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Series Introduction

The current volume, Controversies in Lung Cancer: A Multidisciplinary Ap-
proach, is Volume 25 in the Basic and Clinical Oncology series. Many of the
advances in oncology have resulted from close interaction between the basic
scientist and the clinical researcher. The current volume follows, expands on,
and illustrates the success of this relationship as demonstrated by new therapies
and promising areas for scientific research.

As editor of the series, my goal has been to recruit volume editors who
not only have established reputations based on their outstanding contributions to
oncology, but also have an appreciation for the dynamic interface between the
laboratory and the clinic. To date, the series has consisted of monographs on
topics such as chronic lymphocytic leukemia, nucleoside analogs in cancer ther-
apy, therapeutic applications of interleukin-2, retinoids in oncology, gene therapy
of cancer, and principles of antineoplastic drug development and pharmacology.
Controversies in Lung Cancer is certainly a most important addition to the series.
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vi Series Introduction

Volumes in progress include a work on chronic lymphoid leukemias. I an-
ticipate that this and future volumes will provide a valuable contribution to the
oncology literature.

Bruce D. Cheson, M.D.



Foreword

Although progress is being made in the treatment of lung cancer, the long-term
survival rate for lung cancer patients remains disappointing. In order to effect a
major impact on lung cancer survival, the paradigm must shift. Currently, too
many people develop lung cancer, too many people present with locally advanced
or disseminated disease, and too many people have tumors that are refractory to
available systemic treatment. Fortunately, there are potential ways to influence
the frequency of lung cancer, the stage of the disease, and responsiveness to
systemic therapy. First, optimism exists that educational efforts directed toward
children will result in a decline in the prevalence of smoking. Second, low-dose
rapid spiral CT scans of the chest may detect disease earlier in persons at risk
and reduce the percentage of patients who present with advanced disease. Lastly,
treatments directed at novel targets—including autocrine growth factors, angio-
genesis, and defective programmed cell death—may provide new venues to treat
locally advanced and disseminated disease and ultimately lead to less toxic, more
effective adjuvant therapy.
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viii Foreword

Although we anticipate a favorable shift in the lung cancer paradigm, we
must urgently confront our current challenge—to provide the most effective
available treatment now for hundreds of thousands of lung cancer patients, who
will be diagnosed in the next five years and who cannot wait for theoretical
therapies. The editors of Controversies in Lung Cancer have carefully identified
key areas where real progress has been achieved and where continued work is
likely to result in further improvement. Equally important, they have gathered
an impressive group of recognized experts in the field who are themselves directly
involved in this task.

The book begins with a refreshing discussion on lung cancer staging. TNM
staging was adopted for lung cancer more than three decades ago, and the staging
system has since been refined twice (1986 and 1997). The authors of Chapter 1
highlight the current inadequacies of the staging system and discuss possibilities
for improving it. The next two chapters focus on the results achieved in limited-
stage small cell lung cancer. In the year 2000, more than 25% of limited-stage
small cell lung cancer patients treated with concurrent chemotherapy and radia-
tion had survived for at least five years; this has truly ‘‘raised the bar’’ compared
to results only 10 to 20 years ago. Using evidence-based medicine, the authors
of subsequent chapters meticulously address dilemmas regarding local therapy
(including the proper timing, volume, and fractionation schedule for radiation
therapy) and revisit the heretofore dormant issue of surgical treatment. The poten-
tial drawbacks and benefits of prophylactic cranial radiation and chemotherapy
dose intensification are also discussed in detail. The relative pros and cons are
presented in a balanced manner that enables the reader to fully appreciate the
subtleties behind each position.

Other topics in the book include novel strategies to improve outcome in
selected groups of locally advanced non–small cell lung cancer patients; the role
of adjuvant postoperative chemotherapy and radiation therapy; surgery versus
chemoradiation in patients with marginally resectable stage III disease; and op-
posing viewpoints on a recently emerging controversy—three-dimensional con-
formal radiation therapy versus conventional radiation in lung cancer. In addition
to providing information in a pro/con format for the most controversial issues,
this text presents comprehensive, state-of-the-art discussions of supportive care,
chemoprevention, endobronchial therapy, economic and resource analyses, and
the role of chemotherapy dose intensification in non–small cell lung cancer.

For the clinician involved in the management of lung cancer, this book is an
invaluable resource. Because of our increasing workloads, we have considerable
difficulty in collecting and assimilating, on our own, the critical information nec-
essary to provide the best possible care for patients. The well-organized and
thoughtful presentations in Controversies in Lung Cancer will help the multidis-
ciplinary team of lung cancer physicians and nurses to achieve their primary



Foreword ix

objectives—to improve not only the quantity, but also the quality, of life for
patients with lung cancer.

Philip Bonomi, M.D.
Director, Section of Medical Oncology

Rush-Presbyterian-St. Luke’s Medical Center
Chicago, Illinois





Preface

Lung cancer is the leading cause of cancer death in the United States for both
men and women. Indeed, the number of deaths per year from lung cancer exceeds
that of the second, third, and fourth leading causes of cancer death (viz., breast,
prostate, and colorectal cancer) combined. It is not surprising, then, that many
exhaustive textbooks have been written on this subject, encompassing a vast
amount of intricate details about pathological factors, molecular markers, staging
workup, and so forth. Despite the wealth of information available on lung cancer,
many controversies and dilemmas still exist. Rather than focus on what is already
known and accepted, we have decided to tackle challenging issues that remain
unresolved.

In this light, we have divided the chapters into ‘‘controversies’’ and ‘‘di-
lemmas.’’ For the chapters centering on controversies, both ‘‘pro’’ and ‘‘con’’
viewpoints are presented. Although similar material is sometimes presented in the
opposing chapters, the key difference between the two lies in the interpretation of
and emphasis placed on the studies discussed. We believe that it is important
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xii Preface

for the reader to be exposed to the subtleties behind both arguments in such
controversies. Other topics do not lend themselves as readily to this format, but
still constitute an ongoing dilemma worthy of discussion. For example, the open-
ing chapter addresses current issues regarding staging. How are new techniques,
such as PET scanning, to be incorporated into our staging algorithms?

Leading national and international authorities on particular subjects have
been selected to present their views. For example, a heated controversy still exists
regarding the timing of thoracic radiotherapy for patients with limited-stage small
cell lung cancer. Arguing for early administration of radiotherapy in Chapter 2
is Nevin Murray, first author of the NCI Canada randomized trial favoring early
over delayed radiotherapy. The opposing argument is presented in Chapter 3 by
Mark Bryer and Michael C. Perry, the lead author of the CALGB randomized
trial suggesting a benefit to delayed radiotherapy. The authors (pro and con) of
each chapter use evidence-based medicine to support the ‘‘bottom line’’ of why
they favor one of two contrary approaches.

Chapter 4 leads the reader through the ongoing dilemmas regarding radio-
therapy fractionation and volume in small cell lung cancer. Chapter coauthor
Andrew Turrisi was first author of the pivotal randomized trial (recently pub-
lished in the New England Journal of Medicine) on radiation fractionation in
lung cancer patients. Throughout this volume, not only are the authors leading
experts in the treatment of lung cancer, but they have been specifically chosen
to address issues about which they feel passionate. This applies not only to the
chapters on small cell lung cancer, but also to the subsequent section on non–
small cell lung cancer. The final section of the book investigates more global
issues that apply to all patients with lung cancer.

This book is geared toward the clinician who encounters these challenging
problems in everyday oncologic practice. The management of lung cancer has
become a multidisciplinary effort, requiring cooperation and communication
among practitioners from various fields. Indeed, the specialization of the editors
represent the three major modalities of treatment—radiation, medical, and surgi-
cal oncology. In our weekly Multidisciplinary Thoracic Oncology Tumor Board
at Fox Chase Cancer Center, we have attempted to share our observations and
thus highlight many of the dilemmas that confront us within and across disci-
plines.

Controversies in Lung Cancer will prove a valuable resource, not only
for oncologists and thoracic surgeons, but also for pulmonologists and general
practitioners, who share the burden of caring for this large group of patients.
Pulmonologists will find several chapters devoted to the supportive care of pa-
tients with lung cancer. These chapters include discussions of the preoperative
pulmonary evaluation of patients, as well as the management of the key side
effects of thoracic radiation and chemotherapy, pneumonitis, and esophagitis.



Preface xiii

In the current era of second opinions, patients often lose their direction on
the ‘‘information superhighway’’ and look toward their primary physician for
guidance and assurance. This book helps crystallize the reasoning behind the
opinions that patients often face, and it enables their physicians to make this
information more understandable and accessible. The book will also be an indis-
pensable reference for oncology nurses who are instrumental in taking care of
patients with lung cancer. Finally, residents and medical students can glean count-
less insights regarding the management of lung cancer patients, and observe how
evidence-based medicine can be used to formulate cogent arguments at chart
rounds or tumor boards.

We would like to take this opportunity to thank the many contributors who
have worked diligently to present their perspectives in the prescribed format. We
would also like to acknowledge Sandra Beberman and Michael Deters of Marcel
Dekker, Inc., for their tireless efforts and Louise Marcewicz for her excellent
secretarial support. We are deeply grateful to our families, who supported us
wholeheartedly in this worthwhile project. Finally, we are forever indebted to
our patients, whose courage and determination continue to inspire us.

Benjamin Movsas
Corey J. Langer

Melvyn Goldberg
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Staging Dilemmas in Lung Cancer

Swan S. Leong
National Cancer Center, Singapore, Republic of Singapore

Mark R. Green
Hollings Cancer Center, Medical University of South Carolina,
Charleston, South Carolina

INTRODUCTION

The goals of a cancer staging system are to standardize the description of disease
based on extent and severity; to reflect the different prognoses of each stage
group; to direct management; and to facilitate conduct and comparison of clinical
and translational research.

Lung cancer staging, built upon this template, has undergone significant
changes over the last two decades as more data on the behavior and outcome of
disease have been accumulated and different management strategies, based on
patterns of failure and treatment endpoints for different groups of patients, have
been implemented. The accuracy of staging investigations has also improved as
new tools and techniques have become available, enhancing the validity and use-
fulness of the lung cancer staging system.

Issues and questions remain however. These issues continue to fuel discus-
sion and reexamination of the International Lung Cancer Staging System.
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2 Leong and Green

EVOLUTION OF LUNG CANCER STAGING

Several classifications for lung cancer staging were proposed but none became
widely accepted until the 1970s, when the American Joint Committee for Cancer
Staging and End Results Reporting (AJCC) put forth an evidence-based proposal
for staging. In 1973, the AJCC Task Force on Carcinoma of the Lung, adopting
the TNM classification scheme as described by Denoix (1), recommended criteria
for clinical staging of lung cancer. This staging system was based on information
collected from 2155 patients with bronchogenic carcinoma (2). Variables such
as size, location, and extent of primary tumor; association with obstructive pneu-
monitis, atelectasis, and pleural effusion; spread of tumor to different lymph node
stations; and involvement of distant organs were analyzed against survival data.
The T (T0–3), N (N0–2), and M (M0–1) categories were developed based on these
data. In the 1973 system, the presence of pleural effusion (either with or without
malignant cells) and the involvement of mediastinal structures by direct tumor
invasion were placed in a heterogeneous T3 category. This grouping also included
much more limited tumors, for example those involving only the chest wall. This
arrangement was based on survival data that were available at the time and re-
flected the inadequate radiographic staging tools in use at the time. We now know
that this diverse T3 category includes several subgroups with different treatment
options and important outcome differences (3–6).

Stage groupings were formed from analysis of more than 300 survival
curves plotted for various combinations of T, N, and M descriptors. Three stage
groups were defined, with stage I disease demonstrating the best outcome and
stage III the worse. Stage I disease included T1–2N0M0 and T1N1M0 tumors. Stage
II disease, the smallest category, included just T2N1M0 tumors. Stage III disease
included all T3, N2, or M1 tumors. The stage III disease category, like the T3

category, was very broad and had patients ranging from those with locally infil-
trative disease to patients with systemic metastasis. This staging system reflected
the limited treatment options of that era. Essentially all of the stage III patients,
with the exception of those with T3N0 disease, had a dismally poor outlook. Even
in this early analysis, the survival estimates of patients with T3N0M0 disease,
including some with superior sulcus tumors, demonstrated some chance for long-
term survival (2,4). Yet in the 1973 staging system no stage III subgroups were
defined to acknowledge that fact.

Survival for patients with small cell carcinoma was also recognized to be
exceptionally poor regardless of the demonstrated extent of disease. The proposed
TNM guidelines were viewed as inappropriate for staging of small cell lung
cancer.

The 1973 staging system’s three stages generally reflected prognoses as
appropriate for that period. However, with improvements in imaging techniques
and treatment approaches, the deficiencies of the system became increasingly
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apparent. Various meetings held during 1985 by members of AJCC, Union Inter-
nationale Contre Cancer (UICC), and Japanese and German representatives cul-
minated in the proposal for a revised International Staging System for Lung Can-
cer, published in 1986 (7). The database for this revision comprised records of
3753 lung cancer patients from M.D. Anderson Hospital and the North American
Lung Cancer Study Group’s Reference Center for Anatomic and Pathologic Clas-
sification of Lung Cancer. Changes from the 1973 system were intended to better
reflect prognoses and provide more meaningful guidelines for directing manage-
ment. Tumors with invasion of mediastinal structures or vertebral bodies and
tumors associated with a malignant pleural effusion were moved from T3 to a
new category of T4 tumors. Malignant effusion was more fully defined to exclude
pleural fluids that were cytologically negative, nonbloody, and not exudative. A
footnote to the staging system defined superficial tumors limited to the bronchial
wall as T1, irrespective of the distance of involvement along the bronchial mucosa
and proximity to the main bronchus.

Mediastinal nodes were divided into two categories. N2 disease was now
limited to ipsilateral mediastinal and subcarinal lymph node involvement while
a new N3 descriptor, including supraclavicular, contralateral hilar (previously des-
ignated M1), and contralateral mediastinal lymph nodes, was added. Although
the prognosis of patients with contralateral hilar and supraclavicular lymph nodes
(N3) was recognized to be very poor, these areas of involvement were readily
included in the field of radiation treatment and were considered regional spread
by radiation oncologists.

In the 1986 system, the stage groupings were also revised. Patients with
T1N0M0 tumors, with 5-year survival rates of more than 60%, were recognized
as a particularly favorable subgroup. The possibility of having a totally separate
stage group was considered but ultimately this was not implemented. T1N1M0

disease, having a poorer prognosis than N0 patients because of lymph node
involvement (8,9), was combined with T2N1M0 disease as stage II. The heteroge-
neous stage III category of the first AJCC system was now separated into locally
advanced disease (stage III) and disseminated disease (stage IV). Surgery was
clearly the primary treatment approach for stage I and II disease while palliative
management was indicated for stage IV disease. The new stage III category was
too complex from the outset to uniformly define prognosis and direct therapy.
Therefore, it was further subdivided into IIIA (T3 and/or N2), where complete
resection might still be feasible, and IIIB (T4 and/or N3), where it usually was
not feasible.

The second major revision in the lung cancer staging system was imple-
mented in 1997 (10), following a decade of working with the 1986 system. The
1997 revision was again based on patient data, an analysis of records from 5319
lung cancer patients treated at the M.D. Anderson Cancer Center from 1975 to
1988, and by the North American Lung Cancer Study Group from 1977 to 1982.
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TABLE 1 Primary Tumor (T)

1974 1986 1997

Tx Tumor proven by malig- Same as 1974 1 primary Same as 1986
nant cells in broncho- tumors that cannot be
pulmonary secretions assessed
but not visualized by
imaging or broncho-
scopically

T0 No evidence of tumor Same as 1974 Same as 1974
Tis — Carcinoma in situ Same as 1986
T1 Tumor 3 cm or less, sur- Same as 1974 Same as 1974

rounded by lung or vis-
ceral pleura, without in-
vasion proximal to a
lobar

T2 Tumor with any of the fol- Same as 1974 Same as 1974
lowing: .3 cm; in-
volves main bronchus
but $2 cm distal to ca-
rina; invades visceral
pleura; assoc. with atel-
ectasis or obstructive
pneumonitis which in-
volve ,1 lung

T3 Tumor that invades all ad- Tumor that invades: Same as 1986
jacent structures includ- chest wall; diaphragm,
ing mediastinum and mediastinal pleura, pari-
its contents; or ,2 cm etal pericardium; main
from carina; or assoc. bronchus ,2 cm from
with atelectasis or ob- carina but not involving
structive pneumonitis it; assoc. with atelecta-
that involves the whole sis or obstructive pneu-
lung; or pleural effusion monitis that involves

the whole lung
T4 — Tumor that invades: medi- Same as 1986 1

astinal structures in- satellite tumor
cluding heart, great ves- nodule(s) within
sels, trachea, ipsilateral pri-
esophagus; vertebral mary-tumor lobe
body; or presence of of lung
malignant effusion

Source: Leong et al. Chest 1999; 115:242–248.
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Among the issues addressed by the 1997 revision were the varying prognoses of
resectable tumors based on tumor diameter or the presence of multiple synchro-
nous tumor ‘‘satellite’’ lesions in the same lung at diagnosis. In this most recent
revision, stage I was divided into IA and IB, based on tumor size of 3 cm or less
(T1) versus greater than 3 cm (T2) and the presence (T2) or absence (T1) of visceral
pleural invasion. Stage II was also divided into IIA and IIB subgroups based on
the same criteria. In addition, T3N0M0 patients were regrouped as stage IIB. Tu-
mors with satellite nodules in the same lobe as the primary were designated T4

(stage IIIB). Synchronous lesions in a different lobe of the same lung as from
the primary tumor were considered M1 disease (Tables 1–4).

Patients with T1N0M0 tumors have a significantly better outcome after com-
plete resection compared to patients with T2N0M0 tumors. This had already been
clear from the database of the 1986 staging proposal. In that database, the 5-year
survival rate of patients with pathological T1N0M0 disease was 68.5% versus
59% for patients with T2N0M0 disease (7). Other series had also demonstrated
the same finding. For example, of 461 patients with T1N0M0 or T2N0M0 disease
treated with curative surgical resection between April 1972 and March 1978 at
the Mayo Clinic, Williams et al. showed a 5-year survival rate of 80% for T1N0M0

disease compared to about 62% for T2N0M0 disease (8). Similar findings were
noted by Naruke et al. (11) and Harpole et al. (12). Given the volume of data
demonstrating a substantially superior survival outcome, T1N0M0 disease was
given a separate subgroup heading of stage IA in the 1997 staging revisions,

TABLE 2 Regional Lymph Nodes (N)

1974 1986 1997

Nx — Regional lymph nodes cannot be as- Same as 1986
sessed

N0 No regional lymph Same as 1974 Same as 1974
node metastasis

N1 Metastasis to ipsi- Metastasis to ipsilateral peribron- Same as 1986
lateral hilar chial and/or ipsilateral hilar lymph
lymph nodes nodes

N2 Metastasis to medi- Metastasis to ipsilateral mediastinal Same as 1986
astinal lymph and/or subcarinal lymph nodes
nodes

N3 — Metastasis to contralateral mediasti- Same as 1986
nal, contralateral hilar, ipsilateral/
contralateral supraclavicular
nodes

Source: Leong et al. Chest 1999; 115:242–248.
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TABLE 3 Distant Metastasis (M)

1974 1986 1997

Mx — Presence of distant metas- Same as 1986
tasis cannot be as-
sessed

M0 No distant metastasis Same as 1974 Same as 1974
M1 Distant metastasis includ- Distant metastasis exclud- Same as 1986

ing involvement of sca- ing scalene, cervical,
lene, cervical, and con- and contralateral hilar
tralateral hilar lymph nodes
nodes

Source: Leong et al. Chest 1999; 115:242–248.

emphasizing the distinction from T2N0M0 disease. Watanabe et al. have demon-
strated a continuous effect of tumor size on survival, finding not only a difference
in 5-year survival between T1N0M0 disease (77.6%) and T2N0M0 disease (60.1%),
but also a difference when comparing survival rates of patients with tumors mea-
suring 3–5 cm in diameter (61%) and those with tumors greater than 5 cm (46%)

TABLE 4 Stage Grouping (TNM Combinations)

1974 1986 1997

Occult TxN0M0 Occult TxN0M0 Occult TxsN0M0

Stage 0 TisN0M0 Stage 0 TisN0M0 Stage 0 TisN0M0

Stage I T1N0M0 Stage I T1N0M0 Stage IA T1N0M0

T2N0M0 T2N0M0 Stage IB T2N0M0

T1N1M0

Stage II T2N1M0 Stage II T1N1M0 Stage IIA T1N1M0

T2N1M0 Stage IIB T2N1M0

T3N0M0

Stage III T3, any N, Stage IIIA T3N0M0 Stage IIIA T3N1M0

any M T3N1M0 T1N2M0

Any T,N2, T1N2M0 T2N2M0

any M T2N2M0 T3N2M0

Any T, T3N2M0

any N,M1

Stage IIIB T4, any N,M0, Stage IIIB T4, any N,M0,
any T,N3,M0 any T,N3,M0

— Stage IV Any T, any Stage IV Any T, any
N,M1 N,M1

Source: Leong et al. Chest 1999; 115:242–248.
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(13). However, only two subgroups of stage I disease are designated in the current
staging scheme.

In the 1997 staging revision, stage II disease has also been divided into
stage IIA and stage IIB subgroups based on T characteristics. A difference in
prognosis is demonstrable between patients with T1N1M0 disease and those with
T2N1M0 disease (7,11). However, the available data do not show as great a sur-
vival disparity between the two stage II subgroups as is seen in stage IA and IB
patients. For example, Naruke et al. demonstrated a 5-year survival rate of 43.6%
for patients with T1N1M0 disease and 37.6% for patients with T2N1M0 disease
(11). Mountain found survival rates of 54.1% and 40%, respectively (7). In the
current revision, T3N0M0 disease, which has shown a survival comparable to
T2N1M0 disease, was also added to the stage IIB category. The 5-year survival
rate for T3N0 patients was 31.6% in the Naruke series (11) and 44.2% in data
presented by Mountain (7).

Significant differences in survival rates following complete surgical resec-
tion have been shown between patients with T3N0–1 and T1–3N2 disease (14,15).
Patients with T3N0 disease due to chest wall invasion do especially well after
complete resection of their tumor (3,4). In such individuals, McCaughan et al.
were able to show a 5-year survival rate of 56% (3). In retrospect T3N0M0 patients
had been recognized as having a superior outcome at least since the 1974 staging
system was proposed (2). In the survival data of the 1997 staging proposal, the
5-year survival rate for T3N0 patients was almost identical to that of patients with
T2N1M0 disease (10), in contrast to the much poorer outcome for patients with
N2 disease (16,17), cementing the move of the T3N0 group from stage IIIA to
stage IIB, where surgery represents the primary treatment approach.

AREAS OF CONTROVERSY

While the 1997 staging revision addressed several important issues already dis-
cussed, other compelling issues were either incompletely addressed or ignored.
This means that the international lung cancer staging scheme will remain dy-
namic. Within a decade, as a broad experience with the 1997 system becomes
available, additional discussion will inevitably lead to yet further revision of the
current TNM staging classification. Some of the important questions less than
fully addressed in the current staging system are discussed below.

Pulmonary Nodules

The 1986 staging system did not provide strong, evidence-based information for
categorizing patients with synchronous satellite lesions or pulmonary nodules in
the ipsilateral lung. However, in the footnotes of the fourth edition of the AJCC
staging manual published in 1993, satellite lesions in the same lobe led to upstag-
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ing of the primary by one T category while the presence of a synchronous ipsilat-
eral lesion in a separate lobe was categorized as T4. The notion that ipsilateral
synchronous nodules in a separate lobe should be considered T4 (stage IIIB) rather
than hematogenous M1 disease was questioned by many investigators. Some con-
sidered them as locally advanced disease while others considered them metastases.

Deslauriers et al. retrospectively reviewed the records of 84 patients with
primary lung cancer accompanied by one or more satellite nodules, and 1021
patients who had a primary lung cancer but no satellite nodules. All had under-
gone pulmonary resection between January 1969 and December 1986 (18). In
most of the patients, the satellite nodule(s) occurred in the same lobe as the pri-
mary tumor (68 of 84). Disease was staged according to the 1974 guidelines,
and survival was compared, stage for stage, in patients with and without satellite
nodules. For patients without satellite nodules, the 5-year survival rates were
54.4% for stage I, 40.4% for stage II, and 20.3% for stage III disease. For patients
with satellite nodules, the 5-year survival rates were 32%, 12.5%, and 5.6%,
respectively, for stages I, II, and III disease. Since over 80% of the patients had
their satellite nodules in the same lobe as the primary, no exploratory subset
analysis of nodules occurring in the same lobe as the primary tumor versus those
occurring in a different lobe was carried out. The work of Deslauriers did demon-
strate that the presence of satellite nodules connoted a poorer prognosis. How-
ever, it also showed that some patients with satellite lesions in the same lobe as
the primary tumor were able to achieve long-term survival with resection.

In another retrospective review by Shimizu et al., 42 patients with lung
cancer were found to have intrapulmonary satellite nodules in the pathology spec-
imen obtained at the time of pulmonary resection (19). The 2-year survival rate
was significantly better in patients with satellite lesions in the same lobe as the
primary tumor (41.5%) than in patients with lesions in different lobes (20%).
The presence of satellite nodules in the same lobe as the primary tumor did not
necessarily preclude long-term survival following surgery.

Watanabe et al., in an evaluation of 49 patients with ipsilateral intrapulmo-
nary lesions, suggested that the survival of patients with satellite lesions was
similar to that of stage IIIA patients without satellite lesions and superior to that
of stage IIIB patients without satellite lesions (13). There was no breakdown as
to how many of these individuals had lesions in the same lobe as the primary
tumor and how many had them in different lobes, but clearly, the survival follow-
ing surgery was better than would be expected from M1 disease.

In the 1997 revision of the staging system, satellite lesions in the same
lobe as the primary tumor are categorized as T4 stage IIIB disease. Synchronous
lesions outside the primary tumor lobe but in the ipsilateral lung are considered
metastatic spread (M1). This distinction is based in part on the proposed differ-
ence in the mechanisms of disease, with lesions in the same lobe thought to
represent tumor emboli and lesions in different lobes considered hematogenous
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metastases. However, the T4 designation for satellite lesions in the same lobe
suggests a poorer prognosis than appears warranted by the available data. Many
surgeons continue to offer surgery to patients with T4 satellite lesions if the N
and M status of their presentation do not preclude curative surgery.

Pleural Effusion

In the 1986 staging system, a malignant pleural effusion was defined as one
containing malignant cells and/or one that was either bloody or exudative. In
patients with lung cancer, the presence of a malignant pleural effusion confers
a poor prognosis. Naruke et al. (11) compared the postoperative survival of 1298
lung cancer patients without a pleural effusion, 112 patients with a nonmalignant
effusion, and 48 patients with malignant pleural fluid at surgery. Five-year sur-
vival rates for the three groups were 40%, 39.2%, and 10.7%, respectively. In
the Naruke series, the survival of the patients with malignant pleural effusion
was similar to that of all operated patients with T4 disease (8.4%) seen in the
database for the 1986 staging system. This suggested at the time that it was rea-
sonable to include malignant pleural effusion within the T4 stage IIIB category.

As management strategies have evolved to include multimodality treatment
for T4 stage IIIB disease, the inclusion of malignant pleural effusion in the T4

category has become more problematic. The substantial advances made over the
last decade for managing patients with stage III disease all involve local or re-
gional treatment modalities designed to eradicate intrathoracic disease (20,21).
The presence of a malignant effusion implies involvement of the pleural cavity,
limiting the curative potential of radiotherapy or surgery.

Recent data demonstrate that the survival of patients with malignant pleural
effusion approximates that of stage IV disease. Sugiura et al. investigated the
impact of pleural effusion in patients with advanced non–small cell lung cancer
(6). A total of 197 patients with stage IIIB or IV non–small cell lung cancer
were studied. The median survival for patients with stage IIIB disease without
pleural effusion, stage IIIB disease with pleural effusion, and stage IV disease
was 15.3, 7.5, and 5.5 months, respectively. The survival of patients with stage
IIIB disease with effusion was significantly worse than that of IIIB patients with-
out effusion, but not significantly different from that of stage IV patients. In
this study, there was no significant difference in survival between patients with
cytologically positive and cytologically negative pleural effusions provided the
effusion was as exudate. Mountain (22) also came to a similar conclusion when
he found no difference in survival for patient with malignant cells present in the
pleural fluid, those with negative cytology, and those with clinically evident pleu-
ral fluid not further analyzed but thought to be the result of the underlying malig-
nancy. These data suggest that patients with malignant pleural effusion should
be considered to have stage IV disease, perhaps stage IVA versus stage IVB for
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those with frank metastatic disease, to reflect the current incurability of such
patients and the palliative nature of treatment.

Pleural Nodules

Pleural nodules in the absence of pleural effusion constitute a vexing staging
problem. Nodular pleural involvement was classified as T4 disease in the foot-
notes to the 1986 staging classification. However, information on the outcome
of patients with pleural dissemination without pleural effusion is scarce. Might
there not be a distinction between a more limited involvement of visceral pleura
overlying the primary tumor, suggesting spread by tumor emboli, versus exten-
sive, multifocal, visceral, and/or parietal pleural involvement suggesting true me-
tastasis? Such an approach would be analogous to the current categorization of
ipsilateral pulmonary nodules.

Akaogi et al. (23) retrospectively assessed the distribution of pleural nod-
ules in 23 patients with pleural dissemination but no distant metastasis who under-
went pleuropulmonary resection. Thirteen patients had small pleural nodules but
either no effusion or only a small amount of effusion. All 13 had involvement
of the visceral pleura and 10 of these 13 also had involvement of the parietal
pleura. In 10 of 13 patients, visceral involvement was considered ‘‘local and
limited,’’ while in the majority (6 of 10) with parietal pleural involvement, the
parietal disease was extensive. Although it is difficult to draw any definite conclu-
sions from these findings, they suggest different patterns of spread leading to
different distributions of pleural involvement. Whether this translates into sur-
vival differences cannot be discerned from this small series. Of interest, all 13
patients with pleural involvement did poorly except for those who did not have
N2 node involvement.

In another small series reported by Shimizu et al., 38 patients with pleural
dissemination without pleural effusion were studied (24). The overall 5-year sur-
vival rate was found to be 19.4%. This survival outcome is better than would
have been expected from patients with pleural dissemination with effusion. Once
again, the survival rate of the patients appeared to correlate with nodal stage and
tumor size. The correlation of survival with the extent of pleural involvement
was not discussed. Clearly, more data will be required before an evidence-based
classification of visceral and parietal pleural involvement can be provided within
the staging system.

NEW STAGING INVESTIGATIONS

Improvement in staging investigations have complemented the development of
the staging system for lung cancer. Since the 1970s, staging of lung cancer pa-
tients has relied heavily on computed tomography (CT) of the chest and upper
abdomen. Though invaluable for the evaluation of the primary tumor, staging of
lymph nodes with CT has its limitations (25). Glazer et al., after studying CTs
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of 56 normal subjects and reviewing a previous set of data on patients with non–
small cell lung cancer, suggested a measurement of 1.0 cm in the short axis of
a lymph node as the threshold for defining pathological enlargement (26,27).
McLoud et al. studied 143 patients prospectively with CT using the same criteria
and compared the results with surgical staging (28). The sensitivity of CT was
found to be 64% and specificity 62%. Thirteen percent of normal-sized lymph
nodes and 25% of lymph nodes measuring 1–1.9 cm in short-axis diameter were
found to contain metastatic disease. The likelihood of lymph nodes being in-
volved with tumor increased with increasing nodal size. However, Gallardo et
al. found, in a series of 167 patients, that only 23% of enlarged lymph nodes had
neoplastic involvement (29). This high false positive rate dictates the need for
an adjunctive staging instrument or procedure to further assess enlarged lymph
nodes shown on chest CT. The current procedure of choice for this additional
assessment is mediastinoscopy. European investigators have recently reported the
sensitivity and specificity of mediastinoscopy to be 89% and 100%, respectively,
in the staging of 100 consecutive patients with non–small cell lung cancer. In
the same series the sensitivity and specificity of CT among the same patients
were 63% and 57%, respectively (30). Such data have led to routine use of medi-
astinoscopy (cervical or parasternal) prior to thoracotomy, to evaluate enlarged
lymph nodes found on chest CT.

The role of mediastinoscopic staging when lymph nodes are normal in size
on a staging chest CT is more controversial. In this setting the false negative
rate ranges from approximately 10 to 13% (25,28). Some have suggested that
microscopic involvement of a normal-sized lymph node may not have the same
prognostic significance as nodes enlarged with tumor. Daly et al. reviewed data
on 681 patients who had both CT and surgical staging (31). A total of 501 patients
had normal-sized mediastinal lymph nodes. Thirty-seven of these were subse-
quently found to have positive lymph nodes at mediastinoscopy or thoracotomy.
Thirty-one patients underwent definitive resection. For these 31 patients, the 5-
year survival was 31%. Among patients with negative CT scans later found to
have mediastinal lymph node involvement, prognosis was worse if the primary
tumor was central rather than peripheral. The authors concluded that definitive
thoracotomy without mediastinoscopy is justified in most patients with a normal
mediastinum on CT. For central tumors, however, mediastinoscopic examination
may prove helpful (15,31).

Endoscopic ultrasound (EUS) examination of mediastinal lymph nodes has
improved staging accuracy in centers where expertise with the technique is avail-
able. It has the advantage of being able to evaluate lymph nodes based on thick-
ness, contour, and internal architecture rather than size alone. Kondo et al. tested
the sensitivity and specificity of EUS mediastinal staging in 101 Japanese patients
with lung cancer (32). The sensitivity was found to be 53.6% and specificity
97.5%. Endoscopic ultrasound can also be used to perform fine-needle aspiration
biopsies of abnormal lymph nodes either poorly accessible or completely inacces-
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sible to cervical mediastinoscopy, especially the level 5 and 7 lymph nodes. Sil-
vestri et al. evaluated the sensitivity of EUS in 27 patients with lung cancer (33).
Twenty-two of the 27 patients had mediastinal lymph node enlargement on chest
CT. Only 16 had a positive EUS evaluation. In 15 of the 16, the positive EUS
was confirmed by FNA. Of the remaining 12 patients, two had lymph nodes
found to be involved at operation. Overall sensitivity was 89%. One limitation
of endoscopic ultrasound is that it can only be used to assess lymph nodes adja-
cent to the esophagus. Clearly it can complement, but does not replace, chest CT
and mediastinoscopy in the staging of lung cancer.

Small pulmonary nodules are frequently detected during CT staging for
lung cancer. This is especially true with the newest generation of spiral scanners.
If these lesions are not calcified, it is often difficult to distinguish between malig-
nant disease and benign changes. For example, among 551 patients with lung
cancer who underwent preoperative CT scanning, Keogan et al. reported that 88
patients (16%) had small, noncalcified nodules separate from the lung primary
(34). Of the 88 patients, 25 had adequate radiological follow-up of at least 24
months or pathological examination of the nodules at surgery. Seventy percent
were eventually determined to be benign, 11% malignant, and 19% remained
indeterminate.

The development of positron emission tomography (PET) is an exciting
advance in radiological imaging. However, its true effectiveness in diminishing
staging ambiguity in lung cancer is still being defined. Nonetheless, in the United
States the Health Care Financing Administration (HCFA) has recently authorized
Medicare to pay for PET scans in the staging of patients with non–small cell
lung cancer (35). Glycolysis is increased in tumor tissue and PET detects in-
creased uptake of 18F-fluoro-2-deoxy-d-glucose (FDG), a glucose analog radio-
pharmaceutical, in malignant tissue. It can be useful in evaluating both parenchy-
mal lung nodules and mediastinal nodes. It has stronger negative than positive
predictive value because nonmalignant diseases may also result in an increase
in FDG uptake. However, small parenchymal lesions (,7–10 mm) may be falsely
negative with PET scanning. Sazon et al. have reported that PET is 100% sensi-
tive and 52% specific in predicting the malignant nature of radiographic abnor-
mality (36). Others have reported less impressive findings but a 90% or greater
sensitivity for PET in detecting primary lung cancer is well accepted. Positron
emission tomography has also been found to be superior to CT in both sensitivity
and specificity in the staging of mediastinal lymph nodes (37–39). A sensitivity
of 93% and specificity of 97% have been reported (39) when combined CT-PET
scanning was used for evaluation, versus 91% and 86%, respectively, with PET
alone (38).

Whole-body PET may also be useful in detecting distant metastasis (37).
Nabi et al. reported their experience with PET in 12 patients deemed resectable
for cure after conventional workup (40). Eight patients showed increased medias-
tinal uptake, confirmed by mediastinoscopy or thoracotomy; one showed in-
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creased uptake in the thoracic vertebrae, confirmed later by bone scan; and one
showed increased uptake in the liver, borne out later by clinical course. In con-
trast, two patients found to have adrenal enlargement radiologically turned out
to have negative PET scans. In a recent study with 102 patients, PET scanning
resulted in a different stage than the one determined by standard imaging (e.g.,
CT, ultrasound, bone scan, needle biopsy) in 62 patients; the stage was lowered
in 20 and raised in 42 (38). In time, PET may prove to be the most cost-effective
method for detecting both intrathoracic disease extent and the presence of extra-
thoracic metastasis.

The potential that PET has, not just for staging, but in guiding management
as well, is encouraging. With the advent of combined modality management in
stage III non–small cell lung cancer, prethoracotomy evaluation of response to
induction chemotherapy or combined chemotherapy and radiotherapy may give
important predictive information for resectability and outcome. The difficulty in
assessing patients who have been treated with chemo/RT has long been appreci-
ated, as it can be impossible to distinguish between persistent/recurrent disease
and fibrosis. In a prospective study, FDG-PET response (but not CT response)
was a powerful predictor of survival (p 5 0.0004) (41). Eberhardt et al. have
advocated repeat mediastinoscopy in guiding further management after induction
chemotherapy and radiation (42). Positron emission tomography is being evalu-
ated as an alternative approach for this restaging. Venugopal et al. have shown
a significant correlation between the final pathological status and the differential
uptake ratios of preoperative PET scans in 11 patients treated with chemoradia-
tion followed by surgery (43). These provocative studies suggest that functional
imaging may become a critical component of treatment algorithms, not only in
defining the target, but also in assessing its response to therapy. Clearly, further
defining the true capabilities of PET scanning in each of these settings is critically
important.

SUMMARY

Over the past quarter century, the staging system for non–small cell lung cancer
has evolved into a widely employed structure for defining prognosis, directing
therapy, and facilitating communication and further clinical investigation. How-
ever, several issues remain incompletely addressed by the current staging scheme.
The designation T4 (stage IIIB) for satellite nodules in the same lobe as the pri-
mary tumor suggests a worse prognosis for these lesions than may be warranted.
Long-term survival following definitive surgery can be achieved in some such
patients (18,19) and they should not be excluded from consideration of surgery.
Conversely, the designation of T4 (stage IIIB) for malignant pleural effusion may
not adequately convey the adverse prognosis of this extent of disease. Treatment
of such patients is usually palliative, with symptomatic treatment of the effusion
and systemic chemotherapy as appropriate for advanced disease. In addition to
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these concerns with the 1997 staging revision, rational staging of visceral and
parietal pleural studding without effusion has yet to be defined.

New staging procedures such as EUS and PET are expanding the prethora-
cotomy options for defining the true extent of disease in patients with lung cancer.
Each has great potential to help guide management. However, like any new tech-
nology, more experience will be required before we can understand their true
role in standard staging approaches to patients with lung cancer.
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Early Timing of Radiotherapy Is Critical
in Limited-Stage SCLC: Pro
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Vancouver, British Columbia, Canada

INTRODUCTION

Cancer treatment is many things. It is not just biochemistry, cell popula-
tion kinetics, pharmacology, or sophisticated therapeutics in model sys-
tems and man. It is all these things and many more, but most of all it
is discovery, development, cooperation across disciplines, and applica-
tion to man with a prevailing sense of urgency. We want and need and
seek better guidance and are gaining it, but we cannot sit and wait for
the promise of tomorrow so long as stepwise progress can be made with
the tools at hand today.

—Howard Skipper, 1979 (1)

For patients with limited-stage small cell lung cancer (LS-SCLC), it is usually
easy to produce an impressive improvement in symptoms and chest radiographs
within a short period of time with multiagent chemotherapy or thoracic irradia-
tion. Unfortunately, the natural history of LS-SCLC is that despite impressive
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tumor regression, the majority of patients harbor resistant elements of disease
that persist after induction therapy and cause an incurable relapse. The challenge
in the treatment of LS-SCLC is to combine chemotherapy and thoracic irradiation
in an optimal fashion resulting in an improvement in median survival and the
proportion of long-term survivors. A consensus on the most effective sequence
of chemotherapy and thoracic irradiation (early versus delayed thoracic irradia-
tion) has not been reached. This topic is the subject of this debate.

The Veterans Administration Lung Group system (2) that divided patients
into either limited or extensive stages has endured for SCLC because of its sim-
plicity, reliable prognostic value, and practical utility (3,4). LS-SCLC is defined
as tumor confined to one hemithorax and the regional lymph nodes, whereas
extensive-stage small cell lung cancer (ESCLC) patients have disease spread be-
yond this definition. The original operational definition of limited disease was
tumor quantity and configuration that could be encompassed by a ‘‘reasonable’’
radiotherapy treatment volume. Because long-term survival is uncommon (9%)
when chemotherapy alone is used to treat LS-SCLC (5,6), the reasonable radio-
therapy port rule continues to be a practical guide in the design of combined-
modality therapy.

The necessity for accurate staging may be influenced by the sequence
of treatment modalities. Since complete staging workup may delay symptom-
relieving treatment, and because chemotherapy is recommended for all fit patients
anyway, some clinicians may prefer not to bother with standard staging proce-
dures outside the context of clinical trials. This pattern of practice may not be
associated with serious negative consequences if the best treatment paradigm
consisted of initial treatment with multiple chemotherapy cycles followed sequen-
tially by administration of consolidative thoracic irradiation after drug treatment
was finished. However, if patients with bona fide LS-SCLC benefit from early
delivery of thoracic irradiation concurrent with combination chemotherapy, the
importance of modern staging technology is crucial. The enhanced curative power
of such integrated modality protocols would justify their increased complexity
and toxicity in LS-SCLC but not ESCLC.

STRATEGIC FACTORS FOR OPTIMAL SEQUENCING OF
RADIOTHERAPY AND CHEMOTHERAPY

Arbitrary assembly of chemotherapy and thoracic irradiation is unlikely to yield
the best results. Previous experience with treatment protocols for LS-SCLC make
it difficult to explore the scientific rationale of combining therapeutic modalities
in an unprejudiced manner. Before review of clinical data, it would be useful to
examine the fundamental principles for various sequences of therapeutic modal-
ities. The goal of optimal treatment modality assembly is to maximize the proba-
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bility of elimination of the last cancer stem cell thereby attaining a durable com-
plete remission.

A simplified overview of strategic considerations for combined-modality
therapy would identify two distinct plans for combining chemotherapy and tho-
racic irradiation (Table 1). The strategy of the first plan must be to attempt to
destroy as many cancer cells as possible in the shortest period of time. Such
front-end-loaded therapy would involve using the most effective modalities early
in the treatment program. Four concepts support early chemoradiation including
decreased probability of metastatic events, lower probability of development of
chemotherapy resistance, lower probability of development of resistance to radio-
therapy, and diminished accelerated repopulation.

The alternative method would require rationalization of the strategic superi-
ority of deploying modalities in a more sequential fashion, via delayed adminis-
tration of thoracic radiation (after chemotherapy) (Table 1). Sequential rather

TABLE 1 Conceptual Basis for Early Integration Versus Sequential Delivery of
Therapeutic Modalities in the Assembly of Multimodality Cancer Treatment
Programs

A. Early integration of modalities
Characteristics

Eliminate as many cancer cells as possible in the shortest period of time
Deploy multiple modalities quickly
More complex logistically: requires early multidisciplinary involvement
More toxic

Scientific rationale
1. Decreased probability of metastatic events
2. Lower probability of chemotherapy resistance
3. Lower probability of resistance to radiotherapy
4. Minimize accelerated repopulation

B. Sequential assembly of therapy
Characteristics

Modalities deployed with temporal separation
Tumor burden destroyed in phases
Logistically less complex: disciplines involved sequentially
Chemotherapy nonresponders spared toxicity of radical local therapy
Less toxic

Scientific rationale
1. Originally impossible local therapy made feasible in subset with good

response to neoadjuvant chemotherapy
2. Requires treatment modality (chemotherapy or radiotherapy)

resistance to reverse at time of planned modality deployment
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than concurrent use of modalities in oncology has been prevalent for obvious
logistical reasons including simplicity and diminished toxicity. Existence of re-
versible resistance is a concept that could support sequential therapy. If a defini-
tive local therapy was originally impossible but was rendered feasible by neoadju-
vant therapy, this concept would also support the sequential therapy model.

Concepts that Favor Early Integrated
Combined-Modality Therapy

The concepts that scientifically favor early integration of effective therapeutic
modalities have clear-cut characteristics. The probability of treatment failure
events associated with these concepts occurring must increase fairly quickly with
the elapse of time. Therefore, the chance of avoiding treatment failure should be
minimized with elimination of as many tumor cells as possible in the shortest
period of time. Rapid eradication of tumor cells requires the early integration of
definitive local treatment(s) with systemic chemotherapy.

Decreased Probability of Metastatic Events

Experimental work by Hill et al. (7,8) indicates that tumor cells mutate spontane-
ously and randomly to acquire metastatic potential. Moreover, once tumors reach
a critical size or volume, metastatic phenotypes are generated ‘‘explosively.’’
The cumulative probability of the existence of metastases and the number of
metastases increase in proportion to elapsed time. The best way to decrease meta-
static events is to quickly eliminate as much tumor as possible.

Lower Probability of Chemotherapy Resistance

A large body of experimental and clinical data exists that support the observation
that variability exists for chemosensitivity within tumor cell populations (9,10).
Moreover, tumor cells display a capacity to be resistant to many drugs concur-
rently (11). The biological basis of this evolution of resistance originates during
tumor growth from mutations in the cancer genome (12). The development of
resistant mutants is a random process, and the probability of their appearance
increases with time in proportion to the total number of cell divisions the neoplas-
tic burden has undergone. The somatic mutation theory of drug resistance (13)
predicts that once a tumor has reached a critical size, the probability of cure is
lost over a small additional size increase in a short time period. The best way to
minimize the probability of chemotherapy resistance is to eliminate as many can-
cer cells as possible in the shortest time.

Lower Probability of Resistance to Radiotherapy

Local control rates with radiotherapy are inversely related to tumor size (14,15).
Although microenvironmental effects such as hypoxia (16) may be relevant, in-
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creasing evidence indicates that tumor cell populations are heterogeneous with
respect to inherent radiosensitivity, and like chemotherapy resistance, resistance
to ionizing radiation may be genetically determined and a stochastic process (17).
Epigenetic mechanisms for radiotherapy resistance also exist including up-
regulation of DNA repair enzymes (17). Induction of DNA repair enzymes by
chemotherapy is a plausible reason why thoracic irradiation delivered after che-
motherapy may be less effective. SCLC is less responsive to irradiation when
recurrent after chemotherapy and mechanisms of resistance may overlap; how-
ever, cross-resistance is not complete (18). The probability of mutation to radio-
therapy resistance or radioresistance as a consequence of enhanced DNA repair
efficiency secondary to previous chemotherapy should be minimized by the early
deployment of both modalities.

Diminished Accelerated Repopulation

Accelerated proliferation of tumors undergoing radiotherapy has been proposed
(19,20) to explain the clinical observation that extended therapy regimens often
require increased radiation dosages to achieve an isoeffective result (21,22). Ac-
celerated tumor growth has been reported after surgery (23) and chemotherapy
(24) in animal models. Accelerated repopulation will decrease local control, but
additionally increased mitotic activity with larger burden of residual tumor may
also hasten the tempo of metastatic events and increase the probability of devel-
oping drug and radiation resistance.

Noncurative perturbation of the primary tumor may have detrimental ef-
fects (possibly mediated by cytokines) on existing metastatic lesions (25). Accel-
erated repopulation is independent of modalities and an obvious form of cross-
resistance. This phenomenon has not been mathematically modeled but it appears
to be well established within a few weeks after initiation of therapy (19). Rapid
destruction of tumor by early integration of chemoradiation should minimize the
amount of tumor capable of repopulation.

Concepts that Favor Sequential Application of
Radiotherapy and Chemotherapy

Simplicity has great appeal. The model of a medical oncologist administering a
series of chemotherapy treatments, assessing response, and subsequently refer-
ring the LS-SCLC patient for consolidative thoracic irradiation when toxicity has
subsided is undoubtedly simple. This approach is also associated with less toxic-
ity. However, is sequential or delayed administration of thoracic irradiation after
chemotherapy credible scientifically?

The strategic concepts favoring early combined modality have a simple
rule for the timing of effective modalities: any delay is potentially detrimental
because the probability of treatment failure increases as a function of time. The
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rules are more arcane for concepts that favor sequential modalities because an
additional element of information is required. It is necessary to know the most
advantageous amount of delay required for the optimum sequence of modalities.
This crucial knowledge must be supplied by the concept itself or learned by the
conduct of controlled clinical trials. Other than simplicity and diminished toxic-
ity, there are two strategic concepts that may favor sequential therapy.

Originally Impossible Local Therapy Rendered Feasible by
Neoadjuvant Therapy

An unambiguous scenario where sequential therapy would offer an advantage
would be when a locally advanced tumor was originally untreatable by a defini-
tive local therapy but such therapy was rendered feasible by downstaging. This
is a classic rationale for neoadjuvant chemotherapy before surgery. However,
LS-SCLC is rarely considered for surgery and the definition of this stage indicates
that all original tumor should be encompassable within a reasonable radiother-
apy treatment volume at the outset. There is no obvious scientific reason why
chemotherapy-resistant residual tumor should be confined to the postchemother-
apy tumor volume.

Reversible Resistance

Sequential application of modalities could be strategically superior if resistance
to a particular therapy (chemotherapy or radiotherapy) was present at one point
in the treatment program, but the resistance reversed later allowing successful
use of that modality. Once genetically determined resistance to chemotherapy
has been acquired by a tumor, it is improbable that such elements would disappear
by spontaneous mutation (12). However, resistance to chemotherapy with an epi-
genetic basis could occur and would be a possible form of reversible resistance.
Kinetic resistance is another type of reversible resistance. The potential superior-
ity of sequential therapies as predicted by the Norton-Simon hypothesis (26) is
based on the possible existence of kinetic resistance.

The arguments supporting either early integration of chemoradiation or se-
quential utilization of chemotherapy and thoracic irradiation are hypothetical and
must be supported by clinical data. Clinical data to be examined will be classified
under the following categories: meta-analysis of randomized trials of chemother-
apy versus chemoradiation and randomized trials of thoracic irradiation timing.

META-ANALYSES OF PHASE III TRIALS OF
CHEMOTHERAPY WITH OR WITHOUT
THORACIC IRRADIATION

Thirteen randomized studies investigated this question. Two meta-analyses have
been published that examine the trials to determine the role of thoracic radiother-
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apy in LSCLC (5,6). One was based on published data (1911 patients) and looked
at 2-year survival rates, local control, and toxicity (5). The other (6) included
2140 patients and examined survival at 3 years and prognostic factors for sur-
vival. Because most data in each meta-analysis were derived from the same stud-
ies, the conclusions are consistent and complementary despite differences in the
methods used in the meta-analyses. Both show a modest improvement in survival
rates in those patients given thoracic radiotherapy. The survival benefit becomes
evident at about 15 months after start of treatment and persists beyond 5 years.
At 3 years, 8.9% of the chemotherapy-only group are alive, compared with 14.3%
of the combined-modality group. The relative rate of death in the combined-
modality group as compared with the chemotherapy group was 0.86 (95% confi-
dence interval, 0.78–0.94; p 5 0.001), corresponding to a 14% reduction in the
mortality rate. The analysis of local control was based on 1521 patients for whom
data were reported and showed a marked reduction in the absolute 2-year local
failure rate comparing the irradiated patients (23%) to the nonirradiated patients
(48%) (p 5 0.0001). These benefits were obtained at the cost of an increase in
treatment-related deaths of 1%.

Most of these studies were designed to permit a chemotherapy response
evaluation, which allows the possibility of a reduction in the radiotherapy field
size. The timing of thoracic irradiation was most often after three to six cycles
of chemotherapy but was concurrent with the first cycle of chemotherapy in four
studies. Treatment factors, such as radiotherapy timing and chemoradiation inte-
gration (sequential, concurrent, or alternating), were not significant in the meta-
analyses, but the heterogeneity of trial design did not allow a precise assessment
of these issues. An additional explanation for not demonstrating the importance
of timing or integration of thoracic irradiation may be found in the shape of the
survival curve and the statistical methodology used in this analysis. Initially, the
overall survival graph begins in favor of chemotherapy but the curves cross at
about 1 year and later demonstrate a long-term survival advantage for chemoradi-
ation. The initial separation of the curves is not large, but many events occur on
this steep portion of the curves. Because thoracic irradiation adds toxicity that
may diminish chemotherapy delivery, the relative risk of death is not constant
over time. The short-term mortality increase may cancel out the long-term sur-
vival gain as measured by relative risk. Reexamination of this data set for an
effect of thoracic irradiation timing on long-term survival rather than relative risk
of death may be useful.

Most studies in the meta-analyses were initiated before 1981 and did not
deliver cisplatin and etoposide concurrently with thoracic irradiation. The safety
and efficacy of early concurrent chemoradiation has been markedly improved
with the administration of etoposide/cisplatin chemotherapy rather than cyclo-
phosphamide-, nitrosourea-, or doxorubicin-based regimens. From the earliest
report (27), it was clear that etoposide and cisplatin could be delivered concur-
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rently with thoracic irradiation without dire normal tissue toxicity or the need to
compromise the dose of either modality. Concurrent etoposide plus cisplatin or
carboplatin with thoracic irradiation has become a prevalent theme in current
LSCLC regimens. Lack of data of this type in the meta-analyses (5,6) reduces
the capacity of these reports to provide guidance on optimal integration of chem-
oradiation that is relevant to the modern era.

RANDOMIZED TRIALS OF THE TIMING OF
THORACIC IRRADIATION

The highest standard of evidence for the optimal timing of chemotherapy and
thoracic irradiation for LSCLC comes from prospective randomized trials di-
rectly addressing this question. To date, five trials (28–33) of thoracic irradia-
tion timing have been performed; four trials are published in peer-reviewed
journals (28–32) and one is currently available as an abstract (33). Because of
the importance of these trials, each study is discussed separately and summarized
in Table 2.

The Cancer and Leukemia Group B Trial

This large trial (28,29) performed from 1981 to 1984 included 399 evaluable
LSCLC patients distributed between three arms including chemotherapy alone
(cyclophosphamide, etoposide, vincristine, and doxorubicin), initial chemoradia-
tion (50 Gy thoracic irradiation and whole-brain irradiation concurrently with
the initial cycle of chemotherapy), and delayed chemoradiation (chest and brain
irradiation concurrently with the fourth cycle of chemotherapy at week 9). Both
arms that included thoracic irradiation had significantly superior response rates,
time to progression, and overall survival rates compared with chemotherapy
alone. However, no significant differences were found between the initial and
delayed thoracic irradiation arms; an insignificant trend favored the delayed
thoracic irradiation arm. The rationale of a randomized trial is to hold all vari-
ables constant, except the experimental one. Unfortunately, the interpretation
of the CALGB study is confounded by the fact that potential differences in
outcome from thoracic irradiation timing may be obscured by unequal chemo-
therapy delivery. Myelosuppression from initial thoracic irradiation, brain ir-
radiation, and concurrent CEV chemotherapy resulted in an unplanned at-
tenuation (50% reduction) in the doses of cyclophosphamide, etoposide, and
doxorubicin after the first cycle. This trial clearly supports the addition of
thoracic irradiation to chemotherapy in LS-SCLC, but the utility of the study
to provide guidance for optimal integration of chemoradiation is doubtful.
The long-term survival rates for chemoradiation in the CALGB study are low
(,13%) (29).
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TABLE 2 Randomized Trials of Thoracic Irradiation Timing in Limited-Stage Small Cell Lung Cancer

Thoracic irradiation Survival,
Number of median Survival

Start time patients (mo.) 5-year (%)

Study Drugs Dose Early Late Early Late Early Late Early Late p-Value

1. CALGB (28,29) CEVA 50 Gy/25F/5 wk Week 1 Week 9 125 145 13.04 14.54 6.6 12.8 NS
2. Aarhus (31) CAV/EP 40–45 Gy/22F/6 wka Week 1 Week 18 99 100 10.7 12.9 10.0 10.0 NS
3. NCIC (30) CAV/EP 40/15F/3 wk Week 3 Week 15 155 153 21.2 16.0 22.0 13.0 0.013
4. Yugoslavian (32) Carbo/EP 54 Gy/36F/3 1/2 wkb Week 1 Week 6 52 51 34 26 30 15 0.027
5. JCOG (33) EP 45 Gy/30F/3 wkb Week 1 Week 15 114 114 31.3 20.8 30 15 ,0.05

CALGB 5 Cancer and Leukemia Group B; NCIC 5 National Cancer Institute of Canada; JCOG 5 Japan Clinical Oncology Group; C 5 cyclo-
phosphamide; E 5 etoposide; V 5 vincristine; A 5 doxorubicin; P 5 cisplatin; Carbo 5 carboplatin.
aSplit course.
b1.5 Gy twice daily.
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The Aarhus Lung Cancer Group Trial

In this Danish trial (31) performed between 1981 and 1989, 199 patients with
LSCLC were randomly allocated to initial chest irradiation or late chest irradia-
tion delayed by 18 weeks. Both groups received nine cycles of combination che-
motherapy: three cycles of EP and six cycles of CAV. The timing of radiotherapy
(40–45 Gy) had no significant effect on the median survival (about 1 year) or
long-term survival (about 10%). However, thoracic irradiation was delivered se-
quentially rather than concurrently with EP. In addition, the thoracic radiation
was administered as a split course. Radiobiologically, this is a disadvantage in
tumors that have the potential for accelerated repopulation.

The National Cancer Institute of Canada Trial

In 1993, the NCIC published results of a randomized trial (30) (accrual period
1985–88) comparing early versus late thoracic irradiation (Figure 1) that demon-
strated a significant improvement in survival for early thoracic irradiation in the
combined modality therapy of LS-SCLC. All 308 eligible patients received CAV
alternating with EP for three cycles of each regimen. Patients randomized to early
thoracic irradiation received 40 Gy/15F to the primary site concurrent with the

FIGURE 1 Schema of the National Cancer Institute of Canada BR6 trial (30).
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first cycle of EP (week 3), and the late thoracic irradiation arm received the same
radiation concurrent with the last cycle of EP (week 15). Dose intensity and total
dose of chemotherapy were uniform in both arms (85–90% delivery according
to protocol).

