni et al. 2012).
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Abstract

Soft tissue sarcomas are malignant tumors that arise in
the mesoderm. There are over 50 subtypes of these
tumors that vary greatly in biological behavior. While
small, low-grade lesions may be adequately treated by
resection alone; larger, higher-grade lesions require
adjuvant therapy to maximize local control. We will
examine the prognostic factors that predict for disease
recurrence and the role of radiation therapy in this
setting. We will also examine the toxicities associated
with radiation, and how this information is utilized to
help or guide decision making for the treatment of soft
tissue sarcomas.

Abbreviations

STS Soft tissue sarcoma
SO Second opinion
AJCC American Joint Committee on Cancer
MSKCC Memorial Sloan-Kettering Cancer Center
DFS Disease-free survival
OS Overall survival
MDACC University of Texas M. D. Anderson Cancer

Center
MGH Massachusetts General Hospital
PMH The Princess Margaret Hospital
RLNM Regional lymph node metastases
MPNST Malignant peripheral-nerve tumor
CI Concordance index
LS Liposarcoma
GPS General postoperative sarcoma nomogram

from MSKCC
DSS Disease-specific survival
pathCR Greater than or equal to 95 % necrosis
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1 Introduction

The ability to formulate broad treatment algorithms for
patients with soft tissue sarcomas (STS) is complicated by
the great diversity in biology and clinical behavior across
the numerous subtypes that compose this group of mesen-
chymal tumors. Because of the relatively low incidence
(1 % of all adult malignancies), investigators are often
forced to group STS’s of different histologies and locations
in an attempt to draw statistically meaningful conclusions
from the data. As we investigate prognostic factors for STS,
it will become apparent that lumping instead of splitting is a
flawed methodology. Periodic, seismic reclassification of
sarcoma subtypes also adds to the confusion. Despite these
potential stumbling blocks, we will explore the literature
and make some evidence-based comments regarding
important prognostic factors, types and sequencing of local
therapies, associated toxicities, and predictions of outcome
with and without the use of these treatment modalities.
Finally, we will touch upon the future directions of STS, in
regards to diagnosis, prediction of prognosis, and therapy.

In 2012, more than 220,000 new cases of breast can-
cer, and 240,000 new prostate cancers were reported in
the United States. In comparison, only 11,000 new soft
tissue sarcoma cases were identified (SEER Database,
NCI., 2013). Not only are STS’s rare but the group is
incredibly diverse. The World Health Organization
(WHO) classification of STS’s includes more than 50
different histologic subtypes. These factors taken together
can make accurate diagnosis very difficult, even for very
experienced pathologists.

Five hundred consecutive cases submitted for expert
consultation at an academic pathology department (Emory
University) specializing in the diagnosis of STS’s were
analyzed for concordance between initial diagnosis and
diagnosis rendered by expert review (Arbiser et al. 2001).
Of 266 cases (53.2 %) accompanied by a diagnosis,
essential agreement with the second opinion was noted in
68 %, with a minor discrepancy in 7 %, and major dis-
crepancy in 25 %. A similar study was done in France,
where 1463 cases were evaluated for concordance between
initial diagnosis and the diagnosis assigned after expert
second opinion (SO). Full concordance between primary
diagnosis and SO was observed in 824 (56 %) cases, partial
concordance (identical diagnosis of connective tumor but
different grade or histological subtype) in 518 (35 %) cases
and complete discordance (benign vs. malignant, different
histological type or invalidation of the diagnosis of sar-
coma) in 121 (8 %) cases. The major discrepancies were
related to histological grade (n = 274, 43 %) and histo-
logical type (n = 144, 24 %). The authors concluded that
more than 40 % of first histological diagnoses were

modified at second reading, possibly resulting in different
treatment decisions.

2 Staging

The most widely used staging system for soft tissue sar-
comas is the TNM system developed by the International
Union Against Cancer (UICC) and the American Joint
Committee on Cancer (AJCC). The system uses tumor size
(T), depth (superficial or deep), lymph node involvement
(N), presence or absence of distant metastases (M), and
histologic grade (G) in determining the stage grouping for
soft tissue sarcomas (Edge et al. 2010). In the most recent
2010 7th edition of the AJCC Manual (Table 1)1, the
staging for GIST has been separated from the staging of
other sarcomas for the first time. Another change in the 7th
edition is that depth of tumor invasion (either superficial or
deep to the investing fascia) is no longer used to differen-
tiate between stages for tumors of the same size. This
change is controversial, given that there are data suggesting
a better prognosis with superficial lesions (Salas et al. 2009)
(Table 2).

Another problematic issue with the current staging sys-
tem is that it is judged to offer little prognostic value for
retroperitoneal sarcomas (Nathan et al. 2009). A review of
outcome based on patients in the SEER database who had
undergone resection for retroperitoneal sarcoma (RPS)
suggested that histological subtype, histological grade, and
tumor invasion of adjacent structures were associated with
survival on multivariable analysis while tumor size had no
prognostic value. Consequently, the AJCC T classification
system demonstrated poor discriminatory ability. The
authors concluded that the AJCC staging system for RPS is
in need of revision.

3 Prognostic Factors

3.1 Histologic Grade

Histologic grade and tumor size are the primary determi-
nants of clinical stage. In turn, overall TNM stage grouping
has been shown to be predictive of outcome. Based on data
from Memorial Sloan-Kettering Cancer Center (MSKCC),
pathologic group stage was correlated with decreased dis-
ease-free survival (DFS) and overall survival (OS) for
increasing stage in patients with extremity and trunk soft
tissue sarcoma. Five-year DFS for Stages I, II, and III were

1 This corresponds to Table 33.5 and 33.6 (page 950 and 951)
‘‘Decision making in radiation oncology’’ (Lu and Brady)
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86, 72, and 52 %. Corresponding values for OS were 90, 81,
and 56 % (Edge et al. 2010).

Another change to the 2010 7th edition of the AJCC
Staging Manual is the move from a four-tier to a three-tier
histologic grading system based on the degree of differen-
tiation, mitotic activity, and necrosis. Investigators at the
University of Texas M. D. Anderson Cancer Center
(MDACC) reviewed the cases of 1,225 patients with

localized sarcoma treated with conservative surgery and
radiation (Zagars et al. 2003a, b). Tumor grade was strati-
fied according to a three-tier system. High tumor grade was
found to be a negative prognostic factor for local recur-
rence, metastatic recurrence, and disease specific survival.
Patients with high grade tumors of greater than 5 cm fared
worse than those with smaller tumors of similar grade
(5-year metastatic control was 53 vs. 79 %, respectively).

3.2 Tumor Size

Investigators at Massachusetts General Hospital (MGH)
retrospectively analyzed the cases of 220 patients with soft
tissue sarcoma managed by radiation and surgery (Suit et al.
1988). They were also able to correlate size and grade with
prognosis. For patients with grade 2 or 3 sarcomas, there
was an increase in the frequency of distant metastases with
size of the primary lesion; 6 % at less than or equal to
2.5 cm, 60 % at 15–20 cm, and 80 % at greater than 20 cm.

3.3 Anatomic Location

Anatomic site is also an important determinate of outcome.
Patients with retroperitoneal, head and neck, and visceral
sarcomas have an inferior overall prognosis compared with
patients with extremity tumors. These were the findings by
researchers at The Princess Margaret Hospital (PMH) where
the cases of 389 patients with STS where reviewed (Levay
et al. 1993). Extremity lesions fared more favorably com-
pared to head and neck and torso lesions (p = 0.02) with
respect to survival. Extremity and torso lesions had signif-
icantly better local control (p \ 0.0001) than in the head
and neck region where local failure was a common cause of
death.

Investigators at MDACC also found site of disease to be
a determinate of outcome (Pisters et al. 1996). Overall local
control rates for STS of the extremity and superficial trunk,
combined were 85 and 81 % at 5 years and 15 years,
respectively, and were significantly superior to those for
STS of the head and neck and the deep trunk (68 and 64 %,
respectively). Interestingly, these findings could not be fully
explained by margin status alone.

3.4 Lymph Node Status

Regional lymph node metastases (RLNM) are infrequently
seen in patients with STS’s; on the order of 5 % (Mazeron
and Suit 1987). There are, however, certain histologic
subtypes with a greater propensity for nodal spread,
remembered as the SCARE histologies (synovial, clear cell,

Table 1 AJCC TNM classification of soft tissue sarcoma and stage
grouping

Stage Description

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1a Superficial tumor B5 cm in greatest dimension

T1b Deepa tumor B5 cm in greatest dimension

T2a Superficiala tumor [5 cm in greatest dimension

T2b Deepa tumor [5 cm in greatest dimension

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

Grade (G)

GX Primary tumor cannot be assessed

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly or undifferentiated
a Superficial tumor is located exclusively above the superficial fascia
without invasion of the fascia; deep tumor is located either exclusively
beneath the superficial fascia, superficial to the fascia with invasion of
or through the fascia, or both superficial yet beneath the fascia
Source Edge et al. (2009)

Table 2 Stage grouping of STS

Group Stage (group)

T N M G

IA 1a plus 1b 0 0 1

IB 2a plus 2b 0 0 1

IIA 1a plus 1b 0 0 2 or 3

IIB 2a plus 2b 0 0 2

III 2a plus 2b 0 0 3

Any T 1 0 Any G

IV Any T Any N 1 Any G

Source Edge et al. (2009)
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angiosarcoma, rhabdosarcoma, epithelioid). The prognostic
significance of RLNM has been debated (Fong et al. 1993).

Investigators at the Royal Marsden Hospital, U.K.,
studied the significance of RLNM’s in sarcoma patients
entered in their prospective database (Behranwala et al.
2004). A total of 73 (3.4 %) of 2,127 patients had RLNM.
The 1-year survival for patients with isolated RLNM was
77 %, compared with 36 % for patients who presented with
RLNM and distant metastasis (p = 0.005). The 1-year
survival for metachronous and synchronous RLNM was 94
and 68 % respectively (p = 0.05).

The MSKCC group published a similar analysis from
their prospective database (Fong et al. 1993). From the
1,772 sarcoma patients evaluated, 46 (2.6 %) were identi-
fied with lymph node metastasis. Median follow-up of all
patients from diagnosis of lymph node metastasis was
12.9 months. Median survival for non-survivors was
12.7 months. Thirty-one patients underwent radical, thera-
peutic lymphadenectomy with curative intent, whereas 15
patients had less than curative procedures, in most cases
biopsy only. Patients not treated with radical lymphade-
nectomy had a median survival of 4.3 months, whereas
radical lymphadenectomy was associated with a 16.3 month
median survival and the only long-term survivors (46 % 5-
year survival by Kaplan–Meier). The authors conclude that
radical lymphadenectomy is appropriate treatment for iso-
lated metastasis to regional lymph nodes and may provide
long-term survival.

3.5 Age

It has long been postulated that older patients with STS
have inferior outcomes because they present with larger,
higher grade tumors, and tend to receive definitive surgery,
chemotherapy, and RT less often (Farshadpour et al. 2005).
However, at least some data suggest that older patients have
higher rates of local recurrence and distant metastases not
entirely accounted for by worse tumor characteristics at
presentation or less aggressive treatment (Biau et al. 2011).
In future sections, we will see that increasing age is a
negative prognosticator for outcome.

3.6 Histologic Subtype

In a review of their prospective database, the MSKCC
group found that patients with histologic subtypes fibro-
sarcoma and malignant peripheral-nerve tumor (MPNST)
were at higher risk for local recurrence. Worse tumor-
related survival was seen in patients with leiomyosarcoma
(LMS) and MPNST (Pisters et al. 1996). Other investigators
have found the subtype angiosarcoma to be associated with
inferior survival, as well (Canter et al. 2010).

3.7 Depth of Invasion

In the most recent 2010 7th edition of the AJCC Staging
Manual, superficial and deep tumors of equal size are now
included in the same stage, eliminating the risk stratification
for tumor depth seen in previous editions. This change is
controversial, given the fact that numerous studies have
revealed depth of invasion to be a risk factor for outcome
(Pisters et al. 1996).

3.8 Margin Status

Given that surgical resection of the primary tumor is the
mainstay of treatment for STS’s, the significance of margin
status is an area of active clinical investigation. This topic is
worthy of an in-depth discussion, which will take place in
the next section on local control.

3.9 Nomogram for Sarcoma-Specific Death

In 2002, investigators at MSKCC published a post-opera-
tive nomogram they developed to predict the probability of
12-year sarcoma-specific death (Kattan 2002). Variables for
the nomogram were identified from the cases of over 2,000
patients prospectively followed in their adult STS database.
All patients were treated with surgical resection. Some
patients received chemotherapy or radiation therapy. The
variables considered for the basis of the nomogram were
age at diagnosis, tumor size (B5, 5–10, or [10 cm), histo-
logic grade (high or low), histologic subtype (fibrosarcoma,
leiomyosarcoma, liposarcoma, malignant fibrous histiocy-
toma, malignant peripheral nerve tumor, synovial, or other),
depth (superficial or deep), and site (upper extremity, lower
extremity, visceral, thoracic or trunk, retro intraabdominal,
or head or neck).

Three nomogram development approaches were com-
pared. With the first approach, Kaplan–Meier curves were
plotted for all possible strata combinations. The second
method utilized recursive partitioning. Because of limita-
tions identified with these approaches, a third approach,
Cox regression was explored. The advantage of this tech-
nique, according to the authors, is that all patients in the
data set are potentially considered for each prediction.

The median follow-up overall, and for those patients still
alive was 3.2 and 4 years, respectively (maximum follow
up of 18 years). The 5- and 10-year disease-specific death
probabilities were 25 and 35 %, respectively. The time
interval of 12-year disease-specific death was chosen based
on the maturity of the data (number of patients at risk). This
appeared to be the most distant time point with many
patients at risk (n = 176). The three modeling approaches
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were compared for their ability to reliably predict disease-
specific death at 12 years. The bootstrap-corrected concor-
dance indices (CI) were as follows: Kaplan–Meier, 0.69;
recursive partitioning, 0.74; and Cox regression, 0.77.

Because the Cox regression model seemed to predict dis-
ease-specific death most accurately, it was the basis for the
prognostic nomogram. Each variable in the Cox model was
associated with sarcoma-specific survival (p B 0.01). The
nomogram predicts the probability that the patient will die of
sarcoma within 12 years of his initial surgery, assuming he or
she does not die of another cause first (Fig. 1).

Not only can the nomogram assist in decision-making
regarding the use of adjuvant therapy and enrollment on
clinical trial, it can also be employed when formulating a
follow-up schedule. Those patients with lower risk disease
may require less stringent surveillance. Reducing the
number of follow ups and procedures may reduce stress
levels for patients and health care costs for society. In their
discussion, the authors note the inherent difficulty in
studying one predictive variable at a time. In fact, moving a
patient on one axis of the nomogram may also move him on
another axis as well. Changing one variable, while holding
the other constant may not be realistic and requires caution
by the interpreter. The authors emphasize that the nomo-
gram is not perfectly accurate, with an 8 % margin of error,
on average. They indicate that better accuracy might be
achieved with longer follow up, the addition of more
patients, and the inclusion of novel predictive factors.

Investigators at UCLA applied the MSKCC nomogram to
their own patient cohort in an attempt to validate predictive
accuracy (Eilber et al. 2004). A population of 929 patients
treated for primary STS at UCLA was used for the validation
study. With median follow-up intervals of 48 months for all
patients and 60 months for surviving patients, the 5- and 10-
year disease-specific survival rates were 77 and 71 %,
respectively. Application of the nomogram to the UCLA
data set yielded a concordance index of 0.76.

It should be noted that the MSKCC nomogram was
constructed using a binary tumor grading system (high
grade, vs. low grade). Pathologic specimens at UCLA,
however, are graded according to a three tier system. So in
the current study, investigators entered patients with inter-
mediate-grade disease into the nomogram twice—once as
patients with low-grade disease, and then as patients with
high-grade disease. For each patient, the two resulting
predictions were averaged to obtain an ‘intermediate’ value.
The implications of this methodology are unclear.

3.10 Retroperitoneal Sarcoma

Approximately 10–15 % of all STS’s arise in the peritoneum
(Mendenhall et al. 2005). Because the retroperitoneum can

often accommodate large tumors without symptoms, tumors
tend to be large. In addition to tumor size, invasion into
nearby structures makes complete resection difficult.
Approximately 10–20 % of patients are found to have dis-
tant metastases on initial presentation (Stoeckle et al. 2001).
Approximately two-thirds of tumors are either liposarcomas
(LS) or leiomyosarcomas, with the remaining tumors dis-
tributed among a large variety of histologic subtypes (Lewis
et al. 1998). Retroperitoneal liposarcomas are further clas-
sified into well-differentiated, dedifferentiated, and myxoid/
round cell subtypes (Singer et al. 2003).

MSKCC published the largest series for retroperitoneal
sarcoma (Lewis et al. 1998). Five hundred patients with
retroperitoneal STS were treated and followed prospec-
tively. Patient, tumor, and treatment variables were corre-
lated with survival endpoints. The median age of patients
was 58 years. Two hundred fourteen patients (43 %) were
women and 286 (57 %) were men. The median follow-up
was 22 months overall (40 months for survivors). Median
survival was 72 months for those with primary disease,
28 months for those with local recurrence, and 10 months
for those with metastasis. Most tumors (n = 319, 64 %)
were high grade, and most (n = 301, 60 %) were [10 cm.
The most common histologic subtype was liposarcoma
(n = 206, 41 %), followed by leiomyosarcoma (n = 133,
27 %).

The analysis of local recurrence-free survival was con-
fined to the 231 patients who presented to MSKCC with
primary disease and then underwent resection. Local
recurrence-free survival was 81 % at 2 years and 59 % at
5 years. Factors predictive for local recurrence included
high histologic grade (p = 0.01) and liposarcoma histologic
subtype (p = 0.01). Median survival after local recurrence
was 28 months. Of the 61 patients in whom a first local
recurrence developed, 35 (57 %) underwent complete
resection. In the remaining 26 patients, there was residual
gross disease after resection or their disease was unresec-
table. Complete resection was a significant variable pre-
dicting survival after local recurrence. The resection rate
decreased after each subsequent local recurrence. After the
second local recurrence the resection rate was 22 %, and
after the third local recurrence it was 10 %.

Metastasis-free survival was 88 % at 2 years and 79 %
at 5 years. Sites of metastasis included lung in 14
patients, liver in 10 patients, and lung and liver in four
patients. Factors predictive for metastasis include high
histologic grade (p = 0.01) and positive gross and
microscopic margins of resection (p = 0.01). Median
survival after metastasis was 13 months. On both uni-
variate and multivariate analysis, unresectable disease
(p = 0.001), incomplete resection (p = 0.001), and high
histologic grade (p = 0.001) were predictive of disease-
specific death.
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For the group of patients where complete resection was
achieved with gross negative margins (n = 185), median
survival was 103 months. In contrast, the median survival in
patients (n = 46) undergoing incomplete resection was
18 months. There was no significant difference in survival
between patients whose disease was unresectable and those
who underwent incomplete resection (p = 0.4). Patients
with high-grade tumors had a median survival of
33 months, versus 149 months for those with low-grade
tumors. The survival of patients with tumors [10 cm was
consistently lower than those with smaller ones.

The MSKCC group carried out an additional analysis of
177 patients with primary retroperitoneal liposarcomas
undergoing resection with curative intent (Singer et al.
2003). Breakdown of the histologic subtypes for the patients
evaluated was as follows: 99 (56 %) with well-differentiated,
65 (37 %) with dedifferentiated, nine (5 %) with myxoid,
and four (2 %) with round cell morphology. Multivariate
analysis showed that dedifferentiated liposarcoma subtype
was associated with a sixfold increased risk of death com-
pared with well-differentiated histology (p \ 0.0001). Ret-
roperitoneal dedifferentiated liposarcoma was associated
with an 83 % local recurrence rate and 30 % distant recur-
rence rate at 3 years. Incomplete resection (p \ 0.0001),
contiguous organ resection (excluding nephrectomy;

p = 0.05), and age (p = 0.03) were also important inde-
pendent prognostic factors for survival in retroperitoneal
liposarcoma.