Although complete response rates were not significantly different (CR early
arm 64%, CR late arm 56%, p 5 0.14), the overall survival was significantly
superior (p 5 0.013) in the early thoracic irradiation arm (Figure 2). Median
survival was 21.2 months in the early arm and 16.0 months in the late arm; actual
survival at 5 years was 22% in the early arm and 13% in the late arm. A delay
of thoracic irradiation by 12 weeks was associated with a 50% decrease in the
probability of long-term survival. This was the first phase III study to demonstrate
that actual 5-year survival rates of over 20% were achievable using early inte-
grated chemoradiation in LS-SCLC.

The Yugoslavian Trial

This extraordinary phase III study (32) performed between 1988 and 1992 has
achieved outcomes in LS-SCLC that are not only superior to any other phase III
study, but survival is also better than in any published phase II trial. All patients
received accelerated hyperfractionated thoracic irradiation with 1.5 Gy twice

FIGURE 2 Final analysis for overall survival of the National Cancer Institute of Can-
ada BR6 study (30).
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daily to 54 Gy plus concurrent daily carboplatin/etoposide and four sequential
cycles of EP. Early thoracic irradiation was delivered between weeks 1 and 4
and late thoracic irradiation patients received concurrent chemoradiation between
weeks 6 and 9. The difference in timing of the initiation of thoracic irradiation
between the two arms was only 5 weeks.

The median survival was 34 months for initial chemoradiation versus 26
months for delayed chemoradiation; 5-year survival was 30% and 15%, respec-
tively. The difference was significant on multivariate analysis (p 5 0.027). This
study by Jeremic and colleagues (32) shows that early integration of chemother-
apy with intensive radiation for LS-SCLC may generate median survival times
of almost 3 years and long-term survival rates may approach 30%.

The Japan Clinical Oncology Group Trial

This study (33) also examined the optimal sequence of chemoradiation for
LSCLC by randomizing patients to initial concurrent versus delayed sequential
chemoradiation. The chemotherapy prescription was EP (four cycles) and tho-
racic irradiation consisted of 45 Gy over 3 weeks (two daily fractions of 1.5 Gy).
A total of 228 patients were entered between 1991 and 1995.

Initial concurrent chemoradiation was significantly superior (p , 0.05) to
sequential therapy with median survivals of 31.3 months and 20.8 months and
projected 5-year survival rates of 30% and 15%, respectively. These results
strengthen the conclusion that long-term survival rates of .20% for LS-SCLC
are obtainable with early chemoradiation.

Why Are the Randomized Trials of Thoracic Irradiation
Timing Discordant?

Of the five controlled trials of thoracic irradiation timing performed, three [NCIC
(30), Yugoslavian (32), JCOG (33)] support the concept that the optimal integra-
tion of chemotherapy and thoracic irradiation is early concurrent chemoradiation;
the CALGB (28,29) and the Aarhus (31) studies suggest that the timing of tho-
racic irradiation does not influence outcome. Why are the results discordant?
There are three possible reasons:

1. The timing of thoracic irradiation is unimportant and the discordant
results are due to the play of chance.

2. Delivery of chemotherapy or thoracic irradiation was inadequate in the
negative trials.

3. The patient populations differ.

The influence of chance cannot be discounted, but other explanations may
be more plausible. The CALGB study (28,29) and the Aarhus trial (31) were
associated with issues related to the adequate delivery of chemotherapy or tho-
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racic radiotherapy, respectively. Thoracic irradiation can improve the long-term
prognosis of LSCLC only in those cases in which the systemic therapy success-
fully controls distant subclinical disease, but fails to eliminate regional residual
tumor. Suboptimal systemic therapy (e.g., secondary to marked dose attenuation
in the CALBG trial) will unavoidably decrease the impact of a change in the
timing of local therapy for a systemic disease. Similarly, suboptimal radiotherapy
(e.g., split-course as in the Aarhus trial) may dampen the benefit of this modality.

However, the most important reason for discordance of results probably is
associated with differences in the trial patient populations. The prevalence of
metastatic drug-resistant tumor outside the thoracic irradiation volume in the
study population strongly affects the likelihood that thoracic irradiation or an
innovation of it (timing or dose) will be associated with a survival advantage. If
a poor prognosis LS-SCLC population (as evidenced by short median survival)
is studied, the proportion of cases that can have their prognosis improved by
better integration of chemoradiation will be low and the benefit of early thoracic
irradiation timing will be diluted out by the presence of incurable cases. That
the study populations in the CALGB (28,29) and Aarhus (31) trials, which fail
to show superiority of early chemoradiation, were a poor prognostic group is
strongly suggested by the short median survivals reported (Table 2). Long-term
survival in these reports is also low. Adverse prognostic factors in these studies
that commenced in 1981 may have been due to staging procedures that were less
accurate than more recently reported trials. Median survival in the early chemora-
diation arms of the NCIC (30), Yugoslavian (32), and JCOG (33) trials ranges
from 21.2 to 34 months, which is two to three times longer than the median
survival times in the CALGB (28) and Danish (31) studies. Median survival in
the delayed chemoradiation arms of the trials that support early chemoradiation
(30,32,33) ranges from 16 to 21 months, indicating that all patients in these trials
had better prognostic factors than the negative trials (28,31). More importantly,
long-term survival for early chemoradiation in the positive trials consistently ex-
ceeds 20% at 5 years (30,32,33). Delayed chemoradiation has never approached
the 20% long-term survival milestone, which should be considered the minimum
standard for LS-SCLC at this time. Delayed chemoradiation usually is associated
with a long-term survival rate of approximately 10% (Table 2), which is not
much different than the 9% rate expected from chemotherapy alone, as reported
in the meta-analysis (6) of randomized trials performed in a similar era.

CONCLUSION

The available data from modern randomized trials of thoracic irradiation timing
indicate that the typical patient with LS-SCLC staged with modern technology
has a median survival expectation of 16–26 months and long-term survival of
10–13% when treated with standard chemotherapy and late thoracic irradiation.
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Combining early thoracic irradiation concurrently with etoposide-cisplatin che-
motherapy improves that median survival expectation to 21–34 months and long-
term survival to more than 20%.

The addition of more intensive thoracic irradiation has recently been associ-
ated with improved outcome in LS-SCLC when such radiotherapy is delivered
with early concurrent etoposide-cisplatin (34). Turrisi et al. (34) demonstrated
that 45 Gy delivered twice daily in 3 weeks (5-year survival 26%) was superior
to 45 Gy once daily over 5 weeks (5-year survival 16%). Notably, twice-daily
thoracic irradiation had no impact on median or long-term survival in a random-
ized trial by Bonner et al. (35) that delivered radiotherapy in a delayed fashion
(beginning concurrently with the fourth etoposide-cisplatin chemotherapy cycle).

An increase in long-term survival from 10% to .20% is a modest, albeit
worthwhile, advance in a common condition such as LS-SCLC. This gain is a
least as large as the improvement in stage III NSCLC outcome associated with
integrated chemoradiation (36) that changed the treatment paradigm for this con-
dition. Moreover, a consensus (37) now exists that patients with stage III NSCLC,
who may benefit from combined modality therapy, must be carefully staged and
have good prognostic factors. It is unlikely that similar guidelines for accurate
staging and patient selection can be relaxed when innovations of local therapy
(timing or dose of radiotherapy) are tested in a systemic disease such as LS-
SCLC. That survival improvement from early chemoradiation in LS-SCLC is
difficult to detect in inadequately staged patient populations with adverse prog-
nostic factors should not be interpreted as either surprising or particularly relevant
to the question of whether early chemoradiation is more efficacious.

Now that early concurrent chemoradiation has been demonstrated superior
to delayed chemoradiation for stage III NSCLC (38), persistence of controversy
on this therapeutic principle should not be acceptable to physicians who treat
local-regional small cell or non–small cell lung cancer. More randomized trials
of local and systemic treatment modality sequencing are urgently needed. Such
investigations probe fundamental issues in cancer biology and are likely to be
relevant to other common malignancies where local and systemic therapies are
combined with curative intent.
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Early Timing of Radiotherapy Is Critical
in Limited-Stage SCLC: Con

Mark Bryer and Michael C. Perry
University of Missouri/Ellis Fischel Cancer Center, Columbia, Missouri

INTRODUCTION

The decade of the 1970s recognized the uniqueness of small cell lung cancer
(SCLC) and saw the adoption of combination chemotherapy as a standard therapy
(1). In the 1980s, the primary topic of debate was the need for thoracic radiation
therapy in limited stage SCLC (2,3). Two meta-analyses were published in the
1990s evaluating the role of thoracic radiation therapy in addition to chemother-
apy in the management of limited-stage SCLC (4–6). These two meta-analyses
showed an improvement in 3-year survival rates of about 5% in those receiving
chemotherapy and radiotherapy compared to those receiving chemotherapy alone.
The Pignon et al. meta-analysis involved 13 randomized trials including 2140
patients (4,6). At 3 years, the survival advantage for the addition of radiation
therapy was 5.4% 6 1.4%. The improvement in survival was even greater for
patients , 55 years of age who received thoracic irradiation, but was not observed
in patients . 70 years of age.
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Thoracic radiation therapy offered the possibility of more complete re-
sponses, reduced recurrences at the primary site and improved survival, but at a
potential cost of increased toxicity. Many questions remain to be answered with
regard to the optimal sequencing, timing, dose, treatment volume, and fraction-
ation of thoracic radiation therapy in the management of limited stage SCLC.
An in-depth review of the radiation fractionation and volume issues is found in
another chapter. Certainly, there is no consensus at this time regarding these
factors. Many investigators have championed the cause of early thoracic radiation
therapy in limited-stage SCLC, but analysis of the data suggests that delayed
thoracic radiation therapy may be equally efficacious.

EARLY STUDIES

In 1980, the Cancer and Leukemia Group B addressed both the role and optimal
timing of thoracic radiation in a randomized, prospective trial of chemotherapy
with or without radiation therapy in limited-stage SCLC (7). After stratification
for gender and performance status, patients were randomly assigned to receive
initial chemotherapy and thoracic radiation therapy starting on day 1, chemother-
apy with radiation therapy starting with cycle 3 (day 63), or chemotherapy alone.
The chemotherapy was the same in all three arms: cyclophosphamide, vincristine,
and etoposide every 3 weeks for 18 cycles. Starting at cycle 7 for odd-numbered
cycles, doxorubicin replaced the 3 days of etoposide. The radiation therapy was
directed at the primary tumor at a dose of 4000 cGy in 4 weeks, followed by a
1000-cGy ‘‘boost’’ directed against residual disease as demonstrated on a mid-
course chest film taken after the first 2 weeks of initial therapy. The initial field
included the primary disease site with a 2-cm margin around the mass and the
ipsilateral hilum, the whole width of the mediastinum, and both supraclavicular
fossae. The whole brain was simultaneously treated prophylactically with 3000
cGy in 10 fractions.

A total of 399 patients were enrolled, and at the conclusion of the study,
there was a statistically significant difference in the frequency of complete re-
sponses in favor of the two thoracic radiation therapy arms (p 5 0.0013). These
two regimens also yielded better failure-free survival (p , 0.001), treatment
failure-free interval in the chest (p , 0.001), and overall survival (p 5 0.0099).
As anticipated, toxicity was worse in the combined-modality arms, but was gener-
ally tolerable. In regimen 1, in which radiation therapy and chemotherapy both
started on day 1, the incidence of neutropenia and neutropenic fever prompted
reductions of the chemotherapy that were maintained throughout treatment, re-
sulting in less chemotherapy being administered in this arm. For this reason,
CALGB adopted the second arm (with radiation therapy starting with cycle 4)
as its standard.
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These findings were confirmed in a recent update (8). It should be noted,
however, that the staging and chemotherapy used in this study are not what we
would choose in the 1990s. More aggressive staging would likely produce better
results as more patients with extrathoracic disease would be identified. The results
of more modern chemotherapy would likely be better as well.

RECENT STUDIES

Investigators in Aarhus, Denmark have also evaluated the timing of thoracic irra-
diation in a phase III trial in patients with limited-stage SCLC (9). From 1981
to 1989, 199 patients with limited-stage SCLC were randomized to early chest
irradiation (n 5 99) or delayed chest irradiation (n 5 100) starting at week 18
of chemotherapy. All patients received the same chemotherapy, consisting of
three cycles of cisplatin, etoposide (PE), and six cycles of cyclophosphamide,
doxorubicin, and vincristine (CAV). The patients received 40 or 45 Gy of radia-
tion to the chest. Chest irradiation was given as a split-course treatment of two
treatment courses (of 20 or 22.5 Gy in 11 fractions) separated by an interval of
21 days, during which PE chemotherapy was administered. In the early thoracic
radiation therapy group, irradiation was started prior to the first cycle of PE che-
motherapy. Prophylactic cranial irradiation (PCI) was initially given to patients
randomized to early radiation therapy, but after the first 42 patients were treated in
the delayed-radiation-therapy arm, the protocol was amended so that all patients
received PCI. Based on the recent meta-analysis showing a survival advantage
to PCI, excluding PCI from the treatment of the first 42 patients in the delayed-
radiation-therapy arm may have biased the results in favor of the early-radiation-
therapy arm. However, at 2 years, the timing of radiation therapy did not signifi-
cantly affect the overall survival, in-field recurrence rate, or median survival dura-
tions (Table 1).

While bone marrow toxicity was felt to be acceptable with 15% of patients
in both groups developing World Health Organization (WHO) grade 4 leukopenia

TABLE 1 Results of Randomized Trial of Timing of
Thoracic Radiation Therapy in 199 Patients with
Limited-Stage SCLC (Aarhus Lung Cancer Group)

Early RT Late RT p

2-year overall survival 20% 19% 0.4
2-year in-field recurrence 72% 68% 0.2
Median survival 10.5 m 12.0 m
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and 4% grade 4 thrombocytopenia, grade 4 leukopenia was noted to be more
pronounced in the early-radiation-therapy group. The authors concluded that the
timing of chest irradiation did not influence survival or local control in the chest.
Since grade 4 leukopenia was higher in the early-radiation-therapy group, this
study also suggests that delayed radiation therapy may be preferable.

A third randomized trial examining the timing of thoracic irradiation in
patients with limited-stage SCLC has been reported by Shultz et al. (10). Patients
were treated with alternating cycles of etoposide, cisplatin, and cyclophospha-
mide, doxorubicin (Adriamycin), vincristine chemotherapy. Patients were ran-
domized between early thoracic irradiation starting day 1 and delayed thoracic
irradiation starting day 120. The thoracic radiation therapy given was 40 Gy in
22 fractions or 45 Gy in 22 fractions using a split-course technique. These doses
and the use of a split-course technique would not be considered standard therapy
in the United States. There was a nonstatistically significant trend toward im-
proved median survival in patients receiving late thoracic radiation therapy (Table
2). Results for local control and toxicity were not reported.

A phase III randomized trial performed by the European Organization for
Research and Treatment of Cancer (EORTC) and the United Kingdom Coordinat-
ing Committee on Cancer Research compared cyclophosphamide, doxorubicin,
and etoposide chemotherapy with either thoracic radiation therapy (10 Gy in four
fractions over 1 week) alternating between chemotherapy cycles 2, 3, 4, and 5
or postchemotherapy radiation in patients with limited-stage SCLC (11). At 3
years, survival was not significantly different between the two treatment arms
(Table 3). Severe acute hematological toxicity was observed in the alternating
chemotherapy/radiotherapy arm resulting in about a 25% reduction in chemother-
apy dose intensity. Ninety-three percent of the patients in the sequential arm
completed their radiation, versus only 77% in the alternating arm.

The most commonly quoted phase III randomized trial on the timing of
thoracic radiation therapy in patients with SCLC showing a benefit to early tho-
racic radiation therapy was published by Murray et al. from the National Cancer
Institute of Canada (NCIC) (12). The NCIC treated 308 eligible patients with six
cycles of alternating cisplatin, etoposide (PE), and cyclophosphamide, doxorubi-

TABLE 2 Results of Randomized Trial
of Timing of Thoracic Radiation Therapy
for Patients with Limited-Stage SCLC
(10)

Early RT Late RT

Median survival 10.7 m 12.9 m
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TABLE 3 Survival Results from EORTC
Randomized Trial Comparing Sequential
to Alternating Chemo/radiotherapy for
Limited-Stage SCLC

Alternating Sequential

3-year survival 12% 15%

cin (Adriamycin), etoposide chemotherapy. Patients were randomized to concur-
rent thoracic irradiation starting with the first cycle of PE chemotherapy (week
3) or the third cycle of PE (week 15). Thoracic irradiation consisted of 40 Gy
in 15 fractions. Thoracic irradiation was administered in 149 of 155 (96.1%)
patients on the early-radiation-therapy arm and 133 of 153 (86.9%) patients on
the late-thoracic-radiation-therapy arm. Overall survival was improved in patients
receiving early-thoracic-radiation therapy (Table 4).

When patterns of failure were analyzed, however, there was no difference
in local control or the overall metastatic rate. There was a reduction in the fre-
quency of brain metastases in the early-radiation-therapy group (18%) versus the
late-radiation-therapy group (28%). PCI was delayed for 19 weeks in this trial
and was only given if there was no progression at any site. Thus, 85.8% of the
early-thoracic-radiation-therapy patients and 79.7% of the late-thoracic-radiation-
therapy patients received PCI. With no differences in local control or overall
metastatic failure rate, it is difficult to explain the observed differences in survival
in the two groups.

Jeremic et al. treated 107 limited-stage small cell lung cancer patients with
accelerated hyperfractionated radiation therapy with 1.5 Gy twice daily to 54 Gy
plus concurrent daily carboplatin/etoposide and four sequential cycles of
cisplatin/etoposide on days 1–3 (13). One-half of the patients received concurrent
chemoradiation at weeks 1–4 (group 1) and the other half (group 2) at weeks
6–9. Median survival was better in group 1 (34 months versus 26 months, p 5
.027 on multivariate analysis), and local control was better, but there was no

TABLE 4 NCIC Study of Radiation Therapy
Timing in Patients with Limited-Stage SCLC

Early RT Late RT

Overall median survival 21.2 m 16 m
4-year survival 25% 15%
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difference in distant metastasis rate or toxicity. This is a small study of an unusual
regimen and the results must be confirmed in a larger trial.

The meta-analysis by Pignon et al. of trials of chemotherapy with or without
radiation therapy could not identify the optimal timing for thoracic irradiation
(4). A direct comparison of early to late radiotherapy and of sequential to nonse-
quential radiotherapy did not demonstrate any significant differences. The relative
risk of early thoracic irradiation (defined as , 60 days after starting chemother-
apy) was not significant.

While many phase II trials have reported excellent results with combined-
modality therapy utilizing early-thoracic-radiation therapy (14,15), equally good
results have been reported by other groups utilizing thoracic irradiation starting
later in the chemotherapy course. The Mayo Clinic reported the results of a phase
II trial for the treatment of limited-stage SCLC patients with three cycles of cyclo-
phosphamide, etoposide, and infusion cisplatin chemotherapy followed by con-
current cyclophosphamide and etoposide chemotherapy and hyperfractionated ra-
diation therapy (4800 cGy in 32 fractions of 150 cGy twice daily) and PCI (16).
Twenty-nine patients with limited-stage SCLC were treated with this regimen.
Median survival was 26.5 months and 2-year survival was 55%. Only seven of
the 29 patients failed in the chest. These excellent results are similar to the best
single-institution studies using early thoracic irradiation.

There remains considerable uncertainty regarding the optimal timing of
thoracic irradiation in patients with limited-stage SCLC. Review of the literature
shows that regimens utilizing late thoracic irradiation with concurrent chemo-
therapy produce results as good as those seen with early radiation therapy. While
most studies favor concurrent administration of chemotherapy and radiation, al-
ternative regimens, including alternating chemo/radiation therapy, have produced
very good results. However, overall survival remains poor with late relapses oc-
curring after 5 years and long-term survivors experiencing a high rate of new
lung cancers (17,18).

The above studies have mixed results regarding the timing of thoracic ra-
diotherapy. While a few of the studies suggest a benefit to early rather than de-
layed radiation, others do not substantiate this advantage. Without a clear benefit
in terms of efficacy, the next critical issue relates to the impact of timing regarding
toxicity. There is a benefit in delaying thoracic radiotherapy after several cycles
of chemotherapy that is not often addressed. This benefit directly relates to the
size of the radiotherapy field that is required. While limited-stage disease may
be confined to one hemithorax, patients often present with bulky disease. As
the required radiation dose for small cell lung cancer exceeds lung tolerance,
encompassing the initial volume of disease can lead to more radiation fibrosis
and increase the risk of radiation pneumonitis. Yet, there is compelling evidence
that there is no need to treat such large prechemotherapy volumes. Indeed, in a
randomized trial, there was no difference in outcome whether prechemotherapy
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volume was treated versus the postchemotherapy volume (19). Other studies also
support this strategy (20,21). This issue is discussed in further detail in another
chapter. While the use of smaller postchemotherapy volumes has not translated
into more local failures or compromised outcome, it clearly has the potential to
reduce toxicity, not only in terms of sparing normal lung tissue, but also by
reducing the length of the esophageal irradiation. Prior studies have documented
that the length of esophagus in the radiotherapy field significantly impacts on the
rate of radiation esophagitis (22). Thus, an argument can be made that delayed
radiotherapy, by allowing reduced field sizes, has the potential to substantially
reduce toxicity and thereby enhance the therapeutic ratio. The shrinkage of dis-
ease in small cell lung cancer with chemotherapy is often dramatic and the benefit
in terms of reducing radiation exposure to normal tissue can be significant.

This strategy of delayed radiotherapy has other important advantages. De-
spite the current staging workup, there is still a significant percentage of patients
deemed ‘‘limited stage’’ who harbor metastatic disease. Delaying the radiother-
apy will select out a proportion of these patients who will not benefit from inten-
sive combined-modality therapy and can be spared the toxicity of this aggressive
approach. There is nothing more upsetting than having to counsel a patient who
is still suffering from chemoradiation esophagitis that there is now evidence of
metastatic disease, not previously appreciated. Rather, several cycles of chemo-
therapy has the advantage of a ‘‘tincture of time’’ to test the natural history of
the disease and ensure that the patient continues to have limited-stage disease
and actually benefits from the thoracic radiation. Even the best results reported
to date utilizing concurrent chemotherapy and early radiotherapy have 5-year
survival rates of only 20–25%, with the majority of the failures being due to
distant metastatic disease. Better prognostic indicators and improved systemic
therapy are needed before we mandate early intensive thoracic radiotherapy to
all patients. Delayed radiotherapy also benefits another cohort of patients whose
disease is initially too bulky or locally extensive for a ‘‘tolerable’’ radiotherapy
field, but then responds well to chemotherapy, thereby facilitating combined-
modality treatment. In summary, delayed radiotherapy allows both those who
respond poorly to chemotherapy and those who respond well to chemotherapy
to benefit from this strategy.

During the first half of the 1990s, new agents have been identified with
activity in SCLC, including Gemcitabine, Irinotecan, Topotecan, Docetaxol, and
Paclitaxel. Studies will need to be performed to determine the role of these agents
in the management of SCLC compared to currently used agents. Several of these
agents, including Gemcitabine, are potent radiation sensitizers and combining
them with radiation will need to proceed carefully to limit toxicity, while hope-
fully improving the results currently obtained. The timing of radiation therapy
will continue to be an important issue in the management of these patients. It is
likely that specific issues, such as treatment volume, dose, fractionation, and tim-
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ing of thoracic irradiation, as well as the chemotherapy used, will prove important
in providing optimal results. In addition, newer radiation planning techniques,
such as conformal radiation therapy, which can limit the volume of normal tissues
(e.g., esophagus, lung, and heart) irradiated, may further improve the results of
treatment by limiting toxicity and allowing treatment to be delivered with fewer
interruptions and dose reductions. It may also be important for treating physicians
and patients to accept severe acute toxicities without interrupting radiation treat-
ments or reducing the doses of chemotherapy to produce optimal survival results.

CONCLUSION

These authors conclude, that at the current time, the optimal timing of thoracic
radiation therapy in limited-stage SCLC is unknown. Early administration of tho-
racic radiation, with the likelihood of resultant reduced chemotherapy doses, has
no clear advantage. What is important is finding the optimal combination of che-
motherapy for distant disease and optimal dose and schedule of thoracic radio-
therapy for local disease.
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INTRODUCTION

Thoracic radiotherapy has been demonstrated to be a valuable component in the
treatment of limited-stage small cell lung cancer (LS-SCLC) (1,2). Yet the
method of its delivery continues to pose challenges to radiation oncologists. De-
spite high response rates to both radiotherapy and chemotherapy, failure rates
remain unacceptably high. In an attempt to improve local control and survival,
radiation treatment parameters have been altered. They include treatment vol-
umes and fractionation schedules.

FRACTIONATION

Fractionation refers to the dividing of the total radiation dose into multiple seg-
ments. The most frequent schedule utilized in the United States delivers one
treatment per day, 5 days a week.

*Current affiliation: University of Texas Health Science Center at San Antonio, San Antonio Cancer
Institute, San Antonio, Texas.

43



44 Williams et al.

Generally, tissues in the body can be divided into late responding (slowly
or nonproliferating) or early responding (rapidly proliferating). Examples of late-
responding, normal tissues include the central nervous system, lung, and kidney.
The gastrointestinal tract, skin, and gonads are considered early-responding nor-
mal tissues; they behave differently when exposed to ionizing radiation. Early-
responding tissue effects are more related to overall treatment time and less de-
pendent on fraction size. In contrast, late-responding tissues are mainly dependent
on the fraction size. Increasing the dose per fraction (.2.5–3.0 Gy) will result
in more severe late effects (fibrosis, necrosis, etc.) for equivalent early effects
(skin erythema, esophagitis, etc.).

Conceptually, two distinct altered fractionation strategies can be utilized
in the hope of improving local control or survival. Hyperfractionation involves
smaller-than-conventional RT doses (e.g., 1–1.2 Gy) administered multiple times
daily (typically two to three times) to achieve a higher cumulative dose over
the course of therapy. Radiobiologically, hyperfractionation yields differential
sparing of late-reacting normal tissue compared with acute-reacting malignant
tissues. By contrast, with accelerated (hyperfractionated) RT, a more conven-
tional radiation fraction size is utilized (e.g., 1.5–2 Gy), but as multiple fractions
are administered daily, the overall treatment time is significantly shorter. Unlike
hyperfractionated radiotherapy (HFRT), the aim of accelerated RT is to reduce
the tumor cell repopulation in rapidly proliferating neoplasms by shortening the
overall treatment time.

The rationale for altered fractionation is based on several radiobiological
principles (3). One is that repair of sublethal radiation damage in aerobic cells
is essentially complete within 2–4 hr. Therefore, if several treatments per day
are delivered, separated by 4–6 hr to allow for normal tissue repair, it would
theoretically be more effective on rapidly proliferating tumors (e.g., small cell
carcinoma) and improve the therapeutic ratio.

Another observation is that the shape of the dose-response relationships
for early- and late-responding tissues is different. The fraction size dependence of
most tumors, including small cell carcinoma, mimics that of rapidly proliferating
tissues (although there are exceptions, e.g., malignant melanoma). The optimal
dose per fraction for cancer in general, as well as small cell lung cancer, continues
to be a hotly debated subject. The ‘‘standard’’ regimens vary from institution to
institution but are most often in the range of 1.8–2.5 Gy per fraction delivered
once a day. There are data that this may not be optimal for small cell lung carci-
noma. It has been demonstrated in in vitro studies to exhibit exponential cell
killing with small fraction sizes as well as with the ‘‘standard’’ daily doses. As
noted previously, the larger the dose per fraction, the greater the chance for long-
term side effects (fibrosis, pneumonitis). Accelerated, hyperfractionated treat-
ment would potentially allow continued exponential tumor kill, with lower pros-
pects of long-term side effects. Finally, it is theorized that fractionation allows
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time for reassortment of tumor cells into more radiosensitive phases of the cell
cycle [gap 2 (G2) and mitosis (M)].

Several pilot studies performed in the 1980s and early 1990s tested the
hypothesis of using accelerated hyperfractionated radiotherapy along with con-
current chemotherapy in limited-stage small cell lung cancer (4–12). As these
studies suggested superior responses and survival rates, this concept was tested
in a large, cooperative group, phase III, prospective randomized trial (13). A total
of 417 patients with limited-stage disease were randomized. Patients on both
arms received four cycles of cisplatin (60 mg/m2, day 1) and etoposide (120 mg/
m2, days 1, 2, and 3) chemotherapy. The radiotherapy consisted of 45 Gy in both
treatment arms and was started on day 1 of chemotherapy cycle 1. The once-
daily arm received 1.8 Gy/day, treated Monday through Friday, for 5 weeks. The
accelerated, hyperfractionated arm received 1.5 Gy twice a day for 3 weeks. The
twice-daily fractions were separated by a 4–6-hr interval. The volume of lung
and mediastinum irradiated was defined by chest CT scan. Clinical treatment
volumes incorporated gross tumor, mediastinum, and ipsilateral hilum. The con-
tralateral hilum and supraclavicular regions were excluded. Prophylactic cranial
irradiation, consisting of 25 Gy in 10 fractions, was recommended for patients
achieving a complete clinical response. The primary endpoint of the study was
overall survival measured from the date of study entry to the date of death from
any cause. The median follow-up was approximately 8 years, with a minimum
of 5 years. Final analysis revealed the median survival to be 20 months for all
patients. For the once-daily and twice-daily arms, it was 19 and 23 months, re-
spectively. The 2- and 5-year overall survivals are as follows:

2-year overall 5-year overall
survival (%) survival (%)

Once-daily XRT 41 16
Twice-daily XRT 47 26

The survival differences were statistically significant (p 5 0.04). A pattern of
failure analysis divulged a substantial reduction in local failure in the investiga-
tional arm, 36%, compared to 52%, in the standard, once-daily treatment arm
(p 5 0.06). There was a statistically significant increase in grade 3 esophagitis
in the twice-daily treatment arm, 27% versus 11% for those receiving chest radio-
therapy once daily (p , 0.001). The duration of esophagitis was not measured,
but there were no cases of esophageal stricture or long-term dysphasia.

A criticism of this trial is that the dose of radiotherapy used in the standard
arm was too low (14). There are dose-response data for small cell carcinoma
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suggesting improved local control with higher total doses; likewise, higher doses
have recently been shown to be tolerable with concurrent cisplatin-based chemo-
therapy (15–17). Choi et al. performed a phase I trial to determine the maximum
tolerated dose (MTD) of thoracic radiotherapy for both standard and twice-daily
schedules in patients with LS-SCLC (18). All patients received concurrent
cisplatin/etopside chemotherapy. Esophagitis was found to be the dose-limiting
toxicity in both arms. For the field sizes and chemotherapy used, the MTD was
45 Gy and 70 Gy in the twice-daily and standard treatment arms, respectively.
These patients received three cycles of PCE chemotherapy (cisplatin, cytoxan,
etoposide) prior to receiving the concurrent treatment. Thus, their radiotherapy
was delivered as later concurrent (like the CALGB standard) as compared to
early concurrent, with cycle 1 or 2. Other investigators have demonstrated supe-
rior results with earlier concurrent treatment (19,20). It is yet unproven whether
higher doses delivered with a standard once-daily regimen are superior to 45 Gy
delivered twice daily. Higher total doses (60 and 70 Gy, delivered with a once-
a-day fraction regimen) are now being investigated by several U.S. cooperative
groups. It is also unknown whether using smaller treatment volumes, which ex-
clude regions that have historically been treated ‘‘prophylactically,’’ will allow
further dose escalation or compromise local control. Data for non–small cell lung
cancer suggest the dose can be dramatically increased to smaller volumes, without
a concordant rise in regional failure (21).

Other investigators have also compared once-daily versus twice-daily ther-
apy. Bonner et al. randomized 262 patients to standard chest radiotherapy (50.4
Gy/1.8 Gy fractions) versus twice-daily (48 Gy/1.5 Gy fractions) (22). Similar
to Choi’s dose escalation trial, these patients received late concurrent therapy
beginning with cycle 4. The chemotherapy consisted of cisplatin (30 mg/m2, days
1, 2, 3, cycles 1–6) and etoposide (130 mg/m2, days 1, 2, 3, cycles 1, 2, 3).
During the concurrent treatment, the etoposide dose was reduced to 100 mg/
m2. All twice-daily patients had a planned 2-week interruption of the thoracic
radiotherapy after receiving 24 Gy. Prophylactic cranial irradiation was adminis-
tered after the completion of six cycles of chemotherapy, if a complete response
had been observed. This consisted of 30 Gy in 15 fractions. Esophageal toxicity
was statistically different between the two arms, with the twice-daily patients
experiencing 13% $ grade 3 esophagitis versus 5% for the once-daily patients
(p 5 0.027). No statistically significant difference in median survival between
the two arms was found. Owing to the difference in toxicities, a quality-of-life
evaluation was performed (23). Quality-adjusted life-years (QALY) were calcu-
lated using the Q-TWiST methodology and found to be greater for the once-
daily thoracic radiation arm than for the twice-daily treatment arm. However, the
difference was not statistically significant and the benefit was restricted to the
time of therapy, not subsequent years. It was the authors’ opinion that in evaluat-
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ing both survival and treatment toxicity, there was no significant difference be-
tween the two treatments.

Several caveats should be kept in mind regarding this study. While the split
course in the twice-daily arm was intended to decrease esophageal toxicity, it
also defeats the purpose of this regimen, which is to combat accelerated tumor
repopulation. Such a break does not fit with known radiobiological principles.
Moreover, unlike the Intergroup Trial (13), the radiotherapy in this study was
delayed until cycle 4. While the timing of radiotherapy remains controversial,
many studies support the use of earlier, rather than delayed, radiotherapy (24,25).
These key distinctions between these two studies (13,22) may account for the
differences reported regarding the benefit of twice-daily radiotherapy.

As this disease often presents in older patients, it is important to assess
whether twice-daily therapy is tolerable in this patient population. A retrospective
analysis of elderly patients $ 70 years of age was performed from data collected
from intergroup trial 0096 (26). It was found that severe (grade 4–5) hematologi-
cal toxicity was more common in this group (85% in the twice-daily arm versus
60% in the daily arm, p , 0.01), although no significant difference in the fre-
quency of nonhematological toxicities was observed. In particular, neither esoph-
ageal toxicity nor survival was different when compared with younger patients.

Experiences in altered fractionation in both LS-SCLC and non–small cell
lung carcinoma (NSCLC) may be useful in defining the current limits of com-
bined therapy. In an Australian study by Ball and colleagues, 50 patients were
treated with 2 Gy twice daily to a total of 60 Gy over the 3-week span with or
without carboplatin chemotherapy (27). Patients experienced esophagitis lasting
a median of 2–3 months. The multivariate analysis showed carboplatin did not
influence the duration of symptoms. Locally advanced NSCLC patients received
similar therapy in a trial reported by Kelly and colleagues (28). Instead of 2 Gy
twice daily, they received 1.5 Gy twice daily, also to a total of 60 Gy.

Esophageal toxicity was significant and was felt to be near the tolerable limits
by the authors. In LS-SCLC patients Ali et al. delivered 1.1 Gy three times daily
to a total dose of 66 Gy (6). This accelerated hyperfractionated regimen was started
on day 1 of chemotherapy. Only 12 patients were treated on this phase II trial with
a median survival of 20 months; the 2- and 5-year survival was 50 and 17%,
respectively. Toxicity was severe with 65% grade 3–4 esophageal and 85% hema-
tological toxicity. This prompted the early termination of the trial.

Current Recommendations

The addition of thoracic irradiation to systemic therapy significantly improves
the local control rates and provides a modest improvement in survival. The opti-
mal dose and fractionation schemes are unknown. However, previously standard
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doses of 45–50 Gy delivered in a once-daily scheme are known to result in unac-
ceptably high local failure rates ($50%). Hyperfractionated radiotherapy, incor-
porating biological data in their design, to the same total dose has been shown
in recent phase III trials to be tolerable and efficacious (though more toxic). The
larger of the two reported trials demonstrated statistically significant improved
5-year survival and local control rates. Is this superior to higher doses of radio-
therapy delivered in a once-daily regimen? The answer to that question is un-
known and will need to be answered in future prospective randomized trials.
The available data do strongly suggest that the current doses used in twice-daily
fractionation schemes are close to or at tolerance. It may be possible to escalate
doses using smaller volumes. With modern chemotherapy, this may be feasible.
There are plans to design a randomized trial comparing 45 Gy twice daily to 66
Gy once daily (each with four cycles of platinum-etoposide chemotherapy).

VOLUME

The irradiated volume is a crucial variable. Limited-stage disease has been de-
fined as the extent of disease that can be incorporated into a tolerable radiation
portal. With the doses used at the time (40–45 Gy), this volume included most
of the ipsilateral hemithorax and regional lymph nodes. The mediastinal, bilateral
hilar, and ipsilateral supraclavicular regions were typically encompassed.

In the 1970s and 1980s, the majority of authors emphasized the need to
utilize such large radiation portals. They encompassed not only clinically in-
volved areas, but all regional lymphatic drainage sites, regardless of whether they
showed evidence of disease or not. This design likely arose from the treatment
of Hodgkin’s lymphoma, in which adjacent nodal areas are included, because of
its propensity for contiguous spread. Moreover, confidence may have been lack-
ing concerning pre–cisplatin chemotherapy’s ability to eradicate subclinical dis-
ease.

To counter that presumed deficit, extremely large fields have been at-
tempted, including even hemibody and total-body radiation (29,30). A small trial
reported by Byhardt et al. attempted to answer the question: could total-body
irradiation (TBI) replace chemotherapy as a more effective systemic treatment?
(29). Sixteen patients with limited-stage disease received 30 Gy/10 fractions tho-
racic radiotherapy and were then randomized to receive 1 Gy/10 fractions TBI
versus CAV chemotherapy (cyclophosphamide, Adriamycin, vincristine). Al-
though the toxicity related to the TBI was tolerable, it demonstrated no improve-
ment over chemotherapy. A later trial attempted to incorporate TBI (same regi-
men) in the treatment of extensive-stage-disease patients (30). In that pilot, 19
patients received induction chemotherapy consisting of four cycles of VOCA
(VP-16, vincristine, cyclophosphamide, and Adriamycin) followed by TBI and
prophylactic cranial irradiation delivered concurrently. ‘‘Responding’’ partici-
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pants then went on to receive further CMH chemotherapy (cyclophosphamide,
methotrexate, and hexamethylmelamine). Owing to toxicity, only eight of 19 pa-
tients received the consolidative chemotherapy and four of those required a delay
before resuming chemotherapy. No improvement was noted in response or me-
dian survival with the addition of the low-dose TBI over chemotherapy alone
compared to historical controls. A larger randomized trial compared systemic
chemotherapy (pre–cisplatin era) plus locoregional thoracic radiotherapy versus
that plus additional upper-abdominal and prophylactic cranial radiation (31). A
total of 114 patients were randomized and the final analysis showed no local
control or survival benefit to the larger-field radiotherapy, but rather a trend to-
ward worse survival. Toxicity was not statistically different between the treat-
ment arms. These series suggest that large-field radiotherapy for small cell carci-
noma appears to be of limited use.

In 1981, Perez and colleagues reported results of a prospective, random-
ized, combined therapy trial of the Southeastern Cancer Study Group (SECSG)
(32). They established decreased intrathoracic failures (32.5%) in patients treated
with large portals as compared with those where fields did not include the contra-
lateral hilum or entire mediastinum (69.2%). However, it was not clear if the
locoregional failures actually occurred in the unirradiated areas. Pre–cisplatin era
chemotherapy was used. Typical radiation fields of the era are shown in Figure 1.

FIGURE 1 Traditional (large) radiotherapy portals used in the past.
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Other investigators also found the vast majority of intrathoracic failures
occurred in the radiation ports, but suggested inadequate dose and resistant dis-
ease may have been the problem, rather than the volume treated (33). More re-
cently, investigators have advocated using smaller postchemotherapy tumor vol-
umes in designing fields rather than prechemotherapy volumes. Mira and
Livingston evaluated 17 patients treated with reduced, postchemotherapy volume
portals (34). They found that the majority of chest failures were outside the high-
dose volume, such as the development of lung parenchymal metastases and/or
pleural effusions. They suggested that the systemic therapy might have left sub-
clinical disease that was not included in the radiation portals. Liengswangwong
et al. retrospectively compared 31 patients who had been treated with prechemo-
therapy tumor volumes to 28 patients who had been treated with postchemother-
apy volumes (35). Thirty-two percent of patients experienced intrathoracic recur-
rence; however, the incidence was equally distributed between the two groups.
No convincing evidence was found that treating postchemotherapy volumes
placed patients at higher risk for intrathoracic or marginal failure.

Investigators at the Institut Gustave-Roussy analyzed the chest recurrences
in 72 patients with limited-stage disease treated in several phase II trials of com-
bined modality therapy (36). The in-field recurrence rate was 33% in the group
of patients treated with prechemotherapy volumes versus 36% for those treated
with postchemotherapy fields. The difference was not statistically significant.
Owing to the low number of patients in this analysis, the authors were only able
to suggest that postchemotherapy volumes may be adequate and thereby reduce
the treatment toxicity. After assessing the local failure in 117 patients with LS-
SCLC treated with combined modality therapy (83% receiving cisplatin-
containing regimens), Tada and colleagues suggested that treatment volumes
should be enlarged for patients with N2 or N3 involvement (37). Typical treatment
field arrangements included the primary lung lesion with a 1.5-cm margin and
all enlarged lymph nodes and the entire mediastinum down to the level of the
subcarinal nodes (Figure 2).

Marginal failures were noted in 13% and 27% of patients presenting with
N2 and N3 disease, respectively. A marginal failure was defined as locoregional
relapse (including cervical lymph nodes) outside or on the edge of the initial
radiation port. They detected a majority of the marginal failures to occur in the
superior mediastinum, supraclavicular, and cervical regions.

Only one prospective, randomized trial has attempted to answer the pre-
versus postchemotherapy volume question. The Southwest Oncology Group
(SWOG) trial reported by Kies and colleagues randomized 191 patients with
partial responses to chemotherapy to receive either wide-volume prechemother-
apy or reduced-volume postchemotherapy radiotherapy after several cycles of
induction chemotherapy (38). No appreciable difference emerged in either relapse
pattern or survival. Patients receiving the wide-field radiotherapy had a slightly
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FIGURE 2 Radiotherapy portal of such a classic radiation treatment field (anterior
view).

longer median survival and remission duration, but this was not statistically sig-
nificant (p 5 0.73 and 0.32, respectively).

It is important to note that in the previously mentioned studies, only the
volume around primary disease changed. All these studies treated regional lym-
phatic sites prophylactically. The literature is silent about treating clinically in-
volved areas alone, without treating radiographically uninvolved nodes. Three
dimensional (3D) treatment planning systems are now widely available. Utilizing
computerized tomography (CT) imaging, it is possible to better define gross tu-
mor volumes and plan treatments that are no longer confined to two dimensions
(Figure 3). One clear advantage of the 3D technique is its ability to treat less
normal tissue (Figures 4 and 5). Using multiple noncoplanar beam arrangements,
the dose to the surrounding normal tissue can be reduced. With the advent of
intensity-modulated radiation therapy (IMRT), even more sophisticated confor-
mal treatments are now possible. Using this new technology it is possible to
adjust the radiation flux across the beam to confine the radiation dose tightly
around critical structures, while maintaining high doses to the tumor volume. This



FIGURE 3 Beam’s-eye view of a three-dimensional conformal radiotherapy field.

FIGURE 4 Axial CT slice showing the radiation isodose curves conforming to the
shape of the target.
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FIGURE 5 Three-dimensional reconstruction demonstrating the location of the tu-
mor in the context of the surrounding anatomy.

technology has shown promise in several body sites, but its use is still considered
investigational (39,40).

It is a well-recognized tenet in radiotherapy that treating larger volumes
requires a corresponding decrease in the deliverable dose. It is therefore reason-
able to hypothesize that by decreasing the treated volume, dose escalation would
be allowed, possibly leading to an increase in local control and survival. Support-
ing data include several studies in which the entire mediastinum was not treated,
and the contralateral hilum and supraclavicular fossae were omitted. Excellent
local control and survival were verified (8,11,13).
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It is also reasonable to hypothesize that as diagnostic capabilities improve,
with more effective evaluation of the mediastinum, including esophageal ultra-
sound (41–43) and positron emission tomography (PET) (44–46), marginal or
locoregional failures can hopefully be avoided.

Current Recommendations

Most modern radiotherapy series indicate that failure occurs within the irradiated
volume at the primary site, and the problem appears to be intrinsic tumor resis-
tance, rather than marginal miss. Reducing the irradiated volume may allow
for significant dose escalation without an attendant rise in toxicity. Recent dose
escalation trials in both LS-SCLC and NSCLC have borne this out. Modern
chemotherapy will hopefully aid in this goal by sterilizing subclinical disease
and allowing omission of lymphatic regions previously treated prophylactically.
Field size reduction can be exploited to increase dose and decrease toxicity.
Developing technologies, including 3D treatment planning and IMRT, will also
assist in this goal and hopefully lead to an improvement in local control and
survival.
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INTRODUCTION

Small cell lung cancer (SCLC) represents 20% of all lung cancer cases. Specific
characteristics distinguish it from other cell types: the risk of early hematogenous
dissemination, and its marked radiosensitivity and chemosensitivity (1). About
two-thirds of these patients, and particularly those presenting limited disease, and
treated with aggressive induction therapy combining multidrug chemotherapy
and thoracic radiation therapy, will achieve a complete remission. Yet only 15–
20% of complete responders will be long-term survivors. Indeed, the majority
of these patients relapse.

A consequence of improved local control is that brain metastases have now
become a significant cause of treatment failure (2,3). Even if SCLC is chemosen-
sitive, unless they are highly liposoluble, drugs find it difficult to cross the blood-
brain barrier. In the seventies, Hansen proposed central nervous system (CNS)
prophylaxis given that the brain was considered a pharmacological sanctuary
where metastases could be protected from cytostatic agents due to the blood-
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60 Le Péchoux et al.

brain barrier (4). Here pediatric acute lymphoblastic leukemia (ALL) served as
a paradigm of successful CNS prophylaxis; meningeal leukemia had been sig-
nificantly reduced and the cure rate of ALL improved as a result of such treat-
ment. These observations were part of the rationale underlying a number of clini-
cal trials investigating prophylactic cranial irradiation (PCI) over the last two
decades, in an attempt to prevent the development of brain metastases and reduce
the risk of CNS relapses. Many of these trials were too small to detect significant
benefits in terms of the prevention of brain metastases or enhanced survival.
However, by the mid-1980s, PCI had been demonstrated to significantly reduce
the incidence of CNS relapses compared to no PCI, although doubts persisted
as to whether such treatment would be beneficial for survival. Physicians were
also concerned about the best ways to preclude recurrences without generating
unacceptable toxicity and without impairing the patient’s quality of life. More
recent studies have tested PCI in patients achieving a good response to induction
therapy, and have confirmed that PCI significantly decreases the likelihood of
developing brain metastases by at least 30%. Despite several retrospective and
prospective studies, the usefulness of PCI has remained controversial owing to
the lack of improvement in survival in individual trials and possible neurotoxicity
in long-term survivors (5–8). However, data have recently been published that
help clarify the role of PCI in SCLC.

INCIDENCE OF CENTRAL NERVOUS SYSTEM
METASTASES IN SCLC

Neurological disorders, either at the time of presentation or during the subsequent
clinical course of SCLC, are frequent. They include brain metastases, meningeal
carcinomatosis, intramedullary metastases, epidural metastases, and hypona-
tremia producing CNS symptoms. However, carcinomatous leptomeningitis or
spinal cord lesions are usually found in patients who develop recurrent disease
(9). Brain metastases are the most common forms of CNS involvement, and are
the only lesions shown to be potentially preventable. At initial diagnosis, 10–
15% of patients have brain metastases; the incidence varies between 50 and 65%
in autopsy series (3,4,10,11). Indeed, brain metastases are present in 50–80% of
2-year survivors (2,3,12). The incidence of brain metastasis as the first site of
treatment failure varies between 14 and 45% at 2 years, even in patients who
achieve a complete response (13,14). With the improvement in local control in
SCLC, brain metastases have become a common cause of treatment failure.

TREATMENT OF BRAIN METASTASES

Historically, cytotoxic agents have played a limited role in the treatment of brain
metastases, since cytostatic drugs were generally unable to cross the blood-brain
barrier of the normal brain in tumoricidal concentrations. However, more recent
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studies have reported a better response in brain metastases after treatment with
chemotherapy alone, with rates ranging from 40 to 76% (15–18). Although these
small studies have shown that brain relapses are quite responsive to systemic
therapy, radiation therapy has remained the most widely accepted treatment mo-
dality for brain metastases. According to retrospective studies, cranial irradiation
significantly improves neurological symptoms in 56–92% of patients with SCLC
brain metastases (3,19–22). Both initial and delayed brain metastases are in-
cluded in most studies, and about 70–75% of patients have some improvement
of their symptoms and 40% achieve a complete remission. Success, however, is
inversely proportional to the severity of the neurological symptoms; in effect, all
patients who had minimal symptoms had complete palliation, whereas only 45%
of patients with severe symptoms had complete palliation (19). The response rate
for initial metastases (73–74%) is higher than for delayed metastases (56–58%)
(19,21). Whereas systemic chemotherapy may be appropriate for patients with
brain metastases at initial diagnosis, therapeutic cranial irradiation appears prefer-
able for patients who develop brain metastases after induction treatment.

Although relief of symptoms with therapeutic brain radiation is clearly ben-
eficial, overall survival after development of brain metastases is low, with median
survival ranging from 1.5 to 4.5 months (20,22–25). Brain metastases are also
associated with considerable morbidity, which has been shown to be worse in
terms of days spent in hospital than in patients with SCLC liver involvement
(26). As brain metastases are so difficult to treat, and are accompanied by dis-
tressing and sometimes life-threatening symptoms, prophylactic treatment seems
a reasonable alternative. It has been suggested that prophylactic cranial irradiation
could confer an advantage over therapeutic brain irradiation by preserving a better
quality of life (QoL) (27). In one early study, the QoL was evaluated with the
Karnofsky performance status. The mean survival, with a Karnofsky score of 60
or greater, was superior in patients who had prophylactic cranial irradiation (10
months) compared to patients who had no PCI and who subsequently developed
brain metastases (6 months) (27). Thus historically, one of the first arguments
of the proponents of PCI was that the development of brain metastases gave rise
to considerable morbidity, and such morbidity could be prevented with elective
irradiation. Furthermore, brain failure is a rapidly fatal event once CNS metasta-
ses have emerged (20,23–25).

Alternatives to prophylactic cranial irradiation have been proposed. Che-
moprophylaxis of brain metastases, even with lipophylic agents, has failed in
past studies (3,28). Regular follow-up of the brain (CT scan every 3 months for
2 years) was also proposed as an alternative to PCI in a study that included
127 patients (29). There, the objective was to detect brain metastases at an early
asymptomatic stage in the hope of achieving long-term control with immediate
therapeutic radiotherapy and thus avoid possible long-term morbidity due to PCI.
Among the 56 patients (44%) who had a CNS relapse, it emerged between scans
in 20 of them. Despite cranial irradiation, about 60% of the patients who devel-
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oped brain metastases died with active CNS disease. The authors concluded that
PCI could not be replaced by regular follow-up with CT scans.

EFFICACY OF PROPHYLACTIC CRANIAL IRRADIATION

Older Trials

Several retrospective studies have shown that PCI could reduce CNS relapse;
only 2–5% of patients thus treated would develop brain metastases as the first
site of relapse (19,30). Other studies have reported higher rates of CNS relapse.
Some of the difficulties in assessing the value of PCI have come from statistical
ambiguities in the definition of a brain relapse, i.e., sole site of first relapse,
cumulative rate of brain failure at a given time, crude rate of brain metastases
or actuarial rate. Furthermore, as the duration of survival has increased due to
increasingly effective systemic therapy, combined or not with thoracic radiother-
apy in localized disease, so has the frequency of brain metastases (2,3,31). Many
investigators have routinely used PCI during the past 20 years, since it was gener-
ally accepted that it would delay the onset of symptomatic brain metastases and
reduce by 30–50% the lifetime risk of CNS relapse (2,3).

Since then, several randomized trials have been published (32–38). How-
ever, they included very heterogeneous patient populations: patients who failed
to achieve a complete remission, patients with limited and extensive disease,
patients who had concomitant chemotherapy and different PCI doses and frac-
tionation, which may account for the differences observed in the reduction of
brain failure. Table 1 summarizes the results of several randomized trials that
show that the incidence of CNS metastases varies between 13% and 67% in
patients not receiving PCI. Almost all these studies showed a significant two- to
threefold decrease in the incidence of brain metastases, but no impact on the
survival rate. However, in 1983, Rosen et al. were the first to report that PCI
could have an impact on survival in a subgroup of patients. Since then, several
retrospective studies have suggested that PCI not only reduced brain failure rates,
but could also improve survival in complete responders to induction treatment
(12,41–43). In other studies, increased survival with PCI was also observed in
patients with other favorable characteristics, such as a good performance status,
moderate weight loss, young age, and a serum sodium value that could be pre-
dictive of a relatively long life expectancy (44). Furthermore, brain metastases
were the only cause of death in only a minority of patients (10%) (45). This may
also contribute to the fact that these randomized studies did not show any impact
on survival.

Recent Randomized Trials

More recent randomized trials have enrolled only patients considered to be in
complete remission, as shown in Table 2 (12,46–49). When PCI is restricted to
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TABLE 1 Randomized Trials Evaluating PCI in SCLC Patients

Rate of brain
PCI dose, metastases (%) Median survival

No. of Gy/fraction,
Study patients timing of PCI PCI(1) PCI(2) p value PCI(1) PCI(2)

Aroney (40) 29 30/10 0 27 NS NR NR
1983 CR
Beiler (32) 54 24/8 0 16 ,0.05 .104 wk 58 wk
1979 3rd week LD LD
Cox (33) 45 20/10 17 24 NS NR NR
1978 D1
Eagan (23) 30 36/10 13 73 ,0.05 13.6 mo 12.9 mo
1981 20th week
Hansen (34) 110 40/20 9 13 NS 9.2 mo 10.2 mo
1980 12th week
Jackson (35) 29 30/10 0 27 ,0.05 9.8 mo 7.2 mo
1983 D1
Katsenis (36) 35 40/25 12 44 ,0.05 NR NR
1982 D1
Maurer 163 30/10 4 18 ,0.01 8.4 mo 8.8 mo
1980 9th week
Niiranen (37) 51 40/20 0 26 ,0.05 13 mo 10 mo
1989 4th week
Seydel (39) 217 30/10 5 21 ,0.005 53 wk 52 wk
1985 D1

NS: No significant difference in terms of overall survival; CR: PCI given when patients are in complete remission; D1: PCI given on the first
day of induction treatment.
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TABLE 2 Randomized Trials Evaluating PCI in SCLC Complete Responders

Rate of brain
PCI dose, metastases (%) Median survival

No. of Gy/fraction,
Study patients timing of PCI PCI(1) PCI(2) p value PCI(1) PCI(2)

Arriagada (13) 300 24/8 40 67 ,10213 NR NR
1995 CR
Gregor (46) 314 Various 30 54 0.00004 305 days 300 days
1997 CR
Laplanche (47) 211 24/8–30/10 44 51 0.14 NR NR
1998 CR
Ohonoshi (48) 46 40/20 22 52 ,0.05 21 mo 15 mo
1993 CR
Wagner (49) 31 25/10 20 50 15.3 mo 8.8 mo
1996 CR

NS: No significant difference in terms of overall survival; CR: PCI given when patients are in complete remission.
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this favorable group of patients, brain metastases appear to be a major cause of
failure. Virtually all the oldest randomized trials demonstrated a decreased rate
of brain metastases from 22% to 6% for the groups not receiving and receiving
PCI, respectively (32–40). These were crude brain metastasis rates. In the more
recent trials, the rates seem higher, but are reported as actuarial rates (13,46–
49). The overall 2-year actuarial brain failure rates are 40% and 67% (for PCI1
and PCI2, respectively) in the trial reported by Arriagada and colleagues and
30% and 54%, respectively, in the trial reported by Gregor and colleagues (Table
3) (13,46). In both the French and the EORTC trials, a plateau was observed
after 2 years in the brain metastasis rate, suggesting that brain metastases can
potentially be prevented, and not simply delayed, with PCI. This can be consid-
ered a second strong argument for the advocates of PCI. None of these random-
ized trials were large enough to confirm statistically the survival benefit suggested
in retrospective studies (12,42–44). Since the probability that a patient might
have the brain as the only site of failure ranges from 5 to 10%, only a small gain
in long-term survival could be expected from PCI (19,45).

Meta-Analysis

A meta-analysis of individual patient data collected from seven trials, including
a total of 987 patients randomized from 1977 to 1995, compared PCI to no PCI
in patients with SCLC in complete remission (Table 4). The primary endpoint
was overall survival (50). The results, which have recently been reported, showed
PCI led to a 16% reduction in the mortality rate corresponding to an absolute
increase of 5.4% in the 3-year survival rate (from 15.3% observed in the control
group to 20.7%). PCI, therefore, not only decreased the risk of developing brain
metastases significantly (from 58.6% to 33.3% at 3 years), as shown in other
individual trials, but also improved overall survival and disease-free survival (50).

Optimal PCI Dose?

Although the dose-response relationships for PCI in SCLC are a fundamental
element in planning the optimal treatment schedule, they have not been well
established. In most studies, the prescribed PCI dose is about 24–30 Gy. One
study has reported interesting results with one fraction of 8 Gy (51). However,
large PCI fractions should be avoided because of late neurotoxicity. It has been
demonstrated by Withers et al. that the dose-response relationship for subclinical
metastatic disease is usually linear and within the 20–50-Gy dose range (52).
Only one randomized trial has directly addressed this issue (46). The first part
of this three-arm trial compared two PCI doses (24 Gy and 36 Gy) to no PCI.
The hazard ratio between the group of patients treated with 24 Gy and the no-
PCI group was 0.71 whereas it was 0.16 between the 36-Gy and no-PCI groups,
and highly significant. Thus, the higher dose reduced the risk of brain metastasis
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TABLE 3 Results at 2 Years (except for the IPC 88) of the Three Main PCI Randomized Studies
in SCLC Complete Responders

No. of Rate of brain metastases
patients, OS, OS,

PCI1/PCI2 PCI(1) PCI(2) PCI(1) PCI(2)

IPC 85 (13) 149/151 40% 67% 29% 21.5%
ICP 88 (47) 100/111 44% (4 years) 51% (4 years) 22% (4 years) 16% (4 years)
UKCCCR-EORTC (46) 194/120 30% 54% 25% 19%
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TABLE 4 Randomized Studies Included in the Meta-Analysis

PCI dose, Number of Years of
Study Stage Gy/fractions patients accrual

Aroney (40) All 30/10 32 1977–80
Danish/NCI All 24/8 48 1986–91
Ohonoshi (48) All 40/20 46 1981–86
Wagner ECOG 3589 All 25/10 32 1991–94

RTOG 9201 (49)
Arriagada IPC 85 (13) All 24/8 300 1985–93
Laplanche IPC 88 (47) All 24–30/8–10 211 1988–94
Gregor UKCCCR/ Limited 8–40/1–18 314 1987–95

EORTC (46)

more effectively. In the study by Work et al., among the 199 patients with limited
SCLC who were randomized to initial chest irradiation versus late (18 weeks)
chest irradiation, 157 received PCI. The PCI dose was 33 Gy in 11 fractions for
45 patients and 25 Gy in 11 fractions for the other 112. The 5-year incidence of
CNS recurrences was 15% after 33 Gy and 23% after 25 Gy. Although the differ-
ence was not significant, there was a trend toward a dose-response relationship,
which was also apparent in the meta-analysis (44). The effect of PCI on brain
metastases increased with the total PCI dose when four dose groups (8 Gy, 24–
25 Gy, 30 Gy, 36–40 Gy) were analyzed in the meta-analysis (trend p 5 0.02).
Hence the reduction of the relative risk of developing brain metastasis as com-
pared to the control group was 24% in the 8-Gy group, 48% in the 24–25-Gy
group, 68% in the 30-Gy group, and 73% in the 36–40-Gy group, but the effect
on survival did not differ significantly according to the dose. A dose-response
relationship was also found in a recent review that collected data from 12 nonran-
domized studies and 12 randomized studies comparing brain relapse rates with
and without PCI (53). The dose-response curve was almost linear within the 20–
35-Gy dose range.

Optimal Timing?

The optimal timing for PCI in limited-stage SCLC has not been firmly determined
either. Many relapses probably reflect an uninterrupted metastatic process, given
the tumor doubling time in SCLC and the short life-span. Even if PCI is adminis-
tered early to avoid reseeding in the brain, it has been recommended that it be
administered preferably following documentation of complete remission, after
2–4 months of follow-up, but before 6 months from initiation of chemotherapy
(54). Rarely is brain metastasis observed within 6 months from the initiation of
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chemotherapy (12). In the study by Lee et al., the overall incidence of brain
metastasis was higher in patients who received PCI after five to six cycles of
chemotherapy than in patients who received PCI after two to three courses of
induction and maintenance chemotherapy (54). Only one trial has directly ad-
dressed the optimal timing of PCI. In the Perez study, comparing the effectiveness
of concomitant versus delayed chemotherapy combined with irradiation to the
mediastinum and to the brain in 70 patients with localized disease, PCI was ad-
ministered either during the first week (early-PCI group) or during the seventh
week (late-PCI group). There was no difference in the incidence of brain metasta-
ses (7% in both groups). However, the induction treatment would now be consid-
ered inadequate as patients in the early-PCI group received chemotherapy only
in case of relapse or in case of no response to mediastinal radiotherapy (38).
Therefore, no firm conclusions can be drawn from this trial.

In the study by Murray et al., a delay of 12 weeks in the initiation of chest
irradiation (PCI being delivered on the nineteenth week at a dose of 25 Gy) was
associated with a significant increase in the incidence of CNS recurrences. The
total proportion of brain metastases in the early arm (18.1%) was significantly
less than in the late-mediastinal-irradiation arm (28.1%) (55). The authors ex-
plained that although SCLC is chemosensitive, about 30–40% of patients have
a chemoresistant tumor confined to the primary site. Thus, early mediastinal ra-
diotherapy would decrease the probability of growth of a chemoresistant tumor
during treatment in sites such as the brain. In the Aarhus Lung Cancer Group
study, there was no difference in CNS recurrences whether chest irradiation was
given at the beginning of treatment or delayed, but PCI was delivered initially,
together with early mediastinal irradiation or with the first cycle of chemotherapy
(44).

Recently Suwinski et al. have conducted an interesting analysis of PCI dose
response according to its timing (53). They showed that the delay between the
initiation of induction treatment and PCI introduces a 20-Gy threshold in the
dose-response curve, which would otherwise have been linear. If only studies
during which PCI was initiated less than 60 days after the first day of induction
treatment are considered, there was almost a linear relationship between the dose
delivered in 2-Gy fractions equivalent and the percentage reduction in total brain
relapse rates within the 8–30-Gy dose range. In the studies in which PCI was
initiated later, higher doses appeared to be necessary to obtain the same prophy-
lactic effect. Effective induction treatment may arrest the development of new
metastases to the brain, but it probably does not affect existing brain metastases.
Thus, increasing the delay between induction treatment and PCI may increase
the burden of metastatic disease to the brain.

The meta-analysis has shown that PCI influences long-term survival of pa-
tients who achieve a complete response to therapy (50). However, PCI is directly
suspected in the onset of neurotoxicity in long-term survivors. Several studies
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have reported neurological and intellectual impairment and abnormalities on
brain CT scan potentially related to PCI (56–70). However, neurological sequelae
are difficult to assess in this subset of patients and there is a wide variety of
interpretations regarding the etiology of the morbidity in all of these retrospective
studies. This confusion has contributed largely to the controversy regarding PCI.
Age, the effects of chronic cigarette abuse, possible paraneoplastic syndromes,
and micrometastases may also contribute to neurotoxicity (69,71–73). Several
studies, however, have reported that it was dependent on the total dose, the dose
per fraction, the timing of chemotherapy (concomitant with PCI), and the type
of chemotherapy.

NEUROTOXICITY

In the past, neurotoxicity was the overriding argument against PCI, particularly
as no improvement was demonstrated in survival, until now. Early toxicity is
minimal with the exception of transitory alopecia, although varying degrees of
headache, mild nausea, and fatigue are observed. Most data on late neurotoxicity
are based on small retrospective studies (57,58,61–67). There has been much
concern about the possible long-term damaging effects of PCI: ataxia, seizures,
and even dementia (57,59,62,63,65). Some sequelae are shown in Table 5. Lish-
ner et al. analyzed 58 long-term survivors and found that nine of 48 patients
(19%) who had had PCI had neurological complications (66). However, PCI was
responsible for progressive dementia in only two patients. Laukkanen et al. evalu-
ated 12 patients who had PCI and who were alive at 2 years for clinical, neuropsy-
chological, and brain CT scan sequelae (65). All were capable of looking after

TABLE 5 Retrospective Studies Reporting Neurotoxicity After PCI

Neuropsychological Brain CT
abnormalities abnormalities

No. of
Author patients PCI(1) PCI(2) PCI(1) PCI(2)

Catane (57) 16 4/13 2/3 9/13 2/3
Cull (60) 64 25% 60%
Craig (58) 13 4/13 13/13
Frytak (61) 283 28/160 (17%) 0/123 Present
Johnson (62) 20 11/17 1/3 10/17 1/3
Lee (64) 25 3/20 0/5 14/20 0/5
Laukkanen (65) 12 8/12 12/12
Lishner (66) 58 9/48 2/10
Twijnstra (67) 21 12/14 0/7
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themselves and none had dementia, as described in other studies. As suggested
by Johnson, patients who were given high-dose induction chemotherapy while
receiving cranial irradiation or large radiotherapy fractions (more than 3 Gy)
were more likely to have abnormal neuropsychological tests and abnormal mental
status examinations (62,63). Brain CT scan abnormalities are common: cerebral
atrophy, ventricular dilatation, and periventricular and subcortical white matter
changes, which seem to worsen after completion of treatment (62). These abnor-
malities seem to occur more frequently in patients with abnormal neuropsycho-
logical function (63).

To determine the specific causes of CNS abnormalities occurring in patients
with SCLC is difficult: metastases, paraneoplastic syndromes, infections, meta-
bolic effects, a chronic smoking habit, psychological stress, and chemotherapy
may contribute to these complications (69–73). PCI has often been delivered
with chemotherapeutic agents, some of which are potentially neurotoxic, either
due to synergism with PCI or via independent mechanisms. Patients who receive
methotrexate, nitrosoureas, and procarbazine after whole-brain irradiation are at
high risk for clinical CNS neurotoxicity and for the development of periventricu-
lar white matter changes depicted on CT brain scans (64). Methotrexate is known
to interact with PCI to produce necrotizing leukoencephalopathy, mineralizing
microangiopathy, and cognitive impairment (74). Among 13 patients who re-
ceived concomitant chemotherapy and PCI, posttreatment scans documented ce-
rebral atrophy (100%), ventricular dilatation (70%), and decreased coefficient of
absorption in the white matter (15%) (58). Van Oosterhout et al. reported neuro-
logical sequelae in a series of 51 long-term SCLC survivors who were treated
with chemotherapy alone (group 1), with sequential PCI (group 2), or with con-
current chemotherapy and PCI (group 3) (75). Mental impairment, motor abnor-
malities, and visual complaints were observed in 24% of group 1 patients, 42%
of group 2 patients, and 73% of patients in group 3. White matter abnormalities
were found more frequently in group 3, whereas there was no significant differ-
ence in the analysis of brain atrophy. No significant differences existed between
groups with respect to their neuropsychological status. The authors concluded
that there was no statistical evidence for additional neurotoxicity of PCI. How-
ever, they did observe marked neuropsychometric differences between patients
and matched controls, so cognitive impairment may be partly related to disease,
but also to a deteriorated physical condition and emotional distress (75). A small
prospective study has evaluated the magnitude of neuropsychological deficits
thoroughly in 30 patients with SCLC who had PCI. Almost all the patients with
favorable responses to combination chemotherapy had specific cognitive deficits
before receiving PCI (29 of 30 patients) (69).

A recent study by Cull et al., also reported neurological and cognitive
impairment in 64 long-term survivors ($2 years) (60). The authors emphasized
how difficult it was to assess these patients, but used validated scales for toxicity
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and the performance status; 75% of these patients were well, 11% had cognitive
deficits, and 16% had ataxia that could be attributed to late neurotoxicity. These
data contrast with those reported in older studies where up to 85% of patients
were found to have clinically detectable neurological problems (62,64). Several
studies have therefore reported neurological and intellectual impairment and
abnormalities on brain CT scan potentially related to PCI, but they are all retro-
spective and have analyzed a small number of patients. Only two recent pro-
spective trials have included a neurological assessment in their study (13,46).
Several patients had an initial neuropsychological examination (before PCI could
possibly have been administered) that was abnormal (40–60%). The results
within the first years of follow-up did not show any significant difference in
neuropsychological modifications between treated and untreated patients. Long-
term follow-up is, however, necessary to better evaluate late neurotoxicity. PCI
seems to have an adverse effect on the quality of life only in a minority of patients,
provided smaller fractions are used (,3 Gy) and no concomitant chemotherapy
is given.

OTHER INDICATIONS FOR PROPHYLACTIC CRANIAL
IRRADIATION

Should PCI be restricted to patients in complete remission? In the study by Nu-
gent et al., PCI seemed to effectively prevent brain metastasis in patients with
liver and bone marrow metastasis even if they had a short life expectancy (3).
Several studies have indicated that if the aim is to reduce the incidence of brain
recurrences, then all patients should receive PCI, whereas if the aim is to improve
survival, then only patients with a favorable prognosis should receive PCI
(12,44).

CONCLUSION

For many years, PCI was a controversial issue with opponents arguing that none
of the published reports of randomized trials on PCI showed an effect on overall
survival and that the late-occurring neurological effects would clearly outweigh
its benefits. However, a number of studies during the past 20 years have reported
a lower incidence of brain metastases with PCI, with an accompanying decrease
in the risk of associated morbidity and the social consequences of brain failure.
Not only have recent trials shown that brain metastases could really be prevented
and not just delayed with PCI in complete responders, but the recent meta-
analysis has demonstrated that PCI leads to an absolute increase of 5.4% in the
3-year survival rate (from 15.3% observed in the control group to 20.7%). This
benefit conferred on overall survival can be added to the effect of thoracic radio-
therapy, which has about the same value.
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Selecting the optimal dose for PCI that would lead to a further decrease
in the incidence of brain metastasis with minimal toxicity is one of the challenges
identified by the meta-analysis as well the ideal timing of PCI. Future trials are
therefore warranted that will require cooperation worldwide. Prophylactic cranial
irradiation should now be considered as part of the standard treatment of patients
with SCLC.
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INTRODUCTION

Lung cancer has become the leading cause of cancer death in the United States
and is a leading cause of cancer-related mortality throughout the world. Small
cell lung cancer (SCLC) accounts for approximately 20% of all cases of lung
cancer. Staging for SCLC divides patients into two groups. The first group is
limited-stage patients (LS), defined as patients with disease confined to the ipsilat-
eral chest, including supraclavicular or scalene lymph nodes, without the presence
of a malignant pleural effusion. With cisplatin-based chemotherapy and concur-
rent radiotherapy, these patients can expect a median survival of 20–22 months
and a 5-year survival of 20–25%. The second group is those patients with disease
outside the chest, and/or a malignant pleural effusion, who are staged as extensive
SCLC. These patients are considered incurable and make up the majority of pa-
tients with SCLC, representing approximately two-thirds of patients diagnosed
with SCLC. Combination chemotherapy has improved median survival from sev-
eral weeks for the untreated patient to a median survival of approximately 9
months.
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Despite improvements in the treatment of SCLC, the vast majority of pa-
tients with SCLC will succumb to their disease. As described earlier, SCLC is
a disease that has a high degree of systemic dissemination, both at presentation
and at subsequent relapse. To postulate that a local prophylactic therapy, such
as cranial irradiation, is effective in improving survival, several theories must be
true:

1. Evidence that successful eradication of systemic micrometastatic dis-
ease has been attained

2. Evidence that isolated central nervous system (CNS) relapse plays a
significant role in this setting (i.e., is it merely a ‘‘forme fruste’’ of
ultimate systemic failures)

3. Evidence that cranial irradiation can provide successful ‘‘sterilization’’
of the CNS—at least in the micrometastatic setting (i.e., as prophylac-
tic therapy)

4. Evidence that the successful systemic chemotherapy has not already
provided CNS sterilization

5. Evidence that prophylactic CNS radiotherapy does not result in sig-
nificant toxicity, both short-term and long-term

6. Evidence for a survival advantage for prophylactic cranial irradiation
in patients with SCLC

I will attempt to address these issues with respect to the role of prophylactic
cranial irradiation (PCI) in SCLC. Although some data may be compelling fa-
voring PCI, there are still issues that are not fully addressed.

EVIDENCE FOR SUCCESSFUL ERADICATION OF
SYSTEMIC MICROMETASTATIC DISEASE

Perhaps the best results to date in the literature for limited-stage SCLC come
from a recently published ECOG/RTOG/SWOG trial (1). The study randomized
419 patients with limited SCLC to receive cisplatin and etoposide with either
once-daily thoracic radiation (45 Gy/25 fractions/5 weeks) or twice-daily frac-
tionation (45 Gy/30 fractions/3 weeks). In both arms, thoracic radiotherapy was
given concurrently with chemotherapy commencing with the first day of cycle
1 and prophylactic cranial radiation was administered to all patients with a com-
plete response to chemoradiation. The twice-daily radiotherapy arm significantly
improved survival when compared with the once-daily arm (p 5 0.04). With a
median follow-up of almost 8 years, the median survival was 23 months for the
twice-daily radiotherapy and 19 months for the once-daily arm. The survival rates
were 26% at 5 years for the twice-daily arm compared to 16 at 5 years for the
once-daily arm. This survival advantage appeared related to improved local fail-
ure rates in the twice-daily thoracic radiotherapy arm. Local failure rate was 52%
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in the once-daily arm and 36% in the twice-daily arm (p 5 0.06). The rate of
simultaneous local and distant failure was also significantly different in the once-
daily arm and 6% in the twice-daily arm, p 5 0.01. The results of this trial provide
evidence that systemic chemotherapy and thoracic irradiation can successfully
eliminate micrometastases resulting in long-term survival of 20–25%. Even with
state-of-the-art therapy, however, the vast majority (75%) of patients unfortu-
nately succumb to this disease and thus probably do not derive any long-term
survival advantage with the addition of PCI.

EVIDENCE THAT ISOLATED CNS RELAPSE PLAYS A
SIGNIFICANT ROLE IN THIS SETTING (OR IS IT MERELY A
‘‘FORME FRUSTE’’ OF ULTIMATE SYSTEMIC FAILURE?)

To surmise that PCI can affect survival, there must be evidence that a significant
number of patients with SCLC who achieve a complete remission ultimately
relapse in the CNS alone.

There is an inherent difficulty in quantifying the incidence of isolated
CNS relapse. Patients presenting with symptomatic brain metastases undergo
variable degrees of further evaluation. Those patients undergoing more aggres-
sive forms of evaluation (i.e., CT scans and bone scans) will most likely manifest
other sites of systemic failure compared to those patients undergoing fewer diag-
nostic tests. This information is not often specifically reported in the literature
and, as such, the available data would appear to reflect this lack of consistency.
Ball and Matthews (2) reviewed the data for 17 clinical trials involving 1202
patients who did not receive PCI. There were 655 patients for whom data describ-
ing the crude incidence of cerebral relapse as a first or sole site of progression
was available. Of these 655 patients, brain metastases occurred in 166 patients
(25%). However, when reported as an isolated site of progression, this number
decreased to 14%. Firsch et al. (3) reported the results of a large autopsy series
in which only 3% of patients with SCLC manifested CNS as the sole site of
relapse.

It would appear that the incidence of isolated brain metastases is #15%
in patients not receiving PCI. Ultimately, based on the effectiveness of PCI, the
maximum survival benefit that PCI could achieve would be a fraction of that
number.

EVIDENCE THAT PCI CAN PROVIDE SUCCESSFUL
‘‘STERILIZATION’’ OF THE CNS

Having established that there is a small but finite subset of patients who may
relapse with isolated CNS metastases, the next logical question is whether cranial
irradiation is effective in eradicating micrometastatic disease. Table 1 lists the
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TABLE 1 Randomized Trials of PCI in SCLC Achieving a Complete Response to Induction Chemotherapy or
Chemoradiation

CNS failure Median survival

Author Patients PCI No PCI PCI No PCI p value

Aroney (4) 32 0 27% NR NR NR
Ohonoshi (5) 46 22% 52% 21 mo 15 mo 0.097
Wagner (6) 32 18% 53% 15.3 8.8 0.249
Gregor (7) 314 Hazard ratio 0.41 NR NR NR
Laplanche (8) 211 44% @ 4 yr 51% @ 4 yr 22% @ 4 yr 16% @ 4 yr 0.25
Arriagada (9) 300 40% @ 2 yr 67% @ 2 yr 29% @ 2 yr 21.5% @ 2 yr 0.14
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results of randomized trials of PCI that included only patients in complete
remission. In all trials, the incidence of CNS relapse is lower in the PCI arm
thus providing evidence that PCI can affect the subsequent development of overt
CNS metastases (,20–60% absolute reduction in development of CNS metas-
tases).

EVIDENCE THAT PROPHYLACTIC CNS RADIOTHERAPY
DOES NOT RESULT IN SIGNIFICANT TOXICITY, EITHER
SHORT-TERM OR LONG-TERM

The predominant deleterious effects of cranial radiotherapy typically occur from
9 to 12 months after treatment, but may occur years later (10,11). The most
serious of these events is brain necrosis resulting from high doses of radiation
therapy. More important in the setting of PCI is a potential decrease in a patient’s
functional capability following treatment. These effects, seen in long-term fol-
low-up, are manifested by memory impairment, cognitive deficits, and personal-
ity changes. Subtle motor effects may occur as well. Late effects on cognitive
function are obviously more subtle than the dramatic effects of overt brain necro-
sis and thus more difficult to document and/or discriminate from other organic
processes. These effects may or may not be associated with radiographic findings
(12,13). Another problem is that the majority of the data has been generated from
retrospective analyses (14,15).

Evaluating a patient with SCLC for potentially subtle cognitive deficits is
complicated by a number of potential mitigating factors: (1) Age—The median
age of a patient with SCLC is approximately 65 years. These patients may be
undergoing subtle personality and psychological changes from aging or other
unrelated processes such as Alzheimer’s disease. (2) Tobacco use—It is possible
that the long-term hypoxemia associated with smoking may contribute to subtle
cognitive deficits. (3) Other illnesses—Patients with SCLC typically have other
tobacco-related illnesses that may contribute, i.e., chronic obstructive lung
disease, coronary artery disease with resultant cardiopulmonary impairment.
Clearly, prospective, randomized trials evaluating patient’s cognitive function
pre- and postradiotherapy are needed.

Fortunately, over the past few years there have been several illustrative
trials. Ahles et al. reported on the findings of the Cancer and Leukemia Group
B trial 8534 (16). This trial randomized 347 patients with limited SCLC to three
cycles of ACE chemotherapy (doxorubicin, cyclophosphamide, and etoposide).
This was followed by two cycles of PCE chemotherapy (cisplatin, cyclophospha-
mide, and etoposide). Concurrent with PCE, all patients received thoracic radio-
therapy (RT) and PCI. Following PCE and RT, patients went on to receive an
additional three cycles of ACE, but this was discontinued after 179 patients were
entered, secondary to excessive pulmonary toxicity. Patients were randomized



84 Sandler

to receive warfarin or no warfarin starting on day 1 of the induction chemo-
therapy. Of the 347 patients entered on study, 295 (85%) patients were recruited
for the psychological study at baseline, and 224 (65%) and 177 (51%) patients,
respectively, completed the pre-RT and post-RT assessments. This study em-
ployed the POMS (Profile of Mood States) and Trail Making B Test (Trails B)
as psychological and neuropsychological assessment tools (17,18). The authors
noted stable POMS scores pre- and post-RT (stable emotional pattern) but
decreased Trails B scores (cognitive function), suggesting that the treatment
had a negative impact on cognitive function. The results of this study are con-
founded by at least two factors: (1) The evaluation was only 1 month post-
RT, and (2) the patients received chemotherapy and concurrent thoracic RT at
the time of their PCI. Another important message from this trial, which empha-
sizes the need for pre- and post-PCI evaluations, is that all patients evaluated
pre-PCI performed in the 25th percentile, when compared with age-matched
norms. In other words, three-fourths of the general population in this age range
performed better than patients in the SCLC study. Komaki et al. (19) reported
on a small study of 30 patients with limited SCLC who underwent neuropsycho-
logical testing pre- and post-PCI. They also noted baseline cognitive deficits.
Eleven patients underwent testing 6–20 months after PCI. No significant differ-
ences were noted.

Only two trials evaluating the role of PCI have prospectively evaluated
the potential neurotoxicity associated with the effects of PCI. Arriagada et al.
(9) reported on a prospective trial of 300 patients with SCLC in complete
remission after induction therapy. In this trial, patients underwent neuropsy-
chological examination and computerized tomography scan of the brain at the
time of randomization and at 6, 18, 30, and 48 months. A total of 294 patients
were eligible for study and of these, 65 patients (34 patients in the control
group and 31 patients in the PCI group) were not fully evaluable for neuro-
toxicity (no baseline neuropsychological evaluation or the development of
brain metastases within 1 month of randomization). Of the 229 patients (115
patients in the control arm and 114 in the PCI arm) who underwent initial
neuropsychological testing, only 41% (50 patients/control group and 44 pa-
tients/PCI group) had a normal baseline neuropsychological evaluation. Patients
were evaluated for cognitive (orientation, memory, judgment, language, and
praxis), sensory, mood, walking, cerebellar, and cranial nerve functions; and
tendon reflexes. The testing was performed by the same neurologist at each
treatment site. Within the first 5 years of follow-up, there was no statistical dif-
ference in the 2-year cumulative incidence of abnormalities in any of these para-
meters. Gregor et al. (7) reported on a large European randomized trial of 314
patients with LS-SCLC in complete remission randomized to PCI at variable
doses determined by the individual investigator versus observation. Prospective
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neuropsychometric and quality-of-life assessments were part of this trial in
selected institutions and involved 136 patients (43%). In this trial too, the large
majority of patients (78%) undergoing evaluation evidenced some neuropsy-
chological deficit prior to PCI. Patients who underwent repeat testing at 6 and
12 months revealed some new impairments. No evidence of sustained deteriora-
tion over time was noted and no statistically significant difference was noted
between the two groups. The authors commented on the fact that the number of
patients undergoing prospective evaluation was small and that follow-up was
limited.

One final word of caution regarding the potential neurotoxicity of PCI
must be raised. Looper et al. (20) reported on a series of 120 patients with
SCLC treated with CAV-based (cyclophosphamide, doxorubicin, and vincris-
tine) chemotherapy with or without thoracic radiotherapy, all of whom received
PCI. The authors noted that of 18 patients (15%) alive and disease-free at
$3 years, 14 patients (78%) experienced significant neurological sequelae
felt to be related to PCI. These complications occurred an average of 4–7
years after completing PCI. Indeed, some investigators have suggested that
the neurocognitive sequelae of RT may be underestimated in long-term sur-
vivors (11).

EVIDENCE FOR A SURVIVAL ADVANTAGE FOR PCI IN
PATIENTS WITH SCLC

As discussed earlier, given the relatively low incidence of patients with isolated
CNS failures, one can expect a similar small difference in survival when compar-
ing patients treated with PCI to those patients undergoing observation. Table 2
shows the results of recent randomized trials in patients achieving a complete
remission with induction therapy. None of these randomized trials demonstrated
a survival advantage to PCI. As most of these trials were relatively small, how-
ever, a meta-analysis was conducted by the Prophylactic Cranial Irradiation Over-
view Collaborative Group. This meta-analysis included 987 patients with SCLC
in complete remission enrolled in seven randomized trials assessing the role of
prophylactic irradiation (21) (Table 2).

The results of this analysis revealed a statistically significant, albeit small,
improvement in the relative risk of death favoring PCI (RR 5 0.84, p 5 0.01).
This difference resulted in a 5.4% absolute increase in survival at 3 years from
15.3% to 20.7%. The authors again noted a decrease in cumulative incidence of
brain metastases (relative risk of 0.46, p , 0.001). The authors commented on
the fact that higher doses of PCI led to relatively greater decreases in the risk of
brain metastases (8 Gy vs. 24–25 Gy vs. 30 Gy vs. 36 Gy, p 5 0.02) but no
additional impact on survival (Table 3).
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TABLE 2 Randomized Phase III Trials Included in Meta-Analysis

Evaluation
Enrollment No. of PCI Survival for cognitive

Trial period patients dose/fractions advantage? deficits

UMCC (4) 1977–80 29 30 Gy/10 No No
Okayama (5) 1981–86 46 40 Gy/20 No No
PCI-85 (9) 1985–93 300 24 Gy/8 No Yes
Danish-NCI (21) 1985–91 55 24 Gy/8 No No
UKCCCR-EORTC (7) 1987–95 314 8–36 Gy/1–18a No Yes
PCI-88 (8) 1988–94 211 24 Gy/8 No No
ECOG-RTOG (6) 1991–94 32 25 Gy/10 No No

aInitially designed with three treatment groups (no PCI, 24 Gy/12, and 36 Gy/18; subsequently changed to no PCI versus PCI at variable doses).
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TABLE 3 Meta-analysis of Randomized Phase III Trials of PCI

No. of
Rate in Absolutepatients
control benefit

No Hazard group at 3 yr
PCI PCI ratio p value (%) (%)

Survival 526 461 0.84 0.01 15.3 15.4
Cumulative rate of 524 457 0.46 ,0.0001 58.6 225.3

brain metastases
DFS 526 461 0.75 ,0.0001 13.5 18.8
Cumulative rate of 325 332 0.89 0.37 45.6 23.8

other metastases

SUMMARY

It would appear that while several of the issues surrounding the use of PCI have
been addressed, others remain unanswered. Although there appears to be a small
percentage of patients with limited SCLC who are cured with chemotherapy and
thoracic irradiation and remain at risk for relapse with isolated brain metastases,
we are not able, at this time, to identify these patients upfront. Thus, for every
20 patients who receive PCI, only one benefits. Should we perhaps focus our
priorities elsewhere, such as on other systemic issues? The potential benefit in
survival from PCI is so small (,5%) that a meta-analysis became necessary to
identify any impact at all. Although meta-analyses have achieved recent popular-
ity, not all statisticians are convinced of their accuracy (22,23). There are many
other unanswered questions. If PCI is to be utilized, what is the optimal dose,
schedule, and timing of PCI? Is there any role in patients with extensive disease
in complete response? Most importantly, however, is the unresolved issue of the
full extent of CNS toxicity. Scant prospective data are currently available and
continued follow-up is warranted. This information is critical before we can accu-
rately assess the benefit/risk ratio of PCI. While, based on the current informa-
tion, PCI should be offered at this time as part of the therapeutic regimen in
patients with LS-SCLC who achieve a good response to chemoradiation, it is
critical that the full implications of this strategy be reassessed over time as more
information regarding long-term neurotoxicity becomes available.
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Dose Intensification of Chemotherapy
in SCLC: Pro
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Boston, Massachusetts

RATIONALE FOR DOSE-INTENSIVE THERAPY IN SCLC

The principles of dose and combination therapy are strongly supported by preclin-
ical and clinical evidence. Increased dose intensity of certain chemotherapeutic
agents can yield greater cytotoxicity against the overall tumor cell population
and is more likely to kill drug-resistant tumor cells. Which agents are chosen
depends on pharmacology/mode of action and schedule/dose relationships to cy-
totoxicity. For these reasons, alkylating agents usually form the backbone of most
high-dose regimens since near-log-linear dose-response relationships are consis-
tently demonstrated for the alkylating agents and radiation in preclinical in vitro
and in vivo experiments (1–4).

Clinical success requires eradication of all clonogenic tumor if solely cyto-
toxic strategies are employed. The kinetics of tumor regrowth (Gompertzian mod-
els) suggest that near-eradication might yield fairly similar clinical outcomes
compared with more modest antitumoral effects delivered over longer periods.
The ability to detect clinical benefits from high-dose therapy would be greatest
in clinical settings with high risk of systemic relapse but low tumor burden. In-
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creased cytotoxicity may be irrelevant if tumor burden is great. Chemosensitivity,
particularly the shape of the dose-response relationship for the drug-resistant tu-
mor cell subpopulations, is also critical. Dose escalation of agents inactive against
a particular disease is not likely to prove a fruitful strategy in generating signifi-
cant clinical success.

Many established chemotherapeutic agents including etoposide or tenipo-
side, cisplatin or carboplatin, ifosfamide, cyclophosphamide, vincristine, and
doxorubicin have major activity against small cell lung cancer (SCLC). Many of
these agents, particularly the oxazaphosphorines, nitrosoureas, and the platinums,
have strong preclinical rationales for dose escalation. There is also extensive
clinical evidence to support a dose-response relationship with these agents against
a variety of tumor types including SCLC. The major controversy surrounding
dose-intensive therapy is whether an increase in tumor response can translate into
prolonged survival and whether this benefit can outweigh the enhanced toxicities
generated. Methods to deliver dose-intensive therapy include shortening cycle
length, increasing dose and/or number of agents over multiple cycles, or increas-
ing dose as consolidation of clinical response.

On review of the phase II trials evaluating high-dose therapy with hemato-
poietic cellular support, outcomes are frequently better than those reported by
conventional dose approaches. However, patient selection (low patient comorbid-
ity) and staging biases clearly contribute to these results. Even if randomized
data support the use of high-dose therapy, one may still ask whether the benefit
is generalizable to the entire population of patients with that disease and/or stage
of disease, or if the treatment strategy is applicable only for the most physiologi-
cally fit. In most cases, if the treatment is deemed worthwhile, technological
advances in supportive therapy will develop to increase feasibility.

A further question concerning dose-intensive strategies is whether they can
be combined with other modalities. Assuming dose-intensive therapy improves
overall response and complete response rates, this approach may serve as a suit-
able foundation to generate minimal residual tumor burdens and potentially ren-
der other therapeutic strategies more effective. The use of combinations of treat-
ment modalities becomes more compelling given the generic properties of
tumors, namely plasticity, adaptability, and heterogeneity.

CONVENTIONAL-DOSE THERAPY IN SCLC

Approximately 15–20% of all bronchogenic carcinomas, SCLC are the fourth
leading cause of death from cancer in both men and women in the United States
(5). Systemic metastatic disease is present in almost all patients at diagnosis:
overt in two-thirds (extensive stage, ED) and subclinical in a third (limited stage,
LD). Established chemotherapeutic agents include etoposide, cisplatin, car-
boplatin, ifosfamide, cyclophosphamide, vincristine, and doxorubicin. By general
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consensus, conventional dose treatment consists of four to six cycles of platinum/
etoposide alone for extensive-stage disease or with concurrent chest radiation
therapy for the third of patients with limited-stage disease (6). Complete response
rates are 50–70% for LD and 10–20% for ED patients. However, by 2 years 20–
40% of LD and fewer than 5% of ED patients remain alive (7,8). Five-year sur-
vival is about half that at 2 years. Although ifosfamide has improved survival in
ED patients in conjunction with cisplatin and etoposide (9), this lead has not yet
been tested in LD patients. New agents with promising activity include the tax-
anes, gemcitabine, and the topoisomerase I inhibitors. The role of these new
agents is being evaluated in ongoing first-line therapy trials. The underlying car-
diovascular and pulmonary comorbidity typical of this population, median age
60–65 years, and enhanced risk of secondary smoking-related malignancies in-
herent in lung cancer patients contribute to an increased risk when applying dose-
intensive therapy.

DOSE INTENSITY: WITHOUT CELLULAR SUPPORT

Klasa et al. analyzed dose intensity (expressed in drug dose administered per
square meter per week) of individual agents or regimens delivered in ED SCLC
trials (10). Higher dose intensities of cyclophosphamide and doxorubicin with
vincristine (CAV) and with etoposide (CAE), but not etoposide and cisplatin
(EP), were associated with a longer median survival. The relative range of doses
administered and the response and survival advantages were small (10).

Six randomized trials have evaluated dose intensity in ED SCLC with or
without cytokine support (11–16). The actual delivered doses, when reported,
were significantly less different between the arms than the planned dose intensity
differences (1.2–2-fold). Two of these trials showed a modest survival advantage
for the higher-dose therapy. Arriagada et al. treated LD patients with six cycles
of conventional-dose chemotherapy wherein the first cycle only was randomly
assigned conventional dose versus modest intensification (17). A complete re-
sponse and survival advantage for the patients receiving the intensified chemo-
therapy was observed. This result was somewhat unexpected, since the relative
difference in the two groups was so small. It is possible that dose intensity, partic-
ularly if given early in the course of treatment, may be more effective in limited
SCLC rather than extensive SCLC. Early intensification and treatment of earlier-
stage disease are two themes to consider when designing new trials.

Multidrug cyclical weekly therapy was designed to increase the dose inten-
sity of treatment by taking into account the differing toxicities of the weekly
agents. Early phase II results were promising, although patient selection effects
were evident (18,19). However, none of the cooperative group randomized trials
demonstrated survival benefits (20–23), perhaps owing to the greater morbidity,
dose reductions, and delays required for the weekly schedules; thus the actual
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delivered dose intensities were not that different. Moreover, not only were doses
and schedules varied, but so were the regimens, leading to interpretation obstacles
(24).

Currently established cytokines (e.g., GM-CSF and G-CSF) were able to
maintain dose intensity across multiple cycles (25). Fukuoka et al. documented
a statistically significant survival advantage for the use of G-CSF to support the
CODE regimen (59 vs. 32 weeks) (26). With cytokine use, a modest increment
in dose intensity, limited by cumulative thrombocytopenia, can be achieved (1.5–
2-fold). But the effectiveness of various thrombopoietins or other cytokines to
increase achievable dose intensity remains uncertain.

DOSE INTENSITY: WITH CELLULAR SUPPORT

Trials reported prior to 1995 of patients with SCLC undergoing autologous bone
marrow transplantation (ABMT) were reviewed by Elias and Cohen (27) if spe-
cifics about their response status (relapsed or refractory; untreated; or responding
to first-line chemotherapy—partial or complete response) and their extent of dis-
ease (limited or extensive stage) had been provided. Patients in these various
categories were pooled for aggregated relapse-free and overall survival character-
istics.

Complete and overall responses in 52 patients with relapsed or refractory
disease were 19% and 56% (28–41), respectively, but lasted only 2–4 months.
While combination chemotherapy, especially those containing multiple alkylat-
ing agents, produced slightly higher response rates, these regimens were more
toxic (18% vs. 6% deaths). The high complete response rate substantiated a dose-
response relationship, but was insufficient for cure.

Complete and overall responses in 103 patients with untreated SCLC (71%
limited disease) who received single- or double-cycle high-dose therapy as initial
treatment were 42% and 84%, respectively (42–48). Relapse-free, 2-year, and
overall survivals were comparable to those with treatment with conventional
multicycle regimens. Transplantation in the newly diagnosed SCLC setting is
potentially hazardous because of the frequency of life-threatening complications
from uncontrolled disease, and the likelihood of tumor cell contamination in un-
treated autografts. Theoretically, early intensification may have greater impact
on the disease.

High-dose chemotherapy with autologous hematopoietic support as consol-
idation has been given to approximately 466 patients responding to first-line che-
motherapy (49–68). About 40–50% of partial responders converted to complete
response, but without durable effect. Of patients with limited disease in complete
response at the time of high-dose therapy, about 35% remained progression-free
at a median follow-up . 3 years at the time of publication.



Dose Intensification of Chemotherapy: Pro 95

Brugger et al. administered two cycles of mobilization chemotherapy to
18 LD patients. Thirteen (72%) received high-dose ifosfamide, carboplatin, and
etoposide (ICE) with epirubicin as consolidation (64,65). Event-free survival was
56% (median follow-up 44 months). About 25% had stage I or II SCLC, and
surgical resection was performed in seven patients. Peripheral blood progenitor
cells (PBPCs) collected after the second cycle of mobilization chemotherapy con-
tained no microscopic tumor cells as measured by immunocytochemistry using
keratin and EMA-125 antibodies.

At the Dana Farber Cancer Institute and Beth Israel Deaconess Medical
Center, over 55 patients with limited-stage and over 30 with extensive-stage
SCLC have been treated with high-dose combination alkylating agents [high-
dose cyclophosphamide, carmustine, and cisplatin (CBP), or ICE] following re-
sponse to conventional dose induction therapy. Of the original cohort of 36 pa-
tients with limited-stage SCLC (stages IIIA or B), 29 were in or near CR prior
to treatment with high-dose CBP with marrow 6 PBPC support and subsequent
chest and prophylactic cranial radiotherapy (62,66). For this group, the 5-year
event-free survival is 53% (minimum follow-up 40 months, range to 11 years).
By multivariate analysis, response to induction was most important (CR/near CR
best vs. PR), but short induction # four cycles and the use of ifosfamide during
induction also imparted better prognosis. Of the extensive-stage patients, about
17% remain progression free greater than 2 years after high-dose therapy, largely
confined to patients with oligometastatic disease.

Humblet et al. performed the only randomized trial to be reported (60).
Five cycles of conventional chemotherapy with prophylactic cranial irradiation
were given to 101 patients with SCLC. Of these, 45 were randomized to one
further cycle of either high- or conventional-dose therapy using cyclophospha-
mide, etoposide, and carmustine (60). Dose response was demonstrated. Com-
plete response was achieved in 77% of partial responders after high-dose therapy,
but in none after conventional-dose treatment. High-dose therapy enhanced
disease-free survival and trended to improve survival. However, because over-
all outcomes were mediocre, with an 18% toxic death rate on the high-dose arm,
the investigators concluded that dose-intensive therapy should not be considered
a standard therapy in SCLC. In addition, almost all patients experienced disease
recurrence in the chest, reflecting the fact that chest radiotherapy was not given
in this trial.

Sites of prior tumor involvement, particularly the chest, are most likely to
be sites of first relapse owing to a number of factors. These include increased
tumor burden and/or drug-resistant clones in the chest; poorer drug delivery;
intratumoral resistance factors such as hypoxia in areas of bulk tumor; or, in the
case of autograft contamination, the possibility of homing with microenviron-
mental support for the tumor in local-regional sites (48,56). Chest relapse is re-
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duced by conventional-dose radiotherapy (50 Gy), from 90% to 60%. Thus, high-
dose curative treatment approaches should include ‘‘consolidative’’ radiotherapy
to sites of bulky disease.

In many of the older trials, doses were attenuated and treatment-related
morbidity and mortality was higher than currently expected. Many trials em-
ployed either single high-dose chemotherapeutic agents (6low-dose agents in
addition) (47–52,67,68) or single alkylating agents (41,44,47,54–57). Combina-
tion alkylating agents were employed in a minority of patients (29,32,38,43,58–
66).

FUTURE DIRECTIONS

Intensify Involved-Field Radiotherapy

Thoracic radiotherapy (TRT) provides a 25–30% improvement in local-regional
control and a 5% increase in long-term progression-free survival for limited-stage
SCLC (69,70). Local-regional relapse still remains high (about a 60% actuarial
risk of local relapse by 3 years) with the typical 45–50 Gy TRT (71–73), and
may be underestimated due to the competing risk of systemic relapse (74). Further
enhancement of local-regional control might increase the proportion of long-term
survivors.

Dose intensity of chest radiotherapy has not been sufficiently studied. The
Eastern Cooperative Oncology Group (ECOG) and the Radiation Therapy Oncol-
ogy Group (RTOG) compared 45 Gy TRT given either daily over 5 weeks or
twice daily over 3 weeks concurrent with cisplatin and etoposide chemotherapy
(75). Tumor recurrence in the chest was reduced from 61% to 48% at 2 years
with the more intense TRT. A survival advantage for the more intensive radio-
therapy has been reported (76). Many investigators have pointed to this trial as
establishing a new benchmark for SCLC treatment outcomes. However, similar
to high-dose trials, a patient selection bias is evident. Patients who were too sick
(not suited for upfront combined modality therapy) or who had bilateral bulky
mediastinal adenopathy (too large a radiotherapy port) were not generally en-
rolled onto the trial. Thus, a full 40% of patients enrolled in this trial had no
apparent mediastinal adenopathy on computerized tomography—distinctly un-
usual for SCLC populations. This observation in no way undermines the demon-
strated benefit of more intense radiotherapy, but does require caution before
applying this advance to the general population of SCLC, even those with limited
SCLC.

Using a shrinking-field technique, Choi et al. gave escalating doses of TRT
concurrently with cisplatin and etoposide either as daily 180-cGy fractions or as
twice-daily 150-cGy fractions in LD SCLC (77). The maximal tolerated dose
defined by acute esophagitis was 45 Gy for twice daily administration and 701
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Gy when given once daily. Intensification of TRT dose is feasible and should be
evaluated in a randomized setting. Since most relapses occur in-field, a more
focused port may be feasible to reduce morbidity of more intense TRT. Here
too, there may be a role for 3-D conformal planning.

Intensify Induction

Induction therapy may reduce tumor burden, stabilize rapidly progressive sys-
temic and local symptoms from SCLC, select patients possessing chemosensitive
tumors for subsequent intensification, and diminish micrometastases in the auto-
graft sources. On the other hand, chemoresistant tumor cells might proliferate or
even be induced across treatment, and might blunt these putative benefits. The
Arriagada trial supports initial intensification of induction (17). A logical exten-
sion of this concept is the administration of multicycle dose-intensive combina-
tion therapies supported by cytokines and PBPCs (78–85). Pettengell et al. treated
good-performance-status SCLC patients with conventional-dose ICE supported
by autologous whole blood cells given on day 3 of chemotherapy for six cycles
(80). Cycle length could be shortened to 2 weeks using either pheresis products
or 750 ml whole blood stored at 4°C. Cycles were repeated upon platelet recovery
to 30,000/µl, rather than the usual 100,000/µl. In this phase I trial of 25 patients,
the full planned dose intensity for each of the arms was reached across the first
three cycles, and 56% completed all six. Mortality was 12% and complete re-
sponse rate was 64%. The authors note that the collection of whole blood without
cryopreservation reduced the cost and complexity of cellular support for nonabla-
tive therapy substantially (80). In a subsequent randomized phase II study, 50
‘‘good prognosis’’ patients were given ICE either every 2 or 4 weeks (79). The
median dose intensity delivered over the first three cycles was 1.8 (0.99–1.97)
versus 0.99 (0.33–1.02) for the 2-week versus 4-week cycles, respectively. Para-
doxically, more hematopoietic and infectious events occurred on the standard-
dose 4-week arm. A phase III trial is ongoing.

In the European Bone Marrow Transplant (EBMT) group, 47 patients un-
derwent mobilization with epirubicin and G-CSF followed by three cycles of
moderately intensive ICE (81). Radiation to chest and head was recommended.
Of 35 evaluable, the complete and near-complete response rate was 69%. Mortal-
ity was 14%. A phase III trial is ongoing.

Using an innovative trial design, Humblet et al. treated 37 limited-stage
patients with four intensive alternating cycles of etoposide with either ifosfamide
or carboplatin with stem cell support (85). To integrate early chest radiotherapy,
bursts of 10 Gy TRT in five fractions were given concurrently with each chemo-
therapy administration (total dose 40 Gy). Mortality was 3%. The median event-
free survival was 18 months, and 80% remain alive at 30 months. Eight of 13
relapses occurred in the brain, perhaps because no PCI was given.
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Minimal Residual Tumor/Autograft Involvement

Autograft contamination by tumor cells may cause relapse. Gene-marking studies
have definitively proven that residual tumor cells directly contribute to relapse
in certain hematological malignancies and neuroblastoma (86–88). However, this
has not been adequately tested in solid tumors (89). These cells also serve to
indicate the patient has increased systemic chemotherapy-resistant tumor burden.

In SCLC, the marrow is a common metastatic site. Subclinical micrometa-
static disease is detected in marrow in 13–54% of newly diagnosed limited- and
44–77% of newly diagnosed extensive-stage SCLC (90–94) using immunohisto-
chemical techniques with sensitivities of ,1/104 cells. Two-thirds of patients in
CR may have subclinical disease in marrow (95,96), and residual tumor appears
to predict relapse (96). Brugger et al. detected circulating tumor cells in patients
with metastatic SCLC or breast cancer mobilized with G-CSF and IPE chemo-
therapy (97), but not after the second cycle of chemotherapy. In the short term,
in vivo chemotherapy induction may ‘‘purge’’ the patient and the autologous
stem cell source (67). In our unpublished data using a technique with a sensitivity
of 1–10/106, up to 77% of limited-disease patients in or near complete response
prior to high-dose therapy have detectable tumor cells in their marrow by keratin
staining (98).

Molecular and antigenic characterization of these residual cancer cells may
guide strategies for further treatment. We are utilizing a fluorescence microscope
with automated computerized scanning with one set of fluorescent probes for
detection and a second set with different fluorophores for biological characteriza-
tion to analyze patterns of coexpression of various markers in these cells (98).
Prospective trials to determine the clinical significance of marrow or peripheral
blood tumor contamination and the impact of novel stem cell sources to support
high-dose therapy are underway.

CONCLUSION

Two major complementary strategies to administer high-dose therapy for SCLC
include dose-intensive multicycle approach as initial treatment and ‘‘late’’ inten-
sification in responders. Advantages for each approach are evident. The multicy-
cle approach can achieve early dose intensity and maintain it for about three to
four cycles. Disadvantages to this approach include subtransplant doses, high
mortality rates, late administration of chest radiotherapy (except for the recent
Humblet trial), and the collection of stem cells early in treatment when they
have a higher potential to be contaminated with tumor cells. Advantages to later
intensification include a patient with decreased tumor burden and decreased
tumor-related symptoms with consequent improved performance status and a
partial purge of the autograft. Early-dose intensive thoracic radiotherapy can be
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given before high-dose therapy. The drawback of later administration of the dose-
intense cycles can be surmounted in part by intensification and shortening of
induction chemoradiotherapy. The optimum may be to merge the two strategies
into one: a brief dose-intensive induction followed by a single or double cycle
of stem-cell-supported therapy followed by TRT and PCI. Ultimately, a random-
ized trial in patients with limited comorbid disease will be necessary to determine
whether the increased toxicity is worthwhile and for which subsets of patients
this approach is curative.

High-dose therapy has a strong scientific basis: it kills more tumor cells
and achieves minimal tumor burden in most. In clinical situations in which toxic-
ity has been acceptable, it typically results in prolonged progression-free survival
in a subset of patients. An additional group of patients may be near cure. High-
dose therapy may have increased value if additional targets of residual tumor cells
can be identified for novel treatment strategies and modalities. Most biological
strategies such as active or adoptive immunotherapy, gene function replacement
(retinoblastoma gene and/or p53), or interruption of autocrine or paracrine growth
loops work best against minimal tumor burden.
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INTRODUCTION

Small cell lung cancer (SCLC) is a chemosensitive malignancy in which high
overall and complete response rates can be achieved. Despite the presence of
systemic micrometastases in virtually all patients at the time of presentation (1),
a proportion of patients with limited-stage disease can be cured with a combina-
tion of chemotherapy and thoracic radiotherapy (2). Therefore, SCLC is an excel-
lent model for testing strategies to overcome drug resistance in an effort to in-
crease long-term survival rates (3).

In preclinical tumor models, one of the simplest methods used to overcome
drug resistance is dose escalation (3). Testing of dose escalation strategies in
SCLC began in the late 1970s when Cohen and colleagues undertook a random-
ized trial in which SCLC patients were randomly assigned to receive either stan-
dard dosages of cyclophosphamide, methotrexate, and lomustine or higher-dose
cyclophosphamide, lomustine, and standard-dose methotrexate (4). These investi-
gators observed both a higher overall response rate and a prolonged survival in
the high-dose-chemotherapy group. Long-term survivors were observed only

*Current affiliation: East Tennessee Oncology/Hematology, Knoxville, Tennessee.
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among those patients given high-dose chemotherapy. By today’s standards, the
‘‘high dose’’ regimen used by Cohen and his colleagues would be considered
relatively modest. Nevertheless, this trial spawned a series of studies aimed at
overcoming drug resistance through dose escalation.

A number of strategies have been employed to dose-intensify therapy
in SCLC. These include high-dose induction chemotherapy, weekly chemo-
therapy, use of hematopoeitic growth factors, and late intensification with
bone marrow rescue. To date no randomized trial has demonstrated a survival
advantage to increasing dose intensity beyond that of the best conventional
regimens. Increasing dose intensity in patients with extensive-stage SCLC
is harmful and only increases the rate of serious toxicities. In limited-stage pa-
tients, results of randomized trials suggest that maintaining dose intensity at or
near the maximally tolerated dose of a given regimen is important, but inten-
sifying induction therapy beyond conventional doses has not been well ad-
dressed.

In this chapter the various trials investigating the importance of dose inten-
sity in SCLC are reviewed. Emphasis is placed on randomized controlled trials
and a distinction is made between results in extensive- versus limited-stage pa-
tients. An argument is made to discontinue work testing this strategy, which has
been extensively studied with overwhelmingly negative results.

HIGH-DOSE INDUCTION CHEMOTHERAPY

Extensive SCLC

Several randomized trials have tested the concept of high-dose induction therapy
in SCLC (Table 1) (5–10). Based on pilot data demonstrating the feasibility of
high-dose induction therapy (11), the Southeastern Cancer Study Group (SECSG)
undertook a prospective study in which patients with extensive-stage SCLC were
randomized to receive either high-dose cyclophosphamide, doxorubicin, and vin-
cristine (CAV) for the initial three cycles of therapy or standard doses of the
same regimen (6). No dose attenuation was allowed during the initial three cycles
of therapy. Patients received a mean of $95% of the planned dosages of cyclo-
phosphamide and doxorubicin during the first three treatment cycles resulting in
a 15% and 67% dose escalation of each drug, respectively. Although the complete
remission rate was higher in the high-dose arm (22% and 12%; p , 0.05), overall
response rates (63% and 53%) and median survival duration (29.3 weeks and
34.7 weeks) were not significantly different between the two treatment groups.
Moreover, the high-dose CAV regimen was substantially more toxic with a large
percentage of patients experiencing life-threatening toxicities (grade 4 neutro-
penia: 79% and 40%; p , 0.05). Virtually identical results were reported by
Figueredo and colleagues in a Canadian trial (9).
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TABLE 1 Randomized Trials of High-Dose Versus Conventional-Dose Induction Chemotherapy

Ref. Regimena Patient number Overall response Median survival 1-Year survival

Hande (8) cd MCDVEH 21 67% 9 months 10%b

hd MCDVEH 21 74% 9 months 7%b

Figueredo (9) cd CDV 51 61% 7 monthsc —
hd CDV 52 71% 9 monthsc —

Johnson (6) cd CDV 174 53% 34.7 weeks 20%
hd CDV 124 63% 29.3 weeks 20%

Ihde (7) cd PE 46 83% 10.7 months 48%
hd PE 44 86% 11.4 months 45%

Arriagada (10) cd PCDE 50d 54%e .14 months 26%f

hd PCDE 55d 67%e .18 months 43%f

Methotrexate (M); cyclophosphamide (C); doxorubicin (D); vincristine (V); etoposide (E); hexamethylmelamine (H); cisplatin (P).
a Conventional dose 5 cd; high-dose 5 hd.
b Survival at 18 months.
c Median duration of response.
d All patients limited stage.
e Complete remission rate.
f Survival at 24 months.
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Hong and associates randomly assigned limited- and extensive-stage SCLC
patients to receive either high-dose cyclophosphamide (2000 mg/m2) plus vincris-
tine (CV), standard dose CAV, or standard-dose etoposide plus cyclophospha-
mide and vincristine (CEV) (5). A total of 353 patients were studied. In limited-
stage patients the complete response rates and median survivals for dose-intensive
CV, standard-dose CAV, and standard-dose CEV were 31% and 41 weeks, 42%
and 55 weeks, and 38% and 58 weeks, respectively. Because the agents employed
in the various regimens were not identical, factors other than dose intensity may
have affected survival outcomes. Indeed, the median survival duration for all
patients was superior in the standard-dose CEV arm (p 5 0.01), suggesting that
the inclusion of etoposide may have been more important to efficacy than dose
intensification.

More recently, Ihde and colleagues compared ‘‘standard-dose’’ etoposide
(80 mg/m2/day 3 3 days) plus cisplatin (80 mg/m2/day 1) to ‘‘high-dose’’ etopo-
side (80 mg/m2/day 3 5 days) plus cisplatin (27 mg/m2/day 3 5 days) (7) in
patients with extensive disease. Both regimens were administered every 21 days.
The degree of myelosuppression with high-dose therapy was approximately twice
that observed with the standard dose. Despite 68% higher doses and a 46% higher
dose-rate intensity actually given to patients in the high-dose group, there was
no difference in response rates (85% and 81%), median survival (12 months and
11 months), or 1-year survival rates (50% and 46%).

The Johnson and Ihde trials were well designed; they tested dose intensifi-
cation of induction therapy with two widely used conventional regimens; and
they had similar findings. Both groups were able to approximate their planned
increase in dose intensity in the ‘‘high dose’’ treatment arms but not even a
statistically insignificant trend suggesting a survival benefit was observed. It
might be argued that the degree of dose intensification achieved by these investi-
gators was not sufficient to impact clinical outcomes. Indeed, preclinical studies
indicate that a survival benefit may not be observed until the dose of an active
agent is increased twofold or more (3). Furthermore, in animal models the most
convincing evidence for a survival benefit to dose intensification comes from
models with curative potential (12). Therefore, extensive-stage SCLC may not
be a good model for testing dose intensification even if a twofold increase in
dose intensity can be achieved.

Limited SCLC

Efforts to exploit any biological or clinical advantage to dose intensification
might better be pursued in patients with limited-stage disease. To this end Arria-
gada and colleagues performed a retrospective analysis of 131 consecutively
treated limited-stage SCLC patients and observed a survival benefit for patients
who received higher initial doses of cyclophosphamide and cisplatin (13,14).
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Based on this observation, they undertook a phase III trial in which limited-stage
patients were randomly assigned to receive either conventional-dose cisplatin,
cyclophosphamide, etoposide, and doxorubicin alternating with thoracic radio-
therapy, or the identical treatment regimen, except 20% higher doses of cyclo-
phosphamide and cisplatin were given in the first treatment cycle only (10). The
complete response rate (67% vs. 54%, p 5 0.16) and 2-year survival (43% vs.
26%, p 5 0.02) were superior in the dose-intensive group. These results are
astounding given the minor degree to which chemotherapy doses were intensified
and suggest that a twofold increase in dose intensity might not be necessary to
impact survival outcomes in the clinical setting.

A more recent report by Steward and colleagues also suggests that dose
intensification might effect superior survival outcomes in early-stage pa-
tients (15). These investigators enrolled patients with ‘‘good- or intermediate-
prognosis’’ SCLC to a prospective multicenter study that involved a 2 3 2 fac-
torial design, randomizing patients to conventional versus dose-intensified V-
ICE chemotherapy (vincristine, ifosfamide, carboplatin, etoposide). Patients were
randomly assigned to receive identical doses of all four drugs on either an every-
3-week or every-4-week schedule. Therefore, dose intensification was attempted
by decreasing the dosing interval rather than increasing chemotherapy doses.
Both treatment groups underwent a second randomization to receive either
granulocyte-macrophage colony-stimulating factor (GM-CSF) or no growth factor
support. Eligibility required that patients be classified as good- or intermediate-
prognosis as defined by Cerny and colleagues (16). A total of 178 of 300 patients
(59%) had limited-stage disease. Although there were greater proportions of
limited-stage patients and patients with more favorable prognostic scores in the
dose-intensive group, these differences were not statistically significant. The
addition of GM-CSF neither reduced the incidence of complications from mye-
losuppression, nor did it improve survival. However, patients in the 3-week-
treatment arm experienced statistically superior median and 2-year survivals (443
vs. 351 days and 33% vs. 18%, respectively).

The dose-intensive patients in the Arriagada and Steward trials experienced
2-year survival rates of 43% and 33%, respectively. Although the treatment regi-
mens used in these trials varied significantly, an indirect estimate of the relative
dose intensity of the two regimens can be made by comparing the incidence of
dose-limiting toxicity, that being grade IV neutropenia 59% and 65%, respec-
tively. Turrisi and colleagues recently described the highest long-term survival
rates ever observed in a multicenter phase III trial in limited-stage SCLC (2).
Patients were treated with etoposide and cisplatin and concurrent thoracic radio-
therapy by either a conventional once-daily or a twice-daily schedule. For the
entire patient group, the 2-year survival rate was 44% and the grade IV neutro-
penia rate was 63%, results almost identical to those observed in the ‘‘dose-
intensive’’ patients from the Arriagada and Steward trials. The control regimens
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used in the latter trials resulted in grade IV neutropenia rates of only 23% (cycle
1 only) and 49%, respectively. The dose intensity of the latter regimens might
better be considered suboptimal rather than standard. Similar to the experience
of Cohen and colleagues in patients with extensive-stage disease (4), the Arria-
gada and Steward trials demonstrated that reducing chemotherapy dose intensity
below the optimum of a given induction regimen leads to inferior survival out-
comes.