The MSKCC group also published a subtype-specific
nomogram for patients with primary liposarcoma of the
retroperitoneum extremity, or trunk (Dalal et al. 2006). Like
the general postoperative sarcoma (GPS) nomogram dis-
cussed above, this one was developed using a Cox regres-
sion model. The independent predictors of disease-specific
survival (DSS) were age, presentation status, histologic
variant, primary site, tumor burden, and gross margin status.
When DSS was stratified by primary site, patients with
retroperitoneal tumors had a significantly inferior 12-year
DSS, compared to tumors in other locations (upper
extremity, 87 %; lower extremity, 82 %; truncal, 77 %).
For those with LS of the retroperitoneum, the lowest DSS
was seen in patients requiring resection of one or more
contiguous organs (DSS of 32 %). While patients with
retroperitoneal tumors not requiring contiguous organ
resection had a 12-year DSS of 53 % (p = 0.0008). DSS
was not significantly different between patients with
microscopically negative and microscopically positive
margins, suggesting that even patients in whom the sampled
margins were histologically negative likely had tumor cells
at the margins of resection if all margins could be

Fig. 1 Postoperative nomogram
for 12-year sarcoma-specific
death based on 2,163 patients
treated at Memorial Sloan-
Kettering Cancer Center.
Abbreviations: Fibro indicates
fibrosarcoma; Lipo, liposarcoma;
Leiomyo, leiomyosarcoma;
MFH, malignant fibrous
histiocytoma; MPNT, malignant
peripheral-nerve tumor; GR,
grade; SSD, sarcoma-specific
death. Kattan (2002)
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histologically assessed with accuracy (12-year DSS of 74
and 68 %, respectively). Patients with grossly positive
margins, however, fared worse (12-year DSS of 25 %;
p \ 0.0001). On multivariate analysis, independent predic-
tors of DSS for the entire cohort (all tumor locations) were
age (p = 0.008), presentation status (biopsy, no prior
treatment, prior excision) (p = 0.004), primary site
(p = 0.0008), histologic variant (p \ 0.0001), tumor bur-
den (p = 0.0001), and gross margin status (p \ 0.0001).

Recall, that when the dataset was applied to the previ-
ously established GPS nomogram, the bootstrapping con-
cordance index was 0.776. With the liposarcoma-specific
nomogram (Fig. 2), the CI was 0.827. The authors attrib-
uted this improved predictive ability to several factors.
First, in the LS nomogram, tumor burden was modeled as a
continuous variable, as opposed to the three discrete cate-
gorical variables (less than 5, 5–10 cm, greater than 10 cm)
used in the GPS nomogram. Second, in the LS model, tumor
grade was determined by histologic subtype. Well-differ-
entiated and myxoid LS subtypes were classified as low-
grade; dedifferentiated, round cell, and pleomorphic LS
subtypes were considered to be high grade. Revealed in the
analysis, and displayed in the nomogram, is that myxoid LS
has a worse prognosis than well-differentiated LS even
though both are considered low grade. For high grade LS,
the magnitude of worsening prognosis increases as subtype
changes from dedifferentiated to round cell to pleomorphic.
A third factor thought to be responsible for the improved
predictive accuracy in the LS model, is that retroperitoneal
LS’s were separated according to if contiguous organs were
resected. As previously mentioned, patients undergoing
these more extensive surgeries tended to fare worse. The
inclusion of presentation status was also discussed. Patients
with primary liposarcoma who presented with a previous
resection/excisional biopsy had a significantly improved
DSS. The authors suggested that this reflected a selection
bias in that patients who underwent marginal resection due
to technical reasons prior to referral to MSKCC were easier
to remove completely; thus, reexcision may have been
associated with a more favorable prognosis than those
patients treated with core/incisional biopsy or referred
without prior biopsy. Thus, inclusion of this variable
potentially improved the concordance index of the model.

4 Local Control

4.1 Introduction

When the MDACC group analyzed their prospective data-
base for influences on local control, seven factors were
identified (Zagars et al. 2003a, b). In order of decreasing
significance (favorable feature first), the factors were: final

resection margin (negative vs. uncertain/positive), tumor
location (extremity/superficial trunk vs. head and neck/deep
trunk), presentation (primary vs. locally recurrent), patient
age (B64 years vs. [64 years), histopathology (all others
vs. MFH/neurogenic/epithelioid), tumor size (B10 cm vs.
[10 cm), and tumor grade (low and intermediate vs. high).

When investigators at the University of Michigan
reviewed their experience in treating STS of the extremity,
local control was one of the areas examined (Sabolch et al.
2012). Twenty-five patients (13 %) experienced local
recurrence of their disease. The 5-year actuarial estimate for
local failure-free survival was 83.7 %. On multivariate
analysis, it was found that patients with intermediate/high-
grade tumors were 5.6 times more likely to fail locally than
patients with low-grade tumors (p = 0.023). Patients with
multifocally positive surgical margins were nearly 4.3 times
more likely to fail locally than patients with negative, close,
or focally positive surgical margins (p = 0.026).

4.2 Surgical Margins

In an attempt to better understand the significance of
resection margin status, the MSKCC group reviewed the
cases of over 2,000 patients treated with surgical resection
for localized STS (Stojadinovic et al. 2002). After primary
resection, 1,624 (78 %) patients had negative and 460
(22 %) had positive resection margins. The risk of local
recurrence (LR) with a negative margin was 15 %; the risk
with a microscopically positive margin was 28 %
(p \ 0.001). Even with a positive margin, however, 72 % of
patients did not have local recurrence.

Additionally, having a positive margin increased the risk
of distant recurrence (27 % vs. 23 %, p \ 0.001) and dis-
ease-related death (29 % vs. 18 %, p \ 0.001). Resection
margin did not predict local control for retroperitoneal
sarcomas or fibrosarcomas. Because nearly three quarters of
the patients with positive margins did not experience a LR,
the authors urged clinical judgment when considering
adjuvant therapy.

4.3 Local Recurrence and Survival

While the MSKCC group found local recurrence to be
correlated with decreased survival, others investigators
were not able to draw similar conclusions. Rosenberg et al.
(1982) prospectively randomized patients with extremity
soft tissue sarcomas and compared amputation with limb-
sparing surgery and radiation. There was a 20 % rate of
local recurrence in the limb salvage group and none in the
amputation group. There was, however, no difference in
overall survival, although the small number of patients in
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the study likely reduced the power of the study to detect a
difference.

Investigators at the Mayo Clinic explored the impact of
microscopic margins on local recurrence, metastasis, and
overall survival in 248 of their patients with intermediate- to
high-grade STS of the extremity (Novais et al. 2010). The
5-year cumulative incidence of local recurrence was 4.1 %.
Patients who presented with positive margins or a margin of
2 mm or less had a worse survival than patients who had
margins of greater than 2 mm, or wide margins (5-year
survival, 47 % vs. 70 and 72 %).

4.4 Local Recurrence Nomogram

In 2012, investigators at MSKCC published a nomogram
based on clinicopathologic factors to quantify the risk of
local recurrence after limb-sparing surgery without adjuvant
radiation (Cahlon et al. 2012). The nomogram was based on
data from 684 patients identified in the prospective database
who did not receive adjuvant radiation therapy or chemo-
therapy. Age, sex, grade, depth, size, site, margin status and
histology were analyzed for prognostic significance with
respect to local recurrence rates. Variables which were
significant in univariate analysis at the 0.05 level were
entered into a multivariate competing risk regression model.
On the basis of the multivariate analysis, a nomogram for
predicting the 3- and 5-year risk of local recurrence was
developed (Fig. 3). A concordance index was then calcu-
lated to evaluate the discriminatory power of the prognostic
model.

With a median follow up of 58 months, a total of 92
patients developed a LR. The 3-, 5-, and 10-year actuarial

risk of LR was 11, 13, and 19 %, respectively. On univariate
analysis, age [50, size [5 cm, positive/close margin, high
grade, and histology other than well-differentiated liposar-
coma or atypical lipomatous tumor were all associated with
increased risk of LR. Sex, depth and site did not affect the
rate of LR. In multivariate analysis, age (p = 0.02), size
(p = 0.05), margin status (p \ 0.01), histology (p = 0.01),
and grade (p \ 0.01) all remained independent prognostic
factors for LR. The 5-year rate of LR for AJCC stage 1, 2,
and 3 was 8, 15, and 21 %, respectively (p \ 0.001). The
authors claim that the predictive power of the nomogram
was actually better than the 2002 AJCC Staging Manual in
determining the rate of LR. The CI for the nomogram was
0.74 compared to 0.61 for the AJCC staging system. One
cautionary note is that patients who were included in this
study are likely to be a lower risk group of patients than an
unselected population of soft tissue sarcoma patients, as
none of the patients in their study population received either
adjuvant radiation or chemotherapy.

5 Adjuvant Therapy

5.1 Introduction

A hallmark study in the era of limb preservation for
definitive treatment of STS was performed by Rosenberg
and colleagues at the NCI (Rosenberg et al. 1982). In this
seminal study, 43 adult patients with high-grade soft tissue
sarcomas of the extremities were prospectively randomized
to receive either amputation at or above the joint proximal
to the tumor, or to receive a limb-sparing resection
plus adjuvant radiation therapy. There were four local

Fig. 2 Nomogram for predicting
5- and 12-year liposarcoma-
specific survival probabilities.
Dalal et al. (2006)
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recurrences in the limb-sparing group and none in the
amputation group (p = 0.06). No differences were observed
in regards to disease-free survival rates (71 and 78 % at
5 years; p = 0.75) or overall survival rates (83 and 88 % at
5 years; p = 0.99) between the limb-sparing group and the
amputation treatment group.

Multivariate analysis indicated that the only correlate of
local recurrence was the final margin of resection. Patients
with positive margins of resection had a higher likelihood of
local recurrence compared with those with negative margins
(p \ 0.0001) even when postoperative radiotherapy was
used. With the results of this study known, definitive ther-
apy for extremity STS shifted away from amputation and
towards resection and adjuvant radiation therapy.

5.2 Radiation Therapy and Positive Margins

We previously discussed the significance of surgical
margin status in regards to local control and survival.
While the goal of any surgical resection is to achieve
negative margins, this is not always achieved. Such a

scenario is especially concerning when the tumor is of a
high grade. Investigators at MSKCC explored the role of
adjuvant radiation therapy for patients with high grade soft
tissue sarcomas and positive margins (Alektiar et al.
2000).

A total of 110 adult patients with primary high-grade soft
tissue sarcoma of the extremity that underwent limb-sparing
surgery at MSKCC were found to have histologically
positive microscopic surgical margins. Ninety-one (83 %)
patients received adjuvant radiation (RT), while 19 (17 %)
patients did not. The time frame for the RT group was
1982–1997, and for the no RT group it was 1984–1995. The
radiation treatment consisted of brachytherapy alone in 34
(38 %) patients, external beam radiotherapy in 33 (36 %),
and a combination of both in 24 (26 %) patients. In patients
treated with brachytherapy alone, the median total dose was
45 Gy (range, 30–46 Gy) with a median dose rate of 10 Gy/
day (range, 6–14 Gy/day). In the patients treated with
external beam radiotherapy alone the median tumor dose
was 64 Gy (range, 28–70.2 Gy). The median follow-up
time for all 110 patients was 41 months (range, 3–186), but
84 months for those patients that were still alive.

Fig. 3 Nomogram to predict the
rate of local recurrence at 3 and
5 years. Cahlon et al. (2012)
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Twenty-six out of 110 patients (24 %) developed local
recurrence: 17/91 (19 %) in the RT group and 9/19 (47 %)
in the no RT group. Of the 26 patients who developed local
recurrence, 11/26 (42 %) were isolated local recurrences
and 15/26 (58 %) were associated with synchronous or
metachronous distant metastasis. The 5-year actuarial local
control for the whole group was 71 %. The 5-year actuarial
local control in patients who received adjuvant RT was
74 % compared to 56 % in those who did not receive
adjuvant RT (p = 0.01). When local control was analyzed
according to the type of adjuvant RT received, differences
were not significant.

Tumor site and location were also found to be significant
predictors of local control. The 5-year local control rate for
patients with lower extremity site was 78 % compared to
52 % for upper extremity (p = 0.03). A proximal location
of the tumor also yielded a superior 5-year local control
than distal location (78 % vs. 62 %, p = 0.03). Local
control was also analyzed according to whether sarcoma
cells were present at the inked margins of resection or
within less than 1 mm. The 5-year local control rate was
71 % in patients who presented with sarcoma cells at the
inked margin compared to 72 % in those with a close
margin (p = 0.6). On multivariate analysis, only proximal
location (p = 0.003) and the use of adjuvant radiation
(p = 0.01) maintained their significance as predictors of
improved local control.

The MGH group also published results on patients
treated with adjuvant radiation for positive margins (Dela-
ney et al. 2007). A retrospective chart review was per-
formed on 154 patients with STS at various anatomic sites
with positive margins. At 5 years, actuarial LC, DFS, and
OS rates were: 76, 46.7, and 65.2 %, respectively. LC was
highest with extremity lesions (p \ 0.01), radiation dose
[64 Gy (p \ 0.05), microscopically (vs. grossly visible)
positive margin (p = 0.03), and superficial lesions
(p = 0.05). Patients receiving [64 Gy had higher 5-year
LC, DFS, and OS rates of 85, 52.1, and 67.8 % versus 66.1,
41.8, and 62.9 % if B64 Gy. OS was worse in patients with
intermediate and high grade tumors with local failure
(p \ 0.001). Other known prognostic factors, including
grade, stage, size, and age ([50), also influenced OS. By
multivariate analysis, the best predictors of LC were site
(extremity vs. other) and dose ([64 vs. B64 Gy); the best
predictors for OS were size, gross versus microscopic
positive margin, and local failure.

5.3 Toxicity

5.3.1 Timing of Radiotherapy
Another landmark study in the evolution of limb-preserva-
tion therapy in the treatment of soft tissue sarcoma comes

from Canada. In 2002, O’Sullivan et al. published their
results of a prospective study, randomizing patients with
extremity STS to receive either preoperative or postopera-
tive radiotherapy (O’Sullivan et al. 2002). A total of 190
patients underwent randomization. Preoperative patients
received 50 Gy in 25 fractions, while those in the post-op
group were assigned to receive 66 Gy in 33 fractions.
Fourteen patients in the pre-op group also received a post-
operative dose of 16–20 Gy for positive margins. The pri-
mary endpoint was rate of wound complications within
120 days of surgery. Complications were defined as sec-
ondary wound surgery, hospital admission for wound care,
or the need for deep packing or prolonged wound dressings
within 120 days of tumor resection. Secondary endpoints
were assessed in all eligible patients, and included local
control, metastatic failure, progression-free survival, and
overall survival.

The study was terminated when a highly significant
result was obtained at the time of a planned interim anal-
ysis. With a median follow-up of 3.3 years, acute wound
complications were significantly more common with pre-
operative treatment (35 vs. 17 %). Other factors associated
with acute wound complications were the volume of
resected tissue and lower limb location of the tumor.
Because the post-operative RT fields were larger, and the
dose delivered was higher, the investigators indicated that
more follow-up would be needed to assess whether these
variables would lead to more late treatment effects in these
patients. With a median follow-up of 6.9 years, LR rate,
regional or distant failure rate, and progression-free sur-
vival, was not significantly different between the two
treatment arms (O’Sullivan et al. 2004). There was, how-
ever, a significant difference between the two groups in
terms of late toxicity (Davis et al. 2005). The postoperative
RT patients had greater 5-year actuarial rates of grade 2 to
grade 4 late toxicity (86 %) when compared with the pre-
operative patients (68 %) (p = 0.0002). Subcutaneous
toxicity rated as grade 3 (severe induration and loss of
subcutaneous tissue or field contracture greater than 10 %
linear measurement) or grade 4 (necrosis) was significantly
more common in the postoperative group, 36 % vs. 23 %
(p = 0.02).

To summarize, a higher rate of generally reversible acute
wound healing complications occurred in patients receiving
preoperative treatment, which was offset by a higher rate of
generally irreversible late complications, including grades 3
and 4 fibrosis, in patients receiving postoperative RT. The
authors concluded that for most patients, preoperative RT is
favored given that acute wound complications can usually
be managed and go on to heal, whereas the late treatment
effects are usually permanent. Because no significant
difference in the rate of wound healing complications was
seen for upper extremity tumors, where wound healing
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complications were uncommon in either group, patients
who are expected to require adjuvant radiotherapy for upper
extremity lesions should generally receive preoperative
radiation, with postoperative radiation reserved for patients
with small, superficial lesions in whom there was an initial
expectation that resection alone might be adequate treat-
ment but for whom the final resection margins were close or
positive.

5.3.2 Radiation and Bone Fracture
One of the most serious long-term complications associated
with radiation and limb salvage surgery is bone fracture.
Rates of fracture are generally around 10 %, up to 20 % for
patients with known risk factors (Holt et al. 2005). Studies
have indicated that both pre- and postoperative radiation
can lead to lengthy delays in fracture union beyond
12 months or may prevent osseous union from occurring
altogether. Most patients require multiple surgeries to rec-
tify these fractures, consequently increasing their risk of a
deep infection. If nonunion persists, total endoprosthetic
replacement or amputation may be required (Lin et al.
1998).

Investigators at Princess Margaret Hospital examined the
relationship between tumor location, bone dose, and irra-
diated bone length on the development of radiation-induced
fractures in the lower extremity (Dickie et al. 2009). A total
of 21 patients with fractures were identified and matched
based on tumor size and location, age, beam arrangement,
and mean total cumulative RT dose to a sample of 53 non-
fracture patients and compared for fracture risk factors.
Mean dose to bone, RT field size (FS), maximum dose to
bone, and volume of bone irradiated to C40 Gy (V40) were
compared.

For fracture patients, mean dose to bone was 45 Gy
(mean dose at fracture site 59 Gy), mean FS was 37 cm,
maximum dose was 64 Gy, and V40 was 76 %, compared
with 37 Gy, 32 cm, 59 Gy, and 64 % for non-fracture
patients. Differences in mean, maximum dose, and V40
were statistically significant (p = 0.01, p = 0.02,
p = 0.01). Leg fractures were more common above the
knee joint. The authors concluded that the risk of radiation-
induced fracture appears to be reduced if V40 \ 64 %.
Furthermore, fracture incidence is lower when the mean
dose to bone is \37 Gy or maximum dose anywhere along
the length of bone is \59 Gy.

Other investigators have linked periosteal stripping to
increased fracture risk. The Southern California Kaiser
Permanente group analyzed data from their patients who
suffered pathologic fractures after undergoing surgery and
radiation for treatment of STS (Helmstedter et al. 2001).
The fractures occurred at a mean of 40.5 months after
treatment. Risk factors associated with the development
of fracture included tumor location within the anterior

compartment of the thigh, extensive surgical periosteal
stripping, and a marginal or intralesional margin of resec-
tion. The authors concluded that prophylactic intramedul-
lary fixation of the femur should be considered for patients
undergoing resection of large tumors in the anterior com-
partment of the thigh requiring extensive periosteal strip-
ping and adjuvant radiation therapy.

5.3.3 Intensity Modulated Photon Radiation
Therapy

Growing experience suggests that IMRT plans produce dose
distributions for patients that are superior to 3-D conformal
plans, both in terms of dose conformity around the tumor
and dose reduction to the specified critical normal struc-
tures, albeit at the cost of irradiating a larger volume of
normal tissue with a low-to-moderate dose. In one treatment
planning study, IMRT was compared to 3D conformal
radiation for treatment of a large extraskeletal chondrosar-
coma of the leg (Chan et al. 2001). The IMRT plan pro-
duced a superior dose distribution to the patient as
compared to the 3D conformal plan both in terms of dose
conformity and homogeneity in the target volumes, and
reduction of the maximum dose to the bone. Hong and
colleagues performed treatment-planning comparisons of
IMRT and 3-D conformal RT for 10 patients with STS of
the thigh (Hong et al. 2004). They were able to document a
reduction in femur dose without compromise in tumor
coverage. In addition, IMRT reduced dose inhomogeneity
(i.e., hot spots) in the surrounding soft tissues and skin.

5.3.4 Proton Beam Radiation Therapy
As mentioned in the last section, IMRT is able to deliver a
highly conformal dose to tumor volumes only by exposing
more normal tissue to low-to-moderate doses of radiation.
This may be a concern for younger patients who may be at
higher risk for a radiation-induced malignancy over the
course of their lifetime. The integral dose with IMRT and
3D conformal radiotherapy are similar but the dose distri-
bution is different, with a larger volume of tissue receiving
low-moderate dose radiation with IMRT, and the machines
requiring higher monitor units increasing the total body
exposure, due to leakage radiation with IMRT, both factors
expected to increase the risk of secondary, radiation asso-
ciated cancers. Protons (or other charged particles) may
offer up to a 60 % reduction in integral radiation dose to
normal tissue, versus photon therapy. Although protons
have been extensively used for sarcomas of the skull base
and spine/paraspinal tissues, there may be opportunities to
use protons with significant sparing of normal tissues in
some patients with extremity STS.