It is safe to conclude that dose intensification of induction therapy is of no
benefit to patients with extensive-stage disease. Optimal therapy for limited-stage
disease should include doses at or near the maximal tolerated doses of the induc-
tion regimen. Compromising dose intensity in these patients may negatively im-
pact long-term survival rates. Whether a survival benefit can be derived by inten-
sifying induction therapy beyond the maximally tolerated doses of conventional
outpatient therapy is unknown at this time and is a reasonable area for continued
investigation in limited-stage patients.

WEEKLY CHEMOTHERAPY

As described in the preceding section, Steward and colleagues were able to effect
a significant improvement in median survival in good- or immediate-prognosis
SCLC patients by decreasing the treatment interval from 4 to 3 weeks. This sug-
gests that increasing dose intensity by more frequent dosing might be beneficial.
This may be even better achieved with weekly chemotherapy using standard
chemotherapy doses but alternating between myelosuppressive and nonmyelo-
suppressive agents. Early pilot trials testing this approach have produced very
promising results leading to a number of phase III trials comparing weekly
chemotherapy to conventional regimens (Table 2) (17–20). The EORTC con-
ducted a large phase III study comparing a weekly multidrug chemotherapy regi-
men (doxorubicin, etoposide, cyclophosphamide, cisplatin, vindesine, vincristine,
and methotrexate) to a standard chemotherapy regimen (cyclophosphamide, dox-
orubicin, and etoposide) administered every 3 weeks (17). Both limited- and
extensive-stage patients were enrolled. Although the response rate in the weekly
regimen was higher in limited-stage patients, there was no difference in overall
response rate, median survival, and 2-year survival. The total relative dose inten-
sity for the drugs common to both regimens was significantly less in the weekly
chemotherapy arm due to frequent treatment delays. This study failed to directly
address the question of dose intensity but suggests increasing dose intensity or
dose density with weekly chemotherapy may not be possible without hematopoi-
etic support because of excessive toxicity.

Souhami and colleagues, reporting for the Cancer Research Campaign of
the United Kingdom, also found no survival benefit when they compared a
weekly multidrug regimen to a standard every-3-week approach (18). In the U.K.
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TABLE 2 Randomized Trials of Weekly Versus Every-Three-Week Chemotherapy

Ref. Regimen Patient number Overall response (%) Median survival 2-Year survival (%)

Sculier (17) Weeklya 98 69 49 weeks 8.5
Every 3 weeksb 101 62 43 weeks 7.9

Souhami (18) Weeklyc 221 82.3 10.8 months 11.8
Every 3 weeksd 217 81.1 10.6 months 11.7

Murray (19) CODE 110 87 0.98 years 10 e

CAV/EP 109 70 0.91 years 10 e

Furuse (20) CODE, GCSF 114 84 11.6 months 8.5
CAV/EP 113 77 10.9 months 12

a Doxorubicin, etoposide, cyclophosphamide, cisplatin, vindesine, vincristine, methotrexate.
b Cyclophosphamide, doxorubicin, etoposide.
c Ifosfamide, doxorubicin alternating with cisplatin, etoposide.
d Cyclophosphamide, doxorubicin, vincristine alternating with cisplatin and etoposide.
e Progression-free survival.
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trial, 438 patients with either limited disease or ‘‘good prognosis’’ extensive dis-
ease were randomized to receive 12 weekly cycles of ifosfamide and doxorubicin
alternating weekly with cisplatin and etoposide or six cycles of CAV alternating
every 3 weeks with EP. Thoracic irradiation was administered only to limited-
stage patients in complete or partial response. There were no reported differences
in overall response rates (82.3% and 81.1%), median survival (10.8 months and
10.6 months), or 2-year survival rates (11.8% and 11.7%). Hematological toxicity
was greater in the weekly-chemotherapy arm and the ratio of intended/delivered
dose intensity was greater in the standard arm.

In both the EORTC and U.K. trials the chemotherapeutic agents differed
between the two treatment arms. Although the ability to deliver full intended
doses was superior in the standard regimens, it was not possible to directly com-
pare dose intensity between the regimens.

Canadian investigators reported promising results from a pilot study of a
weekly regimen referred to as CODE: cisplatin (25 mg/m2 for 9 consecutive
weeks); vincristine (1 mg/m2 weeks 1, 2, 4, 6, 8); doxorubicin (40 mg/m2 weeks
1, 3, 5, 7, 9); and etoposide (80 mg/m2 days 1–3, weeks 1, 3, 5, 7, 9) (21).
Excluding cyclophosphamide, the CODE regimen contained the same agents and
same total cumulative doses as the conventional alternating CAV/EP regimen
but therapy was completed in 9 rather than 18 weeks. Thoracic and prophylactic
cranial radiation therapy was also given to selected patients. These investigators
were able to deliver close to full intended doses, thus achieving the goal of an
approximately twofold increase in dose intensity for the four drugs common to
the two regimens. A 2-year survival rate of 30% was observed, far superior to
the historical rate of ,5% in extensive-stage patients.

NCI Canada and SWOG collaborated on a phase III trial comparing CODE
to conventional alternating CAV/EP in patients with extensive-stage SCLC (19).
Greater than 70% of intended doses were delivered for both regimens. CODE
patients received slightly higher cumulative doses of each of the four common
agents but completed their therapy as intended in just 9 weeks rather than the
18 weeks targeted for control patients. Therefore, a twofold increase in the dose
intensity of the four common agents was again achieved. Although rates of neu-
tropenia and fever were similar, 10/110 CODE patients versus 1/109 CAV/EP
patients died during chemotherapy. Response rates were higher for the CODE
patients but progression-free and overall survival were not statistically different.
In view of the increased mortality and a lack of survival benefit, CODE was not
recommended.

In the Canadian pilot and intergroup phase III trials, CODE patients re-
ceived aggressive supportive care but were not routinely treated with prophylactic
colony-stimulating factor (CSF). Japanese investigators conducted a small ran-
domized trial of CODE with or without granulocyte-colony stimulating factor
(G-CSF) in patients with extensive-stage SCLC (22). Use of G-CSF resulted in
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increased mean total received dose intensity for all drugs, reduced neutropenia
and neutropenic fever, and a significant improvement in survival. This led to a
phase III trial designed almost identical to that of the NCI Canada/SWOG trial
(20). A total of 227 patients with extensive-stage SCLC were randomized to
receive either CODE 1 G-CSF or conventional alternating CAV/EP. CODE pa-
tients received G-CSF on nontreatment days. The achieved dose intensity for
CODE 1 G-CSF was twice that of the CAV/EP regimen. The incidence of leuko-
penia was not different but anemia and thrombocytopenia were significantly in-
creased in the CODE 1 G-CSF patients. The incidence of neutropenic fever
was 18.8% versus 8.8% of patients in the CODE 1 G-CSF and CAV/EP arms,
respectively, and 4/114 (3.5%) of CODE 1 G-CSF patients died from therapy-
related causes. The response rate was slightly higher (77% vs. 84%) in the
CODE 1 G-CSF arm, but there was no survival difference.

Even with a twofold increase in dose intensity and growth factor sup-
port, dose intensification with the CODE regimen yielded no survival benefit in
extensive-stage patients. As demonstrated in the induction therapy trials, dose
intensification with weekly therapy leads to excessive toxicity rates and no thera-
peutic advantages. Dose intensification has been well tested in patients with
extensive-stage SCLC and no evidence for benefit has been observed.

COLONY STIMULATING FACTORS

As outlined in the preceding sections, the addition of a CSF allowed for dose
intensification of the VICE and CODE regimens (15,22). Decreasing the dosing
interval of VICE improved survival, but the addition of GM-CSF had no indepen-
dent impact on this outcome. The initial Japanese CODE 1 G-CSF trial, reported
by Fukuoka and colleagues, was designed to address dose intensity as the primary
endpoint rather than survival. Therefore, only 63 patients were accrued, but me-
dian survival was superior for patients who received G-CSF (59 vs. 32 weeks,
p 5 0.0004). Several phase III trials have investigated the impact of CSFs on
SCLC chemotherapy (Table 3) (15,22–29). The primary endpoint of most trials
was the incidence of neutropenia and associated sequelae. Most were not de-
signed to directly address the relationship between dose intensity and therapeutic
outcomes. In the study described above by Steward and colleagues, dose intensity
was increased by adding GM-CSF to the regimen but the addition of growth
factor had no independent impact on survival (15). Likewise, when Woll and
colleagues added G-CSF to the VICE regimen, they were able to increase dose
intensity but the trial was not powered to accurately address survival endpoints
(28). Pujol and colleagues treated 125 patients with extensive-stage SCLC with
either a dose-intensive regimen containing high doses of cyclophosphamide, epi-
doxorubicin, etoposide, and cisplatin plus GM-CSF or the same chemotherapy
at conventional doses without GM-CSF (24). Despite their attempt to improve
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TABLE 3 Randomized Trials of Chemotherapy With and Without Colony-Stimulating Factors (CSF) in SCLC

Attempt Effect Effect on Effect on
Ref. CSF LD/ED ↑ DIa on DI toxicity median survival

Pujol (24) GM ED Yes Decreased Increased Decreased
Steward (15) GM 59% LD Yes Increased None None
Fukuoka (22) G ED No Increased Decreased Increased
Bunn (23) GM LD No Decreased Increased None
Hamm (25) GM Both No Increased ↓ Neutropenia None

↑ Thrombocytopenia
Miles (26) G Both No None Decreased None
Crawford (27) G Both No NA Decreased None
Trillet-Lenoir (29) G Both No Increased Decreased None
Woll (28) G 92% LD Yes Increased Increased deaths None

a An attempt was made to increase either doses or dose frequency in the CSF patients.
Dose intensity (DI); granulocyte-colony stimulating factor (G); granulocyte-macrophage-stimulating factor (GM); limited disease (LD); extensive
disease (ED).
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survival by increasing dose intensity with the aid of GM-CSF, these investigators
reported decreased dose intensity, worse hematological toxicities, and infe-
rior median survival (10.8 vs. 8.9 months, p 5 0.0005) for the high-dose
chemotherapy/GM-CSF-treated patients.

The Pujol data further corroborate the overwhelming evidence that at-
tempting to intensify chemotherapy for extensive-stage patients is not beneficial,
but is, in fact, harmful. However, the Arriagada and VICE data suggest dose
intensification might be beneficial in limited-stage patients. Although the trial by
Woll and colleagues was not designed to address a primary survival endpoint,
they did demonstrate a statistically significant increase in 2-year survival (32 vs.
15%) in primarily limited-stage patients receiving dose-intensified VICE 1 G-
CSF, even though median survival was not improved (69 vs. 65 weeks). Bunn
and colleagues conducted a phase III trial in 230 limited-stage SCLC patients to
determine whether GM-CSF could be used to reduce the incidence of neutropenic
fever and hematological toxicities of combined chemoradiotherapy (23). All pa-
tients initially received etoposide 80 mg/m2 and cisplatin 40 mg/m2 days 1–3.
Thoracic radiotherapy consisted of 45 Gy total delivered in 25 daily fractions of
1.8 Gy, 5 days per week, given simultaneously with the chemotherapy over the
first 5 weeks. GM-CSF was dosed at 250 µg/m2 subcutaneously twice daily on
days 4–18 of each cycle of therapy. There was a statistically significant increase
in the frequency and duration of life-threatening thrombocytopenia (p , 0.001),
more nonhematological toxicity, more days of hospitalization, a higher incidence
of intravenous antibiotic usage, more transfusions, and more toxic deaths in the
patients receiving GM-CSF. There was no significant difference in median sur-
vival.

In summary, the addition of CSFs to chemotherapy in patients with SCLC
can reduce the incidence of hematological side effects if chemotherapy is given at
conventional doses. Chemotherapy dose escalation or the addition of concurrent
radiotherapy to CSFs has resulted in increased toxicity and death rates in some
studies. Considering the expense and inconveniences associated with the use of
CSFs, the lack of benefit from dose intensification, and the intolerability of con-
current use with radiotherapy, the routine use of these agents in the management
of SCLC cannot be recommended (30–32). This represents yet a third failed
strategy to improve treatment outcomes with dose intensification.

LATE INTENSIFICATION CHEMOTHERAPY

Of the dose intensification strategies discussed thus far, only the CODE regimen
yields a greater-than-twofold increase in dose intensity. Some type of hematopoi-
etic stem cell support is needed to intensify therapy further. Late intensification
has both scientific and clinical appeal (33,34). Because SCLC patients are often
quite ill at the time of presentation they are often poor candidates for highly
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aggressive approaches upfront. Patients are generally in better medical condition
to be considered for high-dose therapy following induction. Consolidation with
high-dose therapy also allows for the prospective identification and selection
of patients who are most likely to benefit—those with limited-stage disease,
good performance status, and those who obtained a major remission with
induction chemoradiotherapy (34). This approach has been studied by a number
of investigators albeit rarely in a randomized trial. Humblet and colleagues
reported the results of the only published multicenter randomized study testing
late intensification chemotherapy in patients responding well to induction therapy
(35). Autologous bone marrow transplantation was used to rescue patients from
hematological toxicities. Of 101 patients receiving standard induction chemo-
therapy, 45 patients with chemotherapy-sensitive disease were randomized to
receive one additional cycle of either high-dose cyclophosphamide, carmustine
(BCNU), and etoposide or conventional doses of the same drugs. In this highly
selected group of patients, median overall survival after induction therapy was
68 weeks for the intensified group compared to 55 weeks for the conventional
therapy group, a difference that proved not to be statistically significant (p 5
0.13).

In a large phase II study, the Southwest Oncology Group treated 58 limited-
stage SCLC patients with induction chemoradiotherapy followed by high-dose
cyclophosphamide (150 mg/kg) intensification and autologous bone marrow res-
cue (36). Only 21 patients completed the entire course of therapy, and there were
seven treatment-related deaths, four of which occurred during late-intensification
chemotherapy. Median survival for all patients was 11.1 months. Nine of the 21
patients receiving late intensification were alive in complete remission with a
median survival of 27 months.

Dana Farber Cancer Center investigators employed high-dose consolidation
chemotherapy in patients with limited-stage SCLC in partial or complete remis-
sion following conventional first-line chemotherapy (37). Patients received cumu-
lative doses of 5625 mg/m2 cyclophosphamide, 165 mg/m2 cisplatin, and 480
mg/m2 carmustine followed by thoracic and prophylactic cranial irradiation. Of
the 36 patients treated in this phase II trial, 29 of whom were in complete or
near-complete remission before high-dose therapy, 14 remained disease free at
a median of 21 months after treatment. Actuarial 2- and 5-year disease-free
survival rates were 53% and 41%, respectively. Morbidity was relatively low
and most patients were able to return to full-time work. Although the results of
this trial are provocative, patients were highly selected and accrued over a 9-year
period. Furthermore, the median age of patients entered into this trial was 49
years, several years below the typical age of SCLC patients. There are few re-
ports of similarly selected patients from which historical control data can be
derived and compared. However, the SECSG reported a phase III trial involv-
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ing a similar subset of selected patients (38). Patients with limited-stage SCLC
were randomly assigned to receive either six cycles of induction chemotherapy
with CAV or the same therapy with concurrent radiotherapy. Good-performance-
status patients who had achieved an objective remission at the end of induction
therapy were randomized to receive two cycles of consolidation etoposide and
cisplatin or no further therapy. Twenty-six patients had received induction che-
motherapy and radiotherapy and consolidation with etoposide and cisplatin. From
the time of consolidation therapy initiation, these patients achieved a 2-year sur-
vival rate of 55%, almost identical to the results reported by the Dana Farber
group.

The results with high-dose consolidation therapy in patients with SCLC
have not been sufficiently promising to justify phase III testing. More compelling
data are needed to generate enthusiasm for more extensive testing of this costly
and toxic therapy in a disease that occurs primarily in elderly patients with sig-
nificant comorbidities.

CONCLUSIONS

Dose-intensive induction therapy, weekly chemotherapy, attempts to intensify
therapy with CSFs, and high-dose consolidation therapy have all failed to show
a survival benefit for patients with SCLC. Intensification of therapy beyond that
of conventional regimens has generally been harmful. A large body of clini-
cal evidence indicates that further study of dose intensification strategies in
extensive-stage SCLC is not justified and ethically questionable given the high
rates of morbidity and mortality observed with this approach to date.

For patients with limited-stage SCLC, the available data suggest that sur-
vival is compromised when induction chemotherapy is given below the maxi-
mally tolerated doses of conventional combined-modality regimens. Intensifica-
tion of induction therapy beyond this level in limited-disease patients has not
been well studied and remains a legitimate area of research.

The utility of late intensification therapy for limited-stage SCLC is still
not well addressed in randomized controlled studies. However, it is questionable
whether pilot trials have generated sufficiently promising clinical evidence to
justify phase III testing of this approach.

Based on an extensive body of clinical data, we can safely conclude that
dose intensification with current agents is of no benefit and may even be harmful
to patients with SCLC. Early intensification of therapy in limited-stage disease
remains a legitimate area of research, but it is difficult to be optimistic given the
futility of this approach in other disease settings. Unless new and significantly
more active and non-cross-resistant agents are identified, substantial additional
effort in this area of research is largely a waste of valuable patient resources.
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The Role of Surgery in SCLC

Frances A. Shepherd
University of Toronto and Princess Margaret Hospital, Toronto, Ontario, Canada

HISTORICAL PERSPECTIVE

Twenty to twenty-five percent of all primary bronchogenic carcinomas are of the
small cell subtype. However, since dissemination to regional lymph nodes and/
or distant metastatic sites can be identified in more than 90% of patients at the
time of initial presentation (1), these tumors represent less than 5% of cases in
most surgical series. Furthermore, in the patients with apparently ‘‘limited’’-stage
or operable tumors, widespread micrometastic disease is likely present, and these
subclinical deposits have the potential to proliferate if only local therapeutic mo-
dalities, such as surgery or radiotherapy, are employed. This explains why almost
all surgical series from the prechemotherapy era reported 5-year survival rates
approaching zero for patients with small cell carcinoma (2,3).

To assess the role of surgery in the treatment of small cell lung cancer, a
prospective randomized trial was mounted by the Medical Research Council of
Great Britain (4,5). Seventy-one patients were randomized prospectively to un-
dergo surgery, and 73 to receive thoracic irradiation (30 Gy or more over 20–
40 days). The median survivals for patients in the surgical and radiotherapy arms
were 199 and 300 days, respectively (Figure 1). At 5 years, one surgical and
three radiotherapy patients were alive (p 5 0.04), and at 10 years, only the three
patients in the radiotherapy arm remained alive. It was concluded from this study
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FIGURE 1 Survival in the two treatment series (all patients). (From Ref. 4.)

that radical radiotherapy was preferable to surgery, but that neither of the treat-
ment policies was really effective. The investigators stated that it would be im-
probable that any advance in therapy could exert a significant effect on the death
rate from this disease in the absence of successful smoking prevention programs.
How true these words are, even today!

The results of this study led to trials of preoperative radiotherapy followed
by surgery for patients with small cell lung cancer. Several prospective phase II
trials showed that it was possible to combine these two local treatment modalities
safely, but few patients achieved long-term survival (6–8).

The observation in the 1970s that patients with small cell lung cancer were
dying from systemic metastases led to the hypothesis that chemotherapy might
add to the effects of local radiotherapy. Bergsagel et al. from the Princess Marga-
ret Hospital were the first to show a modest survival advantage with the addition
of single-agent, low-dose cyclophosphamide (9). The British Medical Research
Council Lung Cancer Working Party also showed that adding low-dose cyclo-
phosphamide and 1-(2-chloroethyl)-3 cyclohexyl-1-nitrosourea (CCNU) to radio-
therapy resulted in a significant prolongation of progression-free, but not overall,
survival (10).

At the same time, other investigators were applying the same adjuvant-
chemotherapy principles to surgical patients. In 1977, Shields reviewed the re-
sults of four Veterans Administration Surgical Adjuvant Group (VASOG) adju-
vant chemotherapy studies, and undertook a separate analysis of the 148 patients
(47%) in those trials who had small cell lung cancer (11). No survival advantage
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was seen for the patients in the chemotherapy arms of either of the trials that
evaluated single-agent nitrogen mustard or single-agent cyclophosphamide. A
small survival advantage was seen for patients in the chemotherapy arm of a
three-arm trial in which patients were randomized to receive prolonged intermit-
tent courses of CCNU and hydroxyurea or no further therapy (Figure 2).

FIGURE 2 (A) Survival of treated and control patients with undifferentiated small
cell carcinoma in the nitrogen mustard (HN2) and cyclophosphamide (Cytoxan)
adjuvant chemotherapy VASOG lung trials. (B) Survival of treated and control pa-
tients with undifferentiated small cell carcinoma in the prolonged intermittent cyclo-
phospharide (Cytoxan, CTX) and methotrexate (MTX) adjuvant chemotherapy VA-
SOG lung trials. (C) Survival of treated and control patients with undifferentiated
small cell carcinoma in the CCNU and hydroxyurea adjuvant chemotherapy VA-
SOG lung trials. (From Ref. 12.)
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Shields and his colleagues also made other important observations from their
analysis of the small cell patients in the VASOG trials (12). They demonstrated
the importance of tumor, node, metastasis (TNM) staging, which has long been
recognized to have prognostic significance for non–small cell lung cancer. Sixty
percent of patients with T1 N0 M0 tumors were alive at 5 years, whereas there were
almost no 5-year survivors among the patients who presented either with T2–3 tu-
mors or with mediastinal lymph node involvement (Figure 3). Patients with small
stage II tumors had an intermediate 5-year survival of approximately 30%.

These observations suggested that there could be a small subpopulation of
patients with small cell lung cancer for whom it might be appropriate to consider
a surgical approach. In a retrospective review of 40 patients with small cell lung
cancer who underwent potentially curative resection between 1959 and 1972, Shore
and Paneth reported an overall 5-year survival rate of 25%. Four of 10 patients
(40%) without nodal involvement achieved long-term survival compared to nine
of 26 patients (25%) who had hilar or mediastinal nodal involvement (13).

FIGURE 3 Survival, computed by the life table method, from postoperative day 30
(early trials) or from randomization (recent trials) by TNM classification for patients
with undifferentiated small cell carcinoma who had undergone a ‘‘curative’’ resec-
tion in the VASOG lung trials. (From Ref. 12.)
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Small cell lung cancer usually presents with a central mass associated with
hilar and mediastinal adenopathy. Lennox et al. observed that patients who had
large proximal tumors and who required a pneumonectomy were less likely to
achieve long-term survival. The 2- and 5-year survival rates for patients who
required only a lobectomy were 32% and 18%, respectively, compared to 14.4%
and 7.2% for pneumonectomy patients (14). It is unusual for small cell lung
cancer to present as a solitary pulmonary nodule. In the VASOG review of soli-
tary pulmonary nodules, only 15 patients (4%) were found to have small cell
pathology, and 11 were able to undergo surgery (15). One-, 5-, and 10-year sur-
vival rates for those 11 patients were 63.6%, 36.4%, and 18.2%, respectively.
Since most of these patients underwent surgery before the chemotherapy era, it
may be assumed that approximately one-third were cured by their surgery alone
as measured by survival at the 5-year mark.

From this historical review it is clear that local treatment, whether surgery,
or radiation, or both, is inadequate therapy for small cell lung cancer. If surgery
is to play a role, it must be in the context of a combined-modality treatment
program with systemic combination chemotherapy.

RATIONALE FOR SURGERY

Improved Control at the Primary Site

Response rates of 80% or more are achieved with current chemotherapy combina-
tions for small cell lung cancer, and complete clinical response is seen in approxi-
mately 50% of patients with limited-stage disease (16). However, most patients
relapse shortly after discontinuing treatment, and the 2-year survival rate is 20%
or less in most series. For patients with limited disease, the most frequent site
of failure is the primary tumor and the hilar or mediastinal lymph nodes. In total,
up to 50% of patients fail at the primary site, and for half of those patients, the
primary site may be the only area of failure. Similar results have been found at
autopsy. In a review by Elliott et al., residual tumor was identified at autopsy in
the primary site in 64%, and in the hilar and mediastinal lymph nodes in 53% of
patients with limited disease who had at some time achieved a complete clinical
response (17).

Two meta-analyses of thoracic radiotherapy for small cell lung cancer have
been published (18,19). The survival data for almost 2000 patients in 16 trials
were available, and data on local control rates were available for nine studies.
Both meta-analyses showed that thoracic irradiation resulted in a reduction in
local relapse rate from 47.9% to 23.3% (p , 0.0001) (18). They also demon-
strated a small but significant survival benefit for patients who received radiother-
apy (18,19).

Based on the results of these meta-analyses, the standard therapy for pa-
tients with limited small cell lung cancer now consists of combination chemother-
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apy and thoracic irradiation with or without prophylactic cranial irradiation. Me-
dian survival longer than 20 months and 5-year survival rates of approximately
20% have been reported (16,20). However, even the most successful combined-
modality treatment programs report isolated initial relapse at the primary site in
20–25% of patients, and a cumulative risk of recurring locally of 50% (20).

This high local failure rate led several investigators to question whether
surgical resection would result in improved local control. They postulated that
control of bulk disease in the chest by surgery and eradication of low-volume
micrometastatic disease by systemic chemotherapy would result in an increased
cure rate. Small studies from several centers suggested that this might, indeed,
be the case. The University of Toronto Lung Oncology Group reported only
two local recurrences in 35 patients treated with combined-modality therapy that
included surgical resection (21). Similar results were reported by Comis et al.,
who observed no local recurrences in 16 patients who underwent adjuvant surgi-
cal resection after induction chemotherapy (22).

Mixed Histology Tumors

In approximately 5–10% of cases, small cell lung cancer is found in combination
with other histologies such as adenocarcinoma or squamous cell carcinoma (23).
Investigators for the Eastern Cooperative Oncology Group reported that mixed-
histology tumors were more likely to present as peripheral lesions on chest x-
ray, although they found that all other clinical characteristics were similar to
those of the pure small cell lung cancer patients (24). Surgical series of small
cell lung cancer report higher percentages of mixed histological tumors. The Uni-
versity of Toronto Lung Oncology Group reported mixed histology in 14 of 79
patients (17.7%) who underwent initial surgery followed by adjuvant chemother-
apy, and in three of 40 patients (7.5%) who had surgical resections after induction
chemotherapy (25).

Since non–small cell lung cancers are relatively insensitive to chemother-
apy, they are not likely to be controlled by systemic treatment. Thus, it may be
appropriate to consider a combined-modality treatment program for patients with
mixed-histology tumors if they meet standard surgical criteria and have no evi-
dence of extrathoracic spread.

Late Recurrence After Successful Treatment of Small Cell
Lung Cancer

Several reviews have now suggested that long-term survivors of small cell lung
cancer are at high risk of developing second primary tumors, in particular second
primary lung cancers (26–30). Although the patient population at risk for these
second tumors is low because of the low cure rate for small cell lung cancer,
clinicians seeing patients in follow-up must be aware that a new lesion on chest
x-ray may not represent relapse, but may be a new tumor of different histology.



The Role of Surgery in SCLC 131

Such patients should be investigated as any other patient who is presenting with
a lung mass for the first time. Histological or cytological confirmation of malig-
nancy should be obtained, and if non–small cell lung cancer pathology is found,
further workup should be directed at determining operability since surgical resec-
tion has the potential to be curative for some patients.

ADJUVANT CHEMOTHERAPY FOLLOWING SURGICAL
RESECTION

The favorable results reported in Shields’s review of the VASOG trials led several
investigators to administer combination chemotherapy to all patients following
complete resection of small cell lung cancer. A summary of 11 such trials is
shown in Table 1 (12,31–42). All of the studies were retrospective reviews and
suffer from the inherent weaknesses of any retrospective assessment of a treat-
ment policy.

Frequently surgery was undertaken for patients in these series because a
preoperative diagnosis of small cell lung cancer had not been made. For some,
it had not been possible to obtain adequate tissue for any malignant diagnosis,
and for others a preoperative diagnosis of non–small cell lung cancer had been
made. Some of those patients were found subsequently to have mixed-histology
tumors, whereas others had pure small cell tumors that had been incorrectly diag-
nosed preoperatively. Maassen and Greschuchna (36) reported that only 18 of
24 patients had a correct histological diagnosis of small cell lung cancer preopera-
tively. Similarly, the University of Toronto Group (37) found that a correct preop-
erative diagnosis of small cell cancer was found in only 18 of 63 patients. Postop-
eratively small cell lung cancer was seen in 54 patients and mixed-histology
tumors in nine.

Most of the series in Table 1 included patients seen over a 10-or-more-
year period, and frequently, multiple-chemotherapy protocols were employed.
However, with the exception of the early trials reported by Shields et al. (12)
and Hayata et al. (31), all patients were treated with combinations of drugs that
would be considered adequate even today. The duration of chemotherapy treat-
ment was also variable, and ranged from a single course of postoperative therapy,
to multiple courses for up to 18 months. Most groups administered approximately
six cycles of treatment.

In addition to postoperative chemotherapy, some centers also administered
thoracic radiotherapy as well as prophylactic cranial irradiation. In view of the
variability in radiation treatment, and incomplete reporting in several series, no
conclusions can be drawn concerning the advisability of trimodality therapy.

Because so few patients with small cell lung cancer are surgical candidates,
the TNM staging system is not generally applied to this subtype of lung cancer,
and instead, patients are classified simply as having limited or extensive disease.
The patients in the reviews summarized in Table 1 differ from limited-stage small
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TABLE 1 Survival by Pathological Stage for Patients Treated with Adjuvant Chemotherapy After Surgery for Small Cell
Lung Cancer

Stage
Number of

Author patients I II III Total

Hayata, 1978 (31) Number 27 6 39 72
Survival 26% 17% 0% 11% (5 yr)

Shields, 1982 (12) Number 49 55 28 132
Survival 51% 20% 3% 28% (5 yr)

Meyer, 1983, 1984 (32,33) Number 6 4 10 30
Survival .50% 50% 0 ? (5 yr)

Wada, 1995 (34) Number 5 5 7 17
Survival 37%a — 33% 32%

Osterlind, 1986 (35) Number 18 8 10 36
Survival 22% ? ? 25% (3.5 yr)

Maassen, 1986 (36) Number 41 19 64 124
Survival 34% 21% 11% 20% (3 yr)

Shepherd, 1988 (37) Number 19 24 20 63
Survival 48% 24% 24% 31% (5 yr)

Karrer, 1990, 1991 (38,39) Number 63 54 40 157
Survival 61% 35% 35% ? (4 yr)

Macchiarini, 1991 (40) Number 26 — 15 (T 3N0) 42
Survival 52% — 13% 36% (5 yr)

Hara, 1991 (41) Number 13 10 14 37
Survival 64% 42% 10.7% ? (5 yr)

Davis, 1993 (42) Number 11 16 5 32
Survival 50% 35% 21% 36% (5 yr)

a Stage I and II combined.
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cell lung cancer patients overall in that they all underwent pretreatment surgical
resection, and therefore detailed pathological staging is available. The results
show clearly that the TNM staging system is highly prognostic for patients with
limited small cell lung cancer. In every study, the best survival was achieved by
patients who had pathological stage I tumors, and the poorest survival was seen
for patients with pathological stage III tumors (Figures 4 and 5) (38,39). For
stage I patients, survival ranged from 22% at 3.5 years in the Danish series (35)
to 61% at 4 years in the International Society of Chemotherapy LCSG. On aver-
age, it would appear that approximately 50% of patients with pathological stage
I small cell lung cancer may be cured with a combined-modality approach that
includes surgical resection and adjuvant combination chemotherapy. In the early
trials, virtually no patients with stage III tumors achieved long-term survival. In
the later reviews in which more aggressive combination chemotherapy regimens
were employed, long-term survival ranged from 11% (36,43) to 35% (38,39). In
all series, the survival of stage II patients was intermediate between that of pa-
tients with stages I and III. In fact, stage for stage, the survival rates are very
similar to those seen after surgical resection of non–small cell lung cancer.

All of the studies that employed intensive combination chemotherapy re-
ported survival rates that appear to be superior to the survival rates seen in patients

FIGURE 4 Life table survival curves for small cell lung cancer patients according
to lymph node involvement. Patients with stage pT, N0, M0 disease (solid line), n
5 63; pT, N1, M0 (dotted line), n 5 51: pT, N2, M0 (dashed line), n 5 32. (From
Ref. 39.)
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FIGURE 5 A comparison of survival by stage for patients treated with adjuvant
chemotherapy after surgical resection for small cell lung cancer. (From Ref. 37.)

following surgery without adjuvant chemotherapy. Since it is likely that the im-
proved survival is attributable to the postoperative chemotherapy treatment and
not to improvements in surgical techniques or supportive care, it seems appro-
priate to recommend that chemotherapy be given to all patients who have under-
gone resection for limited small cell lung cancer. The short-term toxicity of such
treatment is usually quite manageable and reversible, and the long-term toxicity
is minimal. The Toronto Group recommend no more than six treatment cycles
(37), since survival does not seem to be superior for patients in the retrospective
studies who received 12–18 months of postoperative treatment (34,35). Whether
fewer than six cycles may also be adequate is unknown. In the study reported
by Hara et al. (41), 11 patients treated before 1981 received only one postopera-
tive course of combination chemotherapy, and 26 patients treated from 1982 to
1989 received two courses followed by consolidation radiotherapy. Although the
5-year survival rates for patients with stage I and II tumors were excellent, only
10.7% of patients with stage III tumors were alive at 5 years. These results appear
to be somewhat poorer than those achieved by other groups who administered a
more prolonged course of adjuvant chemotherapy, although firm conclusions can-
not be drawn from these retrospective analyses. Littlewood et al. (44) treated two
young patients by pneumonectomy followed by a single course of very-high-
dose chemotherapy and autologous bone marrow transplantation. Both patients
relapsed, 118 and 80 weeks after treatment. It would appear, therefore, that a
brief course (maximum six treatment cycles) of standard-dose combination che-
motherapy should be the treatment of choice for patients.
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It is not possible to state with certainty whether it is necessary to administer
adjuvant chemotherapy to all patients. Shah et al. (45) reported 43.3% actual 5-
year survival for 28 patients who underwent complete surgical resection without
postoperative chemotherapy. More than half the patients in this study had periph-
eral tumors, and their survival was better than that of the patients who had central
tumors. However, peripheral stage I small cell lung cancer is uncommon, as shown
by the VASOG study of solitary pulmonary nodules in which only 15 of 309
patients were found to have small cell cancer (15). Their 5-year and 10-year surviv-
als were 36.4% and 18.2%, respectively. The details of postoperative therapy, if
any, for these patients were not provided, but it is likely that they did not receive
aggressive combination chemotherapy. The 5-year survival rate is less than that
reported by Shah et al. (45), and one can only speculate whether superior survival
might have been achieved with the addition of combination chemotherapy.

It is not, on the other hand, possible to draw firm conclusions concerning
the contribution of the surgery to the overall survival of these patients. It must
be remembered that these surgical series included only a select subgroup with
limited disease from which patients with adverse prognostic factors, such as su-
praclavicular adenopathy, bulky primary tumors with superior vena caval ob-
struction, and/or pleural effusions, were specifically excluded.

Surgery, if it does play a role in the treatment of small cell lung cancer,
will do so by improving control at the primary site. Relapse patterns were reported
in only seven of the trials reviewed (32,37,40–44), but the results from those
studies suggest that surgery did, indeed, contribute to local control, since isolated
local relapse was seen in only eight of the 201 patients in those studies (Table
2). It is still possible, however, that this high rate of local control was due only

TABLE 2 Pattern of Relapse for Patients with Small Cell Lung Cancer Treated
with Surgery Followed by Adjuvant Chemotherapy

No. of patients with relapse

Investigators No. of patients Local only Distant only Both

Meyer, 1983 (32) 10 — 1 —
Friess, 1985 (43) 15 1 5 1
Littlewood, 1987 (44) 2 1 1 —
Shepherd, 1988 (37) 63 2 26 5
Macchiarini, 1991 (40) 42 2 24 —
Hara, 1991 (41) 37 2 ? —
Davis, 1993 (42) 32 — 15 2

Total 201 8 72 8
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to the fact that the patients in these series had less locally advanced tumors and
that the local control rate might have been equivalent with a combination of
systemic chemotherapy and thoracic irradiation.

PROSPECTIVE TRIALS OF INDUCTION CHEMOTHERAPY
FOLLOWED BY SURGICAL RESECTION FOR SMALL CELL
LUNG CANCER

Phase II Trials

The encouraging results achieved with initial surgery followed by adjuvant che-
motherapy led several groups to undertake prospective studies of systemic che-
motherapy followed by surgery for certain patients with limited small cell lung
cancer. The results of nine prospective phase II trials are summarized in Table
3 (46–54).

In all studies, patients received multiple courses of combination chemother-
apy that included agents considered, even today, to be active against small cell
lung cancer (cyclophosphamide, doxorubicin, vincristine, etoposide, and cis-
platin). The number of preoperative chemotherapy courses ranged from two to
six, and the overall response rate was greater than 88% in all studies except that
of Baker et al. (49) in which only two preoperative courses of chemotherapy
were given. This perhaps suggests that a longer course of induction chemotherapy
is advisable, although in the small study reported by Benfield et al. (51) 88% of
patients responded to treatment, and 100% were able to undergo complete surgi-
cal resection after only two courses of chemotherapy.

Not all responding patients in this series were eligible for thoracotomy after
chemotherapy. On average, approximately 60% of patients were considered to
have responded adequately enough for surgical exploration, and of those, more
than 80% could be resected completely. When calculated from the total number
of patients who entered the studies, however, the overall complete surgical resec-
tion rate was only approximately 50%. Not all studies reported surgical toxicity,
but it does not appear that the postoperative death rate or complication rate was
significantly increased by the preoperative chemotherapy. Only three postopera-
tive deaths were reported (50,52,54), all in patients who had required a complete
pneumonectomy. Other postoperative complications included infection, bron-
chopleural fistula formation, and reversible supraventricular tachycardias.

As would be expected, the complete pathological response rate was consid-
erably lower than the clinical response rate. The rate ranged from 4% (50) to 37%
(48) and on average was approximately 10%. It is of interest that this complete
pathological response rate is very similar to that which has been reported in stud-
ies of induction chemotherapy followed by surgery for patients with locally ad-
vanced (stage IIIA or IIIB) non–small cell lung cancer (58).
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TABLE 3 Prospective Phase II Trials of Induction Chemotherapy Followed by Surgery for Limited Small Cell Lung Cancer

Complete
Response Surgery: pathologicalClinical stage

No. of CR/PR thoracotomy response
Investigators patients I II III Chemotherapy (ORR%) /CSR (%) (%)

Prager, 1984 (46) 39 2 12 25 CAVE 3 2–4 13/21 (88) 11/8 (21) 2 (5)
Williams, 1987 (47) 38 — — — CAE 3 3 5/26 (82) 25/21 (55) 4 (11)
Johnson, 1987 (48) 24 3 7 14 CAV 3 6 6 EP ? (100) 23/15 (62) 9 (37)
Baker, 1987 (49) 37 — — — CAE 3 2 1/19 (54) 20/20 (54) 2 (5)
Shepherd, 1989 (50) 72 21 16 35 CAV 3 6 6 EP 27/30 (80) 38/33 (36) 3 (4)
Benfield, 1989 (51) 8 — 5 3 CAEV 3 2 5/2 (88) 8/8 (100) 0
Zatopek, 1991 (52) 25 10 1 24 COPE 3 3 10/14 (96) 14/10 (40) 5 (20)
Hara, 1991 (53) 17 4 6 7 Various 4/10 (82) 17/17 (100) ?
Eberhardt, 1997 (54) 46 6 2 38 EP 15/28 (94) 32/23 (50) 11 (24)

CR, complete response; PR, partial response; ORR, overall response rate; CSR, complete surgical resection; V, vincristine; E, etoposide; O,
vincristine; P, cisplatin; C, cyclophosphamide; A, doxorubicin.
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All investigators reported that survival was strongly dependent on TNM
stage (Figure 6). Patients with stage I (T1–2 N0) tumors had the best prognosis
with 5-year survival rates that approached 70% for completely resected patients.
Stage II and III patients fared less well, but all series reported a small number
of patients with stage IIIA tumors (N2) who achieved long-term survival and
appeared to be cured by their combined-modality treatment program. The median
survival for the entire group of patients who entered the trials (including those
who did not proceed to thoracotomy) was reported for only six studies, and ranged
from 13 to 33 months (47,48,50–52,54). Several authors reported the highest
cure rate for patients who required only a lobectomy (47,54), although this was
not confirmed by all authors (46,48). Almost no long-term survival was seen in
patients who had unresectable tumors at the time of thoracotomy. Patients who
achieved a complete pathological response and who had no viable tumor identi-
fied at thoracotomy had the best survival. Williams et al. (47) reported that all
patients who had pathological complete response (five) were cured of their tumors
compared to only 20% of patients who were operable but had gross or micro-
scopic evidence of residual cancer.

Local relapse rates ranged from 0% (46) to 40% of completely resected
patients (49). Most series reported local failure rates that ranged from 10 to 20%
for patients who were able to undergo successful resection (Table 4) (46–48,50–
53,55,56,59). Local control was found to correlate with the degree of response
to chemotherapy and the completeness of the surgical resection. If the 15% of

FIGURE 6 Comparison of survival by pathological stage for 38 patients with small
cell lung cancer treated with adjuvant surgical therapy after chemotherapy. (From
Ref. 50.)
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TABLE 4 Pattern of Relapse for Patients with Small Cell Lung Cancer Treated
with Induction Chemotherapy Followed by Surgerya

Relapse pattern

Thoracotomy/ Local Distant
Investigators CSR None only only Both

Prager, 1984 (46) 11/8 4 — 4 —
Williams, 1987 (47) 25/21 12 3 6 —
Johnson, 1987 (48) 23/15 2 3 7 3
Shepherd, 1989 (50) 38/33 10 3 20 —
Benfield, 1989 (51) 8/8 2 — 6 0
Zatopek, 1991 (52) 14/10 5 — 5 —
Hara, 1991 (53) 17/17 10 3 7 —
Yamada, 1991 (55) 20/18 13 3 7 —
Muller, 1992 (56) 48/45 26 4 15 —

Total 204/175 106 19 70 6

a Excluding patients who did not have complete surgical resection (CSR) at time of thora-
cotomy.

patients who had unresectable tumors are added to those who relapsed locally,
the real local failure rate rises to over 25% of the surgical patients.

These phase II trials led to observations that were important in the design
of subsequent randomized trials of surgery for limited small cell lung cancer (57).
They showed that combined-modality treatment was feasible and that the preopera-
tive administration of chemotherapy did not result in excessive postoperative mor-
bidity or mortality. It was recognized by all investigators that the favorable survival
achieved in these trials might be due to patient selection. The Toronto group empha-
sized the importance of selection bias after their review of all limited-stage small
cell lung cancer patients treated at their institutions over a 10-year period (58).
They reported a significant survival advantage for patients who had no clinical
evidence of mediastinal node involvement or pleural effusion. This group, which
would be typical of patients who might be considered for surgery protocols, had
a 20% cure rate with standard chemotherapy and radiation alone, compared to no
long-term survival for patients with more advanced tumors.

Randomized Trials

In an attempt to determine whether the addition of surgery to combination chemo-
therapy and radiotherapy could prolong survival and improve the cure rate for
patients with limited small cell lung cancer, the LCSG initiated a prospective
randomized trial of adjuvant surgical resection in 1983 (59). Most patients with
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limited-stage tumors were eligible for this trial, even those with clinically evident
mediastinal lymph node involvement. Induction chemotherapy initially consisted
of cyclophosphamide, doxorubicin, vincristine, and etoposide but was changed
to cyclophosphamide, doxorubicin, and vincristine alone in the later phase. In
the absence of toxicity or progressive disease, patients received five preoperative
cycles of chemotherapy. They were then restaged and medically assessed to deter-
mine their suitability for thoracotomy. At that point, eligible patients were ran-
domized to receive either surgical resection followed by radiotherapy to the chest
and prophylactic cranial irradiation or the same radiotherapy alone. A total of
340 patients entered the trial. Although the clinical response rate to chemotherapy
was 68% (28% CR, 37% PR), only 144 (42%) of patients were randomized, 68
to receive surgery and radiotherapy, and 76 to receive radiotherapy alone. Of the
68 patients who were randomized to surgery, six did not undergo thoracotomy,
but eight patients in the nonsurgical arm had off-study surgery, so a total of 70
thoracotomies were performed. Fifty-eight patients had some resection of tumor
(83%) but only 54 had a pathological complete resection (77%). A complete
pathological response was documented for 18% of patients who underwent sur-
gery. Non–small cell pathology was found in 11% of patients. All randomized
patients received radiotherapy to the chest, 50 Gy delivered over 5 weeks, and
prophylactic cranial irradiation, 30 Gy over 3 weeks.

The median survival from enrollment for all patients was 14 months, and
for the randomized patients it was 18 months, with no difference seen between
the groups in either median survival or long-term survival (Figure 7). Because
only half of the randomized patients in this study underwent surgical resection,
it is not possible to compare survival based on pathological stage or TNM sub-
group. The Toronto group were the first to draw attention to the discrepancy
between clinical staging and pathological staging for patients with small cell lung
cancer (25,50); they showed that clinical staging could not identify subgroups
of patients with different prognoses (Figure 8). Similar results were found in the
LCSG study in which patients were staged very carefully at the time of surgery.
Clinical and surgical TNM stages after chemotherapy were the same in only 20
patients (29%) and most frequently patients moved into a more advanced stage
(59). For the surgical group, no difference in resectability was identified for pa-
tients in any T or N subgroup although there seemed to be a trend toward unre-
sectability for patients with T3 tumors (p 5 0.08). All pathological T and N
subsets in the surgical patients had similar survival.

Why was survival not improved by surgery, and how should the results of
this LCSG trial be interpreted? The survival curves shown in Figure 9 were gener-
ated on an ‘‘intent to treat’’ basis, which is, of course, mandatory for any prospec-
tive randomized trial. It should be noted, though, that 10% of the patients did not
receive protocol-specified therapy. Six patients randomized to surgery declined
operation, and of perhaps even greater significance, eight patients in the nonsurgi-
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FIGURE 7 A comparison of survival for patients randomized to thoracotomy and
radiation or radiation alone. (From Ref. 62.)

cal arm underwent thoracotomy and surgical resection. In such a small study, a
10% protocol violation of this nature may have masked a small, but significant,
survival advantage between the treatment arms.

The next question to be asked is why complete surgical resection was possi-
ble for only three-quarters of the patients subjected to thoracotomy. Although the
combination of cyclophosphamide, doxorubicin, and vincristine was considered
standard therapy at the time, a disappointingly low response rate of only 65%
was seen in this study. With newer regimens that incorporate etoposide and cis-
platin and concurrent radiotherapy administered early in the course of the disease,
response rates of 90% or more are standard (16,20). One might speculate, there-
fore, that a more complete response to chemotherapy might have resulted in a
higher complete surgical resection rate.

Seventeen percent of patients underwent ‘‘open and closed’’ procedures
with no attempt at surgical resection. For some patients the residual tumor was
clearly unresectable at the time of thoracotomy. For other patients, though, the
decision not to proceed to resection was based on scar tissue formation at the
area of the primary tumor and in the mediastinum. Response to chemotherapy
is often accompanied by an intense local scirrhous reaction, which makes surgical
resection more difficult. Tumors that may appear initially unresectable because
of fibrosis may, in fact, be resected safely with careful dissection of the tumor
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FIGURE 8 A comparison of survival by pretreatment clinical stage for 119 patients
who underwent surgery for limited small cell lung cancer. (From Ref. 25.)

FIGURE 9 Survival of 28 patients who underwent salvage operations for small cell
lung cancer. (From Ref. 60.)
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bed and mediastinum. Because this was an international multi-institutional study,
any individual surgeon operated on only a few patients. It is possible that had
this been a larger study, the overall resectability rate might have been higher.
This is suggested by the observation that the resectability rate was higher for
LCSG surgeons than it was in other centers that joined the trial at a later date.
This may have been due to their greater experience in operating on both small
cell and non–small cell patients after induction chemotherapy.

Finally, patient selection undoubtedly played a large role in the ultimate
results of this trial. All patients with limited disease were eligible to enter this
study, with the exception of those who had supraclavicular lymph node involve-
ment or pleural or pericardial effusions. Therefore, the majority of patients had
stage III tumors. It has long been recognized that surgery has a limited role in
the management of stage III patients with non–small cell lung cancer, and this
trial suggests that the same is true for patients with small cell lung cancer. Since
many, if not most, patients with limited small cell lung cancer have mediastinal
node involvement (often bulky) at the time of initial diagnosis, it is clear that
surgical resection will have very little role to play for the majority of patients
with this disease. Nonetheless, it still remains possible that patients with early-
stage disease (T1–2 N0, and perhaps nonbulky stage II) may benefit from a
combined-modality approach that includes surgery. Because so few patients fall
into this subgroup (likely less than 10%) it will probably never be possible to
undertake a prospective randomized trial to prove or disprove that surgery is
appropriate in this setting.

SALVAGE SURGERY FOR PATIENTS WITH SMALL CELL
LUNG CANCER

There are few treatment options for patients with small cell cancer who fail to
respond to initial therapy, or who relapse after a primary response. Typically,
only brief periods of palliation or prolongation of survival are achieved with
second-line chemotherapy or radiation. This has led some investigators to evalu-
ate whether surgery might be useful as salvage therapy for certain patients with
limited small cell lung cancer.

Yamada et al. (55) operated on nine patients, two who had failed to respond
to chemotherapy, six who had achieved partial response, and one complete re-
sponder. Four patients achieved long-term disease-free survival, which ranged
from 3 to 111 years. The Toronto group performed salvage operations on 28
patients, only 18 of whom were found on pathological examinations to have pure
small cell tumors (60). Overall median survival of the 28 patients was 105 weeks,
but only two pure small cell patients survived beyond 5 years (Figure 9). In view
of these results, surgery cannot be recommended for patients with pure small cell
tumors who fail to respond or who relapse after initial standard therapy.
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Mixed-histology tumors are reported more frequently in surgical series
(25,61). In the series of salvage operations reported by the Toronto group (60)
10 patients had mixed-histology or non–small cell tumors, and their median sur-
vival was 108 weeks. Four of the 10 patients (three stage I) achieved long-term
survival after operation. Because a small number of patients with tumors of mixed
histological type may be cured by surgical treatment, consideration should be
given to a second biopsy for patients who have localized resistant small cell lung
cancer.

Several authors have now reported that long-term survivors of small cell
lung cancer are at increased risk of developing second primary tumors (26–30).
In fact, a long-term survivor is more likely to have a second primary malignancy
than a relapse of small cell lung cancer, and many of these tumors arise in the
lung. In the University of Toronto series, eight patients underwent surgical resec-
tion at the time of ‘‘relapse’’ following a long disease-free interval after initial
treatment for small cell lung cancer. Two were found to have non–small cell
tumors, and both achieved long-term survival after surgery. It is recommended,
therefore, that a biopsy should be undertaken for long-term survivors of small
cell lung cancer who develop a new lung lesion. If non–small cell pathology
is documented, the patient should be staged completely, and surgery should be
considered if the standard medical and surgical criteria for resection that would
be applied to all patients with non–small cell tumors are met.

SUMMARY

It has now been shown that combined-modality therapy with surgery and chemo-
therapy is feasible, the toxicity is manageable, and the postoperative morbidity
and mortality rates acceptable. Patient selection is important and the results of
the LCSG trial indicate that surgical resection will not benefit the majority of
patients with limited small cell lung cancer. The chances of long-term survival
and cure are strongly correlated with pathological TNM subgroup, and the results
suggest that consideration of surgery for patients with small cell lung cancer
should be limited to those with stage I and perhaps some stage II patients. There-
fore, before surgery is undertaken, patients should undergo full staging of the
mediastinum including mediastinoscopy.

Surgery may be considered for patients with T1–2 N0 small cell tumors, and
whether it is offered as the initial treatment or after induction chemotherapy does
not seem to be important, as shown by Wada et al. (34) and the University of
Toronto group (28).

If a small cell tumor is identified unexpectedly at the time of thoracotomy,
complete resection and mediastinal lymph node resection should be undertaken
if possible. Chemotherapy should be administered postoperatively to all patients,
even those with pathological stage I tumors.
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Surgery likely has very little role to play for most stage II patients and
virtually no role for patients with stage III tumors. Even though chemotherapy
can result in dramatic shrinkage of bulky mediastinal tumors, the addition of
surgical resection does not contribute significantly to long-term survival for the
majority of patients as shown conclusively by the LCSG trial.

The final group of patients who may benefit from surgical resection are those
with combined small cell and non–small cell tumors. If a mixed-histology cancer
is identified at diagnosis, the initial treatment should be with chemotherapy to con-
trol the small cell component of the disease, and surgery should be considered for
the non–small cell component. For patients who demonstrate an unexpectedly poor
response to chemotherapy, and for patients who experience localized late relapse
after treatment for pure small cell tumors, a repeat biopsy should be performed.
Surgery may be considered if non–small cell pathology is confirmed.
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Adjuvant Therapy for Resected Stages II
and IIIA NSCLC: Pro

Ritsuko Komaki
University of Texas M.D. Anderson Cancer Center, Houston, Texas

INTRODUCTION

The role of adjuvant radiation therapy for completely resected non–small cell
lung cancer (NSCLC) remains controversial. This is due to differences in the
behavior of tumors and the extent of metastasis depending on the histology, ade-
quacy of staging, and extent of surgery. These variations make it difficult to
compare the results of local control, survival, and failure patterns. Nevertheless,
in certain circumstances, radiation therapy does have a distinct role in the adju-
vant treatment of selected patients with NSCLC.

Much of the published data includes outdated staging workup (without im-
aging of the brain, CT of the chest and upper abdomen), as well as suboptimal
radiation therapy equipment (e.g., Co-60 or low-energy Linac accelerators), with-
out postoperative CT planning. Without reviewing isodose curves, suboptimal
doses delivered to the target volume may cause sublethal damage on malignant
cells leading to tumor recurrence and/or excessive doses to the normal sur-
rounding tissue, such as the lung, heart, esophagus, or spinal cord, possibly con-
tributing to intercurrent death. Evaluating the benefit of adjuvant treatment re-
quires long follow-up. There is little published data to date with adequate follow-

149



150 Komaki

up after thorough staging workup, modern surgical techniques, advanced radio-
therapy with CT-based planning, and/or 3-D conformal techniques, as well as
efficacious chemotherapeutic agents, in carefully selected patients who require
postoperative adjuvant treatment.

RATIONALE FOR ADJUVANT RADIATION THERAPY
FOR NSCLC

Surgery and radiation therapy (RT) can eradicate cancer cells if the cancer is
localized and patients can tolerate aggressive treatment. However, since patients
with lung cancer usually have a smoking history with compromised cardiopulmo-
nary function, radical cancer surgery is not feasible for many patients. Adjuvant
RT instead of reoperation is a reasonable treatment choice for these patients who
have microscopic residual tumor in the form of positive margins or positive
lymph nodes after surgery.

In theory, hypoxic conditions exist in large epithelial tumors, making RT
less effective in patients with these tumors (1). However, as surgery can remove
hypoxic cells, the remaining microscopic cancer cells are potentially better oxy-
genated, and these can be eradicated by adjuvant radiation therapy. A more de-
tailed explanation of the role of hypoxia in lung cancer is provided in another
chapter. In addition, as long as the volume and fractionation are reasonable, adju-
vant RT for epithelial tumors is relatively free of serious side effects. This combi-
nation of factors makes adjuvant RT a reasonable choice in patients with possible
residual tumor.

FAILURE PATTERNS AFTER SURGERY

Approximately one-third of patients with NSCLC undergo surgery, and only one-
quarter of these patients are completely resected (with negative lymph nodes)
and do not require adjuvant treatment. The rest are candidates for adjuvant treat-
ment due to positive margins, hilar lymph node involvement (stage II), or medias-
tinal nodal involvement (N2, stage IIIA disease), according to the recent staging
system (2). Patients with mediastinal lymph node involvement (N2) have a 5-
year survival rate of 15–30% (3,4). Patients with stage II disease (hilar or peri-
bronchial nodal involvement) have a 5-year survival rate of 30–60% (5,6). Most
recurrences following curative complete resections are distant metastases. Adju-
vant radiation therapy to the hilar or mediastinal lymph nodes has not, however,
led to an improvement in overall survival, according to the Lung Cancer Study
Group (LCSG) trial, although locoregional control was significantly improved
by postoperative RT compared with surgery alone (7).

There are no published clinical trials or retrospective studies, except for some
limited autopsy-based studies, documenting the cause of death. This stems from the
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TABLE 1 Pattern of Failure After Surgery for Lung Cancer

Pattern of failure
(%)

Investigators Tumor stage No. of patients Local Distant

Kotlyarov and Rukosuyev, 1991 (15) All 542 12 18
Martini and Beattie, 1977 (10) T1–2N0 110 0 18
Immerman et al., 1981 (13) T1–2N0 77 12 27

T1–2N1 22 41 23
Pairolero et al., 1984 (11) T1N0 170 6 15

T2N0 158 6 23
T1N1 18 28 39

Feld et al., 1984 (12) T1N0 162 9 17
T1N1 32 9 22
T2N0 196 11 30

Lung Cancer Study Group, 1986 (7) N1–2 108 20 30
Ludwig Lung Cancer Study Group, 1987 (14) T1–2N0–1 1012 17 22
Medical Research Council, 1996 (25) T1–2N1–2 154 47 67
The Groupe d’Etude et de Traitemant des Cancers T1–3N0–2 355 28 26

Bronchiques, 1999 (24)
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fact that meticulous workup to detect all possible sites of recurrence after surgical
resection for NSCLC is not routinely done at the time of follow-up. Instead, physi-
cians tend to document only the first site of failure on the basis of obvious changes
in radiological images or in symptoms or signs of the recurrence.

A further difficulty in assessing the patterns of failure in patients with re-
sected NSCLC is that autopsies are done on few patients. Matthews and col-
leagues in 1973 reported the autopsy findings in 202 patients who died within
30 days after a curative resection of lung cancer. Interestingly, 22 of 24 patients
who had residual cancer within the thorax had squamous cell carcinoma. This
suggests that failure in the thorax occurs more frequently in patients with squa-
mous cell carcinoma than in those with adenocarcinoma (8). In a series of 227
patients who underwent surgery for lung cancer, Rasmussen (9) reported autopsy
data for 64 patients who died at least 2 months after surgery. Fifty-four (84%)
of the 64 had residual cancer in the thorax. Twenty-three of the 57 patients with
N2 disease had autopsies, and residual cancer was found in the thorax in 20 (87%).