Large, medial proximal thigh lesions can be effectively
treated with sparing of the femur, hip joint, genitalia, and
anorectal tissue (Fig. 4). Lesions around the shoulder can be
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treated without irradiating the lung apex or shoulder joint.
With the recent completion of proton beam facilities at
major sarcoma centers in the United States (Massachusetts
General Hospital, MD Anderson Cancer Center, University

of Florida, and University of Pennsylvania) and Europe
(Paul Scherrer Institute in Switzerland and Institute Curie in
France as well as other centers in France, Italy, Sweden, and
Germany), it is anticipated that a larger proportion of STS
patients will be treated with protons, particularly younger
patients with large tumors.

5.4 Patients not Requiring Adjuvant
Radiation

Because of potential acute and late morbidity from RT, it is
important to select patients who may be effectively treated
with surgery alone. Several published series have evaluated
wide-excision limb-sparing surgery alone. In one study
(Rydholm et al. 1991), 70 patients with subcutaneous and
intramuscular STS of the extremity were treated by local
surgery alone. With a median follow-up of 5 years (range,
3.5–10 years), only four had an LR, despite 84 % having
had high-grade tumors. The investigators concluded that
postoperative RT may not be necessary in this subgroup.

A similar study at the MD Anderson Cancer Center
evaluated LC for T1 tumors after excision alone with neg-
ative margins (Pisters et al. 2007). Wide local excision was
performed with the intent of including a 1-cm–2-cm margin
of normal tissue around the mass. Negative surgical margins
were achieved in 84 % of the 88 enrolled patients; the
remaining 16 % with microscopically positive margins
received postoperative RT. In those with excision alone, the
5-year LR rate was 7.9 %, and the 5-year sarcoma-specific
death rate was 3.2 %. This approach may be appropriate for
carefully selected patients with small (\5 cm) superficial
tumors or small deep tumors that can be resected with all
margins greater than or equal to 1 cm (or less if the surgeon
is able to resect an intervening fascial barrier.

5.5 Response to Therapy

Previously discussed, was the rationale for using pre-oper-
ative radiation therapy in regards to minimizing the long-
term morbidity of treatment. Another possible benefit to a
neoadjuvant approach is the ability to assess pathologically
the response to therapy. This was the basis of an investi-
gation by researchers at UC Davis Cancer Center (Shah
et al. 2012). A total of 30 adult patients with localized
intermediate- or high-grade primary STS, treated with
neoadjuvant external beam RT followed by resection with
curative intent were identified for study. Neoadjuvant RT
was administered in 2-Gy/day fractions over 25 sessions for
a total dose of 50 Gy. Resection was performed 4–6 weeks
after completion of RT. There were 22 (73 %) STS of the
extremities, seven (23 %) of the retroperitoneum, and one

Fig. 4 Proton radiation dose distribution—a axial, b coronal, c sag-
ittal—for a patient with a radiation-associated malignant peripheral
nerve sheath tumor arising in the setting of prior RT 18 years earlier
for Ewing sarcoma of the femur, metastatic at diagnosis. As it was
expected to be difficult to achieve wide margins, preoperative radiation
was recommended. Preoperative protons were used to reduce the
radiation dose to the normal tissues in the thigh. (Courtesy of Judy
Adams, CMD, Massachusetts General Hospital, Boston, MA.)
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(3 %) of the trunk. The median tumor size was 8.5 (range
3–35) cm. The majority of tumors were high-grade (87 %)
and located deep to the enveloping fascia (97 %). Malignant
fibrous histiocytoma/pleomorphic sarcoma (37 %), leio-
myosarcoma (20 %), and myxoid/round cell liposarcoma
(20 %) comprised the most common histological subtypes.

The median pathological percentage of tumor necrosis
for all tumors following neoadjuvant RT was 35 % (range
5–100 %). Eight tumors (27 %) demonstrated greater than
80 % tumor necrosis, and three tumors (10 %) demon-
strated pathCR (C95 % necrosis). The three tumors
demonstrating pathCR included an 11-cm high-grade
undifferentiated pleomorphic sarcoma of the upper
extremity, a 9-cm myxoid/round cell liposarcoma of the
lower extremity, and a 7-cm extraskeletal myxoid chon-
drosarcoma of the upper extremity. With a median follow-
up of 40 months, the 5-year LRFS, DRFS, and OS for the
entire cohort were 100, 61, and 69 %, respectively. There
were no local recurrences, and nine (30 %) patients had
distant recurrences. Among the nine patients with distant
recurrences, six (67 %) had STS of the extremities, two
patients (22 %) had a retroperitoneal STS, and one patient
(11 %) had a trunk sarcoma. Five out of the eight patients
(62.5 %) with distant recurrence died of their disease.

For the group of three patients (10 %) who exhibited
pathological tumor necrosis (pathCR), there were no local
recurrences, distant recurrences, or sarcoma deaths. Con-
versely, all distant recurrences and deaths occurred among
patients with less than pathCR. Patients with a pathCR
experienced a 3-year DRFS of 100 % compared to 63 % for
patients without pathCR (p = 0.28). Although this was not
a statistically significant difference, patients without pathCR
had a 37 % reduction in 3-year DRFS.

In their discussion, the authors point to the fact that the
10 % path CR rate is much lower than that found by other
investigators (29–58 %). The discrepancy, they suggest
may be due to the fact that chemotherapy was used in some
of these studies. Other investigators have achieved high
levels of pathologic necrosis using non-conventional frac-
tionation schedules (Willett et al. 1987). Even when a
pathCR is achieved, the clinical significance remains
unclear. For example, 100 % pathCR after chemoradiation
for gastric or rectal cancer does not translate into reduced
risk of distant or regional metastasis (Mansour and Schwarz
2009).

6 Relapse of Disease

Previously, we examined the prognostic factors for STS at
initial treatment. Few studies have explored variables
effecting patient survival for relapsed disease. Such a study

was undertaken at MDACC (Zagars et al. 2003a, b). A total
of 402 patients with relapsed disease were identified from
the prospective STS database. The initial pre-relapse treat-
ment in these patients was a combination of conservative
surgery and RT. At the time of the analysis, 328 patients
had died and 74 were still alive. The duration of follow-up
after relapse among the surviving patients ranged from 3.0
to 308 months (mean 8.7 years, median 6.8 years). The
major end point of this study was disease-specific survival
from the time of first relapse.

The time to development of the first relapse ranged from
1 day to 11.5 years (mean 21 months, median 12). The time
to relapse varied according to the site of relapse, being
shortest for nodal relapse (median time 8.1 months), longest
for local recurrence (median 18.7 months), and intermedi-
ate for distant metastasis (median 13.1 months). All initial
relapses were evident by 15 years. The most common site
of distance relapse was the lung (84 %), followed by the
bone, then liver. Because 94 % (309 of 328) of deaths were
due to sarcoma, the overall survival closely paralleled the
disease-specific survival. The single most significant
determinant of disease-specific survival by univariate and
multivariate analyses was the site of first relapse. For a first
relapse at the primary site alone—isolated local recur-
rence—the 5-, 10-, and 15-year disease-specific survival
rate was 48, 46, and 39 %, respectively. For a first relapse in
the regional nodes with or without local recurrence, but
without distant metastasis, the 5- and 10-year disease-spe-
cific survival rate was 27 and 20 %, respectively. For a first
relapse as distant metastasis with or without other relapse
sites, the 5-, 10-, and 15-year disease-specific survival rate
was 15, 9, and 8 %, respectively.

The data were analyzed for significant determinants of
disease-specific and overall survival for patients with a first
relapse as an isolated local recurrence. In multivariate
analysis, four individual factors significantly affected dis-
ease-specific survival; in order of decreasing significance
these were tumor site (extremity and superficial trunk vs.
head and neck and deep trunk; p \ 0.001); tumor grade
(low and intermediate vs. high; p = 0.007); time to recur-
rence ([12 vs. B12 months; p = 0.027); and initial tumor
size (B5 vs.[5 cm; p = 0.044). There was no evidence that
patient age or gender, tumor histologic type, or original
resection margin status independently affected the outcome
for patients presenting with isolated local recurrence as the
first manifestation of relapse.

The authors concluded that patients with localized STS
who sustain disease relapse after aggressive initial treatment
fare poorly, based in part on the dismal 22 month median
disease-specific and overall survival time for the entire
group. Having said this, they go on to highlight the fact that
the patients who developed isolated local recurrence as the
first manifestation of relapse fared much better than those
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presenting with an initial metastasis, whether nodal or dis-
tant. While this study shows that few patients with recurrent
STS’s of the head and neck or deep trunk are salvaged,
aggressive attempts for local control should be considered
for all individuals with relapsed disease.

7 Future Directions

French researchers developed a prognostic gene expression
signature based on 67 genes profiled in 183 sarcomas
(Chibon et al. 2010). With this genetic signature, it was
possible to accurately predict metastatic outcome in the
initial cohort, as well as in an external validation group.
Furthermore, this gene signature was superior to the Fédé-
ration Francaise des Centres de Lutte Contre le Cancer
grading system in determining metastatic outcome for sar-
coma patients.

As with other malignancies, our decision-making in the
treatment of soft tissue sarcomas will likely shift dramati-
cally in the near future as the fields of genetics and
molecular biology add to our understanding of tumorigen-
esis and allow for more accurate classification of subtypes.
This, in turn, will improve our prognostic abilities and make
clearer which patients require aggressive adjuvant therapy
or enrollment on an experimental trial.
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Abstract

Hodgkin and non-Hodgkin lymphoma represent a
diverse spectrum of distinct diseases that arise from the
lymphoid system. Lymphomas are characterized by
significant biological diversity, heterogeneous presenta-
tions, distinct treatment approaches, and ever-changing
classification schemes. Prognostic scoring systems have
been developed for the most common subtypes using
standard clinical and pathological factors. These scoring
systems are commonly utilized in clinical practice to
guide treatment and assess prognosis. More refined
methods of understanding the underlying biology, such
as gene expression profiling, are currently being
explored. Response to treatment by radiological imaging,
particularly positron emission tomography, is instrumen-
tal in clinical practice and also has significant prognostic
significance.

Abbreviations

HL Hodgkin lymphoma
NHL Non-Hodgkin lymphoma
NLPHL Nodular lymphocyte predominant Hodgkin

lymphoma
GHSG German Hodgkin Study Group
ABVD Doxorubicine, bleomycin, vinblastine,
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BEACOPP Bleomycin, etoposide, doxorubicin, cyclo-

phosphamide, vincristine, procarbazine,
prednisone

DLBCL Diffuse large B-cell lymphoma
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FL Follicular lymphoma
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ALCL Anaplastic large cell lymphoma
MALT Mucosa associated lymphoid tissue
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PCNSL Primary central nervous system lymphoma
MF Mycosis fungoides
WBRT Whole brain radiation therapy
LDH Lactate dehydrogenase

1 Introduction

Hodgkin lymphoma (HL) and non-Hodgkin lymphoma
(NHL) represent a diverse spectrum of distinct diseases that
arise from the lymphoid system. Within the HL category
there are two distinct entities: nodular lymphocyte pre-
dominant HL (NLPHL) and classical HL. The latter consists
of four subtypes including nodular sclerosis, mixed cellu-
larity, lymphocyte-rich, and lymphocyte-depleted. Though
the immunophenotype is identical between these four sub-
types, each has a distinct clinical presentation, pathological
findings, and frequency of Epstein-Barr virus infection.
NLPHL has a distinct immunophenotype and clinical pre-
sentation and is often treated differently. Among NHLs
there are numerous subtypes, some of which are still con-
sidered provisional entities by the World Health Organiza-
tion. The most common include diffuse large B-cell
lymphoma (DLBCL) and follicular lymphoma (FL), though
several other subtypes will also be discussed.

The biological diversity of lymphoma, heterogeneous
presentations, distinct treatment approaches, and ever-
changing classification schemes can be daunting to an
oncologist who does not specialize in their management.
This chapter will focus on the more common lymphoma
histologies, discussing clinical, pathological, radiological,
and treatment-related factors that influence clinical out-
comes. Furthermore, since toxicity, particularly long-term
toxicity, is a major issue in discussions of lymphoma
management, this will be discussed at length as well.

2 Hodgkin Lymphoma

2.1 Clinical Factors

Patients with classical HL are presently distributed into three
cohorts- early-stage favorable, early-stage unfavorable, and
advanced disease (stages III-IV). The segregation of early-
stage disease into favorable and unfavorable cohorts is based
on multiple clinical factors which are slightly different
among international cooperative groups (Table 1). These
factors had particular prognostic importance when radiation
therapy was used as a single modality. On the other hand, in
the context of a combined modality approach their signifi-
cance is less. Outcome differences between those with
favorable and unfavorable presentations are fading but the

intensity of treatment is greater for unfavorable disease. For
example, 5-year progression-free survival in patients with
early-stage favorable disease in the German Hodgkin Study
Group (GHSG) HD10 trial was 91.6 % at 5 years with
ABVD X 2 (doxorubicin, bleomycin, vinblastine, dacarba-
zine) ? 20 Gy of radiation therapy (Engert et al. 2010). By
comparison, 5-year progression-free survival in patients
with early-stage, unfavorable disease in GHSG HD11 was
87.2 % with ABVD X 4 ? 30 Gy radiation therapy (Eich
et al. 2010) and 95.4 % with BEACOPP escalated X 2
(bleomycin, etoposide, doxorubicin, cyclophosphamide,
vincristine, procarbazine, prednisone)/ABVD X 2 ? 30 Gy
radiation therapy in GHSG HD14 (von Tresckow et al.
2012). Thus, with more aggressive therapy, the risk of dis-
ease recurrence is quite similar.

For patients with advanced HL, the International Prog-
nostic Factors Project on Advanced Hodgkin’s Disease eval-
uated 5141 patients treated with combination chemotherapy,
with or without radiation therapy, and identified seven factors
that had independent prognostic significance for the outcome
freedom from progression These included serum albumin,
hemoglobin, male sex, stage, age, and white-cell count
(Table 2). The relative risk of each of these factors was rela-
tively similar and ranged from 1.26 (stage IV disease) to 1.49
(hypoalbuminemia). When patients were grouped into 6
prognostic categories based on number of adverse factors (0, 1,
2, 3, 4, and C5), 5-year freedom from progression was 84, 77,
67, 60, 51, and 42 % with a similar declining trend in overall
survival (Fig. 1). Thus, while clinical factors were able to
partition patients into risk groups, the relative differences
between risk groups were modest.

Similar to early-stage HL, outcomes in advanced HL have
improved with more effective combination chemotherapy
regimens. Recent randomized trials have demonstrated
excellent outcomes that are approaching those of patients
with early-stage disease. For example, 5-year freedom from
treatment failure was 88 % with 8 cycles of dose-escalated
BEACOPP in the GHSG HD9 study (Engert et al. 2009),
85 % with 4 cycles of dose-escalated BEACOPP and 4 cycles
of baseline dose BEACOPP in GHSG HD12 (Borchmann
et al. 2011), and 89 % with 6 cycles of dose-escalated
BEACOPP in GHSG HD15 (Engert et al. 2012). Radiation
therapy was used in all three studies using different criteria.

2.2 Pathological Factors

NLPHL is a rare subtype of HL, accounting for *5 % of
cases. The rarity of this disease has precluded prospective
studies, particularly randomized comparisons of differing
treatment approaches. The optimal management, particu-
larly for early-stage disease, is controversial and studies in
the literature are conflicting (Chen et al. 2010; Nogova et al.
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2005; Savage et al. 2011). For localized disease, most
patients are treated currently with involved-field radiation
therapy alone.

The larger studies that have been performed demonstrate
that the risk of relapse after treatment for NLPHL is very
similar to classical HL, though patients with classical HL
tend to relapse earlier (Nogova et al. 2008; Diehl et al.
1999). However, patients with relapsed NLPHL tend to
survive relapse better with a corresponding advantage in
long-term overall survival. Indeed, toxicities of treatment
are the primary cause of death in patients with NLPHL
leading many oncologists to avoid treatment regimens with
significant risk. As NLPHL is a CD20 positive lymphoma,
ritixumab is often administered. Further studies are neces-
sary to better understand the biology of this rare disease and
identify the optimal treatment approach.

2.3 Positron Emission Tomography

Imaging modalities, positron emission tomography (PET) in
particular, play a central role in the management of patients

with lymphoma. In addition to assessing the extent of dis-
ease at diagnosis and for disease surveillance after definitive
therapy, PET response also has prognostic impact for both
HL and NHLs.

Both interim and post-treatment imaging response with
PET have been shown to be a powerful prognostic factors in
HL, in all stages of disease and multiple clinical scenarios.
Two studies highlight the importance of disease status after
chemotherapy but before consolidation radiation therapy. In
a Stanford study of 81 patients (73 % with early-stage dis-
ease) receiving Stanford V chemotherapy (doxorubicin,
vinblastine, mechlorethamine, vincristine, bleomycin, eto-
poside, prednisone) and consolidation radiation therapy, the
presence of PET positive disease after chemotherapy
strongly predicted for relapse. Of the six patients who were
still PET positive following chemotherapy, four relapses
occurred, all within the radiation field (median dose- 33 Gy).
Freedom from progression was 96 % in PET negative
patients and 33 % in PET positive patients (p \ 0.0003).

Investigators from the Dana Farber Cancer Institute
observed similar findings after ABVD. Among 73 patients
with HL (88 % with early-stage disease), 13 were PET
positive after chemotherapy. There were four relapses
among these 13 patients, three of which were in the radia-
tion field (median dose- 36 Gy). Two-year failure-free
survival was 69 and 95 % for PET positive and PET neg-
ative cohorts, respectively (p \ 0.01). While a positive
post-chemotherapy PET scan is associated with inferior
outcomes, many patients remain disease-free after consoli-
dation radiation therapy. As local failure at the PET positive
site is the dominant pattern of failure, higher doses of
radiation therapy may be required to sterilize persistent
local disease.

Most patients with advanced HL receive chemotherapy
alone and post-chemotherapy PET imaging is highly pre-
dictive of outcome. In a prospective study by Weihrauch
et al. (2001), patients with HL received chemotherapy alone

Table 2 International Prognostic Factor Project on Advanced Hodg-
kin’s Disease

Adverse prognostic factor Relative
risk

Serum albumin, \4 g/dL 1.49

White-cell count, C15,000/mm3 1.41

Age, C45 years 1.39

Lymphocyte count,\600/mm3 or\8 % of white-cell
count

1.38

Male sex 1.35

Hemoglobin, \10.5 g/dL 1.35

Stage IV disease 1.26

Table 1 Unfavorable Factors in Recent Early-Stage Hodgkin Lymphoma Trials

Factor GHSG (Eich et al. 2010; Engert et al. 2010) EORTC (Ferme et al. 2007) NCI-C (Meyer et al. 2012)

Number of nodal sites C3 C4 C4

LMA Present Present Presenta

ESR & B-symptoms C50, no ‘‘B’’ symptoms
C30, ‘‘B’’ symptoms

C50, no ‘‘B’’ symptoms
C30, ‘‘B’’ symptoms

ESR C 50

Extranodal involvement Present Present

Age (years) [50 C40

Histology MC/LD MC/LD

Sex Male

GHSG German Hodgkin Study Group; EORTC European Organization for Research and Treatment of Cancer; NCI-C National Cancer Institute,
Canada
LMA large mediastinal adenopathy; ESR erythrocyte sedimentation rate
MC mixed cellularity; LD lymphocyte depletion
a patients with bulky disease were considered ‘‘high risk’’ and not eligible for study
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and were then observed. Of ten patients who were PET
positive after chemotherapy, six relapses occurred, all
confined to the originally involved site. Compared with the
cohort of patients who were PET negative after chemo-
therapy, the disease-free survival at 1 year was significantly
less (40 versus 95 %, p = 0.004).

Patients with advanced HL who remain PET positive after
chemotherapy appear to be at significantly less risk of relapse
when consolidation radiation therapy is administered. In
GHSG HD15, patients underwent post-treatment computed
tomography (CT) imaging after BEACOPP chemotherapy
(Engert et al. 2012). If a residual mass measuring C2.5 cm was
present then PET imaging was performed. Patients who
achieved a complete response by CT imaging and those with
residual masses that were PET negative did not receive con-
solidation radiation therapy. Patients with residual masses that
were PET positive did receive RT (30 Gy). Progression-free
survival at 4 years was 93 % for PET negative (who did not
receive RT) and 86 % for PET positive (who did receive
radiation therapy), respectively (p = 0.02). This compares
favorably with the study by Weihrauch et al. (2001) where no
additional treatment was pursued. Patterns of failure were not
reported in GHSG HD15. As mentioned previously, higher
doses of radiation therapy may be required in the setting of
PET positive disease to achieve durable local control.