Several clinical studies (7,10–15) have analyzed the failure patterns after
surgery in patients who did not receive adjuvant treatment for lung cancer; the
findings are summarized in Table 1. According to these series, distant metastases
appear to be a problem in most patients, although these were not autopsy series
and these patients were not evaluated by computed tomography (CT) of the chest
to investigate locoregional recurrence. The local recurrence rate reported was
likely lower than reality because it is difficult to detect minimal or asymptomatic
local recurrence on routine follow-up chest x-ray studies. When the patient devel-
ops symptoms or signs of locoregional recurrences, the disease is usually too
advanced to be controlled. On the other hand, the incidence of distant metastases
has likely been overestimated. Locoregional failure is not an uncommon event,
and the risk of such failure appears to be related to the nodal status (7,10–
12,14,15). Indeed, many studies do not report locoregional recurrences when pa-
tients die of distant metastases.

EFFICACY OF SALVAGE TREATMENT FOR
LOCOREGIONAL RECURRENCE

If the salvage treatment for locoregional recurrence were efficacious, adjuvant treat-
ment would not be a critical issue. However, to date, no efficacious salvage treat-
ment exists for locoregional recurrence in the chest, whether additional surgery or
a curative type of RT (with or without chemotherapy) has been attempted. Some
authors have, however, reported that RT can be efficacious in controlling local
recurrence after curative resection for lung cancer (16–18). The 2-year survival
rate reported by these authors ranged from 5% to 28%. Most patients, however,
had progression in the locoregional areas as the first site of failure after radiation
therapy. Their cause of death after RT was locoregional progression, although no
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attempt was made to detect distant metastases (DM) at the time of death, if they
were asymptomatic from DM. Patients with recurrences at the bronchial resection
site had a better outcome, with a 2-year survival rate of 50% compared with patients
with locoregional recurrence in the hilar or mediastinal nodal area.

PROSPECTIVE RANDOMIZED CLINICAL TRIALS

Adjuvant Radiotherapy

Table 2 compares the patient data reported for seven prospective randomized
trials of postoperative RT versus observation (7,19–24). The majority of these
studies were conducted in the pre-CT era, and many patients were treated with
cobalt 60 or orthovoltage therapy.

Paterson and Russell (19) studied the efficacy of postoperative RT after
pneumonectomy in 202 patients with or without lymph node involvement. After
the pneumonectomy, patients were randomized to receive either 45 Gy in 4 weeks
versus observation. The authors did not stratify patients by the tumor stage, nodal
stage, or histological type. They also included node-negative patients treated by
cobalt 60 or orthovoltage using large fields that encompassed a portion of the
heart and the opposite side of the lung. Their 3-year survival rates were 36%
without postoperative RT versus 33% with RT.

In the trial conducted by Bangma, patients were alternately (rather than
prospectively) randomized to receive either postoperative RT or observation
alone. All patients had early-stage cancer, and two-thirds had negative lymph
nodes. Survival in patients who received postoperative RT (45 Gy over 5 weeks)
was not statistically different from survival in the observation-alone group (20).

In 1979, Israel et al. (21) published interim results of the trial conducted
by the European Organization for Research and Treatment of Cancer (EORTC).
This trial included two arms in which patients were consecutively randomized
to receive either adjuvant local treatment or systemic treatment. This trial in-
cluded only patients with squamous cell carcinoma with or without postoperative
thoracic RT (total dose of 45 Gy over 4.5 weeks to the mediastinum). After the
completion of thoracic RT, patients were randomized to undergo observation
or to receive one of the following systemic treatments: chemotherapy, such as
cyclophosphamide, methotrexate, and lomustine; immunotherapy, such as bacille
Calmette Guérin; or chemotherapy and immunotherapy together. The 1979 in-
terim analysis showed that patients receiving adjuvant chemotherapy had a sig-
nificantly lower survival than those in the immunotherapy or observation groups.
Although postoperative RT did not improve survival, it did reduce locoregional
relapses, especially in patients with nodal involvement. Specifically 12 of the
104 patients (11.5%) who received postoperative RT developed local relapse
compared with 26 of 126 patients (20.6%) who had surgery alone.
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TABLE 2 Postoperative Radiotherapy for Lung Cancer: Prospective Randomized Trials

Radiation No. of Patient
Investigators dose Equipment patients Pathology Surgery selection Survival

Paterson and 45 Gy/4 wk Ortho 202 All Pneumo N0, N1 NI
Russell,
1962 (19)

Bangma, 1972 45 Gy/4 wk Co-60 73 All All N0, N1 NI
(20)

Israel et al., 45 Gy/4.5 wk Co-60 392 Sq All N0, N1 NI
1979 (21)

van Houtte et 60 Gy/6 wk Co-60 224 All All N0 NI
al., 1980 (22)

Lung Cancer 50 Gy/5 wk Co-60 230 Sq All N1 LCI
Study Group,
1986 (7)

MRC, 1996 40 Gy/3 wk Co-60/LA 308 NSC All N1 LCI
(25)

GETCB, 1999 60 Gy/6 wk Co-60/LA 728 All All N0, N1 NI
(24)

NSC: non–small cell; Sq: squamous cell; NI: no improvement; LCI: local control improved; MRC: Medical Research Council Lung Working
Party; GETCB: Groupe d’Etude et de Traitemant des Cancers Bronchiques; Ortho: orthovoltage; LA: linear accelerator.
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Van Houtte and colleagues conducted a randomized study in patients with-
out lymph node metastasis (N0) who had T1, T2, or T3 lesions and underwent
complete surgical resection of the primary tumor. Postoperative RT was associ-
ated with a slight decrease in the rate of locoregional recurrence within the irradi-
ated field from 18% to 13%. Survival, however, was inferior in the patients who
received postoperative RT, especially those patients who had a pneumonectomy.
There was also a high rate of radiation-induced late effects, such as cardiac toxic-
ity. This adverse effect appeared to be related to use of a cobalt 60 unit that
delivered 60 Gy in 6 weeks employing a three-field technique, without correction
for lung inhomogeneity. Very large fields were also used to irradiate mediastinal
nodes, including a large portion of the heart. A further problem was that there
was no CT-based treatment planning capability available at that time (22).

The LCSG conducted a randomized study to evaluate postoperative radia-
tion therapy in patients with completely resected stage II and stage IIIA squamous
cell carcinoma of the lung. Patients were randomized after complete resection to
an observation-only group or a RT group that received a total tumor dose of 50
Gy in 5 weeks (7). Only patients with squamous cell carcinoma who had disease
in either the hilar lymph nodes (N1) or the mediastinal lymph nodes (N2) were
included in the study. Patients received 50 Gy in 5 weeks using a cobalt 60 unit
or a Linac accelerator. Although there was no difference in overall survival be-
tween the two groups, the patients who received postoperative RT had a signifi-
cant reduction in the incidence of local recurrence (1%) compared with those
who were observed postoperatively (19%) (p 5 0.05). The reduction in the inci-
dence of locoregional recurrence was especially pronounced in patients with N2

disease.
The British Medical Research Council (MRC) (25) conducted a random-

ized study in 308 patients with pathologically staged T1 or T2 NSCLC who had
positive hilar or mediastinal lymph nodes. They were randomized either to un-
dergo observation or to receive a total dose of postoperative RT to 40 Gy in 3
weeks using a cobalt 60 or low-energy linear accelerator. Postoperative RT was
associated with improved locoregional recurrence-free survival in a subset group
(106 patients) with T2N2 NSCLC. The 2-year survival rate in the group was 46%
as compared with 27% in the observation group. However, there was no signifi-
cant difference in overall survival rate between the two groups. The most signifi-
cant difference between the observation and postoperative RT groups was in the
incidence of distant metastases. There was a highly significant increase in the
incidence of bone metastases in N2 patients in the observation group over the 3–
4 years following treatment. There was no significant difference in the incidence
of local recurrence among the patients with pathological N1 disease with or with-
out postoperative RT.

A prospective multicenter randomized trial assessed the value of postopera-
tive RT after complete tumor resection in patients with NSCLC in Europe (24).
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There were 728 patients with NSCLC (221 stage I, 180 stage II, and 327 stage
III) in the study, and they were randomized to receive either postoperative RT
or observation only. There were 303 patients who had a pneumonectomy and
425 patients who were treated by lobectomy. Patients were assigned to a study
group within 1 month of complete resection, although it is not clear exactly when
the RT was initiated. The RT was administered by cobalt 60 or higher energy
for a total dose of 60 Gy over 6 weeks. The total dose was prescribed at the
isocenter, without inhomogeneity calculation. The daily fraction was also higher
than the usual fraction size (1.8–2.0 Gy per fraction) at 2.5 Gy per fraction, when
a high-energy photon source (of more than 10 MV) was used. The first 40 Gy
in the initial 4 weeks encompassed the bronchial stump, ipsilateral hilum, upper
and middle mediastinum, and supraclavicular area. This was followed by 20 Gy in
2 weeks delivered by lateral or oblique fields to avoid the spinal cord. Computer
dosimetry was recommended but not required. At the conclusion of the study
period, 218 of 355 patients (61%) in the observation group and 262 of the 373
patients (70%) in the postoperative RT group had died. The 5-year overall sur-
vival was 43% in the observation group and 30% in the RT group (p 5 0.002).
This result was not altered following adjustment for potential prognostic factors.
The excessive mortality rate in the postoperative RT group was due to excess of
intercurrent deaths owing to a high incidence of intercurrent cardiac or respiratory
complications, which accounted for 31% of the deaths in the RT group and 8%
of the deaths in the observation group over 5 years (p 5 0.0001). This study
suggests that unnecessary and technically limited RT can cause treatment-related
deaths rather than conferring any benefit. More than half of the patients did not
need any postoperative RT since they had undergone resection and had stage I
or II disease.

Adjuvant Radiotherapy With or Without Chemotherapy

One randomized trial (26) from the LCSG evaluated adjuvant therapy in patients
with incompletely resected stage II or III NSCLC of all histological types. Incom-
plete resection was defined by the finding of either disease in the highest resected
mediastinal node or positive surgical margins. A total of 172 patients were ran-
domized to undergo either postoperative thoracic RT (40 Gy in a split course)
or cyclophosphamide (Cytovan), doxorubicin (Adriamycin), and cisplatin (CAP)
chemotherapy plus RT. CAP was administered every 4 weeks for six courses.
Chemotherapy improved the median survival from 13 months to 20 months and
improved the median time to recurrence from 8 months to 14 months. Also, the
survival rate at 1 year improved by 14%, from 54% to 68%, in the adjuvant
chemotherapy/RT group. Although the differences in median and 1-year overall
survivals were not statistically significant, death due to cancer in the first postop-
erative year was significantly less in the group that received the combination of
chemotherapy and RT (p 5 0.02) (26).
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In Intergroup Study 0015 (RTOG 91-05), patients with resected stage II
(N1) and stage III (N2) NSCLC were randomized to receive postoperative RT
alone or concurrent RT and chemotherapy. In this study, 488 patients were ran-
domized between April 1991 and February 1997. Chemotherapy consisted of
four cycles of cisplatin (60 mg/m2/day 1) and etoposide (VP-16, 120 mg/m2/
day 1–3), and RT was delivered to a total dose of 50.4 Gy in 28 fractions (in a
daily dose of 1.8 Gy). Patients were stratified by weight loss, histological type,
nodal biopsy technique, and stage (N1 vs. N2). A total of 351 patients were eligible
for analysis at a median follow-up of 37 months. A total of 121 of the 183 (66%)
patients in the combination therapy group received four cycles of chemotherapy,
while 139 of the 183 patients (76%) in the RT group received the planned RT.
Treatment-associated mortality was 2.2% in the chemotherapy/RT arm and 2.4%
in the RT arm. The median survival in the RT arm was 41.1 months, and it was
38.6 months in the chemotherapy/RT arm (p 5 0.99). Analysis of the stratified
subgroups showed no statistically significant advantage for either treatment arm.
The conclusion was that adjuvant chemotherapy in combination with RT does
not prolong survival in patients with completely resected stage II or III NSCLC
over that in patients treated with RT alone (27).

RETROSPECTIVE STUDIES AND META-ANALYSIS

Retrospective studies have shown some benefit from postoperative RT in selected
groups of patients. For example, postoperative RT proved beneficial in patients
with locoregionally advanced disease (T3, N1, N2, or N3) from the standpoint of
survival and locoregional control (Table 3). None of the studies listed demon-
strated any significant benefit from postoperative RT (28,29) for patients who
underwent complete resection of an early-stage tumor without positive lymph
nodes (T1 or T2, N0).

In retrospective comparisons of outcome in patients treated with surgery
alone versus postoperative RT, Green and Kern (16), Ennuyer (28), and Chung
et al. (30) observed a trend toward improvement in the 5-year survival rate in
patients treated with postoperative RT. Green (29), Choi (32), and Sawyer (31),
and their colleagues, reported a benefit from postoperative RT in patients with
adenocarcinoma, suggesting that locoregional adjuvant treatment improves sur-
vival. The findings from these studies contrast to those from a more recent meta-
analysis conducted by PORT (33) in which adjuvant RT was associated with a
decrement in survival. From the retrospective studies, it appears that mostly pa-
tients with T3 disease or positive lymph nodes benefited from postoperative RT.
One of many drawbacks to the PORT meta-analysis is that it included mostly
early stage and N0 patients (7,10,13,14,16,28,30–32,34–40).

Table 4 summarizes survival data reported in the literature for patients with
more locally advanced disease (T3 disease and positive lymph nodes) and shows
a wide range in survival depending on the treatment (surgery alone vs. postopera-
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TABLE 3 Postoperative Radiotherapy for Locally Advanced Lung Cancer (T3, N1): Results of Uncontrolled Studies

Postoperative
Surgery radiation therapy

Survival
Investigators Dose (Gy) Pathology No. pts. Survival (%) No. pts. Survival (%) @ year #

Ennuyer, 1963 (28) 60–65 Sq 42 26 37 40 2
Martini and Beattie, 1977 (10) 40–45 Sq 25 44 3
Green and Kern, 1978 (16) 50–60 All 30 3 66 35 5
Chung et al., 1982 (30) 46 All 29 9 38 39 3
Kirsh and Sloan, 1982 (34) 50–55 All 20 0 105 24 5
Astudillo and Conill, 1990 (37) 45–50 All 60 12 86 19 5
Durci et al., 1991 (38) 50–60 All 41 25 48 30 5
Reinfuss et al., 1993 (39) 50–60 All 37 38 5
Emami et al., 1997 (40) 50–60 Sq 62 29 5
Sawyer et al., 1997 (31)a 45–55 All 35 4 27 37 4

Sq: squamous cell.
a High-risk group for recurrence.
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TABLE 4 Postoperative Radiation Therapy for Lung Cancer: Locoregional Relapses (T3, N1)

Postoperative
Surgery radiation therapy

Investigators No. pts. Local relapse (%) No. pts. Local relapse (%)

Choi et al., 1980 (32) 32 53 41 31
Immerman et al., 1981 (13) 22 41
Chung et al., 1982 (30) 29 48 38 8
Iascone et al., 1986 (35) 59 20
Lung Cancer Study Group, 1986 (7) 108 20 102 1
Ludwig Lung Cancer Study, 1987 (14) 253 30
Herskovic et al., 1988 (36) 64 19
Astudillo and Conill, 1990 (37) 60 12 71 19
Durci et al., 1991 (38) 41 36 38 45
Emami et al., 1997 (40) 150 20
Sawyer et al., 1997 (31) 136 LR 37 88 LR 20

IM 58 IM 15
HR 100 HR 11

LR: low risk; IM: intermediate risk; HR: high risk.



160 Komaki

tive RT), histology, and the series. For example, Choi et al. (32) reported that
postoperative RT was associated with a significant increase in survival in patients
with adenocarcinoma, but not squamous cell carcinoma. In their 29 patients with
squamous cell carcinoma who had positive lymph nodes but did not receive postop-
erative RT, the 5-year survival rate was 33%, identical to the survival rate in 46
patients with squamous cell carcinoma and positive mediastinal lymph nodes
treated with postoperative RT. However, the 5-year survival rate in the 21 patients
with adenocarcinoma treated with surgery alone was 8%, versus 43% in the 40
patients with adenocarcinoma treated with postoperative RT, with doses ranging
from 40 to 56 Gy (32). Martini et al. (41) also suggested that postoperative RT
was more beneficial for patients with positive regional lymph nodes who had ade-
nocarcinoma than in those with positive nodes who had squamous cell carcinoma.

The average local relapse rate for the 11 studies summarized in Table 4
was 30% (ranging from 12% to 53%) in patients who underwent surgery alone
(7,13,14,30–32,35–38) and 12% (ranging from 1% to 31%) in those who re-
ceived postoperative RT (7,13,14,30–32,35–38,40). The key question as to
whether local control will translate into an improvement in survival remains con-
troversial. It is critical to assess biomarkers and underlying risk factors in such
patients to determine which patients will potentially benefit most from postopera-
tive RT (10,16,28,30,32,34,37–39,42,43).

Despite these findings, a recent meta-analysis of nine randomized trials
from the same group revealed a significant survival decrement in patients who
received postoperative RT (33). However, this meta-analysis included node-
negative patients in whom postoperative radiation is not indicated. Indeed, the use
of postoperative RT in such node-negative patients adversely affected survival,
especially when cobalt 60 teletherapy was utilized with large fields (22). Few,
if any, contemporary clinical investigators would now prescribe RT for such pa-
tients with negative nodes. Another problem in interpreting the findings from
some of the trials included in this meta-analysis is that, in the absence of CT of
the chest, it would have been difficult to localize the positive nodal area in the
mediastinum or hilar region, in patients status postpneumonectomy. In addition,
anterior/posterior rectangular fields with cobalt 60 were often employed, leading
to potential ‘‘hot spots’’ over the spinal cord and esophagus, as well as the ante-
rior portion of the heart (Figure 1A). Indeed, cobalt 60 is no longer considered
an acceptable modality for the treatment of patients with thoracic malignancies
due to the inhomogeneous dose distribution compared to higher-energy linear
accelerators (Linac) (Figure 1B). This meta-analysis also incorporated patients
who were treated in the 1960s when adequate staging was not done (33). Without
adequate staging, including CT of the chest and upper abdomen, CT or MRI of
the brain, and bone scan, it is difficult to evaluate the efficacy of local control
from the standpoint of survival. It is often difficult to ascertain the exact cause
of death in a meta-analysis, owing to inconsistency in the reporting or analysis
of the data.



(A)

(B)

FIGURE 1 (A) Sagittal section of the thorax showing isodose curves from AP/PA
fields delivered by cobalt 60. The target volume was not encompassed by the maxi-
mum dose curve, and the patient received a 7% higher dose to the heart and spinal
cord compared with the dose to the target volume (tumor). (B) Sagittal section of
the thorax shown by AP/PA fields delivered by 18-MV photons, which did not cause
as much of the inhomogeneous dose distribution as seen for cobalt-60 treatment.
A higher dose to the heart and spinal cord was avoided by using 18-MV photons.



162 Komaki

The timing of the postoperative RT is also an important factor that impacts
on local control and survival in patients with epithelial carcinoma. For example,
if RT is not initiated within approximately 6 weeks of surgery in patients with
positive lymph nodes, local control and survival may be reduced, according to
the results from a study of patients with head and neck cancer (44). Observations
in breast cancer patients have also shown that local control is an important factor
influencing survival once systemic treatment improves. In breast cancer, the role
of RT after mastectomy has been evaluated in several randomized trials, and
these have shown there is a significant reduction in locoregional recurrences with
postoperative RT. Once adequate adjuvant chemotherapy became available, the
role of postoperative RT became more important in the control of locoregional
disease, which ultimately influenced overall survival (45,46).

TECHNICAL CONSIDERATIONS OF POSTOPERATIVE RT

Equipment and Target Volume

It is very important to utilize adequate treatment equipment for postoperative RT
to avoid the inhomogeneous dose distribution and large penumbra associated with
the use of orthovoltage or cobalt units, compared to high-energy linear accelerators.

For example, in some patients treated on the trial conducted by the Medical
Research Council (MRC), the RT technique was suboptimal owing to the use of
a midline block, resulting in suboptimal dose to the mediastinum. A further draw-
back in the randomized or retrospective studies listed in Tables 1 and 2 was that
none utilized planning CT to identify the shift of the mediastinum postoperatively
to ensure delivery of an adequate dose to the mediastinal lymph nodes or ipsilat-
eral hilar lymph nodes. At the same time, an overdose of radiation may have
been delivered to the heart and residual lungs.

Figure 1A shows the sagittal section of the thorax and the isodose curve in
the anteroposterior/posteroanterior (AP/PA) fields given by cobalt 60. The target
volume was not encompassed by the high-dose area, and the patient received a
7% higher dose to the heart and spinal cord compared to the dose to the target
volume. Higher-energy sources (Figure 1B) do not cause this inhomogeneous dose
distribution or the delivery of higher doses to the heart and spinal cord. The differ-
ence between the maximum dose and target volume becomes more significant
when parallel opposed oblique or lateral fields are used because of the distance
from the surface of the skin to the target volume, which is at midline.

Philips et al. (47) reviewed the efficacy and toxicity of postoperative RT
using cobalt 60 versus linear accelerator in patients who had undergone a pneu-
monectomy. Fifty-one patients were treated with 60 and 25 patients by a linear
accelerator. Twenty-seven patients who had T1, T2, or T3 disease without any
positive lymph nodes did not receive any postoperative RT, and these 27 patients
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were used as the control group. Twenty of 51 patients who were treated by cobalt
60 had positive lymph nodes and 17 of 25 who were treated by the linear accelerator
had positive lymph nodes. The 5-year survival rate in patients treated with cobalt
60 was significantly lower at 8% compared to 30% in those treated by a linear
accelerator. The 5-year survival rate in the control group was 31%. Those patients
who were treated with cobalt 60 developed more cases of respiratory insufficiency
and cardiac complications, with a 12% rate of lethal complications due to treatment
compared to only a 4% incidence of lethal complications in patients treated by the
linear accelerator. However, the incidence of distant metastases was higher in those
patients treated by the linear accelerator than in those treated with cobalt 60. The
authors concluded that poor treatment led to treatment-related deaths and that locor-
egional control did not confer a survival benefit (47).

Figure 2 shows the shift of the mediastinum after pneumonectomy creating
a 1.5-cm margin lateral to the vertebral body on the opposite side, leading to

FIGURE 2 The mediastinum shifted after pneumonectomy, placing a 1.5-cm mar-
gin lateral to the vertebral body on the opposite side and causing the inclusion of
a fairly large amount of the opposite side of the lung.
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inclusion of a fairly large volume of the opposite lung. Because of the shift of
the mediastinum after left pneumonectomy, an AP/PA field delivered by cobalt
may cause more severe cardiac damage in those patients who already have bor-
derline cardiovascular problems (Figure 2). When the AP/PA field was set up
without a computerized plan, the right hilum and a portion of the mediastinum
were partially missed from the RT ports, owing to the shift of the mediastinum
after bilobectomy on the right side (Figure 3, A and B). This problem could be
corrected by a computerized system (Figure 4, A and B).

CT-based treatment planning, the linear accelerator with tissue inhomoge-
neity correction, and three-dimensional conformal treatment planning are helpful
tools to define the target volume and avoid radiation to the surrounding normal
tissue (22,47). However, the CT scan for the treatment plan must be performed
with the patient in the treatment position. The formulation of an optimal treatment
plan to define the target volume and avoid critical structures is essential, espe-
cially in patients who have had a pneumonectomy or bilobectomy (Figure 4, A
and B), which limits lung capacity and compromises cardiac function (48). At
the same time, while tighter margins are necessary for these patients, it is essential
not to miss the target volume due to respiratory motion or movement of the heart
and aorta.

The target volume for postoperative RT needs to include the bronchial re-
section line, the ipsilateral hilum, and the mediastinum usually 5 cm below the
carina and supraclavicular fossa if the lesion is in the upper lobe. We place the
lower border 3 cm below the carina if there were no involved subcarinal nodes
and the patient is receiving concurrent chemotherapy and RT. More recently, the
contralateral hilum and supraclavicular regions are not routinely treated. If the
primary tumor was in the lower lobe and the patient has positive mediastinal
lymph nodes, the lower mediastinum, ipsilateral hilum, and an area several centi-
meters above the carina in the mediastinum are typically irradiated. The arrange-
ment of the beam for postoperative RT has been well documented by Emami et

FIGURE 3 (A) When the AP/PA field was configured without a computerized plan
postoperatively, the right hilum and a portion of the mediastinum were missed from
the radiation therapy ports due to the shift of the mediastinum after right middle
and lower lobectomy. This is shown by a horizontal line in the circle, which was
the center. This was corrected by a computerized system, and the new center
became the cross in the middle of the circle, marked to cover the right hilum and
mediastinum adequately and to avoid the medial portion of the left lung. The black
outline shows 4500 cGy, which was set up by AP/PA fields without a CT plan. The
white outline shows a 5000-cGy isodose curve that is missing the right hilum. (B)
Coronal section of the isodose curve without a CT plan. The margin is too tight
around the right hilum.
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(A)

(B)
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(C)

(D)

FIGURE 4 (A) Axial section of the CT plan. The white circle is the old central axis,
the black circle is the new central axis, and the shaded gray part indicates motion,
which was recognized. The motion of the hilum depended on breathing and pulsa-
tion of the heart. (B) Coronal section showing inclusion of the same margin and
the shaded area representing respiration and motion of the heart. The white circle
is the old isocenter, and the black circle is the new isocenter. (C) Dose-volume
histogram without planning CT. (D) Dose-volume histogram with planning CT and
with an inhomogeneity correction.
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al. (40). No longer are the generous treatment fields of the past utilized, which
included the bilateral hilum and bilateral upper, mid-, and lower portions of the
mediastinum (32,42).

Optimal Postoperative RT Dose

The optimal radiation dose to be prescribed after complete resection to control
microscopic residual tumor has not been well defined, but is currently between
50 Gy and 60 Gy for conventional RT (delivered in fractions of 1.8–2 Gy).
Emami et al. (40) recommend 60 Gy for positive margins and 50 Gy for subclini-
cal nodal disease. This was confirmed by the LCSG, which administered 50 Gy
over 5 weeks postoperatively with a local recurrence rate of 1%. According to
Emami’s data, local control was achieved in 75% of patients with positive mar-
gins given 50–60 Gy and there was no difference in the local control rate associ-
ated with doses in this range. However, locoregional control was achieved in
only 45% of the patients who received less than 50 Gy. There was improvement
in the survival rate in patients with positive margins who received 60 Gy or
higher, compared with the rate in patients given lower doses. Emami and col-
leagues also emphasized the importance of adequate portal coverage for achiev-
ing local control. As long as the portal and target volumes were adequately cov-
ered, there was no significant difference in the local control with doses between
50 and 60 Gy. However, there was a significant decrease in the local control rate
in patients who received ,50 Gy or those given $60 Gy if the portal did not
adequately cover the target volume. Emami et al. recommend 50 Gy for micro-
scopic residual disease, 60 Gy for positive margins, and 70 Gy for macroscopic
residual disease (2 Gy/fraction) to 90% of the dose line. Adequate coverage was
also associated with significant improvement in the actuarial survival rate com-
pared with the rate in patients who received inadequate coverage regardless of
the dose level (i.e., ,50 Gy, 50–60 Gy, .60 Gy). A study by Choi and colleagues
(32) showed that all patients with local relapse had received a dose of ,50 Gy.

COMPLICATIONS RELATED TO POSTOPERATIVE RT

Clinical and experimental studies have shown that the total dose and fraction
size of the RT are associated with pericardial and myocardial complications (49).
According to the GETCB study, intercurrent death was related to the fraction
size of radiation therapy (24). Seven percent of the patients in their study died
of intercurrent disease in the control group. However, of those who received RT,
16% of the patients who received less than 2 Gy per fraction, 18% of patients
who received 2 Gy per fraction, and 26% of patients who received more than 2
Gy per fraction died of intercurrent disease. These authors did not, however, find
any correlation between the intercurrent death rate and the total tumor dose (24).
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An increased rate of intercurrent deaths in patients who received RT was docu-
mented in the van Houtte trial (22) and also by the LCSG (7). According to the
LCSG, 14 intercurrent deaths (14%) occurred in the RT group, compared with
seven (7%) in the control group. These intercurrent deaths were mainly due to
cardiovascular failure and infections. It is important to recognize this potential
complication in patients at high risk of cardiovascular disease prior to the initia-
tion of postoperative RT. Usually acute toxicity during RT does not predict for
intercurrent death or late effects.

Radiation Effects on the Lung

The pulmonary effects of irradiation depend on an interplay of host and treatment
factors, especially the volume of the radiated lung, the site of the irradiated lung,
the total dose and fraction schedule, and the different chemotherapeutic regimens.
Rubin (50) noted that when the whole lung is irradiated, there is a steep upward
dose-response curve at a threshold of 7 Gy and a rapid rise to a cell lethality of
80% due to pulmonary toxicity at 11 Gy (Figure 5). No pneumonitis was manifest
when $20 Gy was delivered to ,22% of the lung volume. However, there is a
steep increase in the extent of radiation pneumonitis if 20 Gy is given to .40%
of the total lung, and this was observed to cause 23% of the cases of grade 3
(severe) to 5 (lethal) pneumonitis, as calculated by dose-volume histograms (51).
The late or fibrotic changes may begin to occur at 3–6 months and are character-
ized by sclerosis of the alveolar wall and damage to small blood vessels, replace-
ment of alveolar spaces by fibrotic tissue, and functional loss. Interstitial fibrosis,
pleural thickening, and increased lung density are seen on radiographs with grad-
ual volume loss (52). Patients are usually not symptomatic, however, even with
fibrotic changes on the CT scan, because the volume of the sclerotic area is less
than 20% and because the patient’s pretreatment condition obscures the develop-
ment of subsequent symptoms. To prevent pneumonitis and other pulmonary
complications, it is important to assess a dose-volume histogram to reduce lung
volume irradiated by $20 Gy to ,40% (Figure 5). Of further concern is the well-
known fact that certain types of chemotherapy such as bleomycin, actinomycin D,
cyclophosphamide, methotrexate, BCNU, and possibly CPT-11 and paclitaxel
(Taxol) have pulmonary toxicities that may increase pulmonary injury, especially
when they are administered concurrently with radiation therapy (50,52–55).

Radiation Effects on the Heart

The cardiac effects of radiation have been best studied in patients who received
RT for Hodgkin’s disease, breast cancer, or lung cancer. For example, a radiation
effect on the coronary vessels (56–58) and myocardium (59,60) has been re-
ported, although these were not solely due to radiation. Usually the cardiac toler-
ance dose is 40 Gy in 4–5 weeks when the entire heart is irradiated. Among
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FIGURE 5 Incidence of pneumonitis correlated with dose of radiation. (From Ref.
50.)

patients who received a total dose of 40 Gy in 4–5 weeks to the entire heart, 4–7%
developed symptoms of radiation pericarditis (61–63). Symptomatic pericarditis
typically develops within 12–24 months of the completion of radiation therapy
(64), and the manifestations are usually chest pain, fever, friction rub, and pericar-
dial effusion. Coronary occlusion is only manifest many years later.

A total radiation dose of 35 Gy to the heart reduced the ventricular ejection
fraction in more than one-half of irradiated patients (65). This was mainly sub-
clinical, however, in those patients with Hodgkin’s disease who received radia-
tion to the mediastinum. None of the patients who received this amount of ra-
diation to the heart presented with congestive heart failure or constrictive
pericarditis. Electrocardiographic changes have been observed, as well as tran-
sient and clinically silent perimyocarditis following cardiac radiation in breast
cancer patients receiving internal mammary radiation on the left side (66). Not
surprisingly, there were reports of deaths due to cardiac disease in node-negative
patients who received 60 Gy using cobalt 60 in the study conducted by van Houtte
and Dautzenberg (22,24). With careful CT-based planning, however, it should
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now be possible to minimize radiation to the heart so that less than 30% of the
cardiac volume receives a dose of 50 Gy or higher (67,68).

Radiation Effects on the Esophagus

The effects of radiation on the esophagus may either be acute (e.g., esophagitis
during radiation therapy to the mediastinum) or chronic (e.g., stricture of the
esophagus months after radiation therapy). The germinal layer of the epithelium
is most sensitive to radiation, especially if chemotherapy is given concurrently
as a sensitizer for radiation. Acute esophagitis causes dysphagia usually around
2 weeks after the initiation of radiation therapy (at a dose of ,20 Gy or higher).
It is very difficult, however, to avoid acute esophagitis when patients require
mediastinal RT. However, an esophageal stricture may be avoided by reducing
the length of the irradiated area and limiting the total esophageal dose to less
than 60 Gy. There have been reports of severe stricture in less than 5% of patients
given a total dose of 60–70 Gy of radiation to the esophagus (69). If less than
10 cm of the esophagus is irradiated and the total radiation dose is 50 Gy in 5
weeks, the risk of an esophageal stricture is less than 2% (70). Many chemothera-
peutic agents are known to augment the radiation effect on the esophagus, espe-
cially doxorubicin (71–73), cyclophosphamide (50), bleomycin (74), fluorouracil
and dactinomycin (75), and etoposide (76).

At present, we are conducting a randomized study of radioprotectors in
patients (WR-2721) for unresectable NSCLC who are being treated with concur-
rent chemotherapy and radiation therapy. Similarly, the Radiation Therapy On-
cology Group has a randomized trial to determine if amifostine (WR-2721) can
reduce esophagitis from intensive chemoradiation in locally advanced NSCLC
(RTOG 98-01). WR-2721 has been shown to protect normal tissue from radiation
chemotherapy effects (77,78).

Radiation Effects on the Spinal Cord

A transient radiation myelopathy may be seen weeks to months following RT to
the cervical or upper thoracic spinal cord. Lhermitte’s sign of electrical paresthe-
sias is the only clinical feature of this subacute effect, which does not trans-
late into a higher risk of developing myelopathy. Affected patients experience
electric-like shocks that radiate down the extremities, especially the buttocks
and legs, on ventral flexion of the neck. This is most likely to be the result of
transient demyelination of the spinal cord (79). This transient myelopathy has
been noted in 3–15% of patients who receive RT to the thoracic spinal cord
(80,81).

Late radiation effects on the spinal cord include a progressive radiation
myelopathy, often presenting with clumsiness and weakness of the legs. A com-
mon early finding is the Brown-Séquard syndrome. The onset of the myelopathy
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is around 6 months or longer after the completion of RT, and symptoms may
begin 3 or more years after treatment. Permanent spinal cord damage from RT
is rare if the total dose is limited to less than 50 Gy in 5 weeks with standard
fractionation such as less than 2 Gy per fraction. The fraction size to the spinal
cord is an important factor related to permanent radiation myelitis (82). This
damage to the spinal cord can be avoided by using careful CT-based treatment
planning and by fractionating the radiation therapy.

Effects on Peripheral Nerves

When postoperative RT is given to the apex of the thorax in patients with positive
margins or positive lymph nodes, there is always a concern regarding damage
to the brachial plexus. However, peripheral nerves have a relatively high toler-
ance to ionizing radiation, and the incidence of damage to the peripheral nerves
from the RT itself is rare. There are no recognized acute or subacute effects, and
damage to peripheral nerves from radiation is manifested late, usually a few years
or more after RT. Stoll and Andrews (83) reported the symptoms and signs related
to brachial plexus damage among patients who received radiation to the supracla-
vicular area with 4-MV photons. However, patients with involvement of the bra-
chial plexus by supraclavicular lymph nodes were not consistently excluded.
Thomas and Colby (84) observed injury in only 1.2% (14/1202 patients) of those
treated to supraclavicular area by RT. Stoll and Andrews reported that radiation-
induced brachial plexus lesions were correlated with the dose-time-fraction size,
as well as with the volume included within the radiation fields. They also sug-
gested that the equipment that caused an inhomogeneous dose distribution, such
as low-energy kilovoltage equipment, would more likely cause brachial plexus
damage.

DISCUSSION AND RECOMMENDATION

Postoperative RT for Resected N2 (Stage IIIA) NSCLC

It is obvious that survival is significantly lower in patients with positive mediasti-
nal lymph nodes. This is borne out by findings such as those reported by Wilkins
et al. (85), who reported 5-year survival rates of 42% in patients without mediasti-
nal lymph node involvement compared with only 16% in patients with positive
mediastinal lymph nodes. Mountain (86) also pointed out a significant reduction
in the 5-year survival rate when there was mediastinal lymph node involvement.
However, the preoperative staging in these studies was not uniform. For example,
it did not include CT scan of the chest and upper abdomen, MRI of the brain,
bone scan, etc., since these studies were performed before CT was applied to all
lung cancer patients. A further difficulty in interpreting the results of some of
the studies is that gross N2 disease versus microscopic residual N2 disease was not
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documented. A further consideration is that the nodal level determines a different
outcome, according to Naruke et al. (87) and Pearson et al. (88). A number of
retrospective studies have been interpreted to show that postoperative RT is bene-
ficial to patients with mediastinal lymph node involvement (29,30,32,34,89).
However, these retrospective studies usually had a fairly small sample size, and
comparisons were made with historical controls or with controls in other studies
conducted by different investigators.

Nevertheless, it cannot be ignored that an improvement in local control
was found in most of the randomized studies in patients with N2 disease. As well,
local control will only become more important for improvement in survival once
an efficacious systemic treatment is developed (54). A major problem in interpret-
ing the cited studies is that many patients died of intercurrent disease stemming
from inadequate planning and treatment equipment as well as inadequate staging,
making it difficult to assess the true value of postoperative RT in these patients.
Among patients with N2 NSCLC, squamous cell carcinoma will more likely recur
locally and postoperative RT will reduce local recurrence without influencing
survival, compared with adenocarcinoma in which postoperative RT might re-
duce the risk of local recurrence, as well as improve survival (29,30,32).

Sawyer et al. (31) analyzed 224 patients who had N2 NSCLC and underwent
surgery and postoperative RT. Eighty-eight of the 224 patients had at least one
positive mediastinal lymph node and received postoperative RT (50.4 Gy in 5.5
weeks). These investigators separated patients into three groups: a low-risk group
with no nodal involvement, N1 nodal involvement, T1 or T2 disease, and discor-
dant T3–4 lesions without superior or inferior mediastinal lymph node involve-
ment; an intermediate-risk group with negative N1 nodes and discordant T3–4 le-
sions with superior or inferior mediastinal lymph node involvement or positive
N1 lymph nodes with superior or inferior mediastinal lymph node involvement;
and a high-risk group with superior and inferior mediastinal lymph node involve-
ment. According to their analysis, those patients in the high-risk group had a
significant benefit from the adjuvant postoperative RT in terms of freedom from
local recurrence and survival. This was also the case for patients of intermediate
risk, although the benefit from RT was moderate. There was no improvement
with regard to freedom from local recurrence or survival among those patients
who were in the low-risk group. Sawyer et al. therefore advocated that patient
selection is important to identify those patients with N2 disease who benefit from
postoperative RT.

Postoperative RT in Resected T3, N0, M0 (New Staging
System Stage IIB) Disease Involving the Chest Wall

Patients with resected T3 tumors involving the chest wall, such as the parietal
pleura, intercostal muscle, and ribs, need postoperative RT (90). However, Piehler



174 Komaki

and colleagues (91) made contrasting observations in 93 patients operated on
from 1960 through 1980 for lung cancer invading the chest wall. Sixty-six had
complete en bloc resection, and of those, 31 had T3N0 NSCLC. Sixteen of these
31 patients received postoperative RT; their actuarial survival at 5 years was the
same as for those who did not receive postoperative RT (53.3% vs. 54.4%). Pat-
terson and colleagues (92) reported on 35 patients treated between 1969 and
1981, 83% of whom had en bloc resection. Twenty-one patients with T3N0M0

disease had a complete resection. Unlike the findings in Piehler and associates’
study, seven of their nine patients (78%) who received postoperative RT were
alive at 5 years compared with only three of the 14 (21%) who received no
postoperative RT. None of the 13 patients who received postoperative RT had
a recurrence locally, while six of the 22 (27%) who did not receive postoperative
RT failed locally.

However, the role of postoperative RT in patients with T3N0M0 NSCLC
whose tumor has been completely resected has been controversial. This has been
compounded by the fact that there has not been any randomized study to compare
postoperative RT with no postoperative RT for completely resected T3N0M0

NSCLC. In the study of Gould et al. (93), 92 patients underwent complete resec-
tion for T3N0M0 NSCLC. They reviewed prognostic factors, including histologi-
cal type, tumor size, location, grade, patient age, adjuvant RT, and type of surgical
procedure. The actuarial local control rate at 4 years in their patients was 94%,
with or without additional postoperative RT.

Superior sulcus tumors are a special consideration with regard to postopera-
tive RT as there is typically not an adequate margin, even if patients had a com-
plete resection. The majority of patients will have microscopic residual tumor
without any preoperative RT. Whether resectable T3N0M0 superior sulcus tumors
need to be treated with RT preoperatively or postoperatively has been controver-
sial. Recently, the effectiveness of preoperative versus postoperative RT for supe-
rior sulcus tumors was analyzed, but there was no significant difference in the
outcome of the patients (Komaki, unpublished observations). In stage IIB (T3N0)
or stage IIIA patients with the superior sulcus tumors, the 2-year survival rate
was 46.5% compared with 20.6% in stage IIIB patients with superior sulcus tu-
mors (94).

Postoperative RT for T1–2, N0–1 NSCLC

Patients with squamous cell carcinoma and completely resected stage I–II disease
should have less of a survival benefit from postoperative RT according to retro-
spective studies (16,34,95). For example, in a study of 134 patients with N1 squa-
mous cell carcinoma, the LCSG (7) showed a significant improvement in the
local control rate in those who received postoperative RT compared with those
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who received surgery alone, but there was no significant improvement in overall
survival.

According to our analysis of patients with pathologically confirmed N1

squamous cell carcinoma who underwent complete resection, patients did ex-
tremely well without any adjuvant treatment (96,97). The original study included
173 patients who had complete resection of their NSCLC that was clinically
graded as N0. However, at surgery, patients were found to have hilar lymph node
involvement. There were 86 patients with squamous cell carcinoma and 73 pa-
tients with adenocarcinoma; the other histological types were large cell or unclas-
sified. The 5-year survival rate in patients with squamous cell carcinoma was
43% compared with 21% in the non–squamous cell cases (p 5 0.03). A further
finding was that the apoptosis and mitosis indices in the squamous cell group
predicted a significantly better survival (96). When other prognostic biomarkers
were studied (S 1 G2M, p53 status, Ki-67, DNA index) in addition to the
apoptosis and mitosis indices, apoptosis and Ki-67 proved to be significant prog-
nostic factors in squamous cell carcinoma for less distant metastasis and better
overall survival. Multivariate analysis showed that the DNA index and Ki-67
status were significant predictors. In patients with non–squamous cell carcinoma
of the lung, only the mitotic index was a significant predictor of overall sur-
vival (97).

Postoperative RT and Chemotherapy

Although the recent Intergroup Study showed no benefit to the addition of cis-
platin and etoposide to postoperative radiation, the Radiation Therapy Oncology
Group (RTOG) and other groups have decided to test newer systemic agents such
as carboplatin and paclitaxel (98). In a recent Eastern Cooperative Oncology
Group (ECOG) study of multiple cisplatin analogs in combinations, initial ther-
apy with carboplatin and paclitaxel produced the best long-term survival, with a
p value of #0.001 (99). Several studies (100–104) have indicated that paclitaxel
is an active chemotherapeutic agent for NSCLC and that chemoradiation therapy
with paclitaxel and carboplatin is well tolerated in patients with inoperable, lo-
cally advanced NSCLC. This approach was thus adapted to the adjuvant setting
in patients who do not have bulky disease, i.e., in a setting where cure rates may
be substantially enhanced. In the RTOG 97-05 phase III study (98), adjuvant
therapy with paclitaxel, carboplatin, and concurrent thoracic RT was evaluated
in patients with completely resected stage II and IIIA NSCLC. A total of 93
patients were entered, and toxicity data were available for 62 patients. Overall,
the treatment regimen was reasonably well tolerated, with only one patient death
secondary to sepsis and grade IV respiratory toxicity after completion of four
cycles of chemotherapy. There was one grade IV esophagitis after two cycles of
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chemotherapy. Overall, there was a 16% rate of grade III/IV acute esophagitis
and two late grade III toxicities. While waiting for mature data from RTOG 97-
05, RTOG would like to build on this experience by exploring a promising ap-
proach that could be added to this regimen without risking increased toxicity. The
adjuvant approach selected for this study is active immunotherapy with vaccines
directed against tumor-associated antigens. These antigens are seen as self-
antigens by the immune system and thus the patient is typically immunologi-
cally tolerant to them.

CONCLUSIONS

Postoperative RT will be more effective once more efficacious systemic treatment
and better prognostic predictors become available. Further advances will come
with improvements in CT-based planning and equipment and once we are better
able to determine the volume to be irradiated, dose-time-fractionation schedule,
and total dose. The role of postoperative chemotherapy will also need to be rein-
vestigated as better sensitizers to radiation and better systemic agents become
available.
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INTRODUCTION

Following resection of pathological stages II and IIIA non–small cell lung cancer
(NSCLC), 5-year survival approximates 40% and 20%, respectively (1–4). Re-
current disease presumably originates in deposits of intrathoracic and extratho-
racic micrometastatic tumor foci that were present at the time of surgery. Theoret-
ically, the minimal residual disease present following surgery should be much
less likely to harbor treatment-resistant cells and would, therefore, represent an
optimal scenario for the administration of curative local and systemic therapies.
Unfortunately, unlike breast cancer, adjuvant therapy has not proved successful
in improving patient survival.

Numerous phase II and phase III adjuvant therapy trials utilizing thoracic
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radiotherapy and/or systemic chemotherapy have been reported. The biases asso-
ciated with phase II trials are well known. Though the results of these nonrandom-
ized trials are frequently intriguing and may form the basis for future phase III
trials, they cannot be employed to determine patient care standards. Therefore,
only the results of phase III trials will be analyzed. Furthermore, though ‘‘neoad-
juvant’’ trials have been designed with substantial adjuvant therapy components,
the preoperative therapy confounds the interpretation of the specific contribution
of the adjuvant therapy. These trials will also not be included in this discussion.

PHASE III TRIALS

Three adjuvant phase III trials of patients with stage II and III NSCLC have been
reported by the former Lung Cancer Study Group (LCSG) (5–7). CAP chemo-
therapy (cyclophosphamide 400 mg/m2, adriamycin 40 mg/m2, cisplatin 40 mg/
m2) administered in six 1-month cycles was compared to a control arm of in-
trapleural BCG (single injection within 14 days of surgery) and levamisole 2.5
mg/kg orally daily 3 3 days every other week for 18 months in 57 patients with
either adenocarcinoma or large cell undifferentiated T2N1 NSCLC (LCSG #772)
(5). An additional 73 patients had stage III disease. When both stages were ana-
lyzed together, a 7-month median survival advantage (15 months vs. 22 months,
p , .05) was identified in those patients who received chemotherapy. Though
no stage-specific analysis was presented, the authors stated that adjustment for
stage did not affect statistical significance. The results of this study were not
widely accepted because the survival of patients in the treatment arm approxi-
mated that of untreated patients from previous trials, while the survival of patients
in the control arm was worse than expected. The poor survival of the patients
randomized to the immunotherapy arm was attributed by some to an (unproven)
detrimental effect of levamisol. Moreover, long-term survival data were not re-
ported; so it was never clear if the differences observed in median survival were
sustained over time.

In a second study (LCSG #773), 210 patients with resected stages II or III
squamous NSCLC received either radiotherapy (5000 cGy, 180–200 cGy daily
fractions) or no further treatment (6). 136 patients had T2N1 disease. Among the
remaining 74 patients, 44 were stage IIIA by virtue of metastases to the N2 lymph
nodes. Once again, the two stages were analyzed together. Though the median
survival of patients in the control and treatment arms was 33 months and 20
months, respectively, the survival curves largely overlapped and no significant
difference was found (p 5 0.618). Subgroup analysis reportedly showed no effect
of stage on the result. Radiotherapy significantly decreased local recurrence and
although radiation reduced overall recurrence in patients with N2 disease, survival
was not affected.
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The third LCSG study (#791) compared split-course radiotherapy (400 cGy
3 5 days repeated after a 3-week rest) and CAP chemotherapy (cyclophospha-
mide 400 mg/m2, adriamycin 40 mg/m2, cisplatin 40 mg/m2) to radiotherapy
alone in 164 patients (7). Three patients were stage I, 10 were stage II, and 151
were stage III. Among the latter group, 119 had N2 disease. Though the time to
recurrence was significantly greater in the treatment arm than in the control arm
(p 5 .004, median 14 months vs. 8 months), the time to death was not signifi-
cantly different (p 5 .133). The apparent biological effect did not translate into
improved survival, although the study may have been underpowered to detect a
significant survival difference. Subset analysis demonstrated a slight advantage
for those patients with N2 disease who received both radiation and chemotherapy.

A recent phase III trial by a French cooperative group compared radiother-
apy (6000 cGy) alone to three cycles of chemotherapy (cycles 1 and 3: doxorubi-
cin 40 mg/m2, vincristine 1.2 mg/m2, cisplatin 75 mg/m2, lomustine 80 mg on
days 3 and 4; cycle 2: vincristine 1.2 mg/m2, cisplatin 75 mg/m2, cyclophospha-
mide 600 mg/m2 day 1) followed by radiotherapy (RT) in 267 patients with re-
sected NSCLC (8). Eight patients had stage I disease, 70 stage II, and 189 stage
III. N2 disease was present in 137 of the stage III patients. No disease-free or
overall survival differences were detected (p 5 .68). Median survival in the RT
group was 15.4 months; it was 14.9 months in the combined arm. Though analysis
by stage was not performed, subset analysis of the 137 patients with N2 disease
revealed a significant improvement in disease-free survival (p 5 .002) and a
decrease in the number of deaths in the combined treatment arm when compared
to the radiotherapy only arm (p 5 .003). This was attributed to a decrease in the
number of metastatic occurrences. However, patients with N0 and N1 disease who
received both radiotherapy and chemotherapy actually had a statistically signifi-
cant poorer survival than those patients who received radiotherapy alone (p 5
.03). Once again, though some biological effect may have been present, convinc-
ing survival benefit was lacking.

Three phase III trials from Japan have appeared in the English language
literature (9–11). In a study coordinated by the National Kyushu Cancer Center
(9), 209 patients with completely resected stage IIIA NSCLC were randomized
to either observation or three cycles of monthly vindesine (3 mg/m2, days 1 and
8) and cisplatin (80 mg/m2 day 1). A total of 119 of the 181 eligible patients
had N2 disease. Neither the disease-free interval nor the overall survival was
different between the two groups.

The remaining two Japanese trials incorporated long-term therapy with ura-
cil and futrafur, a unique chemotherapy combination not yet investigated in pa-
tients with NSCLC in the United States and Europe. Futrafur (tegafur, FT) is
an orally administered fluorourcil derivative that is converted in vivo to 5-FU.
Degradation of the 5-FU is inhibited by the concomitant administration of uracil.
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The combination is known as UFT. The results of these trials are difficult to
interpret because of the vagaries of the staging systems utilized and the manner
in which the data were analyzed.

Wada et al. reported the results of a three-arm adjuvant chemotherapy trial
for the West Japan Study Group for Lung Cancer Surgery (10). A total of 323
patients with NSCLC were randomized to either surgery alone, surgery 1 UFT
(400 mg daily 3 1 year) or surgery 1 cisplatin (50 mg/m2 3 1) and vindesine
(2–3 mg/kg 3 3 at 2-week intervals) followed by UFT (400 mg daily 3 1 year).
The majority of patients (n 5 210) had stage I disease, while 36 patients had
stage II disease and 55 had stage IIIA disease. The 5-year survival for those
patients who received cisplatin-vindesine-UFT, UFT alone, or no postoperative
treatment was 60.6%, 64.1%, and 49.0%, respectively. The differences among
the three groups approached statistical significance (log-rank p 5 .053, Wilcoxon
p 5 .044). The difference between the UFT group and the control arm was statis-
tically significant, though the difference between the cisplatin-vindesine-UFT
arm and the no-treatment arm approached, but did not reach, significance. Unfor-
tunately, analysis by stage was not presented, so it remains unknown whether
these findings hold for patients with stages II and IIIA NSCLC.

The Study Group of Adjuvant Chemotherapy for Lung Cancer from Chuba,
Japan conducted a two-arm trial in which 383 patients with resected NSCLC
were randomized to either surgery alone or surgery 1 cisplatin 66 mg/m2 3 1,
adriamycin 26 mg/m2 3 1, and oral UFT 8 mg/kg/day 3 6 months (11). 29
patients had stage II disease and 78 patients were stage III, the remainder were
pathological stage I. When all 309 eligible patients were analyzed by treatment
arm, no significant difference in survival was apparent. The authors noted, how-
ever, that there existed a statistically significant greater number of patients with
nodal metastases in the treatment arm. They consequently reanalyzed the data
using Cox’s proportional hazard model to adjust for this imbalance and found a
significant improvement in survival for the patients treated with chemotherapy
(p 5 .044). However, the authors later stated that this apparent survival advantage
was limited to node-negative patients and was not present for those patients with
nodal metastases. In fact, survival was actually worse for those patients with N2

disease who were treated with chemotherapy.
A phase III adjuvant radiotherapy trial was recently reported by Mayer et

al. from Austria (12). A total of 155 patients with NSCLC who had undergone
complete resection and mediastinal lymph node dissection were randomized to
either no further treatment or radiotherapy (50–56 Gy in 2-Gy daily fractions, 5
3/week). The 116 patients with N1 or N2 disease received the higher dose. No
significant difference was present between the two arms or among the nodal sub-
groups. Local recurrence, however, was significantly decreased in those patients
who had received radiotherapy.
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The Eastern Cooperative Oncology Group conducted a randomized, pro-
spective phase III trial of adjuvant therapy in patients with resected stages II and
IIIA NSCLC (13). The objectives of the study were to determine if concomitant
chemoradiotherapy was superior to radiotherapy alone in prolonging survival and
preventing local tumor recurrence. A total of 488 patients who had undergone
complete resection of the primary tumor and a thorough mediastinal lymph node
sampling or dissection were randomized between April 1991 and February 1997
to receive either four cycles of cisplatin (60 mg/m2, day 1) and VP-16 (120 mg/
m2, days 1–3) administered concurrently with RT (5040 cGy in 28 daily 180-
cGy fractions) or RT alone. Patients were stratified by weight loss (,5% vs.
.5%), histology (squamous vs. other), nodal biopsy technique (sampling vs.
complete lymph node dissection), and stage (II vs. IIIA). A total of 351 patients
were eligible for analysis with a median follow-up of 37 months; 121/183 (66%)
of patients in the chemoradiotherapy arm received all four cycles of chemother-
apy, while 139 (76%) received the planned radiotherapy, and 83% (139/168) of
patients in the radiotherapy-only arm received the requisite radiotherapy. Grades
3 or 4 toxicity consisting largely of leukopenia and esophagitis occurred in 8.8%
and 1.3% of patients who received radiotherapy alone, and 25% and 65% of
patients who received chemoradiotherapy. Treatment-associated mortality was
2.2% in the chemoradiotherapy arm and 2.4% in the radiotherapy arm. Median
survival in the radiotherapy arm was 41.1 months and 38.6 months in the com-
bined-modality arm (p 5 .99). Analysis of the stratified subgroups showed no
statistically significant survival advantage for either treatment arm. Similarly,
comparison of the eligible and ineligible patients revealed no survival difference.

META-ANALYSIS

The previously summarized adjuvant phase III trials are those that employed
modern treatment modalities and contained sufficient data regarding TNM stag-
ing, drug administration, and radiotherapy techniques to permit accurate analysis.
Though the trials required the participation of multiple investigators and numer-
ous years to reach their accrual goals, each individual study contained insufficient
numbers of patients to permit detection of fine differences between the treatment
arms. In an effort to overcome this problem, which is common to most areas of
clinical research, the statistical methods of meta-analysis were applied. Appro-
priate trials were identified via literature searches and personal communication
with experts in the subject of interest. Data from disparate studies were collected,
updated, and collated. The resulting large number of patients permits a greater
statistical power to identify small differences among treatment groups. Though
meta-analysis has achieved recent popularity and widespread utilization, not all
statisticians are convinced of its accuracy or utility (14,15). Indeed, it is our
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opinion that the subtleties of clinical trials render the conclusions of meta-analy-
ses suspect. With these caveats stated, the published meta-analyses of adjuvant
chemotherapy and radiotherapy can be reviewed.

The Non–Small Cell Lung Cancer Collaborative Group published a meta-
analysis of chemotherapy trials that were conducted between 1965 and 1991 (16).
Among the 52 randomized studies containing 9387 patients with the requisite
details regarding staging, treatment, and survival were 14 adjuvant therapy trials
containing 4357 patients who were randomized to postoperative chemotherapy
or observation, and seven studies containing 807 patients who received either
adjuvant radiotherapy or combination chemoradiotherapy. The 14 adjuvant-che-
motherapy trials were further divided into three groups: five containing alkylating
agents (2145 patients), eight containing cisplatin (1394 patients), and four con-
taining other drugs, principally tegafur or UFT (918 patients). (Note: some of
the publications contained the results of more than one chemotherapy trial and
are counted twice.)

The utilization of alkylating agents proved detrimental to survival, causing
a 15% increased risk of death and decreasing survival at 2 and 5 years by 4%
and 5%, respectively (p 5 .005). However, the cisplatin-containing regimens
proved beneficial, producing a 13% decrease in the risk of death and improving
survival at 2 and 5 years by 3% and 5%, respectively. This improved survival
approached, but did not reach, statistical significance (p 5 .08). The trials con-
taining ‘‘other’’ drugs demonstrated no significant survival difference between
the study arms (p 5 .30). Six of the seven trials comparing adjuvant radiotherapy
to chemoradiotherapy employed a cisplatin-containing regimen. Analysis demon-
strated a 6% reduction in the risk of death favoring combined chemoradiotherapy,
though the 2% improved survival at 2 and 5 years was not statistically significant
(p 5 .46). The authors stated that analysis of each chemotherapy group by stage
failed to identify a subgroup that either sustained a greater benefit or was more
adversely affected by treatment.