A positive interim PET also has prognostic significance,
though whether the chemotherapy course should be altered
if an early complete response is not achieved is unknown. If
an interim PET could consistently and accurately identify
those patients who would ultimately have refractory or
relapsed disease, then this would be a helpful test. However,
many patients with a positive interim PET who continue on
their current regimen ultimately achieve a complete
response and remain disease-free.

The most dramatic study showing the potential prog-
nostic significance of interim PET is from Denmark.

Among 77 patients mostly treated with ABVD for all stages
of HL, 2-year progression-free survival was 96 % for those
who were PET negative after 2 cycles of chemotherapy
compared with 0 % for those who were PET positive
(Hutchings et al. 2006). A study from Italy showed similar
findings, with a 2-year progression-free survival of 95 and
13 % for PET negative and PET positive patients, respec-
tively after ABVD +/- consolidation radiation therapy
(Gallamini et al. 2007).

Most studies have not been this dramatic. For example,
an Italian study of 304 patients demonstrated 9-year pro-
gression-free survival of 95 and 31 % in the presence of a
positive and negative interim PET scan, respectively (Zin-
zani et al. 2012). A study from the Massachusetts General
Hospital demonstrated no difference in 4-year progression-
free survival for interim PET positive versus PET negative
patients (87 versus 91 %, p = 0.57), but post-treatment
PET was significant (54 versus 94 %, p \ 0.001). This
study only included early-stage patients without bulky dis-
ease who largely received combined modality therapy
(Barnes et al. 2011). Thus, while interim PET imaging
likely has prognostic implications, whether one should alter
therapy based on the interim PET response is unclear.

A major issue is PET interpretation. Currently, PET
scans are interpreted as positive or negative based on visual
analysis alone (Juweid et al. 2007). This leads to some inter-
observer and intra-observer variability. An objective
method to interpret PET imaging has yet to be validated.

2.4 Treatment-Specific Factors

Chemotherapy is the standard initial treatment for patients
with HL in all stages. In early-stage disease, multiple ran-
domized trials have shown that consolidation radiation
therapy decreases the risk of relapse (Aviles and Delgado

Fig. 1 Prognostic scoring
system for advanced Hodgkin
lymphoma by the International
Prognostic Factors Project on
Advanced Hodgkin’s Disease.
The primary endpoint was 5-year
freedom from progression
(NEJM 1998; 339:1506)
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1998; Laskar et al. 2004; Meyer et al. 2012; Nachman et al.
2002; Noordijk et al. 2005; Pavlovsky et al. 1988; Picardi
et al. 2007; Straus et al. 2004) and may improve survival
(Franklin et al. 2005). In general, the absolute improvement
in progression-free survival is *10 %. Admittedly, most
patients are cured with chemotherapy alone. Identifying the
subgroup of patients with residual microscopic disease after
chemotherapy that would most benefit from consolidation
RT has been challenging.

Currently, most studies attempting to define the subset of
patients who are most likely to benefit from consolidation
radiation therapy utilize either post-treatment or interim
PET imaging. In a study by Picardi et al. (2007), 160
patients with HL (all with disease C5 cm) received 6 cycles
of VEBEP (vinblastine, etoposide, bleomycin, epirubicin,
predisone). Those with a good (C75 % size reduction) but
incomplete response by CT imaging but who were negative
by PET were randomized to consolidation radiation therapy
(32 Gy) or observation. Despite being PET negative, con-
solidation radiation therapy decreased the risk of relapse.
Event-free survival at 5 years was 96 versus 86 %,
respectively (p = 0.03). Patients who achieved both a
negative PET and CT (n = 70) were not randomized and
only received chemotherapy. Of 60 patients with follow-up
data, there were seven relapses. Thus, a negative post-
treatment PET, even with a negative CT, may lack sufficient
sensitivity to indicate a true disease-free state. Interim PET,
done after 2–3 cycles, is also being examined, but interim
analyses from an EORTC/GELA study (H10) have not been
encouraging (Engert 2012). Numerous prospective phase II
and phase III studies are currently ongoing by cooperative
groups in both the United States and abroad examining the
ability of PET to identify patients who would most benefit
from consolidation radiation therapy.

Based on the available data, the most effective treatment
for early-stage classical HL is combined modality therapy,
with the chemotherapy regimen, number of cycles, and dose
of radiation therapy dependent on the initial presentation.
The standard for advanced HL is chemotherapy. The role of
radiation therapy is controversial with conflicting results
from randomized studies (Fabian et al. 1994; Aleman et al.
2003).

3 Diffuse Large B-cell Lymphoma

3.1 Clinical Factors

Using data from 2,031 patients with aggressive NHL, two
prognostic models were developed as part of the Interna-
tional Non-Hodgkin’s Lymphoma Prognostic Factors
Project (The International Non-Hodgkin’s Lymphoma
Prognostic Factors Project 1993). The first model was

termed the International Prognostic Index (IPI) and inclu-
ded all patients. Five factors were found to be independently
associated with survival including age, performance status,
stage, number of extranodal sites, and LDH (Table 3). The
relative risks of these factors were relatively low, ranging
from 1.47 for stage to 1.96 for age. Five-year survival was
73, 51, 43, and 26 % when 0–1, 2, 3, and 4–5 risk factors
were present (Fig. 2).

As age was the most significant risk factor, and 60 is a
common age limit for patients receiving more intensive
regimens, an Age Adjusted IPI was also developed. When
patients were divided by age, three factors remained inde-
pendently significant- performance status, stage, and lactate
dehydrogenase (LDH) (Fig. 3).

The IPI was designed in the pre-rituximab era. In the last
10–15 years, multiple randomized studies have shown that
rituximab significantly improves survival when combined
with standard combination chemotherapy (Feugier et al.
2005; Pfreundschuh et al. 2006; Habermann et al. 2006).
Using data from three prospective trials, the German High-
Grade Non-Hodgkin’s Lymphoma Study Group found the
IPI to retain prognostic significance in the rituximab era
(Ziepert et al. 2010).

3.2 Pathological Factors

Classification of lymphomas continues to be based largely
on histology and immunohistochemistry. With DLBCL, the
heterogeneity of disease presentations and differences in
response to therapy indicate that underlying biology plays a
dominant role. Similar to breast cancer, the principal
genetic changes responsible for this biological diversity are
slowly being unraveled and have confirmed that DLBCL is
a heterogeneous disease.

Table 3 International Non-Hodgkin’s Lymphoma Prognostic Factors
Project

Adverse prognostic factor Relative risk

All patients (n = 1385)

Age, [60 years 1.96

Serum LDH, [1X normal 1.85

Performance status, ECOG 2-4 1.80

Extranodal involvement, [1 site 1.48

Stage, III-IV 1.47

Patients B60 years old (n = 885)

Stage, III-IV 2.17

Serum LDH, [1X normal 1.95

Performance status, ECOG 2-4 1.81

LDH lactate dehydrogenase
ECOG Eastern Cooperative Oncology Group
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It was first reported by Alizadeh et al. (2000) that distinct
subtypes of DLBCL could be identified using gene
expression profiling, and that these subtypes were derived
from different cells of origin. Germinal center B-cell (GCB)
subtype appears to derive from cells actively involved in
somatic hypermutation. Lymphomas within this category
have a higher prevalence of mutations in pathways involved
in apoptosis, often harbor the t(14;18) translocation, and are
the more common subtype in cases arising from FL.

On the other hand, the activated B-cell (ABC) subtype
derives from cells without ongoing somatic hypermutation.
These lymphomas more commonly have constitutively
activated nuclear factor jB (NF-jB) leading to overex-
pression of genes under the control of this transcription
factor and often involve extranodal sites (e.g., testis, breast).
These two subtypes of DLBCL have distinct survival dif-
ferences (Alizadeh et al. 2000; Lenz et al. 2008; Rosenwald
et al. 2002), with the GCB subtype having a better prognosis.
Even with the incorporation of rituximab the ABC subtype is
associated with an inferior prognosis. Subsequent investi-
gations have proposed additional molecular signatures that

appear to influence tumor behavior (Rosenwald et al. 2002;
Lenz et al. 2008).

Gene expression profiling is not widely available as a
clinical tool. Multiple immunohistochemical algorithms
have been designed to predict whether a patient has a GCB
or ABC subtype (Hans et al. 2004; Choi et al. 2009; Muris
et al. 2006; Natkunam et al. 2008; Nyman et al. 2009;
Meyer et al. 2011). No single algorithm is perfect in regards
to predicting gene expression profiling results, though each
divides patients into groups with different survival out-
comes. While personalized therapy may ultimately be based
on the molecular subtype of DLBCL, this has not currently
been adequately examined.

MYC gene rearrangements are found in approximately
10 % of cases of DLBCL and portends an inferior prognosis
(Barrans et al. 2010; Savage et al. 2009). When associated
with a concurrent translocation t(14;18) involving BCL2, this
is referred to as a double-hit DLBCL. The inferior prognosis
is felt to be due to the concurrent expression of BCL2 and
cMYC (Niitsu et al. 2009; Friedberg 2012). This phenome-
non occurs in both GCB and ABC subtypes and retains

Fig. 3 The age-adjusted
(B60 years old) International
Prognostic Index (IPI) for
aggressive non-Hodgkin
lymphoma by the International
Non-Hodgkin’s Lymphoma
Prognostic Factors Project. The
primary endpoint was 5-year
overall survival (NEJM 1993;
329:987)

Fig. 2 The International
Prognostic Index (IPI) for
aggressive non-Hodgkin
lymphoma by the International
Non-Hodgkin’s Lymphoma
Prognostic Factors Project. The
primary endpoint was 5-year
overall survival (NEJM 1993;
329:987)
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independent prognostic importance even when the molecular
subtype is taken into account (Klapper et al. 2008). Double-
hit DLBCL occurs more frequently in the elderly.

3.3 Positron Emission Tomography

Similar to HL, PET has become an important imaging
modality in the work-up and response assessment of
DLBCL. In terms of the latter, both interim and post-
chemotherapy PET assessment provide important prognos-
tic information.

Post-chemotherapy PET response is a powerful prog-
nostic factor, particularly when patients receive chemo-
therapy without consolidation radiation therapy. In
numerous studies, residual PET positive disease after the
completion of chemotherapy alone in aggressive NHLs
(mostly DLBCL) is associated with a high risk of disease
progression (Spaepen et al. 2001; Mikhaeel et al. 2000;
Haioun et al. 2005; Juweid et al. 2005). For example,
patients with advanced DLBCL with PET positive disease
after chemotherapy had a 100 % risk of progression in the
series by Mikhaeel et al. (2000) (n = 9) and Spaepen et al.
(2001) (n = 26). Thus, observation without further assess-
ment or adjuvant treatment is inappropriate when the PET
remains positive after chemotherapy.

The risk of recurrence appears to be much smaller when
consolidation radiation therapy is utilized in the setting of a
persistently positive PET scan after chemotherapy. In
studies from the Dana Farber Cancer Institute (Halasz et al.
2012) and Duke Cancer Institute (Dorth et al. 2011), mostly
with early-stage disease, the risk of progression was 10 and
35 % respectively. While this progression risk appears to be
higher compared with a negative PET, many patients
remained disease free after radiation therapy. As gross
residual disease is apparently present, the recommended
dose is *40 Gy.

Similar to HL, the role of interim PET in DLBCL is
controversial. As outlined below, the positive predictive
value of interim PET is *50 %. Thus, many patients who
have a positive interim PET will achieve a durable complete
response after completion of therapy. Further, it is unclear
that altering therapy simply because the PET remains
positive after 2–3 cycles of chemotherapy improves out-
comes. Finally, before embarking on a more aggressive
therapy, particularly high-dose chemotherapy and autolo-
gous stem cell transplant, a biopsy to confirm persistent
disease is generally recommended. This is often neglected
in clinical practice. Despite these and other lingering
questions, it is clear that interim PET response is prognostic
and could potentially play a role in personalizing therapy.

Multiple studies have demonstrated that achievement of
a negative PET early in the course of therapy is associated

with improved progression-free survival, and often overall
survival, compared with a positive interim PET (Zinzani
et al. 2011; Cashen et al. 2011; Haioun et al. 2005; Yang
et al. 2011; Safar et al. 2012). For example, in a study by
Safar et al. (2012), 3-year progression-free and overall
survival was 84 and 88 %, respectively, in patients
achieving a negative PET after 2 cycles of chemotherapy
plus rituximab. This compared with 47 and 62 %, respec-
tively, in patients who were still PET positive. Interim PET
response appears to have prognostic significance in both the
low and high-risk IPI groups (Haioun et al. 2005; Yang
et al. 2011). However, when compared with interim
response assessment, post-chemotherapy PET response
appears to be better, particularly in terms of the positive
predictive value (Pregno et al. 2012; Cashen et al. 2011).

3.4 Treatment-Specific Factors

The addition of rituximab to combination chemotherapy has
made the biggest impact on the overall prognosis of patients
with DLBCL in the last several decades. On average,
rituximab improves overall survival by *10 % at 5 years
(Feugier et al. 2005; Pfreundschuh et al. 2006). Rituximab
improves clinical outcomes throughout the spectrum of
disease presentations (early stage and advanced stage,
younger age and older age, etc.).

Combination chemotherapy is currently considered the
backbone of treatment for all stages of DLBCL, most
commonly rituximab combined with cyclophosphamide,
doxorubicin, vincristine, and prednisone (R-CHOP). Yet,
relapses after R-CHOP are common and most frequently
involve sites of original involvement. Consolidation radia-
tion therapy has been shown in many (Horning et al. 2004;
Miller et al. 1998; Martinelli et al. 2009), but not all
(Bonnet et al. 2007), randomized trials to decrease the risk
of disease recurrence after CHOP in early-stage disease.
Though no randomized trials have been completed in the
rituximab era, RT also appears to be beneficial after
R-CHOP (Phan et al. 2010). The role of radiation therapy in
advanced DLBCL is controversial. Though infrequently
employed, both prospective (Aviles et al. 1994, 2004) and
retrospective (Ferreri et al. 2000; Schlembach et al. 2000;
Dorth et al. 2012) studies have shown that consolidation
radiation therapy decreases the overall risk of disease
recurrence.

While adjuvant radiation therapy decreases the risk of
relapse in patients with DLBCL, many are nonetheless
successfully cured with chemotherapy alone and are
unnecessarily exposed to the side effects, risks, and costs of
treatment. This is not a unique phenomenon. In fact, it is a
standard approach for all of oncology, in fact most of
medicine, to treat a large number of patients to benefit a
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few. The challenge in DLBCL, which has thus far been
elusive, is to identify those patients who cleared their sys-
temic disease after chemotherapy yet still have residual
microscopic local disease. A test to identify these patients
has yet to be identified. Thus far, PET imaging after treat-
ment has not been able to successfully identify a population
of patients who do not benefit from radiation therapy (Dorth
et al. 2012; Phan et al. 2010).

4 Follicular Lymphoma

4.1 Clinical Factors

Similar to the International Non-Hodgkin’s Lymphoma
Prognostic Factors project for aggressive NHLs, a prog-
nostic scoring system has also been developed for FL (Solal-
Celigny et al. 2004). Using patient characteristics from
4,167 patients with FL diagnosed in the pre-rituximab era
(1985–1992), five adverse prognostic factors for survival
were identified on multivariate analysis. These included age,
stage, hemoglobin level, number of nodal areas, and serum
LDH. The hazard ratios ranged from 2.38 (age) to 1.39
(number of nodal sites) (Table 4). Three risk groups were
identified: low risk (0-1 adverse factor), intermediate risk
(2 factors), and poor risk (C3 adverse factors). Ten-year
overall survival was 71, 51, and 36 %, respectively (Fig. 4).
This scoring system is known as the Follicular Lymphoma
International Prognostic Index or FLIPI.

The FLIPI prognostic scoring system has limitations. It
included patients treated before rituximab was available,
though the original FLIPI appears to retain prognostic value
even when ritixumab is utilized (Nooka et al. 2012). Further,
the data were collected retrospectively and limited by
missing data and limited available clinical characteristics.
Therefore, a prospective study was launched in 2003 in
which data from 1,093 patients from 69 institutions were
collected (Federico et al. 2009). Using these data the FLIPI2
was created. As opposed to the original FLIPI, the primary
endpoint was progression-free survival. The variables used
in the model were b2-microglobulin (B1X normal vs.[1X
normal), tumor size ([6 cm versus B6 cm), bone marrow

involvement, hemoglobin level (\12 g/dL versus C12 g/dL)
and age (C60 vs. \60 years). The 3-year progression-free
survival was 91, 69, and 51 % for low (0 factors), interme-
diate (1–2 factors) and high (3–5 factors), respectively
(Fig. 5).

4.2 Pathological Factors

Follicular lymphoma is subdivided by the World Health
Organization into three histological grades based on the
number of centroblasts (large cells) in neoplastic follicles.
Grades 1 and 2 are typically considered low grade and
contain 0–5 and 6–15 centroblasts per high power field,
respectively. Grade 3 FL is subdivided into 3A, where
neoplastic follicles have more than 15 centroblasts per high
power field but centrocytes (small cells) are still present,
while 3B consists of solid sheets of centroblasts. If any
diffuse areas are present this is considered DLBCL. Grade
3B FL is rare and most studies only have a small number of
such patients, often preventing meaningful comparisons.

The prognostic significance of this grading system, and
whether treatment should be modified based on grade, is
controversial, with conflicting results in the literature.
While some studies have demonstrated better outcomes
with grade 1–2 FL compared with grade 3 (Ganti et al.
2006), others have not (Shustik et al. 2011; Chau et al.
2003). While grade 3B disease is often considered to be
akin to DLBCL and treated as such, the literature is not
consistent in this regard (Shustik et al. 2011; Chau et al.
2003; Ganti et al. 2006; Wahlin et al. 2012). Finally, some
studies show an apparent plateau on the relapse-survival
curve with anthracycline-based chemotherapy in grade 3 FL
(Ganti et al. 2006; Wahlin et al. 2012) while others do not
(Shustik et al. 2011; Chau et al. 2003). Thus, many ques-
tions remain whether the current grading system of FL can
be used for prognostic purposes or to guide therapy.

Numerous other pathological factors have been investi-
gated in FL including chromosomal alterations, overexpres-
sion of distinct genes as assessed by immunohistochemistry,
genetics of the host, the microenvironment, transformation to
high-grade disease, etc. (Relander et al. 2010). Currently,
these factors are still poorly understood. How they should
impact current management has not been elucidated. Vali-
dated prognostic indices, such as the FLIPI, combined with
an assessment of disease presentation and clinical course by
the oncologist remain the primary factors that guide therapy.

4.3 Positron Emission Tomography

The majority of patients with FL present with advanced
disease. Advanced FL is generally considered an indolent

Table 4 Follicular Lymphoma International Prognostic Index
(FLIPI)

Adverse prognostic factor Relative risk

Age, C60 years 2.38

Stage, III-IV 2.00

Hemoglobin (\12 g/dL) 1.55

Serum LDH, [1X normal 1.50

Number of nodal sites, [4 1.39

LDH lactate dehydrogenase
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disease, with a long disease course, but not curable with
conventional chemotherapy. Patients with a low disease
burden and who are asymptomatic do not require immediate
treatment. For those requiring treatment, the most appro-
priate approach is combination chemotherapy with ritux-
imab. Response to chemoimmunotherapy by PET imaging
has been shown to be prognostic. In a prospective European
study, patients with previously untreated, high-tumor bur-
den FL received 6 cycles of R-CHOP and underwent
interim and end of treatment PET imaging (Dupuis et al.
2012). Interim and post-treatment PET responses were
closely correlated. Based on post-treatment PET imaging,
2-year progression-free survival was 87 % for PET positive
patients vs. 51 % for PET negative patients, respectively
(p = 0.005). There was also a difference in 2-year survival
(100 vs 88 %, p = 0.13). Similar findings were observed in
a subset of the PRIMA (Primary Rituximab and

Maintenance) trial participants where post-treatment PET
was predictive of progression-free and overall survival
(Trotman et al. 2011).