The PORT Meta-analysis Trialists Group recently reported their meta-anal-
ysis of nine adjuvant trials containing 2128 patients with resected stages I–IIIa
NSCLC who were randomized to either radiotherapy or no further treatment (17).
Postoperative radiotherapy was associated with a 21% relative increase in the
risk of death and 7% decrease in 2-year survival (55% vs. 48%, p 5 .001). Local
and distant recurrence-free survival were also adversely affected by radiotherapy
(p 5 .005, p 5 .007, respectively). Similarly, analysis of overall recurrence-free
survival demonstrated a 13% relative increase in the risk of recurrence or death
and a 4% reduction in the 2-year recurrence-free survival (46% vs. 50%, p 5
.018). Subgroup analysis by stage revealed that the greatest adverse effect of
postoperative radiotherapy occurred in patients with stage I disease. A less unfa-
vorable effect was demonstrated in patients with stage II disease, and neither a
beneficial nor a detrimental effect was seen in patients with stage III disease.
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TABLE 1 ECOG 3590 Morbidity

RT 1 chemo
RT n 5 230 Grade n 5 232 Grade

3 4 3 4

Leukopenia ,1% 41% 38%
Granulocytopenia 1% 14% 60%
Thrombocytopenia 13% 5%
Anemia ,1% 13% 1%
Nausea 1% 20%
Emesis ,1% 10% 5%
Esophagitis 1% 14% 3%

MORBIDITY AND MORTALITY

The extent and severity of adjuvant-therapy-induced morbidity and mortality are
difficult to assess owing to a lack of uniform definitions and reporting. The LCSG
documented only one death among the 543 patients entered in the three adjuvant
trials previously cited (5–7). The majority of hematological, gastrointestinal, and
pulmonary toxicities were grade 3 or less. As expected, the morbidity for those
patients who received combined treatment was greater than for those who re-
ceived radiotherapy alone. The Japanese reported similar data, with no treatment-
related deaths among the 837 patients included in the three adjuvant-therapy trials
(9–11).

However, Dautzenberg et al. reported 17 (6.4%) treatment-related deaths
among the 267 patients in the French trial (five in the radiotherapy arm and 12
in the radio/chemotherapy arm) (8). Three patients in the radiotherapy arm and
two patients in the combined arm developed bronchopleural fistula. In addition,
grade 3–4 hematological toxicity was present in 6% of patients, gastrointestinal
in 8%, and other organ systems in 2%.

Keller et al. (13) documented seven deaths (1.4%) among the 488 patients
registered in the ECOG trial (Table 1). Treatment morbidity was, as expected,
worse in the combined-treatment arm. Grade 4 granulocytopenia and leukopenia
occurred in 60% and 38% of patients, respectively.

ADJUVANT THERAPY—WHY IS IT NOT MORE
SUCCESSFUL?

Radiation and chemotherapy have been utilized both individually and in combina-
tion as adjuvant treatments following complete resection of NSCLC. These cyto-



192 Keller and Small

TABLE 2 Administration of Chemotherapy

% of patients who received the
Trial Planned cycles planned cycles

LCSG 772 (5) 6 58%a

LCSG 791 (7) 6 51%
Ohta (9) 3 41%
Wada (10) 1c 75%d

SGACLC (11) 1b 85%
Dautzenberg (8) 3 76%
Keller (13) 4 66%

a Average cumulative dose of all patients randomized to receive chemotherapy.
b One initial dose followed by daily oral drug for 6 months (see text).
c One initial dose followed by daily oral drug for 1 year (see text).
d All patients received the initial chemotherapy dose. This figure represents the percentage
of planned daily drug actually received.

toxic modalities are thought to be most effective with small numbers of rapidly
dividing cells. Yet, despite the presence of only micrometastatic disease follow-
ing complete resection of the primary tumor, and laboratory evidence that docu-
ments the entry of those micrometastases into a growth phase following resection
of the primary tumor (18,19), adjuvant therapy has proven ineffective. Other
theoretical considerations regarding the timing of treatment in relation to opera-
tion, the number of drugs, and their mechanisms of action, as well as the order
in which the two modalities are administered, have also not yet proven clinically
relevant (20,21).

Practical aspects of adjuvant-therapy administration have, however, proved
significant. Following surgery, many of the patients are unable to receive all the
planned chemotherapy cycles (Table 2). Concomitant chemotherapy and radio-
therapy compounds this problem.

CURRENT TRENDS

Though adjuvant therapy for resected stages II and IIIA NSCLC has proved dis-
appointing, new studies with different drugs and dosage schedules are being in-
vestigated. Following operation, patients with N1 (stage II) disease are eligible
for participation in the National Cancer Center of Canada adjuvant trial NCIC
BR.10. Patients are randomized to either observation or chemotherapy (four cy-
cles of monthly cisplatin and weekly vinorelbine). The principal clinical objec-
tives of the trial are: (1) to compare the duration of overall survival between
completely resected patients who have received either adjuvant chemotherapy or
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TABLE 3 Current Adjuvant Therapy Trialsa

Protocol
Group number Therapy Accrual goal Eligibility

NCICb BR10 CT/observation 600 T2N0,T1–2N1

CALGBf 9633 CT/observation 504 T2N0

CALGBf 9734 CT/CT 1 RT 480 Stage IIIA
EUe 94043 CT/observation 1840 Stages I–IIIA
EUe 96010 CT/observation 3300 Stages I–IIIA
EUe 97010 CT/observation 750 Stages I–IIIA
EORTCc 08861 RT/observation 106 Stage II–III
GETCBd 04CB86 RT/observation 189 Stage I–III
GETCBd 05CB88 RT/observation 539 Stage I–III

a See text for details.
b National Cancer Institute of Canada.
c European Organization for Research and Treatment of Cancer.
d Groupe d’Etude et de Traitement des Cancers Bronchiques.
e European Union.
f Cancer and Leukemia Group B.

observation alone and (2) to measure and compare health-related quality of life
in both treatment arms throughout the study period. Accrual of the 600 necessary
patients is underway and is expected to require 5.5 years. A CALGB trial, limited
to stage IB patients, uses a similar approach in resected patients, comparing four
cycles of adjuvant carboplatin-paclitaxel to observation. In another CALGB trial,
patients with resected stage IIIa disease are randomized to chemotherapy
(carboplatin/paclitaxel) versus chemotherapy (same agents) followed by medias-
tinal radiation.

A number of European adjuvant therapy trials include patients with stages
I–IIIA NSCLC (Table 3). Following resection of stages I–IIIA NSCLC, the Euro-
pean Union is randomizing 1840 patients to receive either chemotherapy con-
sisting of mitomycin, vindesine, and cisplatin or no further therapy (EU 94043).
Radiotherapy may be administered at the discretion of each institution. If em-
ployed, it will be given in both study arms. In another study with similar stages
(EU 96010), 3300 patients will be randomized to receive three cycles of chemo-
therapy consisting of cisplatin and either a vinca alkaloid or etoposide or no
further therapy. Individual institutions have the option to administer sequential
radiotherapy. Finally, 750 patients with resected stages I–IIIA will be randomized
to receive three cycles of cisplatin and etoposide or no further treatment (EU
97010). Radiation may be administered at the discretion of the treating physician.
Three additional trials evaluating adjuvant radiotherapy have been completed,
but not yet reported (17).
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The introduction of new chemotherapeutic agents with increased effective-
ness has raised the hope of prolongation of life in patients with NSCLC. The
decreased toxicity associated with these drugs has permitted their use after sur-
gery with little or no increase in surgical morbidity or mortality. In addition,
improvements in radiotherapy techniques have enabled more accurate and less
toxic administration following operation. To conclusively demonstrate the role
of adjuvant therapy, patients should be encouraged to participate in controlled,
randomized prospective trials.
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Surgery for Potentially/Marginally
Resectable Pathological N2 NSCLC: Pro

William H. Warren
Rush-Presbyterian-St. Luke’s Medical Center, Chicago, Illinois

INTRODUCTION

Complete surgical resection has provided the best local control and the best 5-
year survivals for stage I and stage II carcinoma of the lung. Many studies have
failed to prove a survival advantage with the addition of immunotherapy, chemo-
therapy, or radiotherapy, either alone, or in any combination. Surgical resection
alone is adequate for these stages of malignancy and reflects the relative ineffec-
tiveness of other modes of therapy.

Stage III lung cancer, however, presents a different clinical challenge.
While, by definition, the tumor is still localized to the thorax, complete surgical
extirpation is much more difficult to accomplish. Even in patients assessed to
have undergone a complete resection (as determined by a pathological assessment
of the specimen), the development of local/regional recurrence and/or distant
metastases is a frequent occurrence. Early data documented that the 5-year sur-
vival of all stage III patients undergoing resection alone is only 5%. This sobering
statistic has instigated a nihilistic approach to this stage of disease with the advo-
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cation of palliative radiotherapy alone as an alternative to surgical resection. This
attitude may still persist. Nevertheless, surgeons have continued to advise that,
within the entire population of stage III patients, there is a subset for which surgi-
cal resection plays an important role.

Recognizing that stage III was simply too heterogeneous to address this
controversy, the early TNM staging system was modified in 1986 (1). Stage III
was subdivided into stage IIIA and stage IIIB on the basis of ‘‘resectability’’
versus ‘‘unresectability’’ using the conventional criteria of the day. Many T4

tumors (stage IIIB), by virtue of involvement of the carina, superior vena
cava, and left atrium, can now be resected safely with a long-term survival advan-
tage over nonoperative care. Nevertheless, most patients with stage IIIB lung
disease are not surgical candidates, particularly those with N3 nodal involvement
(2–5).

Over the past 25 years, several studies have been published to attempt to
define the best management of patients with stage IIIA lung carcinoma. The result
of surgical therapy alone, while better than that of stage IIIB, has still been disap-
pointing regardless of the scope of the resection. While generally the unaltered
natural history of stage IIIA disease may be the same, evidence suggests that not
all subtypes of this stage respond equally to therapeutic intervention. Encouraging
results have been reported in surgically resected stage IIIA disease particularly
in the absence of N2 involvement (3,6,7).

Many authors have demonstrated that T3N1 tumors (be they peripheral
or central T3 carcinomas) respond better to surgical resection, with or without
adjuvant therapy, than T1–2N2, and especially T3N2 tumors, even though all
are staged as IIIA tumors (8). Ichinose et al. observed that the 5-year survival
after resection of stage IIIA (N0, N1) tumors was 62.1% versus a 5-year survi-
val of only 22.7% after resection of stage IIIA (N2) tumors (9). The focus
on stage IIIA (N2) as a specific subset within stage IIIA is a more recent de-
velopment and this distinction is increasingly being adopted in current clinical
reports (10).

This functional refinement in staging has realized that the majority of
cases of surgically resected stage IIIA (N2) recur with distant metastatic spread.
Moreover, completely resected patients had an unacceptably high local/regional
recurrence rate. These features have led to the incorporation of various local
and systemic adjuvant therapies attempting to modify patterns of failure and/or
to improve the long-term survival. The interpretation of the results of the
many clinical trials has been problematic. The subject matter derives from many
disciplines including radiation biology, pharmacokinetics, and immunology,
and the trials are often retrospective, nonrandomized, and subject to consider-
able selection bias. Earlier reports failed to address specifically the subpopula-
tion of stage IIIA disease with N2 involvement. Nevertheless, many observations
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were made that help to define the role of surgical resection in this particular
subset.

PREDICTORS FOR FAVORABLE PROGNOSIS FOR
SURGICAL RESECTION OF STAGE IIIA (N2) DISEASE

Over the past 25 years, several reports have attempted to define features that
predict favorable outcome after surgical resection (11–17). These include patient
characteristics, the scope of the surgical resection, and various tumor parameters,
including mediastinal lymph node involvement.

The performance status and overall health of a patient may determine
whether a patient may participate in a given therapeutic intervention. This is
important when comparing results of a trial of preselected patients and historical
results of a patient population. In a radiotherapy series of ‘‘inoperable’’ patients
considered to be ‘‘favorable’’ (i.e., Karnofsky Performance Status of 70 or greater
and little or no weight loss), favorable patients had a better response to therapy
than ‘‘unfavorable’’ patients (18). In a series comparing combined chemotherapy
and radiotherapy with resection in patients identified as ‘‘eligible’’ or ‘‘ineligi-
ble’’ for resection, ‘‘eligible’’ and resected patients had a 3-year survival of 39%
versus ‘‘ineligible’’ patients denied a resection with a 3-year survival of 18%
(19). Another report compared the outcomes of patients receiving combined ther-
apy with or without surgery, assessing patients eligible for surgery versus patients
considered initially ineligible for surgery. In patients eligible for surgery who
elected to undergo surgery, the 3-year survival was 52%; in contrast, those eligi-
ble, but who declined surgery, had a 3-year survival, no different than those
ineligible for surgery (25% vs. 19%) (20). In these series, however, stage III (N2)
was not separately analyzed. Intuitively, patients with a better performance status
present a lower operative risk and have a better long-term prognosis, even among
patients with the same TNM stage. The selection bias to enlist only the favorable
patients for aggressive therapy confounds interpretation of the results of most
nonrandomized and randomized clinical trials.

Complete surgical resection is also an important prognostic factor. Com-
plete resection mandates that all microscopic margins are free of tumor after a
complete mediastinal lymph node dissection. Sabanathan et al. demonstrated a
5-year survival of 42% in stage III patients undergoing a complete surgical resec-
tion, and a 0% 5-year survival in those undergoing ‘‘incomplete’’ resections (21).
In two similar series of patients with stage IIIA (N2) disease, the 5-year survival
in patients undergoing a complete resection was significantly better than in those
undergoing an incomplete resection (16,17). Suzuki et al. observed that complete
resection (vs. incomplete resection) was one of four statistically significant and
independent prognostic factors (15). The Lung Cancer Study Group (LCSG) ex-
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tended the definition of complete resection to include the absence of metastatic
tumor in the highest mediastinal lymph node. In a LCSG trial of preoperative
chemoradiotherapy, Weiden and Piantadosi observed that the best local control
was achieved after complete resection (vs. incomplete resection), especially if
the tumor had undergone a complete histological response (22).

The size and location of the primary tumor is another independent prognos-
tic factor. Several series have reported that the T status impacts on prognosis,
with T3N2 tumors having a 5-year survival of 0–20% (11–14,21,23,24). Size and
location of the primary tumor may reflect the extent of the operation required
for its removal. One study observed that patients with stage III (N2) tumors requir-
ing a pneumonectomy to accomplish complete resection had a worse prognosis
that those undergoing a lobectomy (16). Some authors have been unable to con-
firm that the size of the primary tumor influences the long-term survival (25,26).
According to Asamura et al., peripheral T1 tumors with N2 metastases have a
44.5% 5-year survival after a complete resection (27). Additionally, Daly et al.
found that patients with microscopically positive N2 disease and whose primary
tumor was peripheral had a survival advantage over similar patients in whom the
tumor was central (28).

Most investigators have recognized that the size and number of involved
mediastinal lymph nodes impact on the results of surgical resection and long-
term outcome. Several authors have distinguished between ‘‘clinically’’ positive,
bulky or grossly involved nodes and ‘‘microscopically’’ positive or occult metas-
tases discovered at the time of routine mediastinoscopy or surgical resection
(10,29,31). Pearson et al. reported that in patients who had positive mediastinal
nodes at the time of resection and negative nodes by mediastinoscopy, the 5-year
survival after a complete resection was 41%; those who had positive nodes by
mediastinoscopy and a ‘‘curative’’ resection had a 5-year survival of 15% (32).
Nakanishi et al. reported a 21% 5-year survival in a group of patients with radio-
logically unsuspicious, but surgically discovered stage III (N2) disease (17). Mar-
tini et al. and Watanabe et al. both reported a 33% 5-year survival in patients
whose N2 disease first became apparent at the time of thoracotomy and underwent
a curative resection (11,33). Cybulsky et al. reviewed the preoperative CT scans
of patients with completely resected stage IIIA (N2) disease. In those patients
found to have mediastinal nodes greater than or equal to 1 cm, the 5-year survival
was 6.6% compared to 13.5% in those patients with mediastinal nodes 1 cm or
less (34). Several authors have found that patients with disease limited to the
lower mediastinal nodes had a better prognosis than those with disease in the
upper mediastinal nodes. Patients with multiple levels of involvement had the
worse survival (35–38). Upon reviewing their experience with surgical resection
of stage IIIA (N2) lung carcinoma, other investigators discovered that patients
who had involvement at only one level had a significantly better 3-year survival
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than those with involvement at multiple levels (11,37,39,40). However, in all of
these studies, there was no significant difference in survival 4 years after surgery.

Patients with N2 metastatic disease confined to the subaortic nodes (level
5,6) have a better prognosis than those with any other single level of mediastinal
nodal involvement. Patterson et al. reported 23 patients undergoing a complete
resection with N2 disease confined to the subaortic nodes and the 5-year survival
was 42% (41). Cybulsky et al. and Nakanishi et al. also reported that patients
with carcinomas in the left upper lobe and N2 nodal involvement limited to the
subaortic nodes had a significantly better 5-year survival than other patients with
more extensive N2 disease (17,34). Others have been unable to validate this obser-
vation (25). On the other hand, patients with subcarinal nodal involvement (level
7) have a worse prognosis than other patients with N2 disease in other locations
(36). Naruke et al. observed that in patients with resected N2 disease the 5-year
survival was 29% with uninvolved subcarinal nodes and 9% if the subcarinal
nodes were involved (42).

Several histological characteristics have been identified as having prognos-
tic significance. In an early report, Pearson et al. recognized that if the tumor
had squamous differentiation, was intracapsular, and was microscopic, the 5-year
survival of patients undergoing radiotherapy followed by complete resection was
31% (31). The distinction between intracapsular and extracapsular disease is eas-
ier to make on a mediastinal node dissected at the time of thoracotomy as opposed
to nodal biopsy by mediastinoscopy (43).

While the above data support the position that there are patients with stage
IIIA (N2) who would predictably do better in the short term with a complete
surgical resection than with palliative radiotherapy, the overall long-term survival
statistics after surgery alone are poor. The patterns of failure, site of first recur-
rence, and 5-year survival have all been documented and considered in devising
adjuvant therapies. Over the last 25 years, numerous clinical trials have been
conducted to attempt to improve these results. The outcomes of these trials will
be outlined.

ADJUVANT RADIOTHERAPY

Preoperative external-beam radiotherapy was the first adjuvant therapy to be used
in conjunction with surgical resection. In 1975, a large cooperative study was
published that compared the results of 40-Gy external-beam radiotherapy to the
mediastinum and primary tumor followed by surgical resection to surgical resec-
tion alone. Although no staging system was in use, survival in the two groups was
almost identical (44). Another part of this study assessed the value of preoperative
therapy in patients initially thought to be unresectable. Those patients who re-
sponded to radiotherapy and upon reassessment were considered to be potentially
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resectable were randomized to surgery versus no surgery. Survival in these two
groups was also not significantly different (44). In 1990, a similar, but nonran-
domized trial was performed. Patients with stage III tumors underwent preopera-
tive 40 Gy to the primary tumor and mediastinum over a 4-week period. Patients
with (N2) disease had a 5-year survival of 20%. Of the cases considered to be
inoperable after radiotherapy, there were no 5-year survivors (45).

Postoperative radiotherapy after complete resection for stage IIIA disease
has also been studied. In 1990, Astudillo and Conill studied 146 patients with
stage IIIA carcinoma treated by complete resection. Some patients were treated
with postoperative radiotherapy in a nonrandomized fashion. The incidence of
local/regional recurrence was marginally lower with the addition of postoperative
radiotherapy, but there was no impact on survival (23). In 1980, Van Houtte
reported on the effect of the administration of 60 cGy to the mediastinum after a
complete resection. Not only was survival unaffected, but there was an additional
detrimental effect in patients with squamous carcinoma undergoing a pneumonec-
tomy (46). Nevertheless, others continued to find some improvement in local/
regional control and improvement in 3-year survival (47). In 1986, another trial
for completely resected stage IIIA (N2) disease randomized patients to receive
50 cGy radiation postoperatively to the mediastinum versus no additional therapy.
There was some benefit with local/regional recurrence but there was no survival
advantage with radiotherapy (48). All of these trials conclude that survival in
completely resected stage III (N2) patients was primarily determined by recur-
rence at distant sites, and that future trials should encompass effective systemic
adjuvant therapy.

ADJUVANT CHEMOTHERAPY

The poor survival statistics for patients with stage IIIA (N2) disease with local
therapies of surgical resection and radiation, either in concert or alone, was a
reflection of the high incidence of tumor recurrence at distant sites, often after
good local control had been achieved. This is assumed to be on the basis of
subclinical micrometastases at the time of diagnosis and unaffected by local thera-
pies. This naturally led to the search for effective systemic therapy.

Although immunotherapy has had many proponents and many theoretical
advantages over conventional chemotherapy, the vast majority of the studies to
date, especially those pertaining to patients with stage III carcinomas, have failed
to demonstrate any survival benefit. In fact, several studies found a deleterious
effect upon combining immunotherapy with conventional chemotherapy (49,50).

Numerous studies have assessed the value of postoperative chemotherapy
after complete resection of lung cancer (51–54). Unfortunately, many early trials
failed to stratify for the TNM stage. Moreover, the agents available were only
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marginally effective against primary lung cancer. The mid-1980s marked a new
era with the more consistent application of clinical staging and reporting. Further-
more, clinical trials focused on more uniform patient subpopulations. In addition,
this period marks the advent of newer and more effective systemic agents. The
combination of cyclophosphamide, doxorubicin, and cisplatin (CAP), or cis-
platin, etoposide, and 5-FU evolved as standards against which other regimens
have come to be measured.

In the early 1980s, the LCSG assessed the potential benefit of adding
cisplatin-based multiagent chemotherapy to radiotherapy after ‘‘incomplete’’ re-
sections versus postoperative radiotherapy alone (55). A total of 119/151 patients
had been identified as having stage IIIA (N2) tumors, but this population was
not analyzed separately. Although there was a survival advantage and a decrease
in distant metastases at 1 year in the arm combining postoperative chemotherapy
and radiotherapy, the advantage abated after 3 years. Other trials utilizing postop-
erative chemotherapy, either alone or in combination with radiotherapy, have
also reported no long-term survival advantage over complete surgical resection
alone (51,52).

PREOPERATIVE ADJUVANT CHEMOTHERAPY
WITH/WITHOUT RADIOTHERAPY

Early experience with neoadjuvant chemotherapy (with or without radiotherapy)
was disappointing, owing to the ineffective chemotherapeutic agents available
prior to the advent of cisplatin. In contrast to the experience of postopera-
tive adjuvant therapy, the administration of induction cisplatin-based chemo/
radiotherapy preoperatively has yielded encouraging results (6,14,30,56–70).
There are several theoretical advantages in administering chemoradiotherapy in
the preoperative setting. Chemotherapy treats not only the primary tumor, but
also subclinical micrometastatic disease. In addition, several agents, including
cisplatin and 5-FU, have been shown to have radiosensitizing properties, enhanc-
ing the effect of a given dose of radiotherapy. The addition of radiotherapy is
designed to reduce the size of the primary tumor to provide a wider resection
margin, and in some cases, to provide the opportunity to perform more conserva-
tive resections. Studies have shown that an excellent radiological response does
not necessarily correlate with a complete pathological response. On the other
hand, patients with only a partial or minimal radiological response may have
undergone a complete histological response with only scar tissue remaining in
the lung and mediastinal nodes (6,30). In other instances, metastatic disease
evolves during the course of adjuvant therapy, often only discovered by restaging
the patient prior to surgery. Hence, it is important to routinely reassess these
patients with CT scan of the brain, chest, and upper abdomen, and with a nuclear
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bone scan after adjuvant therapy and prior to resection. The exclusion of patients
developing metastatic disease introduces a selection process that undoubtedly has
helped to improve the results in the surgical arm.

A multitude of phase I and II trials have documented that patients can
tolerate these regimens with acceptable toxicity and operative mortality (56,58).
In every study where patients with stage IIIA (N2) carcinomas could be evaluated,
the results favored the use of preoperative cisplatin-based adjuvant chemother-
apy. Encouraging reports documented a higher rate of complete resection at the
time of thoracotomy than historical controls of surgery with or without preopera-
tive radiotherapy. The incidence of complete resection was also higher than seen
historically with surgery alone. Complete surgical resection was found to be an
important prognostic factor (5,6,8,10,15–17,19,21,22,30,56,70). The incidence
of local/regional recurrence after a complete resection was also lower even
though most patients died with distant recurrent disease (71–73). The brain was
not only a common site for distant metastatic disease, but it was the most frequent
site when distant metastatic disease was limited to a solitary site (56,60,74). Al-
though this incidence could be reduced with prophylactic cranial radiotherapy,
it did not seem to influence the long-term survival.

Several phase III prospective randomized trials comparing induction che-
motherapy and surgery to surgery alone have yielded encouraging results in stage
IIIA N2 disease (22,75–77). Rosell et al. did not separately analyze patients with
N2 disease, but the majority of patients in both treatment arms had documented
stage III (N2) carcinomas (78). There were no 3-year survivors in the surgery-
alone arm compared with 7/30 patients surviving beyond 3 years undergoing
preoperative chemotherapy. In a small study of remarkably uniform patients, Pass
et al. also demonstrated a trend toward increased disease-free interval and sur-
vival time in patients treated with preoperative cisplatin-based chemotherapy and
postoperative radiotherapy versus surgical resection and postoperative radiother-
apy alone (75). Roth et al. compared cisplatin-based chemotherapy followed by
surgical resection with surgical resection alone (79). Unfortunately, the course
of stage IIIA (N2) patients was not analyzed separately, but they represented the
majority of cases in both arms of the trial. This trial, also, showed a clear advan-
tage in favor of preoperative chemotherapy.

Insight into the role of surgical resection in N2 disease has been provided
in a phase II study that identified 12 patients who had undergone preoperative
chemoradiotherapy and were assessed to be resectable, but who refused surgery.
Seven of the 12 patients refusing a thoracotomy underwent additional nonopera-
tive therapy. Their clinical course was compared with that of 62 similar patients
who completed the neoadjuvant therapy and underwent a thoracotomy (20). Ap-
proximately one-half of the patients in the study were assessed to have mediasti-
nal nodal involvement. Although conclusions are soft from this small number of
patients, the 3-year survival in those patients electing to have surgery was 52%



Surgery for Pathological N2 NSCLC: Pro 205

compared with 25% in those patients who refused. Unfortunately, such follow-
up and analysis of patients refusing surgery has been uncommon.

PROGNOSTIC FACTORS IN STAGE IIIA (N2) DISEASE
AFTER PREOPERATIVE CHEMOTHERAPY (WITH OR
WITHOUT RADIOTHERAPY)

Those factors cited favoring a good prognosis after surgical resection alone pre-
sumably also apply after induction chemotherapy. Good performance status, un-
derlying good health, smaller primary tumors, and minimal mediastinal node
involvement can all be expected to favor a better long-term survival. A complete
surgical resection has also been found to have prognostic significance after adju-
vant preoperative chemotherapy. In addition, several reports have identified that
patients with a complete pathological response (no viable tumor in specimen)
have a better prognosis than similar patients found to have viable tumor in the
resected specimen (45,56,80). The incidence of complete histological response
among those subjected to thoracotomy after neoadjuvant therapy has ranged from
0 to 39% (5,6,22,30,62,68,69,81,82). Although complete response had occasion-
ally been seen in patients undergoing preoperative radiotherapy alone, no survival
advantage could be demonstrated in that setting, presumably because the patients
had not undergone systemic therapy. Some authors have suggested that steriliza-
tion of previously involved mediastinal nodes (even with residual tumor in the
lung and/or in N1 nodes) may still have some prognostic significance (82).

PROBLEMS ASSOCIATED WITH NEOADJUVANT
CHEMORADIOTHERAPY

Although the prognosis for patients with completely resected stage IIIA (N2)
carcinoma can be improved with the use of preoperative chemoradiotherapy, the
operative morbidity and mortality may be increased. At thoracotomy the dissec-
tion may be tedious with tissue planes obliterated by an intense inflammatory
reaction. Commonly the primary tumor has been ‘‘downstaged’’ by preoperative
therapy, and a more conservative resection, including bronchial sleeve resection,
can be performed provided it accomplishes a complete resection. Rendina et al.
documented that the use of preoperative neoadjuvant therapy does not increase
the incidence of complications with bronchial or vascular reconstruction (83).
Nevertheless, there is an increase in postoperative morbidity, including pneumo-
nia, atelectasis, deep venous thrombosis, atrial arrhythmias, and prolonged bron-
chopleural fistula.

In the various phase II and III trials, the overall ‘‘treatment-related’’ mortal-
ity has been approximately 5% (1–15%). The incidence of ‘‘induction-related’’
mortality ranged from 0 to 7%; the 30-day perioperative mortality ranged from
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0 to 10% (56). Of those patients who died in the postoperative period, most had
undergone a pneumonectomy, and many developed ARDS and/or a bronchopleu-
ral fistula (6,84,85). In several series, the relatively high perioperative mortality
has been linked to the incidence of pneumonectomy (66,84). An attempt to per-
form a curative resection with less than a pneumonectomy is preferable, espe-
cially after neoadjuvant therapy.

Although the overall survival of patients with stage IIIA (N2) carcinoma
remains disappointingly low, complete surgical resection may still provide the
best form of local/regional control. The incidence of local/regional recurrence
is much lower than in those patients who have not undergone a resection. Other
advantages of resection include obtaining tissue for tumor marker assay and che-
mosensitivity analysis. To date, neither of these has been found to be clinically
valuable but may in the near future help determine prognosis and further manage-
ment strategies.

CONCLUSION

Although the overall long-term prognosis for patients with stage IIIA (N2)
carcinoma of the lung remains poor, surgical resection (with or without adju-
vant therapy) has certainly provided the best results for the minority of patients
with minimal mediastinal lymphadenopathy. More effective systemic control
is necessary, and at present, surgical resection offers the best local/regional
control. Even with a large mediastinal tumor burden, ‘‘complete’’ surgical
resection has provided the best means of local/regional control. It can be
performed with acceptable morbidity and mortality. The long-term survival
has been shown to be improved by the addition of chemoradiotherapy. The advan-
tage of surgical resection in stage IIIA (N2) patients after induction chemoradio-
therapy over chemoradiotherapy alone remains to be proven. Currently, there
are several prospective randomized clinical trials (RTOG 9309, CALGB 9531,
CALGB 9592) comparing neoadjuvant chemoradiotherapy followed by surgical
resection versus chemoradiotherapy alone. The results of these trials are anx-
iously awaited.
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Surgery for Potentially/Marginally
Resectable Pathological N2 NSCLC: Con

Elizabeth M. Gore and Roger W. Byhardt
Medical College of Wisconsin, Milwaukee, Wisconsin

INTRODUCTION

Patients with ipsilateral mediastinal lymphadenopathy (N2) non–small cell lung
cancer (NSCLC) are a heterogeneous group with varying prognoses. When N2

disease is diagnosed preoperatively by CT scan or chest x-ray (clinical N2), the
prognosis is worse than when N2 involvement is microscopic, diagnosed with
mediastinoscopy or at the time of thoracotomy (minimal N2). Additional prognos-
tic factors include extent of tumor within the nodes, extracapsular extension,
multiple nodal levels, multiple nodes at a single level, nodal station, and histology
(1,2). Controversy exists over the most appropriate management of N2 disease
owing to inconsistent pathological documentation and grouping of patients with
other T and N stages. The majority of patients with N2,M0 disease are grouped
into stage IIIA, which is potentially resectable, locally advanced disease. T4, N2

(in addition to T4,N0–1, and N3) is IIIB disease. Subclassification of IIIA disease,
based on T stage and degree of N2 involvement, has been proposed (3). Outcome
with multimodality therapy differs between subsets making the distinctions rele-
vant when choosing and comparing different therapies.

213



214 Gore and Byhardt

Comparing surgical and nonsurgical trials for NSCLC is particularly diffi-
cult. Generally patients treated with radiation are referred by surgeons not recom-
mending resection because of disease bulk or medical contraindication. This
group is clearly not comparable to those receiving an operation.

Distant micrometastases are present in $60% of patients with N2 disease
(3), emphasizing the need for effective systemic treatment. Adjuvant chemother-
apy has been shown to decrease distant metastases. In addition, chemotherapy
as part of multimodality therapy is effective in improving local control in both
surgical and nonsurgical management of stage III disease. Studies with the most
encouraging results use multimodality therapy.

The current recommendation for minimal N2 disease is resection (1,4,5),
but controversy exists over whether pre- or postoperative chemotherapy and/or
radiation improves survival. This recommendation is based on superior surgical
results compared to standard radiotherapy for unresectable or medically inopera-
ble disease. For bulky or clinical N2 disease chemoradiotherapy is standard of
care. One question must be addressed: does surgical resection after induction
chemoradiotherapy in a select group of clinical N2 patients improve outcome over
chemoradiotherapy alone?

Intergroup trial 0139 is a phase III trial designed to assess whether concur-
rent chemotherapy and radiotherapy followed by surgical resection results in a
significant improvement in progression-free, median, and long-term survival
compared to the same chemotherapy plus standard radiotherapy in patients with
biopsy-proven T1-3,N2 NSCLC. This study is currently accruing patients. The re-
sults should help resolve these controversies.

MINIMAL N2 DISEASE

Surgery

Surgical resection of minimal N2 NSCLC results in 5-year survival rates of 10–
34%. Martini and Flehinger reported 3- and 5-year survivals of 47 and 34% after
complete resection of clinical N0–1/pathological N2 disease (1). This was a retro-
spective review of 151 patients who had complete resections for N2 NSCLC. Of
the original 404 patients surgically explored, 224 had clinical N0–1 disease. In
53% (119/224) complete resection was possible. Survival rates are based on this
very select group of patients with completely resected tumors. Ninety percent of
the patients were treated with postoperative radiation. Locoregional failure was
only 20%. In the series reported by Naruke et al., the 5-year survival for resected
N2 disease was 19.2% (4). Pearson et al. reported 9% and 24% 5-year survival
after resection of N2 disease with positive and negative mediastinoscopy, respec-
tively (6).
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Randomized combined modality trials for minimal N2 disease include a
National Cancer Institute (NCI) trial reported in 1992 comparing pre- and postop-
erative chemotherapy and postoperative radiation alone (7) and a Japanese trial
of preoperative chemoradiotherapy versus resection alone (8). Neither study
showed a survival advantage with induction therapy. Two- to 3-year survival in
the Japanese trial was 37–40% and 21–46% in the NCI trial.

Radiation Therapy

Patients without clinical N2 disease, medically unfit for surgery and referred for
radiation, are, unfortunately, not routinely mediastinoscoped and therefore not
accurately staged. The incidence of occult mediastinal lymphadenopathy in clini-
cal T1–3, N1 disease is approximately 25%. Radiation results in patients with clini-
cally occult N2 disease are difficult to obtain. In ‘‘higher’’-performance-status
patients and clinical N1 disease, treated with ‘‘standard’’ radiation (60 Gy given
in 30 daily fractions 5 days per week), 5-year survival of 28% has been reported
(9).

Local control rates with ‘‘standard’’ radiation are poor. Evidence suggests
that increasing the biological total dose of radiation improves local control. This
can theoretically be accomplished with hyperfractionated radiation (10), three-
dimensional conformal radiation, and noncytotoxic radiosensitizers or low-dose
cytotoxic chemotherapy given with radiation. It is expected that with conformal
radiation, total doses can safely be escalated, improving local control while
avoiding unacceptable doses to normal tissue volumes. This is now being evalu-
ated by the RTOG. Hyperfractionated radiation can be used to increase the total
dose of radiation given to the tumor without increasing normal tissue toxicity.
With optimal radiation therapy in good-performance-status patients, local control
and survival may be similar to that achieved with surgery and postoperative irra-
diation. As with surgical series, effective systemic therapy is necessary to im-
prove the rate of response of distant metastases.

CLINICAL N2 DISEASE

As with minimal N2 disease, there is no completed prospective randomized trial
that identifies whether surgery is beneficial after induction chemotherapy or che-
moradiotherapy. Available studies have used heterogeneous patient populations.
The surgical series include patients who are medically fit for surgery and have
less bulky, technically resectable disease. Other patients with clinical N2 disease
are generally referred for radiation. Historically, owing to poor results, radiation
is frequently considered palliative. With the introduction of effective systemic
chemotherapy, radiosensitizing chemotherapy, and new radiotherapy techniques,
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more patients are receiving preoperative chemotherapy or chemoradiotherapy for
downstaging followed by resection or various combinations of chemotherapy and
radiation as definitive treatment.

Surgery alone and radiation alone will be discussed to emphasize the simi-
lar poor results with single-modality therapy. Multimodality therapy with and
without surgery will then be discussed.

Surgery

Martini and Flehinger have reported survival rates for clinical N2 disease, detected
radiographically or by mediastinoscopy, treated with surgery and postoperative
irradiation (1). In this retrospective review, 179 patients with clinical N2 disease
were considered to have operable tumors. Only 32 (18%) had complete resections
producing 3- and 5-year survival rates of 9%.

Two small prospective randomized trials comparing surgery to preoperative
chemotherapy and surgery for IIIA disease have been published (11,12). Ipsilat-
eral mediastinal lymphadenopathy was clinically obvious on CT scans. Pathologi-
cal confirmation of N2 disease was not required. It is important to note that as
many as 35% of patients with positive mediastinal lymph nodes on CT scan will
have negative nodes by mediastinoscopy (13). Median survivals for surgery alone
were 8 and 11 months in both studies and 3-year survivals were 15% and 15%
(Table 1). Both studies showed a survival advantage with preoperative chemo-
therapy.

TABLE 1 Single Modality Therapy

Survival Median 1 year 2 year 3 year 5 year

Standard RT
Perez (14) 20%
Dillman (16) 9.6 40% 13% 10% 6%
Sause (15) 11.4 46% 19% 6%
Cox (17) 30% 7%

Hyperfractionated RT
Sause (15) 12.3 51%
Cox (10) 13 29%
Cox (17) 58% 20%

Surgery
Martini (1) 9% 9%
Rosell (11) 8 15%
Roth (12) 11 25% 15%
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In the study reported by Rosell et al. 60 patients with stage II and III
NSCLC were randomly assigned to either three cycles of preoperative chemother-
apy (mitomycin and cisplatin) or surgery alone (11). Eighty-three percent of pa-
tients in the chemotherapy arm had clinical N2 disease and 63% in the surgery-
alone group. There was one pathological complete response to chemotherapy.
Complete resection rate was 76% in the chemotherapy group and 90% in the
surgery-only group. Median survival with preoperative chemotherapy was 26
months and 8 months with surgery alone. Three-year survival was 30% for preop-
erative chemotherapy and 0% for surgery alone. Prevalence of mutated K-ras
oncogene was 15% in patients receiving preoperative chemotherapy and 42% in
those treated with surgery alone. This may partly explain the different outcomes
between the two groups.

At MDACC 60 patients with stage IIIA NSCLC were randomized to sur-
gery alone or six cycles of perioperative chemotherapy (cyclophosphamide, eto-
poside, and cisplatin) (12). Three cycles were given preoperatively and three
cycles postoperatively in responders. Sixty-nine percent of the surgery-only
group and 71% of the chemotherapy group had clinical stage IIIA disease. Only
20/28 patients in the chemotherapy arm went on to thoracotomy. There was one
complete responder and eight partial responders to preoperative chemotherapy.
Complete resection rates were 61 and 66% and were not statistically different.
Estimated median survival in the chemotherapy group was 64 months compared
to 11 months in the surgery-alone arm (p , 0.008). Estimated 2- and 3-year
survivals were 60% and 56% respectively, for the perioperative chemotherapy
patients and 25% and 15% for those who had surgery alone. Most recurrences
following resection were distant metastases. There was one local recurrence after
complete resection in the chemotherapy arm and three in the surgery-alone arm.
Including patients with unresectable disease, local control was not achieved in
43% (12/28) of patients in the chemotherapy arm and 44% (14/32) of patients
in the surgery arm.

Radiation Therapy

The results of RTOG 73-01 established a ‘‘standard’’ for definitive radiation for
medically inoperable or technically unresectable NSCLC (14). This study showed
survival rates with continuous-course radiation to 60 Gy in 30 fractions to be
superior to lower total doses. Survival at 2 years was 20% with a local control
of 50%. The ‘‘standard’’ radiation-only arms of RTOG 88-08 and CALGB 8433
both reported similar results (15,16). Patients in these studies had IIIA or IIIB
disease, KPS $ 70, and ,5% weight loss in the 3 months prior to entry. In the
RTOG study, median survival was 11.4 months and 1-year survival 46%. Fifty-
six percent of patients had N2 disease, 20% had N3 disease, and only 24% had
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N0–1 disease (15). In the CALGB study median survival was 9.6 months and 1-,
3-, and 5-year survivals were 40%, 10%, and 6%, respectively (16). Despite the
more advanced stage in the radiation series the results are similar to those in the
surgical series. Survival in these studies was superior in the induction chemother-
apy arms due mostly to decreased distant metastases. Locoregional progression
was high, emphasizing the need for more aggressive local treatment.

A phase I/II dose escalation trial of hyperfractionated radiation with total
doses of 60–79.2 Gy for unresectable NSCLC demonstrated a dose response for
survival (10). Survival with 69.6 Gy given at 1.2 Gy per fraction twice daily was
significantly better than with lower doses. Two-year survival was 29% and me-
dian survival was 13 months. These results were confirmed in the hyperfraction-
ation arm of RTOG 88-08, showing a 1-year survival of 51% and median survival
of 12.3 months (15).

Cox et al. evaluated only patients with clinical N2 disease with ,5% weight
loss and KPS $ 70 treated with hyperfractionated radiation on RTOG 83-11 and
compared them to similar patients treated with ‘‘standard’’ radiation on RTOG
protocols 73-01, 78-11, and 79-11 (17). Patients treated with 1.2 Gy twice daily
to 69.6 Gy had significantly longer 1- and 3-year survivals (58% and 20%, respec-
tively) compared to 2 Gy per fraction to 60 Gy (30% and 7%). More than half
of the patients had T3 or T4 primary tumors. Patients with technically unresectable
disease were not excluded. Despite differences in patient population compared
to surgical series, these results compare favorably to those with surgery alone or
surgery plus postoperative radiation. They are also similar to those in surgical
series using perioperative chemotherapy or chemoradiotherapy.

Multimodality Therapy-Surgery

Preoperative Chemotherapy

Preoperative chemotherapy or chemoradiotherapy in responsive tumors can in-
crease resectability rates and control micrometastases. It is important that studies
evaluating induction therapy followed by surgery for N2 disease use pathological
staging prior to induction therapy. Studies from Memorial Sloan-Kettering (18),
the CALGB (19), and Toronto (20) used preoperative chemotherapy and postop-
erative irradiation in pathologically documented clinical N2 disease. Complete
resection rates were 51–65%, locoregional relapse 25%, and median survivals
15–21 months (Table 2).

The 136 patients in the Sloan-Kettering study had clinical N2 disease de-
fined as bulky mediastinal lymph node metastases or multiple levels of lymph
node involvement in the ipsilateral mediastinum or subcarinal space on chest x-
rays, computed tomographic scans, or mediastinoscopy (18). Patients received
two to three cycles of MVP (mitomycin 1 vindesine or vinblastine 1 high-dose
cisplatin) preoperatively. The complete resection rate was 65% and the complete
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TABLE 2 Multimodality Therapy

Survival Median 1 year 2 year 3 year 5 year

Preop CT
Martini (1) 19 28% 17%
Sugarbaker (19) 15 23%
Burkes (20) 21 34%

Preop CT/RT
Strauss (22) 15.5 58%
Albain (21) 15 26%
Weiden (24) 13

CT/RT
Dillman (16) 13.7 54% 26% 24% 17%
Sause (15) 13.8 60%
Byhard (27) 12.2 54% 28%

pathological response rate was 14%. After complete resection, local regional re-
currences occurred only in patients who did not have complete pathological re-
sponses. Median survival was 19 months and overall 3- and 5-year survival rates
were 28% and 17%, respectively. The CALGB used vinblastine and cisplatin
preoperatively followed by postoperative irradiation (19) with a complete resec-
tion rate of 62%. Median survival was 15 months. Burkes et al. published a
similar series from Toronto, using preoperative chemotherapy. The resection rate
was 51% and the median survival 21 months (20). There was a plateau in overall
survival between 3 and 5 years of 34% (21). In these studies, the majority of
recurrences in patients with complete resections were distant metastases. Most
patients with unresectable disease died of locoregional progression.

Preoperative Chemoradiotherapy

Preoperative chemoradiotherapy has been assessed in phase II studies by CALGB
(22), SWOG (23), and LCSG (24). These studies were intended for marginally
resectable or potentially unresectable disease. This may be the most appropriate
group to compare to patients treated with definitive chemoradiation (Table 2).

The CALGB trial treated 41 patients with histologically confirmed T3 and/
or N2 disease (22). Eighty percent of patients had N2 disease. Both preoperatively
and postoperatively, patients were treated with two cycles of cisplatin, vinblas-
tine, and 5-FU, and radiation starting concurrently with the first cycle of chemo-
therapy. Each cycle of radiation was 30 Gy given in 15 fractions. Resection rate
was 57% with a complete response rate of 22.5%. Median survival was 15.5
months and 1-year survival 58%. There were six (14%) treatment-related deaths.
In the SWOG study, eligible patients had histologically proven N2 or N3 nodal
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disease or T4 primary lesions (23). Patients were treated with 45 Gy given at 1.8
Gy per fraction concurrently with two cycles of cisplatin and etoposide. Resect-
ability was 83%. Locoregional relapse was 11%. Three-year survival was 26%
and median survival 15 months. Treatment-related mortality was 10%. Median
survival time and 3-year survival rate were significantly better if mediastinal
nodes were negative in the surgical specimen (30 months vs. 10 months and 44%
vs. 18%). The LCSG treated 85 patients with technically unresectable disease
(24). They received two cycles of cisplatin and 5-FU with 30 Gy at 2 Gy per
fraction starting concurrently with the first cycle of chemotherapy. Complete
pathological response was 9%. Complete resection rate was 34%. Median sur-
vival was 13 months. Postoperative mortality was 7%. Treatment-related deaths
with induction chemotherapy and chemoradiotherapy were between 4 and 10%.

Multimodality Therapy—Radiation

The CALGB 8433 and RTOG 8808 have established standard of care for patients
with unresectable stage IIIA and IIIB NSCLC with KPS $ 70 and ,5% weight
loss. These trials demonstrated median and overall survival advantage of induc-
tion chemotherapy with two cycles of vinblastine and cisplatin followed by
‘‘standard’’ radiation over ‘‘standard’’ radiation alone or hyperfractionated radia-
tion alone (Table 2).

RTOG 8808 included medically or surgically inoperable clinical stage II,
IIIA, and IIIB disease (15). This was a three-arm study comparing induction
chemotherapy followed by 60 Gy radiation given at 2 Gy per fraction, 60 Gy
radiation alone, and 69.9 Gy given at 1.2 Gy twice daily. Only 5–7% of patients
in each arm were stage II, and 18–24% of patients had N0–1 disease. The re-
maining patients had N2–N3 disease. One-year survival was 60% in the induction
chemotherapy arm, 46% for standard radiation, and 51% for hyperfractionated
radiation. Median survivals were 13.8, 11.4, and 12.3, respectively. These differ-
ences were significant. CALGB 8433 compared the same induction chemother-
apy arm to standard radiation (16). Patients had to have clinical T3 or N2 disease
with ,5% weight loss and Zubrod performance status of 0 or 1. Median survival
for CT-RT was 13.7 months compared to 9.6 months for radiation alone. Three-
and 5-year survival rates were 24 and 17%, respectively, in the chemotherapy
arm and 10 and 6% in the radiation-only arm. Local failure rates in both trials
were high, emphasizing the need for more aggressive local treatment.

Concurrent chemotherapy and radiation has demonstrated promising local
response rates. Radiosensitizing chemotherapy improves local control (25). The
EORTC conducted a phase III trial with nonstandard radiation of 30 Gy in 10
fractions with a 3-week break followed by 25 Gy in 10 fractions with either
weekly or daily cisplatin. Survival due to improved local control was superior
in the radiotherapy-plus-weekly-cisplatin group. One-, 2-, and 3-year survival
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rates were 54%, 26%, and 16%, respectively. Two-year survival without local
failure was 31% with weekly cisplatin compared to 19% without. Jeremic et al.
randomized patients to 64.8 Gy at 1.2 Gy twice daily alone or with weekly or
every-other-week carboplatin and VP16 (26). Five-year overall survival, median
survival, and local control were improved with weekly chemotherapy. Five-year
survival was 21% versus 4.9%, median survival 18 versus 8 months, and 5-year
local recurrence-free survival 34% versus 12%. There was a plateau from 3 to
5 years in overall survival and local recurrence-free survival. RTOG conducted
a phase II trial of hyperfractionated radiation given concurrently with cisplatin
and vinblastine (27). Inoperable stage II, IIIA, and IIIB patients were eligible,
the majority of whom had .5% weight loss over 3 months prior to therapy.
Concurrent chemotherapy and hyperfractionated radiation had more intense acute
toxicity than hyperfractionation alone, but late toxicity was acceptable. One- and
2-year survival rates were 54% and 28%, respectively, and median survival was
12.2 months (27).

RTOG 94-10 is a three-arm phase III study comparing induction chemo-
therapy followed by standard radiation to concurrent chemotherapy and daily
radiation or concurrent chemotherapy and hyperfractionated radiation in ‘‘good
risk’’ patients with medically inoperable stage II and IIIA or unresectable stage
IIIA and IIIB NSCLC. This phase III trial with over 600 patients compared 3
arms: (1) induction CT (cisplatin/vinblastine) plus RT (60 Gy/qd); (2) the same
regimen administered concurrently; and (3) concurrent cisplatin and oral VP-16
with hyperfractionated RT (BID to 69.6 Gy). The median survival times were
14.6 months, 17.0 months, and 15.6 months, respectively. These preliminary re-
sults demonstrated a trend (p 5 0.08) supporting the benefit of concurrent chemo/
RT (using daily RT) (28).

CONCLUSION

The best chemoradiotherapy regimens in good-risk patients yield similar results
to preoperative chemoradiotherapy trials, despite the fact that there is a selection
bias with more extensive IIIA and IIIB being excluded form the surgical trials.
Chemoradiotherapy alone results in significant myelosuppression, esophagitis,
and pneumonitis. Morbidity from induction chemoradiotherapy followed by sur-
gery is significant. The dissection may be more difficult after radiation and/or
chemotherapy due to fibrosis in the tumor area, especially if there has been a
dramatic response. Surgery following induction therapy increases the frequency
of pulmonary complications over that expected for surgery alone, radiotherapy
alone, or chemoradiotherapy. Quality of life is a necessary part of evaluating
treatment outcomes in this population.

Local control rates in patients undergoing complete resection after induc-
tion therapy are high. These are a select group of patients who have responded
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to induction therapy. With the best available chemotherapy and radiotherapy
combinations surgical resection may not further improve results in clinical N2

disease but may only serve to increase complications and have a negative impact
on quality of life.

In patients with minimal N2 disease, the best available chemotherapy and
radiotherapy combinations in comparable patient groups may yield similar results
as surgery. This may be an acceptable alternative to surgery in patients who
refuse surgery or are medically unfit for surgery.
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INTRODUCTION

Controversy and confusion are terms that appropriately describe the diagnosis,
workup, and management of superior sulcus tumors, first described over a century
and a half ago. As a relatively rare bronchogenic malignancy, accounting for less
than 3% of all lung cancers, there have been no randomized, controlled trials
evaluating treatment modalities. Most of the progress has been made through
single-institution phase II trials using historical controls as a measure of success.
Advances in surgical and radiation therapy techniques have improved local con-
trol and long-term survival to the point where the expected cure rates are compa-
rable to those of non–superior sulcus lung cancers. Despite treatment advances,
locoregional recurrence following treatment can cause debilitating problems from
invasion into surrounding musculoskeletal and neurovascular structures that can
lead to severe pain, often difficult to control with narcotics. Tumor growth can
lead to the progressive loss of function of the upper extremity on the affected
side. A thoracic surgeon need only encounter one such patient in his career, who
has lost limb function, to serve as an impetus to develop aggressive surgical and
multimodality treatments to deal both with the devastating local problems and
the systemic metastatic disease that these tumors inflict. In this chapter we will
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examine the clinical changes in evaluation, management, and multimodality ap-
proaches that have evolved over the past 50 years in caring for these patients.

HISTORICAL CONTROVERSIES RELATED TO
PRESENTATION AND ORIGIN

A patient with a tumor involving the apex of the lung associated with localized
pain and an ulnar neuropathy was first described by Edwin Hare in the London
Medical Gazette in 1838 (1). The etiology of this mass was felt to be infectious.
In 1924 and 1932, Henry Pancoast described a clinical syndrome that he had
seen in seven patients with small opacities in their chest apices with local rib
destruction and often vertebral infiltration (2,3). The clinical constellation of
symptoms (Pancoast syndrome) included pain around the shoulder with or with-
out radiation to the axilla, scapula, and down the arm, Horner’s syndrome, and
atrophy of the muscles of the hand. Death occurred as a result of what seemed
to be a comparatively trivial growth in the thoracic inlet without detectable metas-
tases. He had attributed the etiology of the destructive radiographic process to
an embryonic rest. It was not until 1932 that Tobias in Argentina correctly identi-
fied this process as a bronchogenic cancer (4).

RADIOGRAPHIC CONTROVERSY: WHAT LESIONS
ACTUALLY MEET THE CRITERIA OF A SUPERIOR
SULCUS TUMOR?

Pancoast in his original paper was very specific in his description of the superior
pulmonary sulcus tumors as always occurring at a definite location in the thoracic
inlet producing constant and the characteristic clinical presentation of pain in the
eighth cervical and first and second thoracic root distribution. Pancoast, who was
a radiologist and at that time the chairman of the section of radiology of the
American Medical Association, described the lesion radiographically as ‘‘a small,
homogeneous density at the extreme apex with more or less local rib destruction
and often vertebral infiltration.’’ There was no description of involvement of the
superior vena cava or the phrenic or recurrent laryngeal nerves (5). Large tumors
with their epicenter in the center of the upper lobe with extension into the apex
can also produce a clinical Pancoast syndrome but do not meet his strict radio-
graphic definition. True superior sulcus tumors can often be overlooked as thick-
ening of the apical pleura and are often small tumors, leading to a delay in diagno-
sis in many patients.

Many series do not follow these strict definitions and therefore would in-
clude bulky upper-lobe tumors in their patient population. This often makes it
difficult to compare one series results to the next. The larger tumors may be
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associated with symptoms of cough, hemoptysis, and superior vena caval obstruc-
tion that are not typically associated with these smaller apical tumors, which
produce pain and a subtle thickening of the apical pleura. Today, better clinical
appreciation of these tumors often will lead to a diagnosis of a superior sulcus
tumor prior to the development of advanced wasting of the hypothenar hand
muscles or ulnar neuropathy as was seen 60 years ago. By definition, these tumors
are T3 or T4 and therefore are associated with pain around the shoulder, axilla,
or arm and varying degrees of neurological involvement or loss of function de-
pending on the extent of nerve root, sympathetic nerve, rib, or vertebral body
involvement. Similarly, an apical tumor without the clinical presentation of pain
would not qualify as a superior sulcus tumor.

INITIAL CONTROVERSIAL TREATMENT APPROACHES

The opinion of the medical community in the 1930s and 1940s was that these
lesions were uniformly fatal with no known 5-year survivors, with death usually
occurring within 10–14 months from the time of diagnosis (6). Pancoast stated
that these tumors were clearly not amenable to surgical resection and were also
considered radioresistant. Fifty years later we know that both of these statements
were incorrect. Surgeons had been reluctant to attempt resection because of the
typical dense infiltration of the tumor into the surrounding tissue. While it was
felt that radiation therapy could not cure a patient, in the early 1950s Haas et al.
described a patient who had not only survived nearly 3 years after radiation ther-
apy but also, more importantly, had significant improvement in symptoms (7).
It was not until 1956 that Chardack and MacCallum published the first successful
report of a combined-modality (surgery followed by 65-Gy radiation therapy)
cure of a patient (8). In the 1960s, with higher dosage and wider portals including
the mediastinum, vertebral bodies, and supraclavicular fossae, reports were pub-
lished with 5-year survivors after radiation therapy alone.

Shaw and colleagues in 1961 described a fortuitous case where a patient
with an ‘‘unresectable’’ Pancoast tumor responded dramatically with a 50% de-
crease in the tumor volume after an initial 30 Gy of radiation therapy (9). This
was sufficient to permit a complete resection of the lesion. This patient lived for
27 years without recurrence of the tumor. Their approach was popularized by
Paulson and has remained the ‘‘standard’’ approach for this lesion for over 30
years in many centers (10). Surgical techniques have also evolved over the past
50 years, and tumors that involve the subclavian vessels or the vertebral body,
previously considered an absolute contraindication to resection, can now be safely
resected and reconstructed with minimal morbidity and mortality (11). We will
now examine some of the specific details of these changing treatment modalities
that have occurred and the present-day evaluation of these lesions.
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EVALUATION OF A PATIENT

The early diagnosis of a superior sulcus tumor often requires an astute clinician.
The periscapular and shoulder pain is frequently misdiagnosed as bursitis or ar-
thritis or cervical degenerative disc disease with secondary radicular pain into
the arm. The mean delay in diagnosis is usually 5–7 months but can vary from
1 to 48 months (12). Pain or symptoms along an ulnar nerve distribution should
prompt a chest radiograph regardless of the age of the patient and especially if
there is a smoking history. We have seen advanced Pancoast tumors in individuals
even in their twenties. Many have been erroneously diagnosed as ulnar entrap-
ment syndrome or carpal tunnel syndrome and have undergone transposition and
decompressive procedures on these nerves with persistent postoperative pain that
usually prompts a more detailed evaluation. A good-quality plain chest radio-
graph with a special emphasis on the symmetry of the apices will often be the
first step to appropriate diagnosis of the problem. Horner’s syndrome [ptosis,
enophthalmos, and a meiotic (small) pupil because of unopposed parasympathetic
innervation] and dryness and inability to sweat on the side of the face usually
are seen in more locally advanced tumors that have invaded the stellate ganglion
on the vertebral body. This usually occurs in 20–40% of the patients (11,13).
Although recognized as a poor prognostic clinical sign, this does not necessarily
rule out surgery (12).

These patients, on presentation, are often debilitated because of chronic
pain and have lost a fair amount of weight because of the secondary anorexia
that results. While their presenting performance (Karnofsky) status can be so
poor to the point that they are felt not to be a surgical candidate, an intense
program of appropriately dosed narcotics, either orally or by patch administration,
can dramatically improve their quality of life and appetite. We have used Megace
over a short time frame as an appetite stimulant to help patients regain weight
and muscle mass that they have lost over several months secondary to anorexia
and pain. Some patients can be nutritionally optimized within 2–3 weeks to a
point where a major resection can be performed safely.