4.4 Treatment-Specific Factors

Similar to DLBCL, the single most significant advance in
the treatment of FL is the contribution of rituximab. Mul-
tiple randomized studies have shown that rituximab, added
to a variety of different chemotherapy regimens, decreases
the risk of progression and improves overall survival
(Marcus et al. 2008; Hiddemann et al. 2005; Herold et al.
2007). Maintenance rituximab use, after a course of im-
munochemotherapy, further decreases the risk of relapse,
but its effect on survival has not been conclusively dem-
onstrated (van Oers et al. 2010; Salles et al. 2011). Thus, for

Fig. 4 The Follicular
Lymphoma International
Prognostic Index (FLIPI). The
primary endpoint was overall
survival (Blood 2004; 104;1258)

Fig. 5 The Follicular
Lymphoma International
Prognostic Index 2 (FLIPI2).
The primary endpoint was
progression-free survival (JCO
2009; 27:4555)
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patients with symptomatic or large burden advanced FL
requiring treatment, a combination chemotherapy regimen
combined with rituximab, with or without maintenance
rituximab, is currently considered standard of care.

Only *20 % of patients with FL present with localized
disease. As opposed to advanced FL, there seems to be a
potential for cure in this subgroup. The optimal treatment
for patients with stage I, or localized stage II disease, is not
clear. Most guidelines recommend involved-field radiation
therapy. Long-term disease control is achieved in *50 %
of patients with low-doses (24–30 Gy) (Campbell et al.
2010; Guadagnolo et al. 2006; Mac Manus and Hoppe
1996; Vaughan Hudson et al. 1994). However, only *33 %
of patients with stage I disease are treated with radiation
therapy (Friedberg et al. 2009; Pugh et al. 2010). A large
study using Surveillance, Epidemiology, and End Results
(SEER) data demonstrated superior survival in patients who
received radiation therapy (62 vs. 48 % at 10 years,
p \ 0.001) (Pugh et al. 2010). However, results from the
National LymphoCare Study have challenged the paradigm
that radiation alone is optimal in stage I FL (Friedberg et al.
2012). With short follow-up, combined approaches using
chemotherapy, immunotherapy, and radiation therapy were
associated with a lower risk of relapse compared with
radiation therapy alone with no difference in overall sur-
vival. The rarity of this stage of disease has precluded large
phase III studies evaluating differing treatment approaches.
With the understanding that neither chemotherapy nor
immunotherapy is curative in FL, the minimal morbidity
and cost of low-dose involved-field radiation therapy, which
provides long-term disease control in a significant propor-
tion of patients, suggests this is still the most appropriate
treatment strategy for localized disease.

5 Non-Hodgkin Lymphomas: Other

5.1 Marginal Zone Lymphoma

Marginal zone lymphomas consist of three distinct entities-
nodal marginal zone lymphoma, splenic marginal zone
lymphoma, and extranodal marginal zone lymphoma of
mucosa-associated lymphoid tissue (MALT). The latter is
most common and most extensively studied. MALT typi-
cally presents with localized disease most commonly
involving the stomach, orbital adnexa, salivary glands,
thyroid, or skin.

With the exception of Helicobacter pylori (H. pylori)
positive gastric MALT lymphoma, first-line treatment for
localized MALT lymphoma is typically radiation therapy.
Complete response rates approach 100 % with doses
*25–30 Gy (Goda et al. 2010). The primary prognostic
factor is disease site. MALT arising in paired organs

(e.g., orbit or salivary gland) appears to have a higher risk
of relapse compared with that arising in a single organ
(e.g., stomach or thyroid) (Goda et al. 2010; Tsang et al.
2003). Relapse after radiation therapy for cutaneous mar-
ginal zone lymphoma is also rather frequent (Senff et al.
2007b). However, many relapses are localized, often in the
contralateral paired organ, and after appropriate treatment,
often further radiation therapy alone, long-term survival is
excellent.

For patients with gastric MALT lymphoma, antibiotic
treatment is indicated in the presence of H. pylori infection.
Eradication of H. pylori is near universal after antibiotics.
A complete response is achieved in approximately 80 % of
patients, though this may take up to 2 years or longer to
achieve (Wundisch et al. 2005). As long as the lymphoma is
regressing on serial endoscopy, a watch and wait policy is
appropriate. Predictive factors associated with a lower
chance of achieving a complete response include deep
gastric wall invasion (Nakamura et al. 2001; Sackmann
et al. 1997; Ruskone-Fourmestraux et al. 2001), nodal
involvement (Ono et al. 2010; Ruskone-Fourmestraux et al.
2001), and the translocation t(11;18) (Wundisch et al. 2005;
Levy et al. 2005).

Of patients achieving a complete response, approxi-
mately 30 % of patients will relapse. The risk of relapse
appears to be higher for those patients harboring the
translocation t(11;18) and when ongoing B-cell monoclo-
nality is detected by polymerase chain reaction (Wundisch
et al. 2005). For patients who are H. pylori negative, do not
respond to or relapse after antibiotics, the treatment of
choice is radiation therapy. Long-term progression-free and
overall survival exceeds 90 % (Goda et al. 2010). Inter-
estingly, the original B-cell clone is also detected frequently
after radiation therapy for gastric MALT lymphoma but
without an associated risk of relapse (Noy et al. 2005).

5.2 Mantle Cell Lymphoma

Mantle cell lymphoma is a rare subtype of NHL. The
majority of patients present with advanced disease. It is an
aggressive lymphoma, typically arising in older adults, and
not considered curable with conventional chemotherapy.
The International Prognostic Index, utilized extensively for
DLBCL, was not satisfactory in mantle cell lymphoma,
which prompted development of a prognostic index spe-
cifically for this subtype of NHL.

The German Low Grade Lymphoma Study Group and
the European Mantle Cell Lymphoma Network combined
data to identify prognostic factors, apply the IPI and FLIPI,
and design a specific model for mantle cell lymphoma.
Using data from 455 patients with advanced disease entered
on three consecutive randomized trials between 1996 and
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2004, four independent adverse prognostic factors were
identified (Hoster et al. 2008). These included increasing
age, compromised performance status, elevated LDH, and
elevated white blood cell count. Using a complex formula, a
mantle cell lymphoma international prognostic index
(MIPI) can be calculated with partitioning of patients into
three risk groups. A simplified prognostic index (sMIPI)
was also developed. Most studies have shown that the MIPI
retains prognostic significance when applied to patients
treated with modern rituximab-containing regimens with
autologous stem cell transplantation (Budde et al. 2011;
Geisler et al. 2010).

A small proportion of patients present with localized
mantle cell lymphoma. The optimal treatment for this
population is unclear. Based on general principles of lym-
phoma management, the inclusion of consolidation radia-
tion therapy into the treatment program seems justified.
Indeed, retrospective studies have shown favorable out-
comes when radiation therapy is employed (Bernard et al.
2013; Leitch et al. 2003).

Finally, mantle cell lymphoma is a heterogeneous dis-
ease. Although most cases display aggressive behavior,
there is a subset of patients with indolent disease. These
patients occasionally present with slowly growing tumors
that are amenable to low-dose radiation therapy. Mantle cell
lymphoma can be exquisitely radiosensitive, and doses of
*10 Gy or even less often provide excellent palliation.

5.3 Systemic Anaplastic Large Cell
Lymphoma

Systemic anaplastic large cell lymphoma (ALCL) is a rel-
atively rare subtype of NHL that occurs in both children and
adults. ALCL is a CD30 ? T-cell neoplasm that often
expresses the protein anaplastic lymphoma kinase (ALK), a
protein that is not expressed normally in humans except
occasionally in the brain. The most common chromosomal
abnormality that leads to ALK expression is t(2;5) (p23;
q35), though several others have been reported. The World
Health Organization currently distinguishes ALK-positive
ALCL as a distinct entity and ALK-negative ALCL as a
provisional entity. ALK positive cases occur more com-
monly in the first three decades of life with ALK negative
cases occurring predominantly in older adults.

Several studies have shown that survival is significantly
better with ALK-positive ALCL (Sibon et al. 2012; Falini
et al. 1999; Gascoyne et al. 1999; Savage et al. 2008). The
International Peripheral T-cell Lymphoma Project demon-
strated 5-year failure-free survival of 60 % for ALK-positive
ALCL and 36 % for ALK-negative ALCL (p = 0.15).
A difference in 5-year overall survival was also observed (70
vs 49 %, p = 0.16). There remains some uncertainty whether

ALK expression is independently prognostic or simply
correlates with other favorable factors (e.g., young age).
A recent report from the Groupe D’Etude des Lymphomas de
l’Adulte demonstrated only an elevated b2-microglobulin
and older age as independent prognostic factors, but not ALK
status (Sibon et al. 2012). ALK was also not independently
prognostic in the study by Suzuki et al. (2000) However, other
reports have demonstrated independent prognostic signifi-
cance of ALK (Falini et al. 1999; Gascoyne et al. 1999).

5.4 Primary Central Nervous System
Lymphoma

Primary central nervous system lymphoma (PCNSL) is a
rare subtype of DLBCL that arises in the brain, spinal cord,
and/or eyes. Whole brain radiation therapy (WBRT) was
historically the treatment of choice with *80 % of patients
achieving a complete response. Unfortunately, relapses are
common after WBRT alone with a median survival of
*12–18 months (Shibamoto et al. 2005). High-dose
methotrexate regimens, with or without WBRT, have
become the treatment of choice with an improvement in
median survival to *50–60 months in many studies (Abrey
et al. 2000; Pels et al. 2003).

The contribution of WBRT after high-dose methotrexate
regimens is controversial. In older patients ([60 years),
conventional doses of radiation therapy (45 Gy) have been
associated with unacceptably high rates of severe neurotox-
icity, including dementia (Omuro et al. 2005), and should be
avoided. Although conventional WBRT may decrease the
risk of relapse, it is often counterbalanced by increased
toxicity (Abrey et al. 2000). In the setting of a complete
response with high-dose methotrexate, lower doses of
WBRT may decrease the risk of relapse but avoid the toxicity
of full-dose treatment (Shah et al. 2007). However, longer
follow-up will be required to confirm these initial findings.

Though a number of prognostic factors have been iden-
tified in PCNSL (Corry et al. 1998; Bessell et al. 2004; Ferreri
et al. 2003), the most important factors appear to be age and
performance status. The Memorial Sloan-Kettering Cancer
Center Prognostic Model, using recursive partitioning and
external validation, identified three subgroups with distinct
survival outcomes: class 1 (\50 years), class 2 (C50 years,
Karnofsky performance score [KPS] C 70), and class 3
(C50 years, KPS \ 70) (Abrey et al. 2006). Median survival
was 8.5, 3.2, and 1.1 years in classes 1–3, respectively.

5.5 Cutaneous Lymphomas

The cutaneous lymphomas present interesting diagnostic
and therapeutic challenges given that they are relatively rare
with an incidence of less than 5 per 1,000,000 individuals
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and present in a variety of different ways. Cutaneous lym-
phomas present with either a B-cell or T-cell phenotype.
Mycosis fungoides (MF) is the most common of all of the
cutaneous lymphomas. It is of the T-cell variety and typ-
ically presents clinically as patches and plaques on the
skin but can involve lymph nodes and visceral organs.
Another T-cell lymphoma that commonly involves the
skin is anaplastic large cell lymphoma. This must be dis-
tinguished from the benign skin disorder lymphomatoid
papulosis, another CD30 ? lymphoproliferative disorder.
Compared to its nodal counterpart discussed above, the
cutaneous variant generally does not express the anaplastic
lymphoma kinase (ALK). The B-cell lymphomas generally
present differently than MF, and tend to be more isolated
and often more nodular in appearance. The three most
common types are: primary cutaneous diffuse large B-cell
lymphoma, leg type, primary cutaneous marginal zone
B-cell lymphoma, and primary cutaneous follicle center
lymphoma (Senff et al. 2008; Girardi et al. 2004; Smith
et al. 2004).

Mycosis fungoides is considered an indolent lymphoma
and patients generally receive a variety of treatments during
the course of their disease, including RT. With the excep-
tion of early, localized disease, treatment is not generally
considered curative. Studies have evaluated numerous
prognostic factors for different endpoints (overall survival,
disease-specific survival, etc.). In terms of overall survival,
the most consistent adverse prognostic factors include
increasing age, higher T stage, presence of extracutaneous
disease, elevated LDH and peripheral blood involvement
(Kim et al. 1995, 2003; Diamandidou et al. 1999; Agar et al.
2010; Talpur et al. 2012). Folliculotropic histology (Agar
et al. 2010) and large cell transformation also portends poor
survival (Diamandidou et al. 1998). Primary cutaneous
anaplastic large cell lymphoma, the other common T-cell
cutaneous lymphoma, is much less common than MF and
generally has a more favorable prognosis. Advancing age
appears to be the most significant adverse prognostic factor
(Liu et al. 2003; Woo et al. 2009). Progression to extracu-
taneous disease is also a likely adverse factor (Woo et al.
2009).

The prognosis of primary cutaneous marginal zone
B-cell lymphoma and primary cutaneous follicle center
lymphoma is excellent. For the majority with localized
disease, RT alone produces complete response rates of
nearly 100 % with excellent long-term survival (Senff et al.
2007b). Patients with marginal zone lymphoma may be at
higher risk of relapse compared with follicle center lym-
phoma, though most recurrences are confined to the skin
and typically amenable to a second course of RT (Senff
et al. 2007b). On the other hand, primary cutaneous large
B-cell lymphoma, leg type is associated with a much worse
prognosis and a combined modality approach, consisting of

chemotherapy and radiation therapy, is often employed
(Senff et al. 2007a, b; Zinzani et al. 2006).

6 Toxicity

Long-term toxicity from RT is dependent on many vari-
ables. These include the type of lymphoma, radiation dose,
normal structures within the radiation field, other treatments
received (surgery and chemotherapy), age of the patient,
and other medical co-morbidities. Unfortunately, many
oncologists view risks of long-term toxicity from radiation
therapy from a simplistic dichotomous viewpoint- either
radiation was administered or it was not. This perception
has contributed to the decline in the utilization of radiation
therapy for many types of lymphomas. A more compre-
hensive assessment is necessary to weigh risks and benefits
of treatment and to fully inform patients and other
providers.

As lymphoma is a systemic disease that can affect any
organ, it would be challenging to comprehensively address
normal tissue toxicity. The two most troublesome compli-
cations after lymphoma treatment, particularly for HL, are
secondary malignancies and cardiovascular disease. The
most common complication is likely hypothyroidism. These
will receive further discussion.

6.1 Secondary Malignancies

6.1.1 Hodgkin Versus Non-Hodgkin Lymphoma
Current survivors of HL are at increased risk of developing
secondary malignancies. This is particularly true for
patients treated in decades past with historical regimens
such as subtotal nodal irradiation and chemotherapy regi-
mens incorporating high doses of alkylating agents. In large
registries of patients treated over many decades, second
cancer risk has consistently been elevated over expected
rates. Using data from 32,591 HL patients from 16 North
American and European cancer registries, treated between
1935–1994, the observed-to-expected ratio was 2.3 (95 %
CI 2.2–2.4). A similar study of 10,472 survivors from North
America between 1940–1987 demonstrated an observed/
expected ratio of 2.7 (95 % CI 2.5–4.2) (Boivin et al. 1995).
Finally, a standardized incidence ratio of 2.9 (95 % CI
2.6–3.2) was noted in a cohort of 5519 British patients
treated between 1963–1993 (Swerdlow et al. 2000). It
should be remembered that during these time periods
definitive subtotal nodal irradiation was standard and many
patients also received alkylating agents.

The risk of developing a secondary malignancy after
treatment for NHL has not been as extensively studied
compared with HL and is therefore less understood. In an

268 C. R. Kelsey and L. D. Wilson



early study from Duke Cancer Institute, among 686 patients
with non-Hodgkin lymphoma the risk of developing a solid
tumor was similar to the general population. The risk of
leukemia was elevated, though the incorporation of radia-
tion therapy did not increase risk (Lavey et al. 1990).

However, subsequent studies using larger databases have
demonstrated an elevated risk of developing a secondary
malignancy in NHL survivors compared to age-matched
controls. In a British cohort study, patients treated for NHL
were at 30 % higher risk of developing a secondary cancer
compared with the general population (RR 1.3, 95 % CI,
1.1–1.6) (Mudie et al. 2006). Similarly, studies from the
United States using the SEER database have demonstrated a
14–18 % increased risk (Travis et al. 1991; Tward et al.
2006). Pooling data from 109,451 patients with NHL from
13 cancer registries demonstrated a 47 % increased risk of
developing a second cancer (SIR 1.47, 95 % CI 1.43–1.51)
(Brennan et al. 2005). Thus, though rates are elevated, they
appear to be less so compared with survivors of HL.

6.1.2 Radiation Dose and Fields
In the setting of a combined modality treatment program for
HL, randomized trials have demonstrated that radiation
fields encompassing the originally involved lymph node
regions, as opposed to more extensive fields encompassing
prophylactic areas, is adequate (Bonadonna et al. 2004;
Engert et al. 2003; Zittoun et al. 1985). Even more con-
formal radiation fields, treating only the original extent of
nodal disease with an appropriate margin, are currently
being explored (Campbell et al. 2008; Eich et al. 2008;
Girinsky et al. 2008). This is referred to as involved-site and
involved-node radiation therapy, with the latter including
only the originally involved lymph nodes with margin. For
early-stage DLBCL and FL, the optimal field size has never
been tested in a randomized trial though involved-field or
involved-site radiotherapy has been used most frequently.
In these two diseases, studies from British Columbia have
not shown a higher risk of disease recurrence with involved-
site radiotherapy compared with involved-field RT
(Campbell et al. 2010, 2012).

A decrease in the field size has been associated with a
corresponding decrease in radiation dose, for HL, DLBCL,
and FL. For early-stage, favorable HL, 20 Gy of radiation
therapy was shown to be adequate in GHSG HD10 (Engert
et al. 2010). A randomized study by the British National
Lymphoma Investigation showed that 24 Gy was sufficient
for FL and 30 Gy is as effective as higher doses for DLBCL
(Lowry et al. 2011).

Over the last few decades the dose and field size of RT
have both decreased in concert, making it somewhat diffi-
cult to parse out the contribution of each to the risk of
secondary malignancies. In studies in which low doses are
administered to involved-fields, the risk of developing a

second cancer is dramatically less compared with definitive
RT (Koontz et al. 2006; Salloum et al. 1996). In women
survivors, RT fields avoiding the axilla are associated with a
lower risk of secondary breast cancer (De Bruin et al. 2009).
Randomized studies comparing involved-field RT with
more extensive fields have shown trends toward a lower risk
of second cancer induction, though longer follow-up is
required (Engert et al. 2003; Sasse et al. 2012).

6.1.3 Age
For women treated for mediastinal HL, the risk of devel-
oping a secondary breast cancer is dependent on multiple
factors. The radiation dose and field size are important, as
discussed above, but so is the age of the patient. Using
historical radiation techniques, studies have shown that the
relative risk of developing breast cancer is *3–5 fold
higher compared with age-matched controls (Hancock et al.
1993a; Wolden et al. 2000; Wahner-Roedler et al. 2003)
with a latency period of 15–20 years (Yahalom et al. 1992;
Gervais-Fagnou et al. 1999; Hancock et al. 1993a; Wahner-
Roedler et al. 2003). Increasing age of a female is associ-
ated with a lower risk of treatment, until a woman is
approximately 30–35 years old when the risk is no longer
appreciably increased compared with age-matched controls
(De Bruin et al. 2009; Ferme et al. 2007; Hancock et al.
1993a; Wahner-Roedler et al. 2003). There is undoubtedly
always an increased risk, even in older patients, but it is
probably very small, especially with low doses of radiation
therapy avoiding the axilla.

6.2 Cardiovascular Disease

Cardiovascular disease is the second most prevalent serious
late effect, behind secondary malignancies, in current HL
survivors (Ng et al. 2002). Survivors of NHL also appear to
be at greater risk of developing cardiovascular disease,
though less thoroughly studied compared with HL patients
(Moser et al. 2006). Cardiovascular disease in HL survivors
occurs earlier in life and at a higher rate than age-matched
controls. The disorders that have been observed include
coronary artery disease leading to myocardial infarction,
valvular disease, pericardial disease, conduction abnormal-
ities, and cardiomyopathies. In the modern era, when the
entire heart is not treated to doses above 20 Gy, the risk of
pericarditis is quite low.

Identification of specific risk factors for the development
of cardiovascular disease after radiation therapy for lym-
phoma has been challenging. Radiation-induced cardiac
disease is undoubtedly influenced by both the dose of
radiation and the field. In terms of dose, many studies have
shown that lower radiation doses are associated with a
lower risk of cardiac disease (Hull et al. 2003; Hancock
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et al. 1993b; Kupeli et al. 2010). In a recent study of 1,132
HL survivors treated before age 18, the 25-year actuarial
risk of cardiac disease was 21 % after receiving a medias-
tinal dose of 36 Gy compared with 3 % when 20 Gy was
utilized (p \ 0.001) (Schellong et al. 2010). As for radiation
fields, a study from Stanford demonstrated a significantly
lower risk of cardiac disease other than acute myocardial
infarction when subcarinal and left ventricular blocking was
utilized (Hancock et al. 1993b). The location of the coro-
nary arteries often precludes adequate shielding when sub-
carinal disease is present. In the modern era of conformal
fields, avoidance of the valves and coronary arteries is
possible in many patients. Geographic avoidance is the best
way to decrease the risk of complications.

Other factors also seem to contribute to risk. Anthracy-
clines, and possibly other chemotherapeutics (Swerdlow
et al. 2007), appear to compound the risk of radiation
therapy, particularly for congestive heart failure and val-
vular disorders (Aleman et al. 2007; Myrehaug et al. 2008).
Further, patients with known cardiac risk factors (e.g. dia-
betes, hypertension, hyperlipidemia, smoking) appear to be
at much higher risk of developing cardiac complications
compared with patients with no cardiac risk factors (Hull
et al. 2003; Glanzmann et al. 1998). Thus, mediastinal
radiation therapy can be considered a cardiac risk factor,
which when compounded by diabetes or other cardiac co-
morbidities, begins to increase the risk of an adverse event.
The effect of age on risk is unclear. While the relative risk
appears to increase with age, the absolute excess risk is
greatest in older subgroups as cardiac disease is a disease of
older adults (Aleman et al. 2007; Swerdlow et al. 2007;
Hancock et al. 1993b).

6.3 Hypothyroidism

Thyroid disorders are common when the thyroid gland is
within the radiation field. In a large series of patients with
HL from Stanford, mostly treated with relatively high doses
of radiation therapy ([40 Gy), the actuarial risk of devel-
oping thyroid diseases 20 years after treatment was 52 %,
and this continued to rise with further follow-up (Hancock
et al. 1991). Hypothyroidism was by far the most common
finding. Many patients will initially develop subclinical
hypothyroidism, defined as elevation of thyroid-stimulating
hormone (TSH) with normal thyroxine (T4) levels without
any symptoms of hypothyroidism. Whether thyroid
replacement should be initiated in such patients is contro-
versial. At a minimum, close follow-up of such patients is
necessary.

The primary risk factor for developing hypothyroidism is
increasing radiation dose (Bhatia et al. 1996; Constine et al.
1984; Hancock et al. 1991). Female gender, addition of

chemotherapy, and age seem to contribute little, if any, to
the risk. Chemotherapy alone does not appear to be a sig-
nificant risk factor for hypothyroidism.
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Abstract

Brain metastases are a common problem historically
associated with poor outcomes, however the past sense
of therapeutic nihilism is no longer appropriate because
we now understand prognosis and the factors determin-
ing prognosis vary widely by diagnosis. Fifty years of
clinical trials have demonstrated a gradual shift in the
cause of death from neurologic to non-neurologic (50 %
neurologic in the early trials to less than 20 % in recent
trials). This shift correlates with improvements in local
control rates in the radiosurgery era. One-year local
control with WBRT alone, SRS alone, and WBRT plus
SRS is approximately 50 %, 70–80 %, and 80–90 %,
respectively. Evidence-based guidelines and randomized
trials are reviewed and elucidate the general principles of
management, aiding the clinician regarding choice of
treatment (surgery, stereotactic radiosurgery (SRS) and
whole brain radiation therapy). Notably, 15 randomized
trials of chemotherapy or radiosensitizers have failed to
improve survival. On-going trials address quality-of-life
and cognitive outcomes (i.e., the extent to which
cognitive decline is due to tumor progression versus
treatment-related toxicity). Better control of extra-cranial
tumor will be necessary in order to improve overall
survival for most patients

1 Introduction

In 2012, over 1.6 million people were diagnosed with
cancer in the United States (American Cancer Society
2012). Approximately 15 % of these patients (240,000) will
develop brain metastases (Zimm et al. 1981; Wen et al.
2001). The incidence of brain metastases is more than 10
times that of primary malignant brain tumors. If untreated,
the median survival is about 10 weeks. (Horton et al. 1971)
Thus, brain metastases are a common and serious problem
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in oncology. In the past, survival was uniformly poor and a
fatalistic futility dominated management recommendations.
With advances in systemic therapy and technology such as
stereotactic radiosurgery, this nihilism has been replaced
with the ability to tailor therapy to appropriate subgroups,
based on expected survival. It is now understood that the
prognosis for patients with brain metastases varies widely
and a one-size-fits-all treatment paradigm is no longer
appropriate. Prognosis and the factors that determine prog-
nosis vary by diagnosis (Sperduto et al. 2012a, b; Suki
2004). These diagnosis-specific prognostic factors include a
variety of clinical factors and genetic mutations. It is
incumbent upon the physician to understand the prognosis in
order to assist the patient and his/her family in making
appropriate choices regarding treatment and end-of-life care.

Table 1 shows the primary tumor most commonly
associated with the development of brain metastases
(Sperduto et al. 2012b). Lung cancer accounts for the
highest number of cases of brain metastases but patients
with melanoma have the highest incidence of developing
brain metastases. Melanoma represents only 4 % of all
cancers but 11 % of melanoma patients will develop brain
metastases (Suki 2004; Ribalta and Fuller 2004).

2 Prognosis

2.1 Natural Course and Cause of Death

If brain metastases are not treated, the median survival is
expected to be approximately 10 weeks (Horton et al.
1971). With steroids and whole brain radiation, the median
survival is 4–6 months (Patchell et al. 1990; Noordjik et al.
1994; Mintz et al. 1996; Andrews et al. 2004). Clinical trials
over the past 50 years have demonstrated a gradual shift in
the cause of death from neurologic to non-neurologic. The

early RTOG trials (Borgelt et al. 1980; Kurtz et al. 1981)
showed approximately 50 % of patients died of neurologic
causes whereas the most recent trials show less than 20 %
of patients with brain metastases die from neurologic causes
(Sperduto et al. 2013). This reflects not only the improve-
ments in treatment for brain metastases as well as the
refractory nature of systemic disease.

2.2 Prognostic Indices

As recently as 1997, a radiation oncology textbook rec-
ommended the following rudimentary functional scale be
used to assess prognosis in patients with brain metastases:
Level I—fully functional, able to work; Level II—fully
functional, not able to work; Level III—stays in bed, needs
help half the time, and; Level IV—requires help all the time
(Kagan 1997). The original work on more formal prognostic
indices for patients with brain metastases dates back to
1997, when Gaspar et al. published a seminal manuscript on
a prognostic index for patients with brain metastases, the
Radiation Therapy Oncology Group‘s Recursive Partition-
ing Analysis (RTOG-RPA) (Fig. 1) (Gaspar et al. 1997).
The RTOG-RPA was based on age, Karnofsky performance
status (KPS), whether the primary tumor was controlled,
whether extracranial metastases were present or absent. The
median survival for patients with RPA class I, II and III
were 7.1, 4.2 and 2.3 months, respectively. The index was
validated and quickly adopted for purposes of stratification
in clinical trials (Gaspar et al. 2000). (Weaknesses of the
RTOG-RPA are that it is not diagnosis-specific and the
determination of both primary tumor control and the pres-
ence of extracranial metastases can vary widely based on
the type, technique and timing of restaging studies. Other
previously published indices (Score Index for Radiosurgery
(SIR) and the Basic Score for Brain Metastases (BSBM))
share the same weaknesses (Weltman et al. 2000; Lorenzoni
et al. 2004) (Tables 2, 3). The SIR was found to be more
predictive of survival in radiosurgery patients than the RPA.
The median survival for patients who scored from 1–3, 4–7,
and 8–10 was 2.91, 7 and 31.38 months, respectively
(p = 0.0001) Similarly, the BSBM was more predictive of
survival following radiosurgery than the RPA but was
proposed as a simpler method than SIR. The median sur-
vival for patients who scored 3, 2, 1 or 0 was more than 32,
13.1, 3.3, and 1.9 months, respectively (p \ 0.0001).

The graded prognostic assessment (GPA) is a newer
prognostic index for patients with brain metastases
(Sperduto et al. 2008). This prognostic index was originally
developed from a database of 1,960 patients accrued to four
Radiation Therapy Oncology Group (RTOG) protocols for
patients with brain metastases treated with whole brain
radiation therapy (WBRT) (Sause et al. 1993; Murray et al.

Table 1 Incidence of brain metastases by primary tumor type and
median interval from primary diagnosis to brain metastases

Primary site Percentage of all
brain metastases

Median interval (mo) Dx
to brain metastases

Lung cancer 51 2–9

Non-small cell 44

Small cell
lung cancer

7

Breast cancer 15 24–40

Melanoma 11 15–41

Renal cell
carcinoma

7 12–27

Gastrointestinal
cancers

5 22–33

Other 11
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1997; Komarnicky et al. 1991; Phillips et al. 1994). The
diagnosis-specific prognostic indices was then refined based
on a second, independent multi-institutional retrospective
analysis of 4,259 other patients with brain metastases from
breast carcinoma, small cell and non-small cell lung carci-
noma, gastrointestinal cancers, melanoma and renal cell
carcinoma treated with WBRT and/or SRS (Sperduto et al.
2010). The breast cancer-specific GPA index was then
further refined using additional variables, including HER2
and ER/PR status (Sperduto et al. 2012b). In that study, two
statistical methodologies, multivariate Cox regression
(MCR) and recursive partitioning analysis (RPA), were
used to identify and weight the prognostic factors that were
significant for each diagnosis. The prognostic factors sig-
nificant for survival vary by diagnosis and each are
weighted in proportion to their regression coefficients. All

of the diagnosis-specific GPA scales are set on a 4.0 scale in
which a GPA of 4.0 represents the best prognosis and 0.0,
the worst. A user-friendly worksheet to calculate a patient’s
GPA is shown in Table 4 (Sperduto et al. 2012a). The
median survival by diagnosis and GPA is shown in Table 5.

The GPA has been independently validated by multiple
centers (Likacheva et al. 2012; Guo et al. 2012; Viana et al.
2012; Nieder and Mehta 2009; Nieder et al. 2008, 2009a, b,
2012; Villa et al. 2011) and is now being used to stratify
patients in multiple on-going clinical trials of the RTOG.

3 Treatment Options, Outcomes
and Toxicity

3.1 General Principles

Recently published evidence-based guidelines reflect the
many options and nuances of managing this patient popu-
lation (Linskey et al. 2010; Tsao et al. 2012; Mehta et al.
2005; Kalkanis et al. 2010). A common problem faced by
clinicians when attempting to interpret guidelines is that the
term ‘‘in selected patients’’ has become so ubiquitous in
guidelines and review articles that it renders them edentu-
lous. This creates a heuristic imbroglio of clinical science,
defeating the purpose of the guidelines and suggesting
almost any treatment option is acceptable. Only randomized
trials provide Level I evidence and are summarized in
Table 6. Notably 11 randomized trials of chemotherapy and
four randomized trials of radiosensitizers have failed to a
survival benefit. (Sperduto 2013, French, Robinet, DeAn-
gelis 1989a, Postmus, Ushio, Antonadou, Mornex, Knisely,
Neuhaus, Lee, Aiken, Suh, Mehta, Eyre).

3.2 Local Control of Brain Metastases

Reports on 1-year local control rates for brain metastases
treated with WBRT alone, WBRT plus SRS and SRS alone
vary widely, even among randomized trials. The 1-year
local control rate for WBRT alone ranges from 0 to 71 %
(Patchell et al. 1990; Andrews et al. 2004; Kondziolka et al.
1999). 1 year local control with WBRT plus SRS was
80–90 % in two randomized trials (Andrews et al. 2004;
Aoyama et al. 2006). The 1-year local control rate for SRS
alone is 73 % (Aoyama et al. 2006).

4 Toxicity

4.1 Radiation Necrosis

Radiation necrosis is extremely rare after WBRT alone but
not uncommon after SRS. The toxicity associated with

Fig. 1 Recursive partitioning analysis (RPA)

Table 2 Score index for radiosurgery (SIR)

0 1 2

Age (years) [60 51–59 \50

Karnofsky performance status \50 60–70 [70

Systemic disease status PD PR-SD CR-NED

Largest lesion volume (cc) [13 5–13 \5

Number lesions [3 2 1

PD Progressive disease, PR Partial remission, SD Stable disease,
CR Complete clinical remission, NED No evidence of disease

Table 3 Basic score for brain metastases (BS-BM)

0 1

KPS 50–70 80–100

Control of primary tumor No Yes

Extracranial metastases Yes No
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Table 4 Diagnosis-specific prognostic factors and graded prognostic assessment (GPA) worksheet to estimate survival for newly diagnosed
brain metastases

GPA scoring criteria Patient

Non-small cell and small cell lung cancer Prognostic factor 0 0.5 1.0 Score

Age [60 50–60 \50 __

KPS \70 70–80 90–100 __

ECM Present – Absent __

#BM [3 2–3 1 __

Sum total __

MST (mo) by GPA: 0–1.0 = 3.0, 1.5–2.0 = 5.5, 2.5–3.0 = 9.4, 3.5–4.0 = 14.8

Melanoma Prognostic factor 0 1.0 2.0 Score

KPS \70 70–80 90–100 __

#BM [3 2–3 1 __

Sum total __

MST (mo) by GPA: 0–1.0 = 3.4, 1.5–2.0 = 4.7, 2.5–3.0 = 8.8, 3.5–4.0 = 13.2

Breast cancer Prognostic factor 0 0.5 1.0 1.5 2.0 Score

KPS B50 60 70–80 90–100 N/a __

Subtype Basal N/a LumA HER2 LumB __

Age C60 \60 N/a N/a N/a __

Sum total __

Subtype: Basal = Triple negative (ER/PR/HER2-neg)

LumA = Luminal A (ER/PR-pos, HER2-neg)

LumB = Luminal B (Triple Positive, ER/PR/HER2-pos)

HER2 = HER2-pos, ER/PR-neg

MST (mo) by GPA: 0–1.0 = 3.4, 1.5–2.0 = 7.7, 2.5–3.0 = 15.1, 3.5–4.0 = 25.3

Renal cell carcinoma Prognostic factor 0 1.0 2.0 Score

KPS \70 70–80 90-100 __

#BM [3 2–3 1 __

Sum total __

MST (mo) by GPA: 0–1.0 = 3.3, 1.5–2.0 = 7.3, 2.5–3.0 = 11.3, 3.5–4.0 = 14.8

GI cancers Prognostic Factor 0 1 2 3 4 Score

KPS \70 70 80 90 100 __

MST (mo) by GPA: 0–1.0 = 3.1, 2.0 = 4.4, 3.0 = 6.9, 4.0 = 13.5

GPA Graded prognostic assessment, KPS Karnofsky performance score, ECM Extra-cranial metastases, #BM Number of brain metastases,
ER Estrogen receptor, PR Progesterone receptor, HER2 Human epidermal growth factor receptor 2

Table 5 Median survival time (MST) by graded prognostic assessment (GPA) score

Diagnosis Overall MST (months) MST (months) by diagnosis-specific GPA

GPA 0–1 GPA 1.5–2 GPA 2.5–3 GPA 3.5–4

NSCLC 7.0 3.0 5.5 9.4 14.8

SCLC 4.9 2.8 4.9 7.7 17.1

Melanoma 6.7 3.4 4.7 8.8 13.2

Renal cell 9.6 3.3 7.3 11.3 14.8

GI 5.4 3.1 4.4 6.9 13.5

Breast 13.8 3.4 7.7 15.1 25.3

Total 7.2 3.1 5.4 9.6 16.7

NSCLC Non small cell lung cancer, SCLC Small cell lung cancer, GI Gastrointestinal

282 P. W. Sperduto and L. E. Gaspar



stereotactic radiosurgery was well-defined by RTOG 9005,
a dose escalation study (Shaw et al. 1996, 2000). The
maximum tolerated dose (MTD) was found to vary with
tumor size as follows: for tumors\2.0 cm, 2.1–3.0 cm and
3.1–4.0 cm, the MTD was 24, 18 and 15 Gy. The risk of
radiation necrosis following SRS is dependent on both
radiation dose and volume (Flickinger 1989). It may not
develop until 6–36 months after SRS.

Differentiating radiation necrosis from tumor recurrence
radiographically can be difficult. Advanced imaging tech-
niques such as MR perfusion scan may be of benefit in
distinguishing tumor recurrence from radiation necrosis
(Hoefnagels et al. 2009; Mitsuya et al. 2010). Dequesada
et al. (2008) studied a novel parameter, the ‘‘Lesion Quo-
tient’’ (LQ), defined as ‘‘the ratio of maximal cross-sec-
tional area of a definable nodule on T2-weighted imaging to
the corresponding maximal cross-sectional area of T1-
contrast enhancement,’’ and found a LQ of \0.3, between

0.3 and 0.6, and [0.6 correlated well with radiation
necrosis, mixed findings of necrosis and tumor, and tumor
progression/recurrence, respectively. Others have studied a
ratio known as a ‘‘T1/T2 mismatch,’’ defined as ‘‘lack of a
clear and defined lesion margin on T2-weighted images
compared to the margin of contrast uptake on T1-weighted
images,’’ and found mismatches correlated with radiation
necrosis (Kano et al. 2010).

Sneed reported a retrospective analysis of 436 patients
with 2,057 brain metastases in which they used surgical
pathology, serial MRI and perfusion MRI to determine the
risk factors for radiation necrosis after radiosurgery for
brain metastases (Sneed et al. 2012). The appearance of
necrosis was noted to be variable and frequently indis-
tinguishable from tumor progression at single points in
time. Review of serial imaging was key, along with sur-
gical pathology when available. The risk of necrosis at
1 year after SRS varies significantly by primary tumor

Table 6 Selected randomized trials in patients with brain metastases and summary conclusions

Topic Author Year N Conclusion

A. WBRT versus WBRT ? S in
patients with solitary operable brain
metastases

Patchell
(NEJM)

1990 48 Surgery improves survival from 15 to 40 weeks (p \ 0.01)

Noordjik
(IJROP)

1994 63 Surgery improves survival from 6 to 10 months (p \ 0.04)

Mintz
(Cancer)

1996 84 Surgery did not improve survival

B. S versus S ? WBRT in patients with
solitary operable brain metastasis

Patchell
(JAMA)

1998 95 WBRT decreases recurrence rate in brain from 70 to 18 %
(p \ 0.001), not powered to assess survival

Kocher
(JCO)

2011 359 Schema was S or SRS ± WBRT in pts with 1–3 metastases. WBRT
reduced recurrence rate in brain and neurologic death but did not
improve duration of functional independence. The study was not
powered to assess survival

C. WBRT versus WBRT ? SRS in
patients with 1–3 brain metastases

Andrews
(Lancet)

2004 333 WBRT ? SRS improves survival for patients with one metastasis
from 4.9 to 6.5 months (p \ 0.04) and improves local control,
response rate, performance status and steroid dependence in patients
with 1–3 metastases. Unplanned subset analysis shows improved
survival in NSCLC from 3.9 to 5.9 months (p = 0.05)

D. SRS versus SRS ? WBRT in
patients with 1-4 brain metastases

Aoyama
(JAMA)

2006 132 WBRT ? SRS improves recurrence rate in brain from 76 to 47 %
(p \ 0.001) but did not improve survival. WBRT provided
neurological and neurocognitive function protection, not decline.
Study was not powered to assess survival

E. WBRT ? SRS versus
WBRT ? SRS ? chemo

11 trials (Sperduto et al.
2013; French et al. 1952;
Robinet et al. 2001;
DeAngelis et al.1989a;
Postmus et al. 2000;
Ushio et al. 1991;
Antonadou et al. 2002;
Mornex et al. 2003;
Knisely et al. 2008;
Neuhaus et al. 2009; Lee
et al. 2008)

No survival benefit with addition of chemotheraphy

F. WBRT versus
WBRT ? radiosensitizer

Four trials (Aiken et al.
1984; Suh et al. 2006;
Mehta et al. 2003, 2005;
Eyre et al. 1984)

No survival benefit with addition of radiosensitizers
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type, diameter of brain metastasis and prior radiation.
Specifically, the risk of necrosis was 3–6 % for breast,
6–9 % for melanoma, 10–16 % for lung, and 15–23 % for
kidney. The risk was 0, 2–4, 8–14, 17–24, 22–32 and
25–30 % for tumors of maximum diameter of \0.5,
0.6–1.0, 1.1–1.5, 1.6–2.0, 2.1–3.0 and [3 cm, respectively.
Regarding the technique of, the risk of necrosis was
6–9 % for SRS alone, 7–15 % after prior WBRT,
12–17 % with concurrent WBRT and 35–43 % for repeat
SRS after prior SRS.