The medical history must also focus on other bone symptoms away from
the tumor and a detailed review of systems trying to discern new neurological
findings. The physical examination will focus on the general physical appearance
of the patient, the supraclavicular fossa that often reveals the asymmetry and
firmness on the side of the tumor, a search for palpable lymph nodes on both
sides of the neck and axilla, and the degree of neurological changes in the arm.
Sensory changes usually occur at the T1 level and can extend equally cephalad
and caudally into the C8 and T2 levels and less commonly into the T3 and C7
levels. Progressive neurological changes occur as these lesions initially abut, dis-
place, and finally invade these intercostal nerves and the roots of the brachial
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plexus. Patients with more prolonged symptoms will also begin to show atrophy
of the hypothenar muscles. Progressive motor loss in the hand, wrist, and arm
usually indicates a more advanced tumor with progressive cephalad infiltration
rather than displacement of the brachial plexus (14). We would view upper-trunk
involvement with motor loss as a contraindication to a surgical approach.

IS THE RADIOGRAPHIC WORKUP ANY DIFFERENT FROM
THAT DONE FOR ROUTINE LUNG CANCERS?

Most bronchogenic malignancies can be fully evaluated with a plain chest radio-
graph and a CT scan of the chest (which includes a few cuts of the upper abdo-
men) with bone scans and brain scans requested only if clinical symptoms exist.
The chest radiograph is also very important in the initial diagnosis of a superior
sulcus tumor. Special attention must be focused on the lung apices, above the
medial portion of the clavicle within the arc of the first rib on the posteroanterior
film. Asymmetrical pleural thickening is usually the first subtle radiographic
finding. An elevation of the hemidiaphragm on the affected side may indicate a
more advanced lesion that has involved the phrenic nerve.

CT scans of the chest are important to assess for enlarged hilar or mediasti-
nal nodes and for other parenchymal metastases. Patients with superior sulcus
tumors in addition require MRI evaluations as the coronal and sagittal imaging
techniques yield important details for surgical planning, including the involve-
ment of the subclavian vessels, the extent of infiltration of the brachial plexus,
and the number of bony structures invaded including the ribs, clavicle, sternum,
and vertebral body. These details cannot be as readily appreciated by computed
tomography. The extent of vertebral body involvement is critical for surgical
planning including the extension into the neural canal, with or without epidural
extension and dural sac compression. This anatomical location of a lung cancer
is the only site where we routinely obtain an MRI for evaluation, which yields
more information than a CT scan for preoperative evaluation. Positron emission
tomography (PET) will likely be more frequently utilized in the workup and
follow-up of patients following surgery and radiation therapy in the next 5 years
but there is little information in this subset of lung cancer patients now.

While the biological behavior of superior sulcus tumors is considered by
some to remain more locally aggressive for a longer period of time prior to metas-
tasis, many patients will eventually die from metastatic disease. As the brain is
the most common site of systemic failure, we routinely perform MRI imaging of
the brain prior to considering treatment options and embarking on major surgical
resections. Bone scans are also done to complete the metastatic workup and help
evaluate the extent of bony involvement of the ribs, clavicle, sternum, and verte-
bral bodies.
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PHYSIOLOGICAL TESTING

All patients undergo physiological pulmonary testing with a baseline spirometry,
pre- and postbronchodilators, and diffusion capacity measurements. Exercise ox-
ygen consumption testing can be performed in patients with marginal respiratory
parameters (15). Xenon ventilation and perfusion scans help to predict if a formal
lobectomy can be tolerated or if a more limited segmental or nonanatomical
wedge resection is required. It is hard to predict the physiological compromise
to a patient’s respiratory function following the en bloc resections that usually
require one to three ribs and an extended posterolateral thoracotomy. Although
the chest wall defect does not usually require formal reconstruction (as it is very
well covered by the scapula and chest wall musculature), these patients seem to
experience a fair amount of lung volume loss on the operative hemithorax. Resec-
tion of the scalene muscles and on occasion the clavicle further leads to rotation
of the shoulder and loss of some of these accessory muscles of respiration. These
are important considerations when trying to decide to proceed to an anatomical
lobectomy in these patients. Many require assisted ventilation and are prone to
collapse of the remaining lobe or lobes on the operative side for a few days,
postoperatively, until better pulmonary mucous clearance and chest wall move-
ment are possible on the operative side.

PRETREATMENT HISTOLOGICAL DIAGNOSIS: IS IT
NECESSARY AND HOW SHOULD IT BE OBTAINED?

There are several conditions, including fungal and bacterial infections (Staphylo-
coccus, Cryptococcus, Echinococcus, and Actinomyces), lymphomas, and plas-
macytomas, that can mimic a superior sulcus tumor; therefore, we feel it is essen-
tial to obtain tissue for diagnosis prior to treatment or enrollment on a protocol
(16). Occasionally these tumors can be of small cell histology, which is better
treated nonsurgically. Transthoracic fine-needle aspiration (FNA) has yielded the
best results with a positive diagnostic yield in .90% of patients (14). Pneumotho-
rax is rare as these tumors are often invading the surrounding structures and the
lung cannot fall away from the chest wall. If a pneumothorax does result and the
tumor does in fact ‘‘fall away’’ from the thoracic apex, it is not a Pancoast tumor
and will be at worst a T2 (visceral pleural involvement) lesion. Palpable scalene
or supraclavicular nodes can be biopsied directly in the outpatient clinic. Because
of the peripheral location, sputum cytology and bronchoscopy are usually less
rewarding with positive results in only 20–40% of patients. Thoracoscopy, while
useful for the evaluation of the pleural cavity, is not generally utilized to avoid
tumor spill that may result from manipulation of the adhesions at the apex of the
chest. Mediastinoscopy should be used in patients with clinically enlarged nodes
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by CT scan (.1 cm) because of the poor outcome in many series in patients
with N2 disease with superior sulcus tumors.

The histology of superior sulcus tumors in most series demonstrates 25–
40% squamous, 25–60% adenocarcinoma (with adenocarcinomas representing
nearly twice the incidence of squamous histology in more recent studies over the
past 10 years) with the remaining 5–15% large cell, mixed, and approximately
2–5% small cell histologies.

NODAL INVOLVEMENT: SHOULD STANDARD N2 AND N3

NODAL DEFINITIONS APPLY TO SUPERIOR
SULCUS TUMORS?

All of the Pancoast tumors are at minimum T3 (parietal pleura, rib involvement)
or T4 (vertebral body or mediastinal structure). Patients with N2 disease are
known to have a poor overall survival. Therefore, in the face of radiographically
enlarged (.1 cm) mediastinal nodes, we would first proceed to mediastinoscopy
prior to resection to confirm or rule out N2 disease. Even in the setting of a normal
mediastinum by CT scan, many would argue that mediastinoscopy should be
routine as the long-term survival of these patients with N2 disease is so poor that
it would not be warranted to proceed with a major en bloc resection with no
survival advantage (17). If positive paratracheal or subcarinal nodes were demon-
strated preoperatively, then surgery would be abandoned as a treatment option
in favor of radiation therapy.

By definition, a supraclavicular node or scalene node on the same side of
the tumor is an N3 node. We would, however, consider a node in this setting to
be more of a locoregional node and would not exclude a patient from surgery
on this basis if the surgeon felt all disease could be resected at the time of surgery.
Some studies show an obvious survival difference in N1 disease versus N2 or N3

but no difference between N2 and N3 patients (18). Muscolino et al., however,
have demonstrated that the presence of an ipsilateral supraclavicular metastasis
was not a contraindication to operation (19). Hilaris et al. demonstrated improved
survival in patients with N0, N1, or N3 disease compared to N2 (20).

Other European authors, Grunenwald and Spaggiari, who have experience
with radical resections for superior sulcus tumors, also adopt this philosophy
toward cervical nodes (21).

DIFFERENT SURGICAL APPROACHES AND WHEN
THEY ARE USED

A patient is considered to be a surgical candidate unless: (1) he has documented
metastatic disease to the mediastinum or other organs, (2) he has pronounced
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motor loss of the arm with MRI evidence of extensive brachial plexus, or (3) he
has direct invasion of the trachea or esophagus. The CT scans and the MRI are
extremely important in planning the surgical approach. A surgeon should con-
sider an operation only in patients in whom he feels a complete surgical resection
of all gross disease is possible. Debulking of Pancoast tumors is of no benefit
and does not improve local control.

We have utilized Dartevelle’s classification of tumor location along the
first rib as anterior, middle, or posterior to guide our surgical approach (22,23).
We utilize one of three surgical approaches to resect these lesions: (1) an anterior
neck approach only, (2) a posterior approach only, or (3) a combined anterior and
posterior approach. Anteriorly placed tumors often abut or invade the subclavian
vessels. If the subclavian vein is involved by MRI, a hockey-stick incision is
made along the anterior border of the sternocleidomastoid muscle and extended
along the clavicle. The clavicle is resected with a Gigli saw to improve the expo-
sure to the subclavian vessels (Figure 1). No attempt is made to salvage, plate,
or reconstruct the clavicle. Removal of the clavicle affords excellent exposure
of the thoracic inlet. Tumors that involve the vein have usually resulted in collat-
eralization around the scapula and chest wall over many months; therefore, it is
not necessary to reconstruct the subclavian vein and simple ligation of the subcla-

FIGURE 1 Initial dissection of an anteriorly positioned superior sulcus tumor with
an L-shaped incision along the anterior border of the sternocleidomastoid and
along the inferior margin of the right clavicle.
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vian and usually the jugular vein is well tolerated. Occasionally, mild arm swell-
ing can result if the vein was not previously fully obstructed, but this edema
quickly improves once collaterals develop. On the left, the thoracic duct is care-
fully identified and ligated at its junction with the internal jugular and subclavian
veins. This will prevent the development of a postoperative chyle leak, which
will either drain into the neck wound or track into the chest requiring reoperation
in most instances. When the tumor appears to displace rather than involve the
subclavian vessels, the clavicle can often be left in place. We have modified
Dartevelle’s anterior approach and have tried to maintain the clavicle as much as
possible. The cosmetic and functional deformity that results when the clavicular
support is removed, with the secondary internal rotation and drooping of the
arm, can be avoided. If the oncological dissection is compromised, however, the
clavicle is removed. The anterior scalene muscle requires division next and the
course of the phrenic nerve along the anterior border of scalenus anterior is identi-
fied and preserved if uninvolved or transected if infiltrated with tumor.

Dissection of the subclavian artery in the subadventitial plane often permits
elevation of the subclavian artery away from the tumor mass. Care must be taken
to divide the internal mammary artery to permit elevation of the subclavian artery
off of the first rib. If the patient has been radiated prior to resection, care must
be taken to ligate this vessel and avoid a suture cutting through the vessel, which
is extremely soft and fragile (even in a nonradiated field). Dissection proximally
of the right subclavian at its junction with the takeoff of the carotid from the
innominate artery must avoid injury to the recurrent nerve, which branches from
the vagus at this point and loops inferiorly around the subclavian artery. Signifi-
cant morbidity can result if the recurrent is injured resulting in poor vocal cord
apposition and a poor cough postoperatively increasing the risk of atelectasis and
pneumonia. The thyrocervical trunk often requires ligation and the dissection
proceeds laterally attempting to elevate the subclavian artery from the first rib.
The vertebral artery may also require ligation. With the subclavian artery mobi-
lized, it is possible to divide the anterior portion of the first and second ribs from
the front (Figure 2). If the subclavian artery is invaded rather than displaced by
the tumor, it is resected and primarily reanastomosed if the segment is short, or
an interposition graft of PTFE utilized for the reconstruction if a greater length
is resected. Invasion of the subclavian artery should not be considered a contrain-
dication to resection as this vessel can easily be resected through this anterior
approach (Figure 3).

The brachial plexus can now be easily identified as it courses at an angle
just lateral to the scalene anterior. Direct neurolysis is usually possible to free
the plexus from the tumor. If required, the lower trunk of the plexus can be
sharply divided if tumor infiltrates rather than displaces the nerve.

In some patients with small tumors, it is possible to divide the ribs posteri-
orly from the front and deliver the specimen into the neck wound, amputating a
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FIGURE 2 This dissection demonstrates the division of the first and second ribs
from the anterior approach with resection of the subclavian vein and jugular vein.
In this case the subclavian artery has been dissected along the plane of Leriche
and spared. The brachial plexus is also demonstrated.

generous wedge of the upper lobe with a GIA or TA stapling device and allowing
the lung to retract into the hemithorax. As such, a posterolateral thoracotomy is
avoided. Anterior thoracotomies can also be performed with the patient supine
and a formal lobectomy performed from the front.

For tumors that are extensive involving both the vessels anteriorly and the
spine posteriorly, following mobilization of the vessels and plexus, and anterior
division of one or two ribs, the neck incision can be closed and the patient reposi-
tioned for the posterior resection and lobectomy.

In patients with tumors that are posteriorly situated only, with a clear plane
by MRI away from the subclavian vessels, the surgical approach can be in a
standard manner, entirely from the back with an extended posterolateral thoracot-
omy. If the tumor involves the vertebral body and will require resection, the head
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FIGURE 3 In this patient the tumor involved subclavian artery and required a 6-
mm PTFE interposition graft to reconstruct the resected subclavian artery resected
en bloc with the tumor. The vagus nerve has been transposed with the recurrent
nerve behind the stump of the subclavian artery. The phrenic nerve has been pre-
served.

is positioned in cervical tongs at the time of lateral positioning (Figure 4). A
generous posterolateral thoracotomy, with extension to the base of the neck by
dividing the latissimus dorsi, trapezius, and rhomboids, is performed. A chest
spreader is placed beneath the scapula and stabilized into one of the interspaces
inferiorly. This permits the scapula to be elevated away from the chest wall and
provides superb exposure to the superior sulcus of the chest. An interspace is
chosen one below those involved with tumor to obtain a clear inferior margin.
If this is not clear from the external examination of the hemithorax, an anterior
interspace is initially opened to permit digital palpation of the chest from within.
The anterior ribs are first divided. If a previous anterior approach has been per-
formed, it is now safer and quicker to divide the first rib, if it was not previously
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FIGURE 4 Patient positioned for an extended posterolateral thoracotomy with a
chest wall resection and vertebral body resection for a superior sulcus tumor. The
head is held in place with cervical tongs during the procedure to avoid movement
in the spinal axis.

divided, knowing that the neurovascular structures have been safely elevated and
mobilized away from the first rib. Otherwise, care must be taken to stay precisely
in the subperiosteal plane, to avoid injury to these vital structures. If the para-
spinal muscles are not involved, they are elevated from the transverse processes.
The ribs are disarticulated from each of the transverse processes and the vertebral
body taking care not to place excessive traction on the nerve roots, which can
result in a dural tear where the nerve root exits the dural sac. If this tear at the
‘‘axilla’’ of the nerve root goes unrecognized, this will result in a serious postop-
erative cerebrospinal fluid leak that generally does not seal with conservative
maneuvers such as the placement of a lumbar drain. Often, a re-do thoracotomy,
drilling out the neural foramen and direct suture repair of the dural sac and cover-
age with autogeneous tissue, is required. Each of the neurovascular bundles is
individually ligated as one proceeds cephalad. Dissection of the T1 nerve root
must proceed slowly. This is a large root that courses just above the angle of the
second rib, and runs beneath the first rib to join the C8 root. The neck of the
first rib essentially bisects these two nerve roots. To safely remove the first rib
without injury to these nerves, it is sometimes easier to divide the first rib at its
angle. This now permits sharp dissection along the T1 root and the C8 root until
a decision is made regarding the need to sacrifice or spare these roots. At this
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point the stellate ganglion is visualized and often has to be resected with the
specimen. Patients who do not have a Horner’s syndrome preoperatively often
develop one postoperatively because of the extent of the required resection. When
the preoperative consent is obtained, they must be informed that this will likely
occur.

INVOLVEMENT OF THE VERTEBRAL BODY: SHOULD THIS
BE CONSIDERED RESECTABLE OR UNRESECTABLE?

By many, clear-cut involvement of the vertebral body is considered a contraindi-
cation to surgery, as the results have been dismal with no patients surviving more
than 1 year with most series demonstrating a median survival of only 7 months
(5). We now have experience in over 200 resections of the vertebral bodies with
immediate reconstruction for metastatic disease to the spine (24). We have ap-
plied these techniques to primary bronchogenic malignancies such as the Pan-
coast tumors when they directly invade the vertebral body (Figure 5). We recently

FIGURE 5 An extensive superior sulcus tumor presenting in a 32-year-old man
with a 25-pack-year cigarette smoking history. Long arrow demonstrates extension
of tumor into paraspinous musculature. Short arrows demonstrate vertebral body
involvement with compression of spinal cord circumferentially. This patient re-
quired a three-level vertebrectomy and reconstruction with anterior and posterior
instrumentation for resection of this tumor.
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reported our experience with 17 patients from 1990 to 1998 with Pancoast tumors
with T4 involvement of the vertebral body. Seven patients had total vertebrecto-
mies with immediate reconstruction, seven with partial vertebrectomies, and three
with neural foramina or transverse process resection (Figure 6). The median hos-
pital stay was 11 days, with no perioperative deaths and all patients remaining
ambulatory. Morbidity occurred in seven patients (42%) including pneumonia in
six patients, arrhythmias in two, CSF leaks in two, and one wound breakdown.
The actuarial 2-year survival was 54% with 11 patients alive 2–50 months follow-
ing resection. The locoregional tumor recurrence was noted in six patients, all
of whom had positive surgical margins as opposed to 1/11 patients who had
negative margins (p , 0.006). The 2-year actuarial survival was 80% in the 11
patients in whom we obtained negative margins compared to 0% for the six with
positive margins (p , 0.006). Our present technique is to separately resect the
involved vertebrae once the tumor with disarticulated ribs and chest wall has
been removed. All areas are resected with reconstruction performed when the
support function of the vertebrae has been compromised. We use a combination
of an anterior methylmethacrylate column created around a chest tube supple-
mented with lateral titanium plating. If more levels or structure is sacrificed by
wider resection, or anterior plating is not possible, then an extensive posterior
instrumentation is performed (Figures 7–9). This requires a careful transition
from the skin incision of the thoracotomy to the midline incision for posterior
instrumentation to avoid ischemic skin flaps that can result in serious wound
dehiscence and contamination of the spinal hardware if breakdown occurs. Dar-
tevelle and Grunenwald have also published hemivertebrectomy and total verte-
brectomy techniques that are somewhat different from our technique although
long-term outcome and survival have yet to be reported (25).

FIGURE 6 (Inset) Drawing demonstrating the surgical incisions: a standard pos-
terolateral thoracotomy is performed to gain access to the chest cavity, whereas
posterior midline exposure is needed for the laminectomy and dorsal instrumenta-
tion and fusion. The primary illustration depicts the surgical field after the tumor
(along with the invaded chest wall) has been completely mobilized from the sur-
rounding structures and reflected inferiorly. Complete laminectomy and partial ver-
tebrectomy at the T1–3 levels are visualized through the defect. The first through
fifth ribs have been transected laterally and disarticulated medially from the spinal
column. The C8 and T1 nerve roots are preserved, whereas the T2 and T3 nerve
roots are sectioned proximal to the dorsal root ganglia. At the apex of the surgical
cavity, brachial plexus, subclavian, and vertebral arteries are visualized. The
azygos vein is observed crossing the surgical field at the inferior half of the surgical
defect, and the esophagus and trachea are seen anterior to the thoracic spinal
column.
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(Drawing by Ian Suk)
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FIGURE 7 Extensive posterior instrumentation in a patient with a two-level verte-
brectomy.

HOW MUCH LUNG PARENCHYMA SHOULD BE
RESECTED: A LOBECTOMY OR WEDGE RESECTION?

The extent of pulmonary resection, lobectomy versus segmentectomy/wedge, has
been the subject of debate. Studies by Paulson, Shahian, and Dartevelle did not
demonstrate any significant survival advantage whether the patient had a com-
plete lobectomy or more limited pulmonary resection (5,13). Sartori et al. feel that
extended lobectomies are not necessary as these tumors occur in the periphery and
in 35 segmentectomies they had performed for resection of Pancoast tumors nei-
ther positive parenchymal margins nor ipsilateral lung relapse was observed (5).
Hilaris and Ginsberg, however, feel that there is a survival advantage in patients
who received lobectomies when compared to wedge (20,26). In Ginsberg’s study,
the 5-year survival of patients with lobectomy was 60% compared to 33% in
patients who underwent a wedge resection only. In this study, locoregional recur-
rence accounted for the majority of the tumor relapses and only patients who
underwent lobectomy, mediastinal node dissection, and en bloc chest wall resec-
tion had a decrease in locoregional recurrence. This is consistent with other stud-
ies comparing lobe to lesser resections.

Our approach is tailored more to a patient’s estimated postoperative pul-
monary reserve. For patients with more limited pulmonary function and smaller
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FIGURE 8 Dorsal and dorsolateral view of the spinal column showing T1–3 lami-
nectomy and corpectomy as well as an anterior column reconstruction with methyl-
methacrylate after extensive resection of a Pancoast tumor. (Drawing by Ian Suk)
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FIGURE 9 Posteroanterior and lateral radiograph demonstrating both anterior and
posterior instrumentation required for a two-level vertebrectomy in a patient with
an advanced superior sulcus tumor.

tumors, a generous wedge and mediastinal node dissection would be sufficient.
For patients with otherwise good lung function or larger tumors, we would nor-
mally proceed to a formal lobectomy with full and complete mediastinal lymph-
adenectomy. If a formal thoracotomy is performed, then the inferior pulmonary
ligament is divided to permit the remaining lung to rotate into the upper hemi-
thorax.

HOW TO MANAGE THE ASSOCIATED CHEST
WALL DEFECT

The chest wall defect of only the first three ribs is usually not reconstructed, as
the scapula will cover this nicely without obvious paradoxical motion. If more
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of the chest wall is resected, then reconstruction with Marlex mesh is usually
performed. If an extensive paraspinal muscle resection was performed with poste-
rior instrumentation, then the Marlex can be attached directly to the posterior
hardware or the supraspinous ligament. Care must be taken to ensure that the
scapular tip will not become entrapped in the chest wall resection defect. If it
does, then removing the tip of the scapula will prevent this complication.

THE USE OF CHEMOTHERAPY ALONE OR
PRIOR TO SURGERY

There has been interest over the past 15 years in the use of chemotherapy in
patients with locally advanced lung cancer, prior to resection, in an attempt to
control both gross and microscopic disease, reduce the size of the tumor to facili-
tate the resection, and improve the margins (27). There have been two randomized
trials, including one from our institution in patients with IIIA disease that demon-
strated prolonged survival in patients who received chemotherapy first followed
by resection rather than resection alone (28,29). Based on our success with this
approach, we then used a similar combination of drugs in patients with superior
sulcus tumors. We did not see a similar response and had to stop the study after
only 16 patients because of disease progression in most patients (30). This was
also recognized by Ginsberg et al. in 10 patients in whom they utilized a preopera-
tive platinum regimen (26). None of four patients treated with chemotherapy
alone survived more than 2 years in a series by Komaki et al. (31) Perhaps as
newer agents and more active chemotherapeutics are developed, this trial may
be repeated. For the present, chemotherapy for the treatment of patients with
superior sulcus tumors has been used more in its role as a radiosensitizer.

RATIONALE FOR PREOPERATIVE RADIATION THERAPY

Theoretically, preoperative radiation therapy might improve results over resection
alone: (1) by destroying tumor that has extended into the critical adjacent struc-
tures, such as major blood vessels, the brachial plexus, chest wall, or mediastinum
to improve a surgeon’s ability to obtain clear margins at a subsequent operation;
and (2) by killing tumor cells that otherwise might be seeded in the operative
field or disseminated via the blood or lymphatics (32,33). During the 1950s, inter-
est was directed toward the various combinations of therapy, particularly radio-
therapy and surgery, for lung cancer. Originally, Bloedorn and Cowley reported
encouraging results with preoperative radiation therapy for bronchogenic carci-
noma (34). However, this was a retrospective study of 192 patients who met the
criteria for selection; the 1-year survival rate was 13.5% overall, and 23% for
those who had complete resections after radiation therapy with cobalt 60 (35).

Shaw and co-workers first reported preoperative radiation therapy and sur-
gical resection in 1961 (9). This original series has been continued by Paulson
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and updated on several occasions (10,36,37). The treatment regimen consists of
delivering 3000 cGy using megavoltage equipment in 10 fractions over 12
elapsed days to the area of the tumor in the superior pulmonary sulcus, the chest
wall, and the superior mediastinum beyond the midline. Three weeks after com-
pletion of the radiotherapy, the patients undergo an en bloc surgical resection of
all involved structures. As of 1983, Paulson’s series totaled 131 patients (37).
Of the 79 patients operated on after the preoperative radiation, only one had an
unresectable tumor. Therefore, 78 of these patients (60%) completed the com-
bined treatment. The operative mortality rate was 2.6% and the survival rate for
those completing combined treatment was 31% at 5 years, 26% at 10 years, and
22% at 15 years (Figure 10) (Table 1). Only three of 17 patients who had either
hilar or mediastinal nodal involvement survived 1 year, and none survived 2
years. Forty-four percent of those who did not have nodal involvement at opera-
tion survived 5 years or more, 33% for 10 years and 30% for 15 years.

A range of preoperative radiation therapy dosages have been used in several
trials. Other surgical series have reported on combined preoperative radiation and
surgical resection using the Paulson technique. Miller and colleagues utilized

FIGURE 10 Five-, 10-, and 15-year actuarial survival curves of 78 patients after
combined preoperative radiation, followed by en bloc surgical resection (1956–83)
in patients with no lymph nodes involved and including those with nodal involve-
ment. (From Ref. 37.)
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TABLE 1 Results of Treatment of Superior Sulcus Tumorsa

Survival (%)
Local

Treatment control (%) 2-year 3-year 5-year 10-year 15-year

Preop radiation and 31–70 29–40 23 13–50 26 22
resection

Resection only 53 — — 15–60 — —
Resection, postop 0–56 — 7 15 — —

radiation
Radiation only 33–55 17 7–28 3.5–23 — —

a Large range of results reflects varying stages of carcinoma among institutions.
From Ref. 37.

2000–4000 cGy over a time span of 4 days to 4 weeks, but the most common
regimen was that of Paulson (37,38). Attar and colleagues initially gave 5500–
6000 cGy preoperatively over a 4-week period, but after noting a high rate of
morbidity and mortality, decreased the dose of radiation to that used by Paulson
and colleagues (11). Ginsberg also used a dose of 3000 cGy preoperatively (39).
Beyer and Weisenburger noted that patients who received at least 5500 cGy
showed a better response and appeared to have increased survival (40). The pre-
operative radiation dosage employed by Devine and associates was 3000–3500
cGy over 2 weeks in 25 of their patients and 4500–5000 cGy over 5–5.5 weeks
in 15 of their patients (41). They noted no difference in resectability or survival
between the two groups receiving the different dose levels.

The survival in these preoperative regimens varied. Attar and associates
reported 19 patients who underwent preoperative radiation followed by en bloc
resection and noted a 23% 3-year survival rate (11). Miller and colleagues re-
ported on 26 patients who underwent combined radiation treatment and en bloc
resection (38). There was one early postoperative death, and 32% survived for
5 years. Stanford and colleagues noted a 5-year survival rate of 49.7% in patients
with a similar treatment regimen (42). Beyer and Weisenburger treated 28 pa-
tients who had localized disease with megavoltage radiation with or without sur-
gical resection and had an actuarial survival rate of 22% at 5 years (40). They
noted, however, that the 15 patients who received combined radiation and surgery
had a 45% 5-year survival rate. Ginsberg reported that 72 patients with Pancoast
tumors were seen between 1966 and 1976 at the University of Toronto (39). Fifty
were deemed inoperable after staging. Ten underwent preoperative radiation and
resection with a 40% 2-year survival rate. Twelve patients also had limited dis-
ease with no evidence of metastasis and, although potentially surgical candidates,
were never referred for surgery and received only radiation therapy. Only two
of those patients (17%) survived 24 months.
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Martini treated 145 patients at Memorial Sloan-Kettering Cancer Center
over a 36-year period, 29 of whom were treated by external radiation alone, 68
by operation without preoperative radiation, and 48 by preoperative radiation
followed by resection (43). Only 9% treated by operation alone had resectable
tumors compared with 23% who received preoperative radiation. He noted that
a large group of patients did not have resectable tumors at exploration, with or
without preoperative radiation therapy. This is perhaps because many patients
were explored without preoperative mediastinoscopy and more sophisticated im-
aging evaluation, such as CT or MRI. The mean survivals were 6 months with
external radiation alone, 30 months with preoperative radiation followed by resec-
tion, and 10 months with operation alone. If the tumor was not resectable, the
combination of implantation of radon seeds and external radiation (4000 cGy in
4 weeks) provided a better survival rate than external radiation therapy alone (12
months vs. 6 months), although patients treated with postoperative radiation alone
had more extensive tumors. Devine and colleagues reported a 2-year survival of
29% and a 5-year survival of 14% in patients who completed preoperative radia-
tion and surgery (41). They noted, however, that 30% of patients in whom preop-
erative radiation therapy followed by surgical therapy was planned, did not un-
dergo surgical resection.

Over the past several years, there have been several other reports of sizable
series treated with a combination of preoperative radiation and surgical resection
(44). Anderson et al. reported the UCLA experience in which 21 patients received
preoperative radiation followed by resection, resulting in a 5-year survival rate
of 34% (12). They also advocated radiation by iridium implants postoperatively
to 3000 cGy if the tumor was close to the vertebral bodies and nerve roots at
the time of operation. Mathisen’s group reported on 21 patients who underwent
combined therapy at the Massachusetts General Hospital and noted three opera-
tive deaths with a median survival time of 24 months and an actuarial survival
rate of 55% in 3 years and 27% at 5 years (45). Long-term palliation of pain
was achieved in 72% of the patients. Shahian et al. reported on 18 patients treated
with preoperative radiation and resection, 14 of whom underwent supplemental
postoperative radiotherapy because of positive lymph nodes, tumor at the resec-
tion margins, or both (13). There were no hospital deaths and the overall 5-year
observed survival rate for the entire series was an impressive 56%. These authors
believed that the addition of postoperative radiotherapy for those with unfavor-
able operative findings (positive margins, positive lymph nodes) resulted in long-
term survivals that were comparable to those with negative nodes and margins.
Ricci and his colleagues reported on 56 patients with superior sulcus tumors,
32 of whom received preoperative radiation and four of whom also received
postoperative radiotherapy (46). This group used Paulson’s approach in 30 cases
and Dartevelle’s in 11, and the 5-year survival rate was 34%. Sartori and his
colleagues reported on 42 patients with superior sulcus tumors who received
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preoperative radiation followed by en bloc resection of the tumor, chest wall,
and adjacent structures with one perioperative death, a median survival time of
14 months, and a 5-year actuarial survival rate of 25% (5). They also observed
poor results in patients with vertebral invasion, subclavian artery invasion, or N2

disease.

COMBINING CHEMOTHERAPY WITH PREOPERATIVE
RADIATION THERAPY

Chemotherapy given alone or concurrently with radiation therapy prior to surgery
has the potential advantage of immediate treatment of subclinical metastatic dis-
ease as well as potential radiation sensitization to downstage the lesion and per-
haps improve the ability of a surgeon to obtain clear surgical margins intraopera-
tively. This is the subject of a Southwest Oncology Group (SWOG) phase II trial
utilizing cisplatin (50 mg/m2), etoposide (50 mg/m2), and concurrent radiation
therapy to a dose of 45 Gy preoperatively. The combined induction therapy was
well tolerated and yielded an impressive 50% complete pathologic response rate
and approximately 50% 3-year survival rate in patients with T3/T4 N0M0 Pan-
coast tumors (16).

POTENTIAL DISADVANTAGES TO PREOPERATIVE
RADIATION THERAPY

There are disadvantages to preoperative radiation therapy. (1) There may be in-
creased operative morbidity including bronchopleural fistulas. (2) The tumor ex-
tensions into surrounding structures could be obscured by edematous, inflamma-
tory, or fibrotic changes after induction radiation therapy. Most surgeons believe
that preoperative radiation therapy results in a better-delineated tumor mass facili-
tating dissection. (3) The initial stage of the tumor is not known and staging is
dependent on radiographic studies for the T and N status if mediastinoscopy is
not done. (4) If there is viable residual tumor beyond the resected specimen, few
meaningful treatment options remain. Further radiation is usually delayed owing
to the interval from irradiation to operation plus the period required for adequate
healing of the surgical wounds. This total interruption of radiation therapy is
often 2–3 months. These patients have already received 30–50 Gy preopera-
tively. Meaningful local control with radiation therapy usually requires at least
60 Gy. These patients, therefore, require an additional 10–30 Gy of treatment
but this is a split course sandwiched on either side of the operation. Split-course
regimens have been demonstrated to be less effective than a continuous course
by Perez and associates, who reported a Radiation Therapy Oncology Group
(RTOG) study comparing rapid-fractionation, split-course radiation therapy with
continuous-course therapy in non–small cell lung cancer (47,48). The 40-Gy split
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course was definitely inferior to the 50-Gy and 60-Gy continuous courses. How-
ever, Shahian and colleagues advocate preoperative and postoperative radiother-
apy to improve the survival of patients with Pancoast tumors (13). The majority
of thoracic surgeons still advocate preoperative irradiation, emphasizing its value
in accomplishing complete resections.

SURGERY WITH INTRAOPERATIVE BRACHYTHERAPY

Although advocated by Hilaris et al., there is little evidence that intraoperative
brachytherapy improves outcome with unresectable tumors. Ginsberg in 1994
reviewed a 17-year experience (1974–91) with 124 patients who underwent a
thoracotomy for attempted resection of Pancoast tumors at Memorial Sloan-
Kettering Cancer Center. One hundred patients who underwent complete en bloc
resections with anatomical lobectomies had the best outcome with a 41% 5-year
survival. Intraoperative brachytherapy did not improve survival in these who had
complete resections. In patients who had incomplete resections, survival was poor
(9%, 5-year) with either form of radiotherapy regardless of whether preoperative
radiation therapy or intraoperative brachytherapy treatment was used. If a patient
is unresectable at operation, the value of brachytherapy for palliation is unknown
(26).

EXPERIENCE WITH POSTOPERATIVE
RADIATION THERAPY

The value of postoperative radiation therapy in patients with carcinoma of the
lung who have had complete surgical resection and have no metastasis to the
regional lymph nodes has not been established. This applies to any site of cancer
of the lung including superior sulcus tumors.

Martini and McCormack reported on 170 patients with superior sulcus tu-
mors treated from 1938 to 1978 (49). The 5-year survival of 127 patients who
underwent surgery was 17% compared with 3.4% for the inoperable patients.
Twenty patients with curative surgery had a 5-year survival rate of 28.9%. Hilaris
and associates reported on 116 patients with superior sulcus tumors treated by
irradiation alone or combined surgical resection and irradiation (implant, external
irradiation alone, or implant and external irradiation) (50). Twelve patients sur-
vived longer than 5 years after the treatment, 10 (83%) of whom had resection
of the tumor, implantation, and postoperative external irradiation (4000 cGy in
4 weeks).

A more recent report on 85 patients with superior sulcus tumors by Komaki
and colleagues revealed that surgery and radiotherapy was more effective in con-
trolling the superior sulcus tumor and improving survival compared with the
results with the use of either modality alone (31). There were 43 patients with
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superior sulcus tumors categorized as stage IIIA and 42 patients as stage IIIB.
Surgery was a component of treatment more frequently in patients with stage
IIIA than in Stage IIIB disease (p , .05), and chemotherapy was used signifi-
cantly more often in patients with stage IIIB disease (p , .01). Stage IIIA patients
had a 46.5% 1-year survival rate compared with 21% for stage IIIB (p 5 .0042).
When surgery was a component of treatment, 52% (13/25) lived longer than 2
years compared with 22% (13/60) when radiation therapy was used for unresect-
able tumors. Fifty-two patients (61%) had local control, and their survival was
significantly better than those who did not achieve local control (p , .01). High
performance status, less than 5% weight loss, and lack of direct extension into
vertebral bodies were highly significant factors for better survival. These data
support the recommendation that surgical resection should be used whenever
possible for superior sulcus tumors. Patients with unresectable lesions should
receive high-dose radiation therapy with no interruptions.

Dartevelle and his colleagues in 1993 reported 2- and 5-year actuarial sur-
vival rates of 50% and 31%, respectively, with a median follow-up time of 2.5
years (22). None of their patients received preoperative radiation, 14% had sur-
gery alone, and 86% had surgery followed by postoperative irradiation. This rep-
resents a group of patients who had extensive invasion of the superior sulcus and
were resected without preoperative radiation. The resectability rate is high owing
to the exposure that the anterior transcervical thoracic approach provides, and
the more adequate preoperative evaluation by modern imaging studies.

No randomized trials of carefully staged patients with superior sulcus tu-
mors comparing preoperative radiation followed by surgical resection; surgical
resection alone; surgical resection with postoperative radiation; or radiation ther-
apy alone have been performed. Indeed, the low incidence of superior sulcus
tumors makes such a trial virtually impossible. The Lung Cancer Study Group
projected that even in a multicenter trial, such a study would require more than
10 years of patient accrual, and this would be impractical (51).

MANAGEMENT OF PATIENTS WITH INOPERABLE DISEASE

Morris and Abadir recommended radiotherapy alone for superior sulcus tumors
(52). They reported 26 cases and showed that high-dose radiation therapy [nomi-
nal single dose (NSD) 1900 rets (equivalent to 7000 cGy in 7 weeks) or higher]
controlled direct bony invasion better than lower doses (less than 1900 rets).
Ahmad and colleagues treated 48 patients by irradiation alone using either cobalt
60 or cesium 137 teletherapy to dose between 5000 cGy and 6000 cGy in 5–6
weeks (53). Their actuarial survival rate was 28% at 3 years and 21% at 5 years.
They encountered no severe complications among the patients who received radi-
ation therapy alone, except for asymptomatic scarring on chest films. Van Houtte
and colleagues reported 31 patients with superior sulcus tumors treated with ex-
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ternal radiation therapy in doses ranging from 2000 cGy to 7000 cGy, with an
overall 5-year survival rate of 18% (54). They found that doses below 5000 cGy
and bone invasion were each associated with a higher rate of local recurrence.

At the Medical College of Wisconsin, 36 patients with superior sulcus tu-
mors were treated by external irradiation alone between 1963 and 1977 (55).
Local control correlated positively with median survival. The patients who failed
locally did not survive beyond 2 years. Larger field size was also a favorable
treatment factor. Between 1978 and 1983, an additional 32 patients with inopera-
ble superior sulcus tumors were studied with similar results.

Relief of pain was achieved in 91% of all patients presenting with pain.
Three-fourths of the patients with Horner’s syndrome responded to the irradia-
tion. The disease-free survival rates were 65%, 38%, 25%, and 15% at 12 months,
24 months, 36 months, and 48 months, respectively (Figure 11). No patients
survived beyond 24 months if the primary tumor was not controlled in the chest.
The pattern of failure showed the brain to be the most common site of distant
metastases (23 of 68 patients, 34%). No fatal complications occurred as a result
of external radiation therapy alone.

In the series studied by Anderson et al., 27 patients received radiation only
and this group had no 5-year survivors (12). The majority of these patients re-
ceived 4000–6000 cGy because they were either unresectable, refused surgery,
were medically too ill to undergo resection, or had distant metastasis. Ricci and

FIGURE 11 Disease-free survival in patients with superior sulcus tumor treated by
external irradiation alone. (From Ref. 55.)
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his colleagues reported on 15 inoperable patients who were treated by 6000 cGy
with a 2-year survival rate of 6% (46).

High-energy external radiotherapy is therefore recommended for patients
proved to have superior sulcus tumors by means of CT-guided aspiration cytolog-
ical techniques or biopsy who are unable to have surgical resection because of
the extent of the disease or are inoperable for medical reasons. The field must
be generous enough to encompass the upper mediastinum and the vertebral bodies
as well as the supraclavicular region. The total minimum tumor dose should be
6000 cGy administered in 6–6.5 weeks. CT-planning dosimetry techniques (Fig-
ure 12) are helpful in determining the adequate tumor dosing. The three-dimen-
sional displays of the tumor permit conformal radiation therapy to higher total
doses to the tumor but avoid critical normal tissues such as the spinal cord, esoph-
agus, and excessive volume of the lung (Figure 13, A and B) (56). As with other
sites of inoperable non–small cell lung cancer, additional chemotherapy has
shown improvement of survival to radiation, but clinical trials focused on superior
sulcus tumors are lacking (57). If chemotherapy and radiotherapy are given for
inoperable superior sulcus tumors, concurrent chemotherapy and radiotherapy is
preferable (58).

FIGURE 12 Computed tomography was performed for treatment planning. The
dose to the tumor is 65 Gy and that to the spinal cord is 45 Gy by 2:1 loading
more posteriorly. (From Ref. 56.)



252 Walsh et al.

(A) (B)

FIGURE 13 Radiation portals. (A) A typical radiation therapy port using anteropos-
terior parallel opposed fields, 2 Gy/fraction, up to 40 Gy at the central axis. (B)
Boost for definitive radiotherapy using parallel oblique fields to give an additional
20–24 Gy at 2 Gy/fraction at the central axis. The total dose to the apical lesion
will be 66–72 Gy for definitive purposes. (From Ref. 56.)

THE ROLE OF CRANIAL IRRADIATION

The longer the survival after the initial treatment of lung cancer, the greater the
incidence of brain metastases. Komaki et al. demonstrated that 44% of patients
surviving more than 2 years develop brain metastases (55). Brain metastases were
more common in patients with tumors that were poorly differentiated or undifferen-
tiated (56%). Their recommendation was prophylactic whole-brain irradiation in
these patient subgroups. Over thepast decade, because of the discovery of the neuro-
psychological changes that result from cranial radiation, the pendulum swung to the
other side, reserving treatment for documented, symptomatic metastases. However,
the continued demonstration in numerous series of a high rate of brain metastases
suggests further consideration of prophylactic cranial irradiation. Also, more recent
meta-analysis has shown survival improvement by application of prophylactic cra-
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nial irradiation (PCI) for patients who achieved complete response to the treatment
of small cell lung cancer without adverse neurological effect from PCI (59).

SUMMARY

Superior sulcus tumors without distant metastases, and without lymph node
involvement, can be treated with similar results as with other non–small cell
bronchogenic carcinomas. The extent of the disease should be defined clinically
by a detailed history and physical examination and by CT, MR imaging, and
mediastinoscopy when indicated. If the lesion is grossly resectable and the pa-
tient’s cardiopulmonary reserve is adequate, the lesion can be resected directly
without preoperative radiation therapy. If the lesion is marginally resectable, pre-
operative radiation (50 Gy in 25 fractions) or concurrent chemotherapy (cisplatin,
etoposide) and radiation therapy (40–44 Gy) may be followed by reevaluation
and consideration for total resection. A complete surgical resection is the most
important predictor of long-term survival and quality of life, and therefore, we
have developed an aggressive surgical approach to these lesions. Involvement of
the subclavian vessels, vertebral bodies, and lower cord of the brachial plexus
with limited extension into the neural foramina does not preclude resection. Ipsi-
lateral scalene or supraclavicular nodes are considered locoregional disease and
would be removed initially by anterior neck dissection. Frequently these tumors
are approached through an anterior neck incision to safely dissect and resect
when necessary the subclavian vessels and lower cords of the brachial plexus.
Posterolateral thoracotomies are required when the lesion involves the vertebral
bodies. Our experience with resections and reconstructions of vertebral bodies
has been applied to tumors in the superior sulcus with resultant good palliation
of symptoms and prolonged survival. We prefer, when possible, to initially treat
these patients surgically and give concurrent radiation therapy and chemotherapy
in the postoperative setting, in an uninterrupted course of radiotherapy.

While we feel that local control has been improved with aggressive en bloc
resections with high-dose concurrent chemoradiation therapy postoperatively, pa-
tients often die with distant, systemic metastases similar to other patients with
lung cancer. This highlights the importance of our continued search for agents
that will control these occult metastases that result in the ultimate death of most
patients with this disease. Without these systemic therapies, the role of surgery
and radiation therapy continues to palliate the devastating local effects, with the
occasional cure of those with truly localized disease.
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INTRODUCTION

Stage IIIB lung cancer comprises a large, heterogeneous group of locally ad-
vanced tumors. Stage IIIB is defined by presence of a T4 tumor or any tumor
with N3 nodal metastases (Table 1). Because these tumors are generally unresect-
able and incurable, palliation with supportive therapy or radiation is the principal
means of treatment. For patients with good performance status and adequate pul-
monary function, the addition of cisplatin-based chemotherapy to definitive radia-
tion prolongs survival when compared to radiation alone (1). In two large retro-
spective series of patients with resected stage IIIB lung cancer, 5-year survival
ranged from 7% to 8.4% for T4 carcinomas and 0% to 3% for N3 (2,3). However,
in patients with specific anatomical conditions, resection has prolonged survival
and, on occasion, resulted in cure. Induction chemotherapy and chemoradiother-
apy can downstage some patients with stage IIIB tumors and permit aggressive
resection with limited mortality and good outcome.

Resection of locally advanced lung cancer usually requires en bloc removal
of adjacent structures. An extended resection implies removal of tissues beyond

257
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TABLE 1 Stage IIIB Descriptors and Groupings

Descriptors
T4 primary tumor

A tumor of any size with one of the following:
1. Invasion of

trachea
carina
heart
great vessels
vertebral body
esophagus
mediastinum

2. Satellite tumor nodule same lobe
3. Malignant pleural effusion

N3 regional lymph nodes
Metastasis to:

contralateral mediastinal lymph nodes
contralateral hilar lymph nodes
ipsilateral or contralateral scalene lymph nodes
ipsilateral or contralateral supraclavicular lymph nodes

Groupings
T4N0M0

T4N1M0

T4N2M0

T1N3M0

T2N3M0

T3N3M0

T4N3M0

the physical boundaries of a standard lobectomy or pneumonectomy. Induction
chemotherapy and chemoradiotherapy extends the use of surgery to previously
inoperable patients. It may be contended that any operation for a stage IIIB lung
cancer is, in fact, extended because it has the potential to increase surgery to the
extreme.

EXTENDED RESECTIONS OF T4 AND N3 LUNG CANCERS

Invasion of Adjacent Structures

Trachea or Carina

The greatest experience with extended resections for stage IIIB carcinomas has
been documented in patients with involvement of the distal trachea. An in-depth
review of these reports provides an understanding of this uncommon clinical
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problem. More importantly, the lessons learned from these experiences are help-
ful in developing treatment strategies and setting guidelines for the extended
resections of other less common stage IIIB carcinomas.

Primary carcinomas of the carina and bronchogenic carcinomas with tra-
cheal involvement are generally unresectable. They are usually bulky, locally
extensive, and associated with metastatic subcarinal and paratracheal lymphade-
nopathy. Early series of resection of these airway tumors reported significant
operative mortalities and few long-term survivors (4–7). Operative deaths were
the result of pneumonia, adult respiratory distress syndrome (ARDS), cardiac
complications, and anastomotic catastrophes. However, careful patient selection
and preparation, reassessment of surgical techniques, development of strategies
for intraoperative ventilation, and conscientious perioperative care have permitted
successful resection of T4N0M0 carcinomas of the main airways in some institu-
tions (8–12).

Patient selection is crucial. Cardiopulmonary assessment of these high-risk
patients should include arterial blood gases, spirometry, diffusion capacity, quan-
titative ventilation-perfusion scans, maximal oxygen uptake during exercise,
echocardiography, thallium stress testing, and, when indicated, coronary arteriog-
raphy (12). Exclusion of distant metastatic disease is imperative regardless of the
presence or absence of extrathoracic symptoms. Silent stage IV disease may be
best detected by whole body 18F-fluorodeoxyglucose positron emission tomogra-
phy (FDG PET), which should be considered for any patient being evaluated for
extended resection.

Bronchial and mediastinal assessments include bronchoscopy with biopsy
and mediastinoscopy. Recurrence of bronchogenic carcinoma at a pneumonec-
tomy stump is associated with increased operative mortality and negates reopera-
tion by tracheal sleeve resection (4). These patients should receive radiation. The
preferred candidate has a right upper lobe or right main bronchial tumor with
invasion of the right lateral tracheal wall or carina. Isolated carinal or left main
bronchial carcinomas are uncommon and usually secondary to airway invasion
from subcarinal or peribronchial nodal metastases. Bronchoscopy, with biopsy
of normal mucosa at least 2 cm proximal to and distal from the primary tumor,
will exclude microscopic submucosal spread. The distance considered a safe limit
between proximal tracheal and distal main bronchial margins is 4 cm. This should
not be exceeded if anastomotic tension is to be minimized (12). Mediastinoscopy
is mandatory. The presence of N2 or N3 disease precludes resection because no
early survivors (less than 2 years) have been reported following extended tracheal
resection of T4N2M0 or T4N3M0 carcinomas (13). Mediastinoscopy should be done
immediately before or at the time of tracheal sleeve pneumonectomy to avoid
excessive scarring at the operative site.

One of the main causes of postoperative mortality is pulmonary complica-
tions. To help prevent these complications, patient preparation is critical. Smok-
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ing cessation, bronchodilation, and treatment of bronchitis and/or pneumonia op-
timize pulmonary function. Endobronchial laser ablation may be required to
relieve airway obstruction and treat distal pneumonia. During patient evaluation
and preparation, 6 weeks of cardiopulmonary rehabilitation is helpful.

The best approach for right tracheal sleeve pneumonectomy is through a
right posterior lateral thoracotomy. Median sternotomy is used for the uncommon
left tracheal sleeve resection or pneumonectomy. Left-sided resections have been
staged with pneumonectomy via thoracotomy being followed 2–3 weeks later by
a sleeve tracheal resection through a median sternotomy (7). Preservation of the
tracheal blood supply, which enters from the lateral aspect, is required to minimize
anastomotic complications. Mobilization should be limited to the anterior and pos-
terior surfaces of the trachea. Tension at the anastomosis may be reduced by hilar
releases and by division of the ligamentum arteriosum, dissection of the aortopul-
monary window, and mobilization of the first centimeter of the descending aorta
during left tracheal sleeve pneumonectomy (12). Upper airway and laryngeal re-
leases are not generally helpful with these distal tracheal operations.

Ventilation is performed by one of two methods: continuous jet ventilation
through a small catheter passed through the field into the contralateral main bron-
chus or intermittent ventilation with cross-field periodic intubation of the main
bronchus alternating periods of apnea with ventilation. Either of these two options
exposes the airway to contamination with blood and debris from the operative
field. Every attempt to avoid airway soiling must be made. Aggressive suctioning
of the trachea and distal airway with removal of secretions, blood, and debris
is vital to prevent pulmonary complications. Cardiopulmonary bypass is rarely
required for these operations, but should be available.

Techniques of airway anastomosis are identical to those applied in bron-
choplastic procedures and lung transplantation. The anastomosis must be continu-
ously tailored to compensate for size discrepancies. Telescoping of the distal
airway into the trachea is recommended (12). The anastomosis should be wrapped
or partitioned from nearby vascular structures with autologous vascularized tis-
sue. On completion of the procedure and prior to extubation, bronchoscopic in-
spection of the anastomosis and, more importantly, removal of blood and secre-
tions are performed. Extubation in the operating room or immediately in the
intensive care unit is optimum. The requirement of a chin stitch in distal tracheal
operations is debatable. Excessive neck flexion may impair cough and promote
aspiration (12).

Meticulous postoperative respiratory care and careful attention to fluid bal-
ance is critical, but may not be sufficient to prevent noncardiogenic pulmonary
edema (ARDS). This complication may be fostered by extended resections where
extensive airway mobilization damages pulmonary lymphatics. Injury to the alve-
olar-capillary interface is probably multifactorial and promoted by the inability
of the pulmonary lymphatics to clear interstitial fluid. Aggressive pulmonary care,
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fluid restriction, and early institution of nitric oxide therapy may prevent this
complication. Once established, ARDS in the postpneumonectomy patient is gen-
erally lethal.

For carefully selected patients who have undergone carinal resections and
tracheal sleeve pneumonectomy, 5-year survival ranges from 0% to 43%; opera-
tive mortality ranges from 5% to 29% (Table 2). Meta-analysis of 312 patients
included in eight series demonstrated median and 5-year survivals of 23 months
and 31% (Figure 1). The hazard function depicts an exponential decay in the
instantaneous risk of death for patients undergoing extended resections of lung
cancers with distal tracheal or carinal invasion (Figure 2). This biphasic risk is
composed of an early, rapidly declining component that is the result of significant
postoperative mortality. After 3 months the hazard curve slowly declines to reach
a plateau. The risk of death is then constant over time, mainly the consequence
of death from recurrent lung cancer.

Heart or Great Vessels

The left atrium may be involved by direct invasion or by tumor emboli via the
pulmonary vein. In 44 patients with atrial involvement, extended resection with-
out cardiopulmonary bypass resulted in a 22% 5-year survival (14). In 31 patients
with left atrial involvement, 17 by direct invasion and 14 by tumor embolization,
resection was associated with a 22% 5-year survival (15). However, all patients
with embolic left atrial involvement died of distant hematogenous metastasis after
a median disease-free interval of 6 months. In four patients undergoing atrial
resection with cardiopulmonary bypass there was one long-term survivor at 54

TABLE 2 Sleeve Pneumonectomy and Carinal Resection for Lung Cancer:
Operative Mortality and Survival

Operative 5-year
Patients mortality survival

Author (N) (%) (%)

Jensik (4) 34 29 15
Fujimura (5) 7 14 —
Deslauriers (7) 38 29 13
Tsuchiya (8) 20 30 59 (2yr)
Vogt-Moykopf (9) 78 17 0
Mathisen (10) 37 19 19
Roviaro (11) 28 5 25
Dartevelle (12) 70 4310

Total 312
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FIGURE 1 Survival after extended resection of T4 lung cancers with distal tracheal
or carinal invasion. Meta-analysis of 312 patients included in eight series. The
dashed lines represent asymmetrical confidence limits equivalent to 1 standard
deviation. Median survival is 23 months (95% CI, 17–30).

months (16). Two early deaths occurred at 54 days (operative death) and 11
months (cerebral metastases). Shirakusa and colleagues (17) in a recent report
of a 4-year experience of extended resections of T4 cancers, documented six pa-
tients who underwent extended resections including the left atrium; four died at
3, 4, 4, and 15 months postoperatively and two are alive at 4 and 13 months. In
their entire experience, there are two long-term survivors at 8 and 11 years follow-
ing left atrial resection requiring cardiopulmonary bypass (16,17).

Resection and reconstruction of the pulmonary artery in patients with cen-
tral bronchogenic carcinoma is technically feasible using cardiopulmonary by-
pass. However, all reported postoperative survivors died soon after resection ow-
ing to recurrent cancer. Resection of the pulmonary artery bifurcation in seven
patients resulted in one operative death (14%) (14). The deaths of the remaining
six patients occurred within 30 months. In a smaller series, all three patients
successfully resected with main pulmonary artery invasion died within 25 months
of operation: one postoperative death and two deaths at 3 months and 25 months
from distant metastases (18).
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FIGURE 2 Instantaneous risk of death (hazard function) after extended resection
of T4 lung cancers with distal tracheal or carinal invasion.

Extended resections of the aorta have included intra-adventitial dissection
and excision of superficially invading tumors and resection and replacements
of portions of the aorta. In a report with limited follow-up, enbloc resection of
bronchogenic carcinomas with involvement of the aortic arch and left subclavian
artery resulted in two deaths from systemic metastases within 12 months of opera-
tion; one patient was alive at 17 months (19). Of 20 patients with aortic invasion,
only one was alive 5 years following resection (20). This patient was incom-
pletely resected and received brachytherapy. In 28 patients with aortic invasion,
21 involving the adventitia and seven the complete aortic wall, en bloc resection
was attempted (14). Intra-adventitial dissection and peeling of the bronchogenic
carcinoma resulted in incomplete resection in 11 patients (52%). These results
led Tsuchiya and colleagues (14) to conclude this procedure an inadequate opera-
tion for lung cancer with aortic invasion. However, 3-year survival was identical
in 28 patients: 14% (3/21) for patients undergoing adventitial peel and 14% (1/7)
for those undergoing resection and aortic replacement. Five patients underwent
resection of the thoracic aorta, four with cardiopulmonary bypass and one with
a temporary shunt (21). Three patients died of systemic metastases at 17, 26, and
27 months after surgery. Two patients were alive at 14 and 50 months following
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resection, with 1-, 2-, and 4-year survival of 100%, 75%, and 25%, respectively.
The only intraoperative complication occurred in the patient who as resected
using a temporary shunt and prompted Klepetko and associates (21) to suggest
cardiopulmonary bypass in all patients undergoing extended pulmonary resec-
tions with aortic invasion. They recommend normothermic partial bypass for tu-
mors involving the descending thoracic aorta and cardiopulmonary bypass with
selective cerebral perfusion or deep hypothermia and circulatory arrest for tumors
involving the aortic arch. In a small series with short-term follow-up, four of five
patients are alive at 8, 14, 32, and 41 months following extended resection includ-
ing the aorta. One patient died 21 months postoperatively (17).

The superior vena cava may be involved by direct extension from right
upper lobe tumors or by metastases to pericaval mediastinal nodes (lymph node
stations R2, R4, and 3). The majority of these tumors are unresectable. When
feasible, resection usually includes pneumonectomy or carinal pneumonectomy.
Options of reconstruction include direct suture closure if 30% or less of the cir-
cumference is involved, patch reconstruction using autologous or bovine pericar-
dium, or replacement using polytetrafluoroethylene (PTFE) conduits. Invasion
of the origin of the superior vena cava typically precludes resection; however,
reconstruction at the level of one or both brachiocephalic veins has been reported
(15). Partial caval clamping or clamping of a chronically obstructed vena cava
is well tolerated. However, occultation of the patent superior vena cava may
produce intracranial bleeding, brain damage, and potentially lethal reductions of
cardiac output. These complications can be avoided by intraliminal shunting (22)
or judicious fluid loading and peripheral vasoconstriction (15). Graft patency us-
ing PTFE is excellent and has been reported to be 92% at 1 year (23). Operative
mortality of 7.1% has been reported (15). The largest experience reported is 21
patients undergoing partial resection with side clamping of the superior vena cava
and direct suture repair, seven having PTFE replacement and four with pericardial
patch closure. While operative mortality and survival for these patients is not
reported separately, it is reported for a group of patients with heart and great
vessel involvement (14). Of 14 patients undergoing extended resections for supe-
rior vena caval invasion the 5-year survival has been 31%, with five patients alive
and disease free at 13–73 months postoperatively (15). Three reports include a
total of seven patients with a median survival of 18 months and one long-term
survivor at 64 months (19,22,24).

The inferior vena cava is protected from frequent invasion by lower lobe
lung cancer and its involvement is generally an end-stage event. Extended resec-
tion of the inferior vena cava was reported once (25). The reconstruction was
done with simple clamping and resulted in hemodynamic and renal instability,
requiring 3 L of fluid replacement and inotropic support. The patient, who had
had a previous laryngectomy and partial glossectomy, was reported alive 6
months after the resection of this right lower lobe tumor, which could have been
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a metachronous lung primary or a metastasis from the previous head and neck
primaries.