4.2 Neurocognitive Dysfunction

Patients with brain metastases often have neurocognitive
deficits prior to radiation therapy. Certainly, cognitive
impairment is a common presenting symptom of patients
with brain metastases resulting directly from the tumor
burden in the brain. One trial demonstrated significant
baseline neurocognitive abnormalities prior to treatment in
90.5 % of patients presenting with brain metastases (Mehta
et al. 2003). Neurocognitive reassessment of patients in this
trial following WBRT showed further decline in neuro-
cognitive function strongly correlated with progressive
disease in the brain (Meyers et al. 2004). Furthermore,
many patients had received prior chemotherapy for their
primary tumor, a well-documented cause of cognitive
impairment. (Tannock et al. 2004).

Patchell found that giving WBRT after surgery actually
improved neurologic outcomes compared to those who did
not receive WBRT after surgery (Patchell et al. 1998).
Regine demonstrated an increased rate of symptomatic
recurrences and neurologic deficits when the tumor recurred
(Regine et al. 2002). These findings are consistent with
those of Aoyama et al. (2006). These studies raise concern
that progression of brain metastases, seen commonly after
local treatments such as surgery or SRS, is a much greater
cause of neurocognitive dysfunction than WBRT.

Nonetheless, there is evidence that WBRT can cause
neurocognitive decline. In an older study, DeAngelis
found an association between dose per fraction and the
risk of neurocognitive dysfunction at 1 year or longer
(DeAngelis et al. 1989a, b). No dementia was found in
the patients who received \300 cGy per fraction. Total
WBRT dose is also likely related to the risk of cognitive
decline (Le Pechoux et al. 2011). One randomized trial of
SRS versus SRS plus WBRT was closed early after 58
patients were accrued because interim analysis suggested
a high probability that patients in the SRS plus WBRT
arm were significantly more likely to show a decline in
learning and memory function at four months compared
to those in the SRS alone arm (Chang et al. 2009).
Because of concerns about the neurocognitive effects of

WBRT, the RTOG recently completed a placebo-con-
trolled, double-blind randomized trial of WBRT with and
without memantine has previously been shown to be of
benefit in vascular and Alzheimer’s dementia (Brown
et al. 2012). Even though no statistically significant dif-
ference was seen in delayed recall, patients treated with
had better cognitive function over time. Memantine
delayed time to cognitive decline and reduced the rate of
decline in recognition memory, executive function and
processing speed in patients receiving WBRT. An on-
going clinical trial of SRS versus SRS plus WBRT
(NCCTG 0574/RTOG 0671) will further elucidate qual-
ity-of-life and cognitive outcomes for patients with brain
metastases.

5 Conclusions and Future Directions

5.1 Conclusions

Take-home lessons from the aforementioned literature
include the following.
• There is marked heterogeneity in outcomes for patients

with brain metastases and these outcomes vary not only
by diagnosis but also by diagnosis-specific prognostic
factors.

• If the patient has a single brain metastasis with symp-
tomatic mass effect in an operable location, surgery is
appropriate. For operable patients with good performance
status (e.g., KPS C 70), limited extracranial disease, and
a resectable brain metastasis, complete resection of the
single brain metastasis improves the probability of
extended survival. The addition of postoperative whole
brain radiotherapy improves local and overall brain
control.

• There have been no high quality randomized trials that
have assessed whether selected patients with a small
single brain metastasis, in surgically accessible sites,
should undergo radiosurgery or resection. Adding WBRT
did not improve overall survival or functional
independence.

• For good prognosis patients with single brain metastases
(less than 4 cm in size, in patients with good performance
status and controlled extracranial disease), the use of
radiosurgery added to WBRT improves survival, treated
brain lesion control, and overall brain control as com-
pared with WBRT alone.

• In good prognosis patients with multiple brain metastases
(all less than 4 cm in size and up to 4 brain metastases in
number), radiosurgery boost when added to WBRT
improves treated brain lesion and overall brain control as
compared with WBRT alone. As there is no survival
advantage with radiosurgery added to WBRT in patients
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with multiple brain metastases, WBRT alone may be
considered.

• For selected patients with poor life expectancy (less than
3 months), the use of whole brain radiotherapy may or
may not significantly improve symptoms from brain
metastases. Comfort measures only, or short course
(20 Gy in 5 daily fractions) whole brain radiotherapy, are
reasonable options.

• Performance status is a key prognostic factor for all
patients with brain metastases.

• Serial imaging and awareness of the risk factors for
radiation necrosis are key to interpretation of follow-up
brain MRIs in patients previously treated with radiation
for brain metastases.

• Treating with SRS alone (omitting WBRT) is associated
with an increased risk of recurrence elsewhere in the
brain which is associated with neurocognitive decline.
However, treating with SRS alone (omitting WBRT) does
not negatively affect survival.

• Neurocognitive decline is more closely correlated with
progressive tumor than with whole brain radiation therapy.

5.2 Future Directions

One of the first and most important lessons taught to radi-
ation oncology residents is that for each patient, the phy-
sician must determine if the intent of treatment is curative
or palliative. Historically and in almost all cases still today,
if the patient has biopsy-proven or persuasive radiographic
evidence of metastases, the patient was considered incura-
ble and the entire focus turns to palliative care and quality
of life. There is even some provocative literature to suggest
cure with brain metastases is possible in oligometastatic
disease (Weichselbaum and Hellman 2011). More recently,
there is evidence of an abscopal effect consistent with
radiation-induced immune enhancement (Postow et al.
2012; Stamell et al. 2013). The future directions of care for
patients with brain metastases will ride the wave of per-
sonalized oncology care with improving systemic therapies
based on the specific genetic mutations of the patient’s
tumor, immunotherapies (which may include radiation-
induced immune enhancement—the abscopal effect) in
conjunction with highly localized radiation, such as SRS or
stereotactic body radiation therapy (SBRT). These devel-
opments should result in increased local control and sur-
vival, decreased toxicity, and improved quality of life.
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Abstract

Bone is one of the most common sites of metastasis. This
chapter addresses three notable issues for bone metas-
tases patients receiving radiotherapy: prognosis, compli-
cations affecting this patient population and predictive
factors for various toxicities. Overall survival estimates
for bone metastases patients have improved considerably
over the past 50 years and vary with respect to primary
tumour location. Numerous general and tumour-specific
predictors influence survival in this patient population;
when combined, these covariates have been used to
develop relevant predictive models for survival. Toxic-
ities in bone metastases patients are generally mild, and
risk is determined by radiation site and dose. One
noteworthy toxicity that has garnered significant research
in recent years is radiotherapy-induced nausea and
vomiting, for which risk factors include the anatomic
site being irradiated, a greater radiotherapy field size, a
female gender and anxiety. Complications that may
affect bone metastases patients are spinal cord compres-
sion, impending or pathologic fractures, neuropathic pain
and recurrence of bone metastasis. In closing, this
chapter contains essential information that should be
considered in the delivery of treatment; ultimately,
however, treatment choice should be tailored to the
individual patient and should be based on a variety of
clinical and sociodemographic factors.

1 Introduction

Bone is one of the most common sites of metastasis. It has
been shown that radiation is effective in pain relief in
around 60 % of patients (Chow et al. 2012), and is also
effective in preventing and treating skeletal related events
(Harada et al. 2010). In this chapter, relevant issues to
patients with bone metastases receiving radiotherapy, such
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as prognosis and predictive factors of toxicities will be
discussed. Complications that affect this patient population,
such as spinal cord compression, impending or pathologic
fracture, and neuropathic bone pain will also be addressed.

2 Prognosis

In the last 50 years, prognosis for patients with bone
metastases has improved considerably. Harrington noted
that the mean survival for bone metastases patients referred
for orthopaedic fixation increased from seven to 19 months
from 1960 to 1980 (Harrington 1988).

2.1 Survival by Primary Tumour Type

Median survival for patients with bone metastases varies
widely with respect to primary tumour location. Prostate
and breast patients have a median survival of 29.3 and
22.6 months, respectively, while renal-cell and lung
patients have a markedly shorter expected survival of 11.8
and 3.6 months, respectively (Harrington 1988). Regardless
of primary tumour location, for patients with bone-only
metastases, expected median survival is 52 months (Perez
et al. 1990; Yamashita et al. 1991, 1992).

Patients with primary breast and prostate cancers account
for the majority of bone metastases patients as a result of
high prevalence and lengthy duration of these diseases
(Plunkett and Rubens 2005). Although bone metastases can
occur in patients with any primary cancer, three primary
sites are especially favoured: the breast, prostate and lung.

2.1.1 Breast Cancer
Breast cancer carries a high metastatic affinity for the
skeletal system; the majority of patients with advanced
breast cancer have bone metastases by the time of death
(Galasko 1986). Overall, it has been cited that the median
survival from diagnosis of bone metastases from breast
cancer is approximately 20 months (Plunkett and Rubens
2005). At first relapse, breast cancer patients with bone
metastases have significantly better survival than patients
with visceral metastases (median survival: 24 months ver-
sus 12 months, respectively) (Solomayer et al. 2000).
Similar results are obtained with regard to overall survival
(71 months for bone metastases versus 48 months for vis-
ceral metastases) (Solomayer et al. 2000).

Patients with advanced breast cancer and with bone-only
metastases have favourable prognosis. Coleman et al.
reported a median survival of 24 months in patients with
skeleton-only metastases and only 3 months for patients
who had a relapse in the liver (Coleman and Rubens 1987).
Similar findings are found in more recent studies, as patients

with solely osseous metastases have a better prognosis than
patients with visceral-only metastases (Solomayer et al.
2000).

2.1.2 Prostate Cancer
Bone metastasis is frequent in cancers of the prostate—
approximately 10 % of prostate patients present with bone
metastases, and almost all patients who die from the disease
are found to have bony metastases at autopsy (Landis et al.
1999). As with breast cancer, median survival from diag-
nosis of bone metastases from prostate cancer is expected at
20 months (Plunkett and Rubens 2005).

A bone scan index (BSI) quantifies the extent of meta-
static skeletal involvement by tumour type (Sabbatini et al.
1999). In patients with androgen-independent prostate
cancer, patients with low, intermediate or extensive skeletal
involvement have median survivals of 18.3, 15.8 and
8.1 months, respectively (Sabbatini et al. 1999).

2.1.3 Lung Cancer
Approximately 30–40 % of patients with lung cancer have
developed metastatic disease to the bone (Coleman 2001);
with the introduction of more sensitive screening technol-
ogies, this value is expected to increase (Iordanidou et al.
2006; Shaham et al. 2006). With the advancement of new
therapeutic methods, survival for lung cancer patients with
bone metastases has dramatically increased; in 2003, a
study cited that median survival for this patient population
was 6 months (Rosen et al. 2003), while in 2006 it doubled
to 12 months (Sandler et al. 2006).

2.2 Factors Affecting Prognosis

Both general and tumour-specific factors which influence
prognosis in bone metastases patients receiving radiother-
apy have been identified. A summary of these determinants
is presented in the following section.

In prostate cancer patients, prognostic predictors include
performance status, tumour grade, haemoglobin concentra-
tion, serum lactate dehydrogenase levels and prostate-spe-
cific antigen levels (Robson and Dawson 1996; Eisenberger
et al. 1994; Matzkin et al. 1993). In the same population, it
has also been found that patients with low serum levels of
C-terminal telopeptide of type I procollagen, C-terminal
telopeptide of type I collagen (ICTP) and alkaline phos-
phatase had significantly better survival when compared to
patients with high levels of these markers (Akimoto et al.
1999; Izumi et al. 2012). Further, elevated levels in the
following biomarkers have also been proven to significantly
reduce overall survival in prostate cancer patients: type I
procollagen N-terminal propeptide (Brasso et al. 2006),
parathyroid hormone (Berruti et al. 2012), osteoprotegerin,
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bone sialoprotein, cross-linked N-telopeptides of type I
collagen (NTX) and tartrate-resistant acid phosphatase
isoenzyme 5b (Jung et al. 2004). Extent of skeletal meta-
static involvement has, according to bone scintigraphy,
shown a significant correlation to survival in this patient
group (Crawford et al. 1989). Bone scintigraphy has also
revealed a relationship between the number of metastatic
lesions and survival (Soloway et al. 1988). In devising these
two correlations, the studies by Crawford et al. and Soloway
et al. (Crawford et al. 1989; Soloway et al. 1988) managed
to differentiate between patients at the extremes of their
respective scales. However neither managed to successfully
discriminate between more moderate cases.

A recent clinical trial of 132 patients with pathologically
confirmed bone metastases from lung cancer analyzed 11
potential covariates for their prognostic significance in this
population after radiotherapy (Komatsu et al. 2012). Upon
univariate analysis, surgery as a treatment for primary lung
cancer (vs. other treatments), solitary bone metastasis (vs.
multiple), no visceral organ metastasis (vs. 1 and C2), no
symptoms or numbness (vs. numbness vs. paresis), no pain
(vs. mild or severe pain), Eastern Cooperative Oncology
Group (ECOG) performance status \2 (vs. C2), biological
effective radiation dose of C40 Gy (vs. \40 Gy), adeno-
carcinoma histology (versus others), and the use of epi-
dermal growth factor receptor (EGFR)-targeted agents
significantly correlated to improved survival in this patient
population. Further multivariate analysis revealed that a
solitary bone metastasis (p = 0.038), performance status\2
(p = 0.006), biological effective radiation dose C40 Gy
(p = 0.003), adenocarcinoma histology (p = 0.014), and
the use of EGFR-targeted agents (p \ 0.001) significantly
correlated with improved survival. In the same year, Bae
et al. examined 220 patients with non-small cell lung cancer
presenting with bone metastases to determine prognostic
predictors of overall survival at diagnosis (Bae et al. 2012).
It was found that patients with squamous cell carcinoma (vs.
non-squamous cell carcinoma) and patients with a single
bone metastasis had a 1.8-times higher risk of shorter sur-
vival (p = 0.016) and 2.4-times longer survival
(p = 0.008), respectively. A biomarker study (Brown et al.
2005) discovered that, when compared to non-small cell
lung cancer patients with low urinary levels of NTX,
patients with high NTX levels had a more than threefold
increased risk of death (RR = 3.03, p \ 0.001), as well as a
5-month reduction in median survival (8.2 months versus
3.2 months, respectively). Additionally, patients with high
bone-specific alkaline phosphatase (BALP) levels
(C146 IU/L) also had significantly increased risk of death
when compared to patients with low BALP levels
(\146 IU/L) (RR = 1.53; p = 0.003).

Coleman et al. analyzed 367 women with breast cancer
to assess the impact of certain patient characteristics on the

development and prognosis of bone metastases (Coleman
et al. 1998). On multivariate analysis, they found 5 factors
that had great prognostic importance in their population:
histological grade (p \ 0.0001), oestrogen receptor status
(p \ 0.0001), bone disease at initial presentation
(p \ 0.0001), disease-free interval (p = 0.002) and age
(p = 0.006). Biomarker analysis by Brown et al. (Brown
et al. 2012) revealed that serum lactate dehydrogenase was
a significant prognostic predictor of survival, along with
Functional Assessment of Cancer Therapy-General (FACT-
G) score of less than 65 (p \ 0.05 vs. FACT-G C 75),
ECOG performance status of C1 versus 0 (RR 1.74,
p \ 0.01) and prior chemotherapy (RR 1.97, p \ 0.01 vs.
no prior chemotherapy). It was also determined that, for
breast cancer patients with bone metastases, elevated
baseline serum N-telopeptide (663 days vs. 941 days;
p \ 0.001) (Ali et al. 2004), elevated serum ICTP
(p = 0.02) (Lipton et al. 2011), and expression of receptor
activator for nuclear factor kappa B (Zhang et al. 2012)
significantly shortened survival. Interestingly, in the breast
cancer setting, [30 ng/mL of vitamin D at diagnosis sig-
nificantly ameliorated overall survival (p = 0.0101) (Hatse
et al. 2012). As well, in this patient population it has been
shown that the maximum standardized uptake value on
positron emission tomography/computed tomography ima-
ges was strongly associated with overall survival in both
univariate (n = 141, hazard ratio: 3.13, p \ 0.001) and
multivariate analyses (hazard ratio: 3.19, p = 0.002)
(Morris et al. 2012).

In a literature review, Popovic et al. aimed to determine
prognostic factors in patients with spinal metastases
(Popovic et al. 2012). It was found that primary cancer site,
extent of metastases, as well as general condition and per-
formance score were most consistently identified as prog-
nostic predictors in spinal metastases patients; age,
neurological deficit and previous treatments were also
candidates for predicting survival.

2.3 Development of Predictive Models
for Survival

Based on prognostic factors, Chow et al. aimed to develop a
model for prediction of survival in advanced cancer patients
(Chow et al. 2002). Using a prospective database from an
outpatient palliative radiotherapy clinic, the work analyzed
16 potential covariates in 395 patients to determine their
predictive value of survival in this patient population. Of
these patients, 70 % were diagnosed with bone metastases,
while a total of 113 of 395 patients (28.6 %) had bone-only
metastases. Compared to the cohort with other forms of
metastatic involvement, the bone metastases-only cohort
survived notably longer (median survival: 29 vs. 16 weeks;
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p \ 0.0001). Upon univariate analysis, 12 of the 16 studied
factors entered the initial regression model by satisfying the
selection criterion of log-rank p B 0.01 (Table 1). The 12
included covariates were primary cancer site, site of metas-
tases (bone-only vs. others), weight loss (C10 % over the last
6 months vs.\10 %), Karnofsky Performance Status (KPS)
([50 vs. B 50), time from first cancer diagnosis to first con-
sultation at the outpatient clinic ([12 months vs.
B12 months), and the Edmonton Symptom Assessment
System (ESAS) scores of fatigue, nausea, depression,
drowsiness, appetite, sense of well-being and shortness of
breath. Upon multivariate analysis, six covariates were
retained: primary cancer site, site of metastases, KPS, and the
ESAS scores of fatigue, appetite and shortness of breath
(Table 2). With these six factors, they devised two models
with different scoring summations. In the first, each predictor
was assigned a partial score, and summation of all six partial
scores led to a survival prediction score; the second method
involved identifying the number of risk factors, of a possible
six, that the patient had. To evaluate the performance of the
models, a C index was used, which quantified the probability
that, for a randomly chosen pair of patients, the patient having
the better outcome was the one having the better-predicted
outcome. For the C index, a value of 0.5 indicated no pre-
dictive discrimination while a value of 1.0 indicated perfect
separation of patients with different outcomes. Overall, the
models had C index values that were consistently[0.7 at 3, 6
and 12 months. When actual survival was compared to pre-
dicted survival, a R2 value of 0.31 was calculated.

After the establishment of the initial models, the same
team worked on performing temporal validation of the
models by testing them on patients attending the same clinic
in a different year (Chow et al. 2009). This work utilized a
third form of test called the D index to assess the performance
of the models. The D index quantified the discrimination of
the models based on their abilities to separate the risk of death
among groups of patients; for this statistical test, the larger
the D statistic, the greater the degree of separation. The
models had C index values ranging from 0.65 to 0.68, which
represented reasonable concordance, and D index values of
0.99 to 1.41, representing good separation of prognostic
groups. However, generalized R2 values remained poor
(range: 0.27–0.31), indicating that the models accounted for
less than one-third of the variability in survival.