For extended resection of lung cancers involving the heart and great vessels,
postoperative pneumonia, bleeding, incomplete resection, and mediastinal lymph
node metastases (N2 and N3) have been identified by multivariable analysis as
predictors of reduced survival (14).

Vertebral Body

Invasion of the thoracic vertebrae by bronchogenic carcinoma is uncommon be-
low T5. It is most frequently seen in the apex of the chest. Massive invasion
is well documented by preoperative CT and MRI scanning. However, minimal
vertebral invasion is difficult to diagnose pre- or intraoperatively. DeMeester and
colleagues (26) studied patients with minimal vertebral involvement, defined by
persistent chest wall pain, fixation to the vertebral body with minimal or no verte-
bral erosion by preoperative roentgenographic studies, and absence of invasion
of the costotransverse foramen (the triangle formed by the rib, transverse process,
and pedicle of the vertebral body). They reported a 42% 5-year survival in 12
patients treated with preoperative radiation therapy (30 Gy) and en bloc resection
including a tangential excision of the involved vertebral body. Following radia-
tion and resection, depth of invasion was visceral pleura in one patient, parietal
pleura in three, periosteum in six, and cortex in two. Six patients died: one without
recurrent disease, one with local disease only, two with distant disease only, and
two with both local and distant disease. Distant disease was reported in the two
patients with vertebral cortex invasion, one with N2 disease.

Dartevelle and colleagues (27) have employed extended resection that in-
cluded vertebrectomy in four patients (partial in two patients, total in two). At
5 months one patient died of complications (esophageal fistula). Three are alive,
two free of disease at 5 and 25 months and one with brain metastases at 13
months.

Recent advances in surgical technique and improved spinal instrumentation
have allowed gross-total resection with vertebrectomy. Although the curative
value of this extended resection is theoretical, prevention of paralysis and pain
relief was reported in one patient at 32 months (28). In nine patients, paralysis
was prevented and in four pain was reduced by extended resection including the
chest wall resection and vertebrectomy with spinal stabilization (29). Three pa-
tients died at 4 (distant metastases), 7 (local recurrence), and 20 (local recurrence)
months. Six patients are alive at 6, 9, 9, 18, 23, and 36 months. Three patients
underwent revision of failed spinal stabilization.

Esophagus

The esophagus is rarely involved by direct extension from a primary lung cancer.
Invasion is usually due to subcarinal nodal metastases. Superficial invasion may



266 Lim et al.

be treated by resection of the primary tumor and limited excision of the muscular
wall. Rarely has en bloc pulmonary resection and esophagectomy been reported.
In seven patients with esophageal involvement only one survived beyond 5 years
(30).

Mediastinum

Extended resection of lung cancers invading mediastinal fat (T4) is rarely de-
scribed. Martini and colleagues (20) reviewed a combination of 18 T3 (invasion
of mediastinal pleura) and T4 (invasion of mediastinal fat) lung cancers with
mediastinal invasion. Independent survival of these patients is not documented
separately, but included in a group of 58 T3 patients; a 5-year survival of 36%
for patients undergoing complete resection was reported.

Meta-analysis of 23 series included 618 patients who underwent extended
resection of T4 carcinomas that invaded the trachea, carina, heart, great vessels,
or vertebral bodies. Median and 5-year survivals were 19 months and 32% (Fig-
ure 3). The exponential decay in the risk of death is composed of an early rapidly
declining component and thereafter a slowly decreasing risk (Figure 4). This

FIGURE 3 Survival after extended resection of T4 lung cancers with tracheal, cari-
nal, left atrial, aortic, vena caval, or vertebral body invasion. Meta-analysis of 618
patients included in 23 series. Median survival is 19 months (95% CI, 16–23).
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FIGURE 4 Instantaneous risk of death (hazard function) after extended resection
of T4 lung cancers with tracheal, carinal, left atrial, aortic, vena caval, and vertebral
body invasion.

reflects the two major causes of death in patients undergoing extended resections:
early death that is the result of postoperative complications and late death from
recurrent lung cancer.

Satellite Nodule in the Same Lobe

The presence of a satellite nodule in the same lobe as the primary lung cancer
was recently defined as T4. It is estimated that 5% of resected patients will have
intralobar satellite metastases and that survival for these patients at 5 years in
29.6% (31). Five-year survival was similar for T4N0M0 (67.1%) and T4N1M0

(61.4%), but significantly worse for T4N2M0 (0%). Yoshino and colleagues (32)
reported that survival was good for the infrequent patient with T4N0M0 and
T4N1M0 ipsilateral intrapulmonary metastases, but poor for the more common
T4N2M0 and T4N3M0 patients. Since extended resections are generally not required
for T4N0M0 and T4N1M0 lung cancers with satellite nodules and because there is
a potential for prolonged 5-year survival, it is questionable whether these patients
should be included in stage IIIB.
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Malignant Pleural Effusion

Pleural dissemination of bronchogenic carcinoma and malignant pleural effusion
is perhaps the greatest obstacle preventing extended resections in patients with
T4 carcinomas. Median survival of these patients is 6 months or less. There are no
long-term survivors with standard palliation. Of 15 patients treated by pulmonary
resection, pleural stripping, and intrapleural infusion of chemotherapy or sclero-
therapy, no patient survived 3 years (33). Survival was much worse in six patients
requiring pleuropneumonectomy (mean survival 8 months). These results influ-
enced Watanabe and colleagues (33) to recommend limited resection and pleurec-
tomy as palliation for pleural disease found at thoracotomy.

Of 20 patients with non–small cell lung cancer and malignant pleural effu-
sion, 10 received systemic chemotherapy and survived a median of 12 months
(longest survivor, 21 months) (34). Of four patients undergoing resection, there
was one operative death and three long-term survivors at 23 months and 23 and
59 months (postoperative chemotherapy). Six patients received preoperative che-
motherapy and pleuropneumonectomy for a median survival of 24 months. Reyes
and colleagues (34) recommend that patients should first be treated with systemic
chemotherapy. In the few patients who respond and have surgically amenable
disease, these authors suggest pulmonary resection and pleurectomy.

Patients discovered at thoracotomy to have T4 disease because of malignant
pleural involvement may have the best prognosis in this IIIB subgroup. A 5-year
survival of 14% for 43 of these patients has been reported (35). A 25% 5-year
survival was seen in patients receiving intrapleural IL-2 following surgery.

N3 Nodal Metastases

Although mediastinal lymphadenectomy including contralateral nodes has been
proposed in the resection of lung cancers, this has not been suggested for known
N3 nodal metastases. The value of lymphadenectomy as a therapeutic modality
has not been proven in lung cancer and extended resections of N3 disease must
be considered experimental.

INDUCTION THERAPY AND RESECTION

Downstaging of locally advanced lung cancer by induction chemotherapy or che-
moradiotherapy has allowed resection of selected patients with improved results.
Albain and colleagues (36) reported similar survival in both stage IIIA and stage
IIIB patients treated with two cycles of cisplatin and etoposide and 45 Gy of
concurrent radiation. For stage IIIB patients median survival was 17 months
and 3-year survival was 24%. Early analysis showed no difference between T4

and N3 patients: median and 2-year survival was 27 months and 53% for T4 and
13 months and 25% for N3 (p 5 .09) (37). However, long-term follow-up has
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demonstrated an improved survival for T4N0M0 patients when compared to N2

and N3 patients; 6-year survival was 49% for T4 and 18% for N2 and N3 (p 5
.02) (38). If the stage IIIB group is composed principally of T4 patients, survival
will be excellent and similar to stage IIIA (39). If there is a predominance of N3

patients, survival will be worse than stage IIIA (40).
Twenty-three T4 patients underwent a combination of induction therapy and

extended operations (41). Twenty-six percent of these patients experienced a major
postoperative complication and 9%, postoperative death. Three-year survival was
54%. Rendina and colleagues (42) treated 57 patients with unresectable T4 lung
cancers with induction chemotherapy followed by resection. Survival at 4 years
was 19.5% for all patients and 31% for those who were completely resected.

CONCLUSIONS

Stage IIIB is a heterogeneous group of locally advanced T4 or N3 lung cancers.
Treatment is palliative for the majority of patients and ranges from supportive
care to chemoradiotherapy. However, in certain patients, surgery is beneficial
and may be curative. Patients with T4N0M0 tumors invading the distal trachea,
carina, left atrium, aorta, superior vena cava, or vertebral bodies may be surgical
candidates. Extended resections of these T4 lung cancers have potential for cure
if no mediastinal lymph node metastases (N2 or N3) occur and if resection is
complete. Increased postoperative mortality exists and extends beyond 30 days as
evidenced by a 30-day mortality of 8% and a 90-day mortality of 18%. Improved
palliation (median survival 19 months) and cure (31% 5-year survival) are possi-
ble in patients who meet the criteria, who undergo extended resection, and who
are followed by physicians in facilities with special interests in extended resec-
tions. The use of induction therapy and surgery in these T4 patients may further
increase survival.

Extended resections are contraindicated in patients with T4 lung cancers
associated with malignant pleural effusions. Unfortunately, these patients have
the worst prognosis. If surgical palliation is an option, only pulmonary resection
with pleurectomy and not pleuropneumonectomy should be considered. In con-
trast, lung cancers with the best prognosis are those T4 tumors diagnosed because
of a satellite tumor nodule within the same lobe. Since extended resections are
usually not required, operative mortality is not increased. Five-year survival in
patients with satellite intralobar tumor nodules without mediastinal nodal metas-
tases is comparable to survival of resected stage I and II lung cancers. These two
extremes of T4 lung cancers, malignant pleural effusion and satellite intralobar
tumor nodules, are not generally considered for extended resections. It is debat-
able that the definition of T4 should include these entities.

Currently, extended resections are not indicated in N3 lung cancers. The
use of induction therapy and surgery in this stage IIIB subgroup remains investi-
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gational. Thus far, compared to its use in T4 lung cancer, inferior results have
been reported.
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Extended Resections in Stage IIIB NSCLC:
Con

Richard I. Inculet
London Health Sciences Centre, London, Ontario, Canada

INTRODUCTION

Lung cancer is the leading cause of cancer death in men and women, having
overtaken the mortality of breast cancer. The National Cancer Institute, in their
Cancer Statistics Review of 1973 to 1996, report a 27.8% overall increase in the
incidence of lung cancer, with a 123.0% increase for women alone. The treatment
of lung cancer remains a top priority in clinical and basic oncology research
priorities, as the volume of patients diagnosed yearly contributes to an over-
whelming burden on the health care system.

The greatest clinical advance in lung cancer management has been the re-
cent refinement of the staging of lung cancer and the increasing ability, through
new technologies, to determine the pretreatment clinical stage.

Lung cancer staging was devised to (1) apply stage-dependent treatment
strategies, (2) develop and trial new treatments, and (3) predict clinical outcome.
Recently, the International System for Staging Lung Cancer was revised (1). Two
large databases of patients treated for primary lung cancer were combined for a
total of 5319 patients and modifications in the staging system were derived from
the survival data. Stage IIIB non–small cell lung cancer is at present defined as
some combination of a T4 primary tumor or an N3 lymph node.
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A T4 lesion directly invades the mediastinum, heart, great vessels, trachea,
esophagus, vertebral body, or carina, and/or is associated with a malignant pleural
or pericardial effusion. Satellite tumor nodules within the ipsilateral primary-
tumor lobe of the lung also represent a T4 stage.

An N3 node is defined as a confirmed metastasis to contralateral mediastinal
or hilar lymph nodes or ipsilateral or contralateral scalene nodes.

When Mountain reported the survival results of the patient database used
to validate his lung cancer staging, patients with stage IIIB lung cancer (T4,
N0–2, MO) had 5 year survival of 6–8% (1). The presence of N3 disease was
associated with a 5-year survival of 3%. The difference in survival between these
two stage IIIB subgroups, however, was not statistically significant.

Stage IIIB lung cancer has a poor prognosis. Whereas surgery is the treat-
ment of choice for stages I, II, and some IIIA disease, it is not currently the
recommended standard of care for stage IIIB disease. Is there a role for extended
resection for stage IIIB lung cancer? The thoracic surgeon is frequently faced
with this dilemma at the time of thoracotomy. Often despite preoperative staging
investigations and imaging, it is only during surgical exploration that direct
involvement of extrapulmonary structures is encountered. The decision for the
surgeon to decline the resection or to attempt to proceed with a technically chal-
lenging resection is difficult. Unfortunately, there is no level I or II evidence
today to support this decision. With the evidence we have, to justify extended
resection, it is best to look separately at the subgroups of stage IIIB lung cancer.

T4 TUMORS

Malignant Pleural or Pericardial Effusion

The presence of a cytologically positive malignant effusion may indicate the
shedding of tumor cells, either from the primary tumor site or from metastatic
deposits within the pleural or pericardial space, resulting in a disruption of pleural
or pericardial fluid flow dynamics. There is no extended resection that could
possibly encompass a malignant pericardial effusion. Intrapleural malignancy
could theoretically be surgically extirpated with a radical extrapleural pneumo-
nectomy. Malignant mesothelioma is a somewhat comparable situation in that
there may be malignant involvement of the pleural/pericardial space with effu-
sion. Sugarbaker et al. have repopularized extrapleural pneumonectomy with ad-
juvant therapy for specific histological subtypes of mesothelioma, with improve-
ment of an otherwise dismal prognosis (2). Mesothelioma, however, is a primary
pleural cancer in contrast to a primary non–small cell lung cancer that has in-
vaded into or metastasized to the pleural space. Has there been any reported
experience supporting radical extrapleural pneumonectomy for non–small lung
cancer with malignant effusion? Several authors have anecdotal experiences of
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one case with survivals less than 1 year. Watanabe et al. (3) described no long-
term survivors among patients with malignant pleural effusion who underwent
pleuropneumonectomy. Yokoi and Miyazawa (4) reported a single 5-year survi-
vor of adenocarcinoma of the lung with carcinomatous pleuritis who was treated
with pleuropneumonectomy and postoperative adjuvant chemotherapy. Shirakusa
et al. (5), in a 10-year review of resected T4 lung cancer, recommended against
surgery for malignant effusion. Although the operative mortality of extrapleural
pneumonectomy is decreasing in experienced hands (3.8%) (1), the results do
not justify this radical surgery for malignant effusions, secondary to primary lung
cancer.

Satellite Lung Cancer Nodules

The presence of satellite tumor nodules may or may not be recognized until after
the pulmonary resection is completed, and the pathologist has examined the speci-
men. Deslauriers et al. reviewed 84 patients who underwent resection of a primary
lung cancer accompanied by satellite nodules (6). Five-year survival rates were
21.6% as compared to 44% in 1021 patients resected without satellite nodules.
Although satellite tumor nodules appears to confer a worse prognosis, they should
not preclude resection.

Heart, Great Vessels, Vertebral Body, Esophagus

The direct invasion of a primary lung cancer into the aorta, vena cava, or atrium
has been traditionally associated with an extremely poor prognosis. Technically
challenging, the affected mediastinal structure can often be resected and there
are numerous case reports and series describing successful operative resection
and reconstruction. However, technical success does not necessarily translate into
improvement in survival.

Martini et al. published a large retrospective review of surgically resected
T3 and T4 lung cancer including specifically 44 non–small cell, T4 N0–1, lung
cancer patients (7). Eighteen percent had a complete resection, resulting in a
12% 5-year overall survival. Eleven patients received induction chemotherapy
or radiotherapy. An earlier study from the same center described 225 non–small
cell lung cancer patients resected for T3/T4 tumors with many having N2 disease
or multiple sites of mediastinal involvement (8). Only 22% were able to undergo
complete resection with a 5-year survival of 9%. The author concluded that ‘‘the
resectability and long term survival in patients with T4 tumors are dismally low.’’
Incomplete resection did not provide a survival advantage. Tsuchiya et al. re-
ported a series of 101 patients with T4 tumors, invading atrium or great vessels
(9). Surgical resection conferred a 13% 5-year survival. In contrast, Watanabe
et al. published a 25% 5-year survival rate in 83 stage IIIB resected patients (3).
Bergeron et al. had 103 patients who underwent extended resection and a 23%
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5-year survival (10). Incomplete resection and N2 disease were associated with
poorer results. These survival figures are also fairly consistent with those reported
in the numerous Japanese case series reports. The mortality associated with ex-
tended pulmonary resection ranges from 3.3% to 12%.

In summary, surgical resection only of T4 tumors does not provide a re-
markable survival advantage, with case series generally reporting 5-year survivals
of 15% or less. Poor prognostic factors include combined T4 and N3 disease,
incomplete resection, and direct invasion into multiple structures.

N3 DISEASE

Surgical excision of N3 disease requires access to the contralateral mediastinal
lymph nodes, or ipsilateral and/or contralateral scalene nodes. Contralateral me-
diastinal lymph node excision can be accomplished via median sternotomy or
thoracoscopy. Scalene node excision requires a modified neck dissection. Both
are technically feasible. However, once again there is no level I or II evidence
that radical N3 node dissection alters survival. The American College Surgical
Oncology Group (ACSOG) is just now undertaking a randomized prospective
trial looking at lymph node sampling versus ipsilateral radical node dissection
in clinical N0 patients. No recommendation can be made at this time for radical
lymph node excision of N3 nodes until such time that properly designed clinical
trials are completed.

INDUCTION THERAPY

Because surgery alone has been relatively ineffective, several investigators have
initiated studies utilizing induction therapies in an attempt to downstage stage
IIIB tumors and hopefully modify resectability and outcome.

Rendina et al. enrolled 57 T4 patients into an induction chemotherapy trial
(11). Sixty-three percent were able to undergo complete resection with a 4-year
survival of 30.5% compared to an overall survival of 19.5%. Stamatis et al. re-
ported 56 patients with stage IIIB disease who received induction chemoradio-
therapy (12). Thirty-four patients went on to surgery. Forty-eight percent of these
had a complete resection, with impressive 5-year survivals of 37.5% (T4, N0–1),
31% (T1–2, N3), and 23% (T3–4, N3). Patients who had incomplete resection or no
surgery did not survive past 24 months.

A Southwest Oncology Group prospective trial addressed the question of
feasibility of neoadjuvant therapy of stage IIIA and IIIB non–small cell lung
cancer (13). There were 51 eligible stage IIIB patients who received induction
chemoradiotherapy. Of this group, only 40 patients were eligible for surgery, and
38 subsequently went on to thoracotomy. The 2-year overall survival for 51 pa-
tients was 39%, 53% for patients with T4 tumors, and 25% for those with N3
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disease. The latter two were not significantly different. Three-year survival data
for the entire 51 patients was reported later as 24% (14). Unfortunately, subse-
quent 5-year follow-up data that might support the persistence of the treatment
effect has not been reported.

SUMMARY

Stage IIIB non–small cell lung cancer is an advanced stage of lung cancer with a
poor prognosis. Radical surgical excision plays no role in patients with malignant
pleural or pericardial effusions. Patients who have T4 disease based only on the
presence of satellite tumor nodules within the same lobe are candidates for surgi-
cal resection.

If a primary lung cancer is found to be directly invading mediastinal struc-
tures, resection alone is of little benefit. Early evidence suggests that induction
therapy of stage IIIB tumors followed by complete resection may improve sur-
vival, but there are no randomized prospective clinical trials to confirm this.
Therefore, routine resection of T4 disease with or without induction therapy has
no role outside of well-designed clinical trials established to answer this question.

The effectiveness of radical mediastinal node dissection of N3 nodes is not
supported by any strong evidence at this time and cannot be recommended.
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Conformal Radiotherapy: Pro
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INTRODUCTION

Radiation therapy remains an integral component of therapy for lung cancer. The
potential benefits of three-dimensional radiation therapy (3DRT) for lung cancer
[primarily non–small cell lung cancer (NSCLC)] include (1) better definition and
localization of the tumor target, (2) improved ability to assess and potentially
reduce normal tissue toxicity, and (3) increased tumoricidal doses of radiation to
the tumor target(s) resulting in improved local control translating into improved
survival (1). This chapter will review the progress in achieving these goals and
discuss why 3DRT is essential for optimal definitive radiation therapy for lung
cancer. However, if the goal of therapy is simply palliation, or relief of symptoms,
then less expensive and time-intensive therapy is indicated. If the goal is long-
term survival with the absence of morbidity, then 3DRT is clearly the treatment
of choice.

BACKGROUND

The ‘‘standard of care’’ for the dose, volume, and beam arrangements for
the treatment of NSCLC was established by the Radiation Therapy Oncology
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Group (RTOG) dose-escalation trial 7301 (2). In this study, 375 patients
were randomly assigned to receive either 40 Gy in 4 weeks with a 2-week
break (split course), 40 Gy in 4 weeks, 50 Gy in 5 weeks, or 60 Gy in 6 weeks.
The complete and partial response rates (as assessed clinically and radio-
graphically) were 48% in patients treated with 40 Gy, 53% in those treated
with 50 Gy, and 56% in those receiving 60 Gy. The incidence of local failure
(also evaluated clinically) was lower in patients treated with 60 Gy (33%) than
in those receiving 50 Gy (39%) or 40 Gy (44–49%). In this protocol, large vol-
umes of the chest and regional lymphatics were included in the treatment volume.
The electively irradiated areas included both hila, bilateral regions of the upper
mediastinum, bilateral supraclavicular areas, and 5–8 cm below the carina of the
inferior mediastinum. Despite a modest improvement in survival with higher
doses at 3 years, by 5 years the overall survival was approximately 5% in all
arms.

There are several problems with using the ‘‘standard’’ radiation technique
in the twenty-first century. They include:

1. Defining targets and portals of therapy using plain radiographs (simula-
tion films) is difficult and inaccurate. Computerized tomography (CT) and often
other modern imaging technologies, such as magnetic resonance imaging (MRI)
or positron emission tomography (PET), are critical to achieving accurate diagno-
ses and tumor target definition. Trying to ‘‘translate’’ accurate tumor targets from
diagnostic images to simulation films is often inaccurate. There may be significant
errors or need for an added margin to account for error when using standard
diagnostic imaging and conventional simulation to delineate portals. Dillman and
associates reported that a retrospective quality control review identified 23% of
cases in which portal films failed to completely encompass the tumor, even when
diagnostic scans were available to the treating radiation oncologist (4). Because
of the difficulties in defining targets, large fields have been used, purportedly to
encompass ‘‘subclinical disease’’ and treat ‘‘electively irradiated regions.’’ One
might critically propose that ‘‘electively irradiated regions’’ are used to compen-
sate for the inability of clinicians to accurately define what needs to be treated.
The cost of this is undesirable toxicity.

2. Treatment planning with standard techniques is anteropostero (AP/PA)
ports to spinal cord tolerance (conservatively estimated) and oblique ports (which
questionably encompass the tumor) to the tolerance dose. It is difficult, if not
impossible, for planners to use better angles to treat and encompass the tumor
without the use of 3D techniques.

3. Assessing the sequelae of radiation therapy (especially pneumonitis,
symptomatic fibrosis, and/or esophagitis) prior to their development, based upon
the dose distributions from traditional treatment planning, has been near impossi-
ble. Side effects of standard techniques have been not insignificant. It is highly
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desirable to reduce the negative sequelae of radiation therapy to the chest during
the treatment of lung cancers. This is not possible without better assessment (of-
fered by 3DRT) of where the tumor is, and what the costs of treatment are (i.e.,
assessment of the risks).

4. Increasing radiation therapy dose is not safely possible using stan-
dard techniques. In the RTOG protocol 8311, using standard target delineation
and portals, doses were escalated to 79.2 Gy (at 1.2 Gy twice daily) (8). No
significant beneficial effect was seen for doses greater than 69.6 Gy. The reasons
for this have never been fully elucidated, although a higher incidence of
high-grade pneumonitis was seen in the higher-dose arms of the study. This
may suggest that indiscriminate dose escalation, without knowledge of dose
and volume effects to the surrounding lungs, may have a deleterious effect
on survival. It is well known that the lungs are exquisitely sensitive to the dam-
aging effects of radiation resulting in a significant chance for injury, including
acute pneumonitis and symptomatic pulmonary fibrosis (9,10). What is less well
understood or quantitated is the impact of radiation lung damage on long-term
survival.

In the early 1990s, the results of several large randomized trials reported
increased survival with the addition of chemotherapy (4–6). Each of these trials
utilized conventional radiation therapy and delivered 40–50 Gy to the elective
nodal regions and 60–65 Gy to the gross disease. Despite the modest improve-
ment demonstrated in these trials, there remains much room for improvement.
Long-term survival is still only 8–14% (4,6). Le Chevalier and co-workers (5)
reported a decreased metastatic rate with chemotherapy, but both arms had a
‘‘histological’’ local control rate of only 15–17% when evaluated by bronchos-
copy and biopsy at 3 months and 10% at 2 years after completion of therapy.
These results are considerably lower than the local control rates of 40–60% re-
ported by clinical evaluation (2,3). In addition, lung cancers are usually quite
large at presentation. It is the norm to have bulky tumors measuring greater than
2–5 cm. From basic principles advocated by Fletcher, it is thought that doses up
to 100 Gy may be necessary to sterilize the size of tumors frequently treated in
bronchogenic carcinoma (7).

THREE-DIMENSIONAL RADIATION THERAPY PLANNING
FOR NSCLC

To realize the full potential of 3DRT, all components of such planning must
be utilized. Tumor and target definition using full three-dimensional volume
techniques, virtual simulation, 3D dose calculation, and dose-volume histo-
gram plan evaluation are all critical components of successful 3D therapy for
NSCLC.
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DEFINING THE TARGET: ACQUISITION, IMMOBILIZATION,
VIEWS, AND DISPLAYS

The initiation of 3D radiotherapy is accomplished with the aquisition of a compu-
terized tomographic (CT) data set. The thoracic data set must include not only
the entire volume of the tumor, but also the complete lung volume, the entire
volumes of the brachial plexi (base of neck), the heart, and the liver. Organs not
included in their entirety may potentially be inadvertently treated (when nonco-
planar beams are utilized and regions not scanned or contoured are irradiated via
the entrance or exit of beams), and/or the volumetric analysis and dose-volume
evaluation (DVHs) are meaningless due to lack of the full-volume information
of the organ.

After the CT images are obtained, the identification of targets and normal
anatomy is performed. This step, called image segmentation, ‘‘divides’’ the CT
data set into parts so that anatomical objects of interest and tumor volumes are
identified. The skin or external contour can be identified automatically by thresh-
holding and edge-detection algorithms. Contoured normal anatomical structures
include the brachial plexi (labeled ipsilateral and contralateral), the total lung
volume (the volume of both lungs together), heart (from its base to the level of
the base of the aorta), esophagus (in its entirety from larynx to gastroesophageal
junction), and liver.

ICRU 50–defined tumor and treatment targets should be utilized (11). The
gross tumor volume (GTV) includes all identifiable gross tumor (Figure 1). It
should include the primary tumor and any identifiable nodal involvement. How-
ever, CT data are not perfectly accurate in the identification of lung cancer and
staging (12–15). Other imaging modalities, such as magnetic resonance imaging
(MRI), endoscopic ultrasound, and/or positron emission tomography (PET), may
be important in identifying the GTV. It should include all primary disease (as
identified on the ‘‘lung windows’’ of the CT images), the grossly identifiable
regional lymph nodes, such as those abnormally enlarged on CT (short axis
greater than 1 cm) (15), those that are mediastinoscopy positive, and possibly
those with abnormal metabolic activity identified on PET scanning. If different
areas of gross disease are treated to different dose levels, it is useful to subdivide
these into separate targets at the time of target delineation. The clinical target
volume (CTV) is that anatomical region(s) thought to harbor subclinical or micro-
scopic disease (Figure 2). Because of failure to reach consensus on the exact
location of the CTV, the RTOG in its initial dose escalation trial defined the
CTV 5 GTV.

Planning target volumes (PTV) are three-dimensional growth margins
around the GTV and/or CTV to account for daily setup variations and pa-
tient motion. Because of physiological motion in the chest, the volume of the
PTV may be significantly larger than the GTV. Recently several authors
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FIGURE 1 Axial CT slice demonstrating the outline of the gross tumor volume
(GTV).

FIGURE 2 Axial CT slice showing the outline of the mediastinum, the anatomical
region thought to harbor microscopic disease (the clinical target volume, CTV).



284 Graham

FIGURE 3 Digitally reconstructed radiograph showing the outline of the target vol-
ume and the surrounding conformal radiation field.

demonstrated that breath holding can reproducibly ‘‘immobilize’’ targets and
lungs between CT scans and presumably treatment sessions (16). Theoretically
the volume of irradiated lung could be reduced, PTV margins reduced, and targets
better localized during treatment with such a device. Such clinical experience
and the measured therapeutic gain from such an approach are expected to be
forthcoming.

After the CT data are segmented, a 3D model of the patient is produced
and displayed for treatment planning. Organs and targets may be displayed as
wire frames, solid surfaces, or with various degrees of opacification (Figure 3).
It is important that the 3D images be reviewed prior to planning or treatment
plan acceptance to assure that organs were contoured correctly, in their entirety
and without image corruption.

VIRTUAL SIMULATION

Virtual simulation begins after all targets and normal anatomy are contoured and
treatment planning begins (17–20). The objectives of virtual simulation are to
design the treatment apertures (portals) and the beam directions (gantry, collima-
tor, and table angles). In most 3D systems, the simulation of the beam arrange-
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ment is performed on the 3D model of the patient. One approach is the develop-
ment of ‘‘class solutions,’’ i.e., a four- or five-field approach with beams AP/
PA to spinal cord tolerance and then off-cord oblique fields to the desired tumor
dose. This approach is often a good starting point and allows the planner to assess
target coverage and irradiation to the lungs and other organs to assess the accept-
ability of this initial plan. The second approach is for an experienced planner to
utilize the beam’s-eye view and develop a unique individualized beam arrange-
ment avoiding specific normal organs, such as lungs or esophagus (21). Ideally,
treatment angles are found that ‘‘separate’’ the tumor from surrounding normal
structures; i.e., the beam is angled to treat just the target volume and miss the
normal structure(s). Figure 4 shows a beam’s-eye view of a field defined with
multileaf collimation around a target volume.

The virtual simulator records and reports all the necessary simulation data
including beam names, energy of beams, table, gantry and collimator positions,
isocenter location, and any beam modifiers. The display of such data is often
facilitated by multiple images and views of the plan (Figure 5, A and B). Axial,
coronal, and sagittal displays, as well as room-view display and an opaque view
of the patient’s skin and the surface appearance of the entrance portal, are often
useful in evaluating the virtual simulation process.

FIGURE 4 Beam’s-eye view of the gross target volume demonstrating the multileaf
collimation creating the conformal radiotherapy field surrounding the target.
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(A)

(B)

FIGURE 5 CT simulation can be used to display various images of the target and
surrounding anatomy: (A) anterior view; (B) oblique view.
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DOSE CALCULATION

Technically, in some systems it may be difficult to separate the process of
virtual simulation and dose calculation, so the process of dose calculation and
subsequent beam angle and shape readjustment is usually an integral part of
the 3D treatment planning. The dose is calculated and displayed on the 3D
model. Isodose displays are usually color-coded and can be isodose ‘‘nets’’ or
wire frames or color wash displays of dose (Figure 6). Dose may be calculated
with a variety of algorithms. It is imperative for the planners and evaluators to
understand the strengths and weaknesses of their particular system’s dose calcula-
tion algorithm (22–29). There may be significant differences in target coverage
and normal organ partial volume irradiation depending on whether heterogeneity
corrections are applied, or on the specific calculation algorithm. In the future it
is expected that Monte Carlo simulations will be the preferred method for 3DRT
dose computation. As the price/performance ratio of computer workstations con-
tinues to decrease, this type of dose calculation may be practical in the near
future.

FIGURE 6 Examples of isodose displays showing the ‘‘isodose map’’ of radiation
dose around the target.
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PLAN OPTIMIZATION AND EVALUATION

The optimization of a treatment plan currently involves an iterative approach and
allows for modification of the beam direction, beam shape, beam weights, and
beam modifiers. Rapid calculation and recalculation and display of dose distribu-
tions enable the planner to make incremental improvements in plans.

The ‘‘optimal’’ plan must achieve the following goals:
1. The tumor target(s) must be treated to sufficiently high (prescription)

dose. For most 3D institutions, this is typically 70 Gy or greater. While in the
past the uniformity of dose across the tumor was thought to be a desirable goal,
this has recently been called into question. Theoretical models suggest that even
partial target volume irradiation may result in improved outcome (30). Prior to
3D treatment systems and accurate dose calculation algorithms, there was little
way to test this hypothesis. Graham and co-workers presented preliminary clinical
data for NSCLC patients suggesting that maximum tumor target doses of greater
than 79 Gy resulted in improved survival for patient with low volume tumors
(GTV less than 70–113 ml) (31).

2. The volume of irradiated lung must be kept sufficiently low. Experi-
ence with what constitutes acceptable levels of lung irradiation is presented later
in this chapter.

3. Radiation dose to other nearby organs, such as esophagus, heart, and
brachial plexi, must also be kept minimal. There is little clinical data on what
the partial volume tolerance doses for these organs are using 3D data.

The development of dose-volume histograms (DVHs) has greatly fa-
cilitated the objective plan evaluation and the consolidation of vast amounts
of data depicted in the isodose displays (32). While at present nothing has re-
placed the isodose display and room view displays for the spatial dose in-
formation, DVHs allow a planner to rapidly assess the adequacy, uniformity,
and target dose coverage, as well as the potential tolerability of nonuniform
normal organ radiation treatment. Each contoured target and organ has a sep-
arate DVH. Many systems will automatically report specific dose statistics
from the DVH such as minimum, mean, and maximum doses with the structure
and the percent of the organ exceeding various threshold dose levels. Typical
DVHs depict dose on the x-axis and volume (in absolute or percentage) on the
y-axis. Traditionally DVHs of normal organs and targets are depicted in a cumu-
lative fashion. In Figure 5, 22% of the total lung volume received in excess of
20 Gy.

It is anticipated that in the future, optimization of plans will be more auto-
mated. This will require a greater amount of clinical outcomes to be related to
DVH data. But as this becomes more available, specific parameters upon which
to optimize a plan could be utilized. Computerized optimization utilizing normal
tissue complication probability (NTCP), tumor control probability (TCP), and
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DVHs and ‘‘inverse’’ planning is used in intensity-modulated radiation therapy
(IMRT). At the time of this writing, there has been little published information
on IMRT for lung cancer. This is probably because of two reasons: (1) con-
cern about the respiratory movement during treatment and resultant intensity-
modulated calculations not reproducibly produced during treatment, and (2) het-
erogeneity factors (most important in the lungs) not reproducibly accounted for
in some intensity-modulated systems. Pilot planning studies have been reported
by Derycke and co-workers (33). The authors reported that certain class solutions
utilizing specific TCP and NTCP parameters could be used to optimize lung plans
using IMRT for stage III NSCLC patients.

Other approaches to optimization of treatment planning include: (1) a data-
base of previously designed successful (or acceptable) treatment plans could be
used to establish a rule-based computer system and used as a template to match
the current needs of a given plan; this type of artificial intelligence has not been
used very much thus far (34); (2) utilization of radiation beams that avoid specific
normal structures (35); or (3) various algebraic methods or objective functions
for treatment plan optimization (36–40).

Unfortunately each of these approaches suffers from serious drawbacks.
There is a significant lack of correlation of 3D dose-volume data with clinical
outcomes. Even if good dose-volume data become available, it is unclear how
to combine all the DVH data from the various targets and normal organs into a
single ‘‘goodness’’ of plan. Jain and co-workers attempted to develop a figure
of merit (FOM) approach to the evaluation of plans (41–43). Unfortunately, nei-
ther the FOM approach nor the inverse calculation techniques can take into ac-
count such factors as patient preferences, patient desire to minimize complica-
tions or maintain quality of life, institutional standards or practices, or specific
physician beliefs and opinions regarding goals and desired outcomes for a given
patient.

SO WHAT HAS BEEN ACHIEVED BY 3DRT FOR
LUNG CANCER?

Treatment Planning Studies

Early studies with 3DRT were computer-simulated studies comparing 3D with
conventional 2D treatment plans for lung cancer (28,44–46). In each of these
studies, the authors demonstrated the improvement in treatment planning by dose
escalation, reduction in dose to surrounding organs, or both. The authors con-
cluded that 3D planning potentially improved tumor target delineation and target
volume coverage (28,46). It appeared that traditional beam arrangements were
inadequate or potentially harmful (in terms of normal lung irradiation effects) in
the delivery of target doses greater than 70 Gy (45,46).
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Assessment of Normal Tissue Toxicity

The development of acute pneumonitis is an undesirable and potentially very
debilitating or even fatal complication after radiation therapy to the chest. The
doses of radiation that cause either acute radiation pneumonitis or chronic radia-
tion fibrosis have only been partially characterized, and the volume effects
of radiation therapy on the lung are incompletely understood. Emami and co-
workers gathered data of available literature and published initial estimates of
partial volume lung tolerance (44). The data showed normal tissue tolerance doses
for a 5% (TD5/5) and 50% (TD50/5) chance of a complication occurring by 5
years of uniform irradiation of one-third, two-thirds, and whole lung. The TD50/
5 for whole lung was 17.5 Gy, for two-thirds of the lung was 30 Gy, and for
one-third of the lung was 45 Gy.

Martel and co-workers retrospectively reviewed the 3D DVHs for the lungs
of 21 patients with Hodgkin’s disease and 42 lung cancer patients with the devel-
opment of acute pneumonitis (47). The authors reported a reasonable prediction
for low versus high risk for the development of pneumonitis by dividing the
patients into risk groups based upon the calculation of the effective volume (Veff)
of the total lung volume (both lungs together). There were differences in the
mean lung dose between patients with complications versus no complications for
both groups of patients. Patients without the development of acute pneumonitis
had mean lung doses of 18–21 Gy (average doses) versus 24–26.1 Gy (average
doses) for patient with acute pneumonitis. A study by Oetzel and co-workers
showed good correlation for the pneumonitis risk estimations with observed com-
plication rates for ipsilateral lung DVHs, but not paired lungs (or total lung vol-
ume) (48). Mean lung doses differed somewhat for patients with and without
complications (23.8 Gy vs. 20.1 Gy). Marks and co-workers found the total lung
NTCP was the single best predictor for pulmonary symptoms after irradiation
(49). The V30 (lung volume receiving $30 Gy) was also a strong predictor.
Graham et al. reported the single best predictor of acute pneumonitis was the V20

(volume of total lung receiving $20 Gy), although on univariate analysis, both
Veff and total lung mean dose also correlated with acute pneumonitis (50). Kwa
et al. pooled the data from five institutions (University of Michigan, University
of Heidelberg, Washington University, Duke University, and Netherlands Cancer
Institute) for a total of 540 patients (51). Mean lung dose was the only dosimetric
parameter collected. Increasing mean lung dose correlated well with the increas-
ing pneumonitis rate.

Others have attempted to evaluate local radiation damage and dose-
response relationship to the overall volumetric function of the lung (52,53).
Change in perfusion and ventilation pre- and postirradiation was examined and
a dose effect for local changes determined. Boersma et al. reported ‘‘overall re-
sponse parameter’’ as a mean reduction in perfusion over the total lung correlated
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with the incidence of pneumonitis (54). Marks investigated whether functional
DVHs (fDVHs) resulted in better predictions of pneumonitis (53). These f DVHs
were based on pretreatment SPECT perfusion data, and were used to take into
account local lung function in the design of the optimal treatment plan. Unfortu-
nately, there appeared to be too many confounding factors, such as patients with
very severe PFTs improving after radiation therapy, and the functional DVHs
did not result in an improved ability to predict pneumonitis. Further studies at
Duke University with biochemical markers such as TGF-β showed elevated lev-
els related to increased pulmonary symptoms, though this could not be related
to dose or volume dependence, nor when compared with NTCPs or V30 was this
a strong predictive factor for the development of pneumonitis (45,55). Another
factor not accounted for in the models is the indication that the lower lobes of
the lungs, or dependent lung bases, are more radiosensitive than the upper lobes
(50,56). However, this may simply be a volume effect in that irradiation of lower-
lobe tumors results in greater volume of lung irradiation (50).

Graham and co-workers reported the correlation between the V20 and actu-
arial incidence of $grade 2 pneumonitis to be very strong (p 5 0.001) (50).
When the V20 was ,22%, the incidence of pneumonitis was 0. When the V20

was 22–31%, 32–40%, and .40%, the actuarial incidence of grade 2 pneumoni-
tis was 7%, 13%, and 19%, respectively. Graham et al. reported the severity of
pneumonitis to also be related to the V20 (50).

V20 (%) Grade 2 (%) Grade 3–5 (%)

,22 0 0
22–31 7 0
32–40 13 5 (1 fatal)
.40 19 23 (3 fatal)

Graham et al. also reported a very close relationship between the V20, Veff,
and mean lung dose. They reported that based on the Washington University
data, the V20 was the single best predictor of acute pneumonitis on multivariate
analysis (50).

Results of Clinical Trials

The results of single-institution 3D clinical trials for NSCLC are shown in Table
1 (57–60). Because these were early trials before significant dose escalation, the
doses treated ranged from 60 to 74 Gy. These reports thus represent the results
of more standard doses, but with special technical support, such as beam’s-eye
view or 3D dose calculation. One can see that the results appear somewhat better
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TABLE 1 Results of Clinical Trials for NSCLC using 3DRT

Survival

No. of Dose Median 1 yr 2 yr 3 yr
Institution patients (Gy) (mo) (%) (%) (%)

University of Michigan (57) 88 .60 15 — 37 15
University of Chicago (58) 37 60–70 19.5 75 37 —
Memorial Sloan-Kettering (59) 45 64–72 16 — 33 —
Washington University (60) 126 60–74 21.5 57 43 29

than those from the large chemoradiation trials of the early 1990s. Of course,
one must be cautious about drawing conclusions from the emerging single-institu-
tion trials (58–61).

Dose-Escalation Trials

The University of Michigan began its phase I dose-escalation trial in 1992 (62).
The trial was designed to dose-escalate different patient populations based on
their calculated risk of pneumonitis. The Veff parameter was chosen to stratify
the patients for their risk of pneumonitis. The risk groups were as follows: the
lowest risk group had a Veff of ,0.20 Gy. The intermediate risk groups had a
Veff of 0.20–0.25 Gy, 0.25–0.31 Gy, 0.31–0.40 Gy. The highest risk group had
a Veff of .0.40 Gy. These authors have recently updated their results (63). Of
56 evaluable patients, grade 2 radiation pneumonitis (RP) occurred in five patients
and grade 3 RP in only one patient. Other toxicity encountered has been $grade 3
esophagitis in two patients. Two patients developed exsanguinating hemorrhages
(both patients had tumors surrounding the main pulmonary artery). Currently, in
the lowest-risk group (Veff # 12%), the administered doses have been as high as
102.9 Gy. So far, no cases of isolated failures in clinically uninvolved nodal
regions (purposely not irradiated) have been found. Of the initial 10 patients
treated with $84 Gy, there was biopsy-proven residual disease or locally recur-
rent disease in three patients, and complete histological response in three patients
on follow-up bronchoscopy (62).

The Memorial Sloan-Kettering Cancer Center reported, using dose-volume
histogram analysis, that grade 3 or higher toxicity occurred in 38% of patients
receiving $25 Gy to .30% of their lung volume versus 4% of patients with
#30% of their lung volume receiving $25 Gy. Pneumonitis was also correl-
ated with the NTCP. Their dose-escalation protocol is based upon a single dose-
escalation schema, but limits who may enter the protocol to an NTCP of #20%
(59).
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The Radiation Therapy Oncology Group (RTOG) dose escalation trial for
NSCLC patients stratifies the patients for risk of pneumonitis based on the pre-
treatment plan V20. The risk groups are ,25%, 25–37%, and .37% (64). Patients
in the low-risk group have been successfully dose-escalated so far to 90.3 Gy
without the development of high-grade acute pneumonitis.

Each of the above trials has eliminated elective nodal irradiation in an at-
tempt to reduce pulmonary toxicity. This decision was based on the recognition
that most failures in lung cancer are at the site of gross disease. Indeed, Hazuka
et al. (57) found no difference in local progression-free survival or survival be-
tween large-volume treatment (i.e., inclusion of the contralateral hilar or supracla-
vicular lymph nodes) and small-volume treatment (i.e., exclusion of these elective
nodal sites). Similarly, Robinow et al. reported no failures in 101 patients in
whom the radiographically uninvolved contralateral hilum was purposely not irra-
diated (65). It is hoped that in this era of combined-modality therapy, chemother-
apy will reduce the recurrence of microscopic disease in the regional lymphatics.
It is also recognized that even though the mediastinum is not targeted for the
prescription dose, it receives some dose. Clearly portions of the mediastinum and
ipsilateral hilum receive varying doses of the entry or exit or scatter dose, de-
pending on their proximity to the gross tumor. However, it has been very difficult
to quantitate this dose. The issue of elective nodal irradiation is extremely contro-
versial and the results of the ongoing trials are imperative to establish the practice
as standard of care. In addition, after the maximum tolerated dose or doses for
NSCLC are established, further trials comparing 3D therapy to conventional
doses and volumes may be necessary to establish a therapeutic advantage. More-
over, this strategy will need to be integrated with chemotherapy. Recently Socin-
ski et al. reported a dose-escalation trial using 3D computer-assisted planning
techniques from 60 to 74 Gy in patients receiving induction carboplatin (C) and
paclitaxel (P) and concurrent weekly C/P. Of these patients, 97% (31/32) com-
pleted therapy to 74 Gy as planned. The grade 3/4 esophagitis rate overall was
relatively low at only 11%. Moreover, Socinski et al. found a promising median
survival of 26 months and 3-year survival of 47%. Further escalation of the RT
dose in the context of chemotherapy will need to be explored (66). Only in this
way will the true value and efficacy of 3D therapy for lung cancer be confirmed.

SUMMARY

3DRT for lung cancer has emerged as an important component of therapy for
lung cancer. Results of single institutions have provided parameters upon which
to evaluate the risk of acute pneumonitis and thereby stratify patients for dose-
escalation studies. Planners using 3D planning for NSCLC can use these parame-
ters to assess and reduce (by iterative planning) the lung complication rates in
patients. Further clinical correlations for esophagus, heart, soft tissue, and late
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pulmonary sequelae are needed. The value of dose escalation with combined-
modality therapy remains to be established. It is anticipated that more sophisti-
cated, user-friendly computer-assisted or optimized 3D radiation treatment will
be used for the treatment of lung cancer in the future. It is only through the use
of such sophisticated treatment that improvements in the radiation therapy for
lung cancer will be achieved.
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NSCLC: Value of Three-Dimensional
Conformal Radiotherapy: Con

Eli Glatstein
University of Pennsylvania Medical Center, Philadelphia, Pennsylvania

Biology is King, Patient selection is Queen, Technical maneuvers are
the Prince and Princess. Occasionally the Prince or Princess tries to
usurp the throne; they almost always fail to overcome the powerful
forces of the King and Queen.

—Blake Cady, Archives of Surgery, 1997

INTRODUCTION

The truly astonishing aspect of radiation oncology is simply that radiation is
effective in the treatment of cancer. A priori, there is no reason to have anticipated
such an outcome. However, because radiation oncology is a physical solution to
what is truly a biological problem of cancer, there are limitations on just how
effective it can be. It is unequivocally a major treatment modality, but it should
not be seen as ‘‘the answer’’ to the biological problem; rather, it should be seen
as a component of the answer.
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NEW TECHNOLOGIES

With the optimization of the linear accelerator, essentially completed by the mid-
1980s, it became apparent that there was no need for a linear accelerator to have
x-ray energies greater than approximately 20–25 MeV strength. Higher energies
and greater penetration in tissue would simply not be of any further major advan-
tage to patients. Hence, in the latter part of the 1980s and in the 1990s, the
emphasis has been on new technologies, rather than increasing the energy of the
beam. These new technologies represent the logical conclusion of the introduc-
tion of the computer into our lives, and radiotherapy simply represents one
pathway.

Without question, there are benefits from some of these high-tech solutions.
Clearly they accelerate the process of treatment and significantly improve patient
throughput. In addition, developments like the multileaf collimator make it much
easier physically for therapists to carry out their routine functions. They are not
required to lift heavy blocks; when there are multiple fields to treat, they do not
have to go back and forth into the room to change fields. Rather, the radiation
field can be adjusted directly from the control station. These high-tech solutions
are here to stay and they will be exploited in radiation therapy and in lung cancer.
Yet, these advances pale in comparison to the advent of megavoltage radiation,
which resulted in a dramatic improvement in the results of treatment compared
to orthovoltage that had been used up to that time. The reason for this improve-
ment was that, for the first time, megavoltage equipment allowed significant doses
of radiation to be delivered with less side scattering to deep-seated neoplasms.
Thus, the current ‘‘high-tech’’ innovations need to be seen and identified as a
refinement of a technology that has already been in existence, rather than a
‘‘breakthrough.’’

A multileaf collimator is a device for automatically shaping the beam and
allowing flexibility in that shape. When it is used with a fixed beam, its basic
function is that of a customized block. Ultimately, the leaves that do the shaping
will alter their position as the beam arcs around the tumor. Perhaps that may
result in some enhanced value, but when the beam is actually fixed, the same
effects can be achieved by individually fabricated blocks.

3-D TREATMENT PLANNING

There is no doubt that there are individual patients who will benefit from three-
dimensional (3-D) treatment planning, multileaf collimation and intensity-
modulated radiation therapy. However, there is a manic euphoria within our field
that is building momentum about the presumed impact of 3-D treatment planning
and conformal therapy on patient outcome. Clearly, these developments are here
to stay and there will be improvements in selected patients, largely by allowing
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noncoplanar fields to be introduced relatively easily into the treatment plan for
greater conformality. What we should not lose sight of is the fact that 3-D treat-
ment planning is based on a series of 2-D images. A stack of 2-D CT scans has
been available for almost 20 years. The 3-D planning does not represent new
data; what is new is the reconstructed image and the relatively fast and easy way
to add noncoplanar fields and achieve an integrated dose. In the past, radiation
oncologists were required to view all the sections and try to integrate the stack
in their minds to come up with the third dimension for planning.

A wide variety of papers written in recent years show treatment plans based
on 3-D treatment planning that appear superior to conventional radiation therapy.
The real question is: Will this really have an impact on patient outcome? We
need clear documentation of an improvement in outcome, especially survival.
Prior trials in medical oncology have shown that hematopoietic growth factors
allow for greater cumulative doses of chemotherapy, but fail to document any
improvement in survival. The presumption that more is somehow better should
not go unchallenged.

It is entirely appropriate to investigate the hypothesis that improvements
in x-ray dose distribution can lead to an improvement in outcome in patients who
have cancer, including lung cancer. The mere act of delivering an increased dose
to a defined target does not necessarily mean that an improved outcome will
result. We have data from another era that demonstrate that in lung cancer, among
others, postoperative radiotherapy following a ‘‘curative’’ surgical resection re-
sults in significantly improved local control without achieving any significant
gain in survival (1). Presumably this phenomenon was due to the presence of
undetectable micrometastatic lesions that ultimately determine the survival of
patients who have lung carcinoma.

Recently, in the era of adjuvant or neoadjuvant chemotherapy, the issue of
the impact of improved local control upon survival has resurfaced for lung and
breast cancers (2,3). These new studies suggest a statistically significant improve-
ment in survival resulting from the delivery of radiation therapy in conjunction
with chemotherapy. These gains appear to be real, but nonetheless they are mod-
est. They are consistent with the degree of absolute gain achieved by adjuvant
chemotherapy in breast cancer. We need to acknowledge these gains, but not
overstate them. A patient who could be cured by conventional radiation therapy
techniques is not about to be cured twice by new technologies.

Clearly, reducing normal tissue effects is a major consideration and poten-
tial benefit of 3-D conformal radiotherapy. On the other hand, the development
of improved imaging has made target volume definition vastly more precise than
it was 25 years ago. This in turn has made for better targeted treatment and
less morbidity. In addition, in today’s world, most radiation oncologists have the
advantage of being able to select from a range of three or four photon energies,
as well a half-dozen electron energies. This has permitted a degree of patient



302 Glatstein

customization that was inconceivable 30 years ago. These two developments have
markedly decreased the risks of major long-term radiation injuries to major or-
gans and tissues prior to the development of 3-D conformal radiotherapy. It is
astonishing to interview graduating trainees in radiation oncology and realize that
few have seen more than a handful of cases of radiation pneumonitis or chronic
enteritis during their training. Many have not had to admit a patient to the hospital
for a severe acute or chronic radiation injury and are inexperienced in treating
these problems. One has to be concerned whether they will recognize such prob-
lems when they do occur or simply have a reaction of denial; the latter response
is not uncommon if a patient develops a symptom complex that one has not
previously recognized as part of a discrete diagnostic entity.

Most lung cancer patients have serious underlying cardiopulmonary restric-
tions due to the long-term effects of cigarette smoking, or other pulmonary pro-
cesses, or a prior surgical resection. Pulmonary function is a major limitation on
what any modality can accomplish in the treatment of lung cancer. Exposing
larger volumes of normal tissue, albeit to more modest doses of radiation, may
further compromise lung function. In some patients, this may result in a worse
functional outcome than completely wiping out a smaller volume with conven-
tional radiation. In addition, as we increase the doses to the target volume to 90–
100 Gy, there will be times when the vasculature or bronchial cartilage will ne-
crose after such high doses. Indeed, in the phase I dose escalation study for lung
cancer at the University of Michigan, two of 48 patients developed exsanguinat-
ing hemorrhages (4). Likewise, phrenic nerves that are coincidentally irradiated
to doses greater than 7500 cGy can be expected to manifest a finite probability
of paralysis after some years.

LONG-TERM EFFECTS OF RADIOTHERAPY

The sine qua non for long-term effects of radiation therapy on normal tissues is
slow, but progressive cell loss. One can predict that if portions of the heart receive
high radiation doses and the patient lives several years, (a) cardiac muscle cells
will drop out, and (b) local areas of ventricular or atrial aneurysm will ultimately
develop and prove extremely difficult to correct surgically as a result of the prior
treatment. If a high dose of radiation coincides with the location of the atrioven-
tricular node within the heart, a variety of challenging arrhythmias ultimately
result. While these may be risks worth taking in lung cancer, we have to be aware
of them before we conclude that normal tissue tolerance has been underestimated.
Perhaps the biggest improvements from conformal and intensity-modulated treat-
ment will be in children (5,6), owing to the critical problem of radiation effects
on growing tissues.

Conformality of external radiation has much appeal, but brachytherapy in
some patients may do just as well in selected situations. In fact, it may be better
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in that the falloff in dose peripheral to the target volume will spare normal tissues
far better than any modulated radiation plan. This also proves to be the case for
protons, where the combination of a Bragg peak, the absence of an exit dose,
and a major reduction in the entrance dose relative to the target dose promise a
major gain in therapeutic ratio.

There is no way in which a new advantage can be obtained without paying
some price. A major potential clinical disadvantage of intensity modulation treat-
ment or conformal therapy has been largely neglected to date. We all agree that
it is desirable to minimize tumor doses to normal tissues outside of target volumes
in a radiation portal. But the principle of conformal treatment is to use multiple
fields to achieve the desired dose within the target volume by spreading more
modest doses of radiation therapy over a much larger volume of normal tissues
peripheral to the target volume. While this may be advantageous from a func-
tional point of view, it is well documented that more modest doses of radiation
therapy to normal tissues are associated with a paradoxically higher rate of muta-
genesis and oncogenesis (7).

It is true that we see a relatively low risk of secondary cancers in most
patients treated with radiotherapy. However, this has resulted from two different
factors: (1) higher doses of radiation actually eliminate cells that are otherwise
destined to manifest oncogenic mutations, and (2) there is still a major death rate
during the years of latency within our patient population, usually due to progres-
sive tumor outside our fields, but nonetheless effectively decreasing the number
of patients at risk for long-term observation. There is a need to be sensitive to
any detectable increase in tumor induction that appears to result from exposing
an increased volume of normal tissues to modest radiation doses.

IMPROVED IMAGING

It is obvious that improved imaging is critical to any effort in radiation therapy
because optimal radiation therapy is so dependent upon accurate targeting. In
today’s world, we are able to aim beams with astonishing precision. The variance
and range of reproducibility are quite remarkable. On the other hand, there are
major limitations in our ability to aim at a clinical target accurately. Most extra-
cranial structures, including tumors, are moving frequently due to normal physio-
logical function. The larynx moves when one swallows. We know today that
even prostates move, and so do any tumors that are contained therein. Clearly,
a mass in the lung will move vertically with respiration, while one close to the
heart may be affected more horizontally by cardiac contraction. The degree of
movement may vary, but generally these movements exceed the limits of repro-
ducibility with which we can deliver our beams.

While the lung is an enticing area for intensity-modulated radiation therapy
(IMRT), inverse treatment planning to a target that moves (as much as the lungs
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do) should send up a red flag to therapeutic enthusiasts. The process of IMRT with
inverse treatment planning integrates information from a large number of beams,
treating in effect pixel by pixel. The plans that look so impressive on paper are
only a snapshot in time. Motion will throw those calculations off significantly.
Fractionation will compensate to some degree, but the thorax and upper abdomen
are not ideal targets for IMRT at present, owing to the significant impact of move-
ment. While it is certainly possible to link actual beam-on time to some of these
physiological motions, such as respiration or cardiac contraction, the gating system
would have to be truly excellent to negate this dosimetric issue. Even if successful,
that is nothing more than another refinement to what is already done on a daily
basis. There are still instances in which patients will have unanticipated move-
ments. Patients cough, sneeze, scratch, or do something else to make the target
move with respect to the prior centering of the beam. These events can and do
occur despite the best efforts at immobilization. If the movements are observed,
the treatment can be interrupted. Surely there are mechanical devices that can be
developed for this purpose that will prove to be faster and more sensitive than the
human eye. Nonetheless, it is essential that radiation oncologists not lose sight of
the obvious fact that the world of virtual reality is not reality.

Radiation treatments are planned with great care. When a patient is simu-
lated, it is assumed that everything will be carried out exactly as planned. Isodose
distributions and dose–volume histograms are reviewed with inherent assump-
tions about the superimposition of the isodose curves over the treatment volumes
with respect to the localization of the tumor on paper. The reality is that some-
times patients move, that sometimes fields are not centered optimally, that some-
times patients are slightly rotated, that sometimes a variety of physiological and
spontaneous motions introduce artifacts into the treatment plan.

These are obvious physiological limitations on the process of carrying out
radiation therapy, and they represent a critical portion of reality that must not be
overlooked. Nonetheless, the most overwhelming aspect of our reality check is
simply that we do not know the exact extent of a cancer’s infiltration. Cancer is
an infiltrating biological process. While we may see a mass with radiological
imaging, its true extent often exceeds