Chow and colleagues aimed to simplify their original
prognostication models (Chow et al. 2008). They cited
difficulty in extracting ESAS scores as the reason why they
believed a simpler model made up of only three readily
available factors—primary cancer site (breast, prostate,
lung and others), site of metastases (bone vs. others) and
KPS—deserved consideration. As with their previous
models, they utilized two scoring approaches: the partial
score method and the number of risk factors method. In

order to validate these new models, they conducted both
temporal and external validation by comparing cohorts from
different years and at different institutions. In evaluation of
the performance of these predictive models, C index values
ranged from 0.63 to 0.66 and D index values ranged from
0.81 to 1.09, indicating reasonable separation of the three
prognostic groups formed by the models. In addition, it was
noted that the models were not hindered by over-optimism.
In contrast to the previous R2 values for the initial
(R2 = 0.31) and temporal validation (R2 = 0.27) cohorts of
the six-factor models, the R2 values for the three-variable
models were lower across the initial, temporal and external
validation sets (R2 = 0.23, 0.24, 0.15, respectively). The
reduction in the generalized R2 values indicated that the
three ESAS variables that were omitted did contribute sta-
tistical significance to the six-factor model. However, these
statistics should be considered with reservation, as R2 val-
ues are generally not reported in predictive models, and
when they are reported, values are generally low despite
successful validation (Toscani and Brunelli 2005).

Although some factors were not included in the models
by Chow et al., in general, survival of metastatic cancer
patients is dependent on performance status (Chow et al.
2002), symptoms comprising part of the ‘‘terminal cancer
syndrome’’ (Reuben et al. 1988), and other patient symp-
toms which include asthenia, anorexia, cachexia, weight
loss, dysphagia, xerostomia, delirium and cognitive
impairment (Llobera et al. 2000; Maltoni et al. 2005).
Additionally, some studies state that nonclinical factors,
such as social support (Schoenbach et al. 1986) and religion
(Phillips and Smith 1990; Jarvis and Northcott 1987) also
influence survival in this patient population, although others
have concluded that psychosocial factors are not associated
with survival in palliative advanced cancer patients (Chow
et al. 2008; Chow et al. 2002).

3 Risk Factors for Toxicities

3.1 Radiotherapy-Induced Nausea
and Vomiting

The earliest studies reported the incidence of vomiting as
60 % in those receiving fractionated radiotherapy to the
whole abdomen (Priestman and Priestman 1984) and 80 %
when single fractions were given (Danjoux et al. 1979;
Priestman et al. 1990). Dennis et al. (2011a) summarize the
risk factors for radiotherapy-induced nausea and vomiting
(RINV) (Table 3). These predictors include a younger age,
female gender, low alcohol consumption, and previous
experience of emesis (Feyer et al. 1998). In addition, radi-
ation to the upper abdomen is well recognized as one of the
most emetogenic sites for radiation (Coates et al. 1983).
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Table 1 Univariate survival analysis of 16 prognostic factors as reported by Chow et al. (2002)

Covariates Subgroups Number of
patients

Missing
values (%)

Survival at
6 months (%)

Median
survival
(weeks)

Log-rank p
valuea

1 Age at 1st visit B68 years 207 0 47 21 0.18

[68 years 188 39 19

2 Primary cancer site Lung 143 0 34 16 \0.0001

Breast 80 65 52

Prostate 56 60 39

Others 116 31 14

3 Site of metastases Bone only 113 0 55 29 \0.0001

Others 282 38 16

4 Weight loss (C10 % over last
6 months)

Yes 132 30 14 \0.0001

No 263 49 26

5 KPS [50 278 0 52 27 \0.0001

B50 117 20 8

6 Time from 1st diagnosis of cancer to
1st consultation

[12 months 202 0.5 51 26 \0.0001

B12 months 191 33 15

7 Analgesic consumption within last
24 h of 1st consultation

None 102 0 53 30 0.25

Non-opioids 44 36 19

Weak-
opioids

54 50 26

Strong-
opioids

195 37 17

8 Pain 0 87 6 45 20 0.l

1–3 126 49 25

4–7 111 34 16

8–10 49 47 21

9 Fatigue 0 26 9 64 63 \0.0001

1–3 87 60 35

4–7 165 39 19

8–10 83 32 13

10 Nausea 0 200 7 4S 24 0.0004

1–3 111 44 19

4–7 41 37 19

8–10 16 6 10

11 Depression 0 92 13 49 24 0.004

1–3 149 49 25

4–7 32 41 20

8–10 19 16 S

12 Anxiety 0 72 13 50 24 0.5

1–3 143 46 19

4–7 95 41 19

8–10 33 40 16

(continued)
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In an Italian Group for Antiemetic Research in Radio-
therapy (IGARR) observational trial, the irradiated site
being the upper abdomen and field size ([400 cm2) were
statistically significant therapy-related risk factors for radi-
ation-induced emesis, while concomitant chemotherapy and
previous vomiting induced by chemotherapy were the only
significant patient-related risk factors (Feyer et al. 1998).
Although not statistically significant, a relatively high
incidence of RINV was also found in patients receiving
radiotherapy to the thorax (31 %), head and neck region
(30.5 %), brain (35 %), and pelvis (24.1 %). These findings
were concurrent with an earlier IGARR observational trial
(The Italian Group for Antiemetic Research in Radiother-
apy 1999). The reported incidence of RINV, by irradiated
site, was 71.4 % for upper abdomen patients, 48.4 % for
thorax patients, 40.4 % for head and neck patients, 40.4 %
for brain patients, and 39 % for pelvis patients. Enblom
et al. reported a high incidence of nausea in patients
receiving radiotherapy to the abdominal or pelvic regions
(63 %) and the brain or head and neck regions (48 %)
(Enblom et al. 2009).

Due to the unexpected higher incidence of RINV in
patients receiving head and neck and brain radiation (Enb-
lom et al. 2009; Maranzano et al. 2010), reclassification of
both head and neck and brain radiation from minimal to low
emetogenic risk group status was adopted by the Multi-
national Association of Supportive Care in Cancer (MAS-
CC) and the European Society of Clinical Oncology

(ESMO) in their updated 2009 antiemetic guidelines (Feyer
et al. 2011), as well as in the 2011 updated antiemetic
recommendations from the American Society of Clinical
Oncology (ASCO) (Basch et al. 2011).

3.2 Other Toxicities

Additional toxicities are summarized in two systematic
analyses published by Chow et al. (2012, 2007), who
reported that risk of toxicities is determined by radiation site
and dose. In general, they found that toxicities were mild
and patients who received single fraction or multiple frac-
tions treatment experienced similar acute toxicities. In
contradiction, three trials have reported more acute toxici-
ties in patients receiving multiple fractions (Hartsell et al.
2005; Kaasa et al. 2006; Foro et al. 2008). Acute toxicities
reported from various studies are summarized in Table 4.

4 Complications Affecting Patients
with Bone Metastases

4.1 Spinal Cord Compression

Spinal cord compression occurs when an extradural tumour
compresses on the dural sac which surrounds the spinal cord
or cauda equina. Approximately 5–10 % of patients with

Table 1 (continued)

Covariates Subgroups Number of
patients

Missing
values (%)

Survival at
6 months (%)

Median
survival
(weeks)

Log-rank p
valuea

13 Drowsiness 0 71 9 64 36 \0.0001

1–3 137 50 24

4–7 112 33 17

8–10 39 18 8

14 Appetite 0 73 7 54 33 \0.000 1

1–3 102 50 24

4–7 128 45 I8

8–10 63 19 11

15 Sense of well-being 0 16 15 69 56 \0.0001

1–3 130 52 27

4–7 151 39 18

8–10 40 29 14

16 Shortness of breath 0 131 7 58 34 \0.0001

1–3 126 39 18

4–7 74 30 14

8–10 36 36 14
a Replace the missing value of a covariate with the median of that covariate
KPS Karnofsky performance score Reprinted from Chow et al. (2002) with permission from Elsevier
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bone metastases develop spinal cord compression (Rades
and Abrahm 2010; Sejpal et al. 2007). This complication is
considered an oncologic emergency, because if left alone, it
can lead to devastating consequences such as paralysis,
significant pain, sensory loss and incontinence (Kwok et al.
2005; Loblaw et al. 2005). The incidence of spinal cord
compression is related to the primary tumour type, most
commonly occurring in patients with breast, prostate, and
lung cancers (Sejpal et al. 2007). Radiation is a common
treatment for patients with spinal cord compression since it
can be used alone or after surgical interventions (Rades and
Abrahm 2010). In patients suffering from spinal cord
compression, radiation or surgery is usually combined with
corticosteroids (Rades and Abrahm 2010; Sejpal et al.
2007). Shiue et al. noted that using radiation therapy for
spinal cord compression shows significant improvements in
multiple areas; pain reduction occurred in 57–73 % of
patients, motor function improvement occurred in 26–42 %

Table 2 Multivariate analysis of
six prognostic factors included in
predictive survival models by
Chow et al. (2002)

p value Hazard ratio (95 % CI)

Primary cancer site \0.0001

Breast 1.00

Prostate 1.94 (1.25–3.01)

Lung 2.10 (1.48–2.96)

Others 2.49 (1.75–3.50)

Site of metastases \0.0001

Bone metastases only 1.00

Others 2.07 (1.54–2.78)

KPS \0.0001

[50 1.00

B50 2.10 (1.64–2.69)

ESAS fatigue score 0.005

0 1.00

1–3 1.26 (0.71–2.21)

4–7 1.66 (0.96–2.86)

8–10 1.84 (1.02–3.32)

ESAS appetite score 0.009

0 1.00

1–3 1.00 (0.69–1.43)

4–7 1.00 (0.71–1.42)

8–10 1.78 (1.15–2.68)

ESAS shortness of breath score 0.04

0 1.00

1–3 1.30 (0.97–1.74)

4–7 1.67 (1.18–2.35)

8–10 1.33 (0.85–2.08)

Reprinted from Chow et al. (2002) with permission from Elsevier

Table 3 Risk factors for the development of radiotherapy-induced
nausea and vomiting

Anatomic site being irradiateda

Concurrent chemotherapya

Previous chemotherapy-induced nausea and vomitinga

Radiotherapy field size greater than 400 cm2a

Age less than 55 years

Female

Anxiety

Daily alcohol consumption less than 100 g

High dose per radiotherapy fraction

High total cumulative radiotherapy dose
a Indicates statistically significant risk factor based on the Italian
Group for Antiemetic Research in Radiotherapy (IGARR) observa-
tional trial (The Italian Group for Antiemetic Research in Radio-
therapy 1999)
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Table 4 Summary of acute toxicities reported by the literature

Reference Nausea and
vomiting

Lethargy/tiredness Diarrhoea Skin reaction Additional Overall

Price et al.
(1986)

No statistically
significant
difference
between arms in
acute morbidity

Cole (1989) Single: 77 %; only
beyond first week in
23 %; multiple:
33 %; persisted
beyond first week;
effects did not
correlate with site of
radiation

No statistically
significant
difference between
arms; increased with
larger field size

Single:
30 %;
multiple:
22 %; mild;
no temporal
relationship
to radiation

Single: 30 %;
multiple: 22 %; no
statistically
significant
difference between
arms; one severe
reaction; one
reaction to
aminoglutethimide

Kagei et al.
(1990)

Single: 14 %;
multiple: 23 %

Single:
21 %;
multiple:
15 %

Transient pain
augment: 8 %
multiple;
transient
haemoptysis:
7 % single

Gaze et al.
(1997)

Single: G0 60 %;
G1 18 %; G2 10 %;
G3 11 %; G4 1 %;
multiple: G0 65 %;
G1 8 %; G2 11 %;
G3 15 %

Single: G0 29 %;
G1 35 %; G2 24 %;
G3 10 %; G4 3 %;
multiple: G0 25 %;
G1 30 %; G2 29 %;
G3 14 %; G4 2 %;
same degree of
tiredness

No statistically
significant
difference
between arms in
acute adverse
effects

Foro et al.
(1998)

Total: G1 12 %; no
statistically
significant
difference between
arms

Nielson et al.
(1998)

Very modest; no
statistically
significant
difference between
arms

Very modest; no
statistically
significant
difference between
arms

Very modest; no
statistically
significant
difference between
arms

Bone Pain
Trial Working
Party (1999)

Single: 56 %
nausea; 30 %
vomiting; multiple:
65 % nausea; 32 %
vomiting; no
statistically
significant
difference between
arms

Steenland
et al. (1999)

No statistically
significant
difference between
arms

No statistically
significant
difference between
arms

No statistically
significant
difference between
arms

Single: 1 case of
radiation
enteritis (post
re-treatment);
multiple: 1 case
of small bowel
ileus

(continued)
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Table 4 (continued)

Reference Nausea and
vomiting

Lethargy/tiredness Diarrhoea Skin reaction Additional Overall

Ozsaran et al.
(2001)

G1 or G2 acute
toxicity (mainly
GI) in 16.1 % of
patients

No G3 or G4
toxicity; no
significant
difference in
frequency or
severity
between
treatment
groups
(p = 0.382)

Sarkar et al.
(2002)

Single: 29 %
nausea; 3 %
vomiting; multiple:
35 % nausea; 4 %
vomiting; mild
nausea; moderate
vomiting

Single:
10 %;
multiple:
7 %; mild
cases

Single: 23 %;
multiple: 21 %;
mild erythema

Altundag et al.
(2002)

Mild nausea and
vomiting

No other early
or late
complications

Hartsell et al.
(2005)

(gastrointestinal
toxicity); single: G1
7 %; G2 5 %; G3
1 %; multiple: G1
11 %; G2 7 %; G3
1 %

Single: G1 3 %;
multiple: G1 8 %;
G2 4 %

Lung, central
nervous system,
haematological,
and other
toxicities

More acute
toxicities (G2-
4) in multiple
(17 %) arm
than single
(10 %;
P = 0.02)

Roos et al.
(2005)

G3 1 % (upper
gastrointestinal
toxicity)

G3 lung 1 %;
pain flare worse
in single than
multiple

Toxicities were
generally absent
or mild

Kaasa et al.
(2006)

Fewer patients with
nausea in first
4 weeks in single
arm

No statistically
significant
differences in
fatigue

Fewer
patients
with
diarrhoea in
first
4 weeks in
single arm

El-Shenshawy
et al. (2006)

Single: G0 62 %;
G1 12 %; G2 12 %;
G3 12 %; G4 2 %;
multiple: G0 66 %;
G1 14 %; G2 10 %;
G3 10 %; G4 2 %;
Not statistically
significant
(p = 0.496)

Single: G0 30 %;
G1 36 %; G2 22 %;
G3 10 %; G4 2 %;
multiple: G0 26 %;
G1 32 %; G2 26 %;
G3 14 %; G4 0 %;
Not statistically
significant
(p = 0.286)

During the
18 month
follow-up
period, no late
adverse effects
were noted

No difference in
acute toxicities
between the two
groups

Hamouda
et al. (2007)

Very modest Very modest No late adverse
effect noted

Foro et al.
(2008)

(Gastrointestinal
toxicity): Single: G1
2 %; multiple: G1
2 %

Single: G1 8 %; G2
2 %; multiple: G1
10 %; G2 5 %

Acute toxicity
greater in
multiple arm
without
significant
differences

Amouzegar-
Hashemi et al.
(2008)

Mild gastrointestinal
disturbances:
nausea. Single: 3
patients; multiple: 5
patients

G0 Grade 0; G1 Grade 1; G2 Grade 2; G3 Grade 3; G4 Grade 4
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of patients, and mobility was regained in 26–35 % of
treated patients (Shiue et al. 2010).

4.1.1 Prognosis
For most patients with metastatic spinal cord compression,
prognosis is at most 6 months; however, there are some
patients who may live for a few years (Maranzano et al.
2005; Rades et al. 2006). Prognostic factors for patients
with spinal cord compression are an important consider-
ation as they affect the optimal dosage and fractionation of
radiation treatment. For example, single radiation fraction
therapies are recommended for patients with poor prognosis
(i.e. B6 months) whereas more protracted radiotherapy can
be considered for patients with longer expected prognosis
(i.e.[6 months) (Holt et al. 2012). Rades et al. determined
several prognostic factors for patients with spinal cord
compression, irrespective of primary cancer: ECOG per-
formance status, type of primary tumour time between
diagnosis of primary to diagnosis of metastases, presence of
visceral metastases during radiation, degree of motor
function before radiation, and length of time from the onset
of motor deficit to radiation (Rades et al. 2006, 2008). They
used these prognostic factors to develop a scoring system to
help physicians determine the appropriate radiation amount
and fractionation schedule for different patients (Rades et al.
2008). A 2010 study determined that a later onset of motor
deficit is additionally related to better functional outcome
and survival (Shiue et al. 2010). Abrahm et al. reported that
pre-treatment ambulatory status was the most important
predictor of survival in spinal cord compression patients
(Abrahm et al. 2008).

4.2 Impending or Pathologic Fractures

Pathologic or impending fractures can occur in patients with
bone metastases. They are frequently associated with breast,
lung, prostate, kidney, and thyroid primary cancers (Cole-
man 1997). Impending or pathologic fractures are consid-
ered a complication because they can cause hospitalization,
significant pain and urgent need for surgery in unfavourable
circumstances (Jawad and Scully 2010).

4.2.1 Prognosis
The occurrence of pathologic fracture or the suggestion of
an impending fracture has become more frequent as palli-
ation of cancer has improved. Thus far, it has been found
that prognosis of patients with pathologic fracture is affec-
ted by the number of other, non-osseous metastases and the
primary tumour type. Ruggieri et al. noted that the occur-
rence of fracture negatively affects prognosis and quality of
life of cancer patients (Ruggieri et al. 2010). They also
suggested that a pathologic fracture within the upper

extremities is associated with better prognosis than a path-
ologic fracture in the lower extremities (Ruggieri et al.
2010). In a large analysis of 619 patients with metastatic
involvement to the spine or to the extremities, the presence
of complete pathologic fracture was shown to hinder
prognosis (p = 0.03) (Wedin 2001).

4.3 Neuropathic Pain from Bone Metastases

Neuropathic pain can be defined by certain characteristics.
First, it is pain that does not correlate to an area of disease
or damage and can be explained by impingement or damage
to neural structure. Second, neuropathic pain is usually
described as a burning or prickling sensation or a shooting
or stabbing-like sensation. Third, the pain is usually asso-
ciated with abnormal autonomic, sensory, or motor func-
tions (Grond et al. 1999).

Neuropathic pain has been previously described as being
difficult to palliate and can be resistant to opioids (Kerba
et al. 2010). For neuropathic pain to be due to bone
metastases, the metastases would have to be close by so that
it can aggravate or compress the nerve involved, either
mechanically or chemically (Kerba et al. 2010; Dennis et al.
2011b). A survey conducted by Kerba et al. to assess the
prevalence of neuropathic pain in cancer patients found that
approximately 17 % of patients experienced neuropathic
pain (Kerba et al. 2010). Neuropathic pain is considered a
complication of bone metastases due to its negative impact
on quality of life and functional ability of patients (Urch and
Dickenson 2008).

4.3.1 Treatment
Common treatments for neuropathic pain include antide-
pressants, corticosteroids, opioids, and radiation (Grond
et al. 1999; Roos et al. 2005). Previous literature has
revealed that approximately 60 % of patients treated with
radiation to bone experience pain relief due to the treat-
ment; however, there lacks distinction between neuropathic
bone pain and non-neuropathic bone pain. There is currently
a paucity of evidence on the efficacy and recommended
dosage of radiotherapy for exclusively bone metastases-
induced neuropathic pain, as well as on specific prognostic
factors in this patient population. There has been only one
study on the efficacy of different dose fractionation sched-
ules for the palliation of neuropathic pain caused by bone
metastases (Roos et al. 2005). Roos et al. found that a dose
fractionation schedule of 8 Gy in one fraction cannot be
conclusively determined to be just as effective as 20 Gy in
five fractions; however, a conclusion that 8 Gy in one
fraction performed worse than 20 Gy in five fractions could
not be drawn as well (Roos et al. 2005). As such, the effi-
cacy of single treatment versus protracted treatment for
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palliation of neuropathic pain caused by bone metastases
still seems to be inconclusive. It is suggested that a single
fraction of 8 Gy should be considered for patients with
shorter prognosis and decreased performance status (Chow
et al. 2012; Lo et al. 2010).

4.4 Recurrence of Bone Metastasis

The predictive risk factors for recurrence of bone metastasis
correspond to the risks for initial bone metastasis. Factors
associated with higher rates of metastatic recurrence include
higher numbers of involved lymph nodes, larger tumour
size, and estrogen receptor expression in breast cancer
patients. Bisphosphonates can offer an effective adjuvant
therapy to reduce recurrence of bone metastases in breast
cancer patients. Further research is needed to identify
additional predictive factors for recurrence of bone metas-
tases, both in general and site-specific cases.

5 Closing Remarks

Radiotherapy for bone metastases patients is a seemingly
simple science but consists of a sophisticated art. This
chapter contains important information that should be
considered in the delivery of treatment tailored to the
individual patient that is based on a variety of clinical and
socio-demographic factors.
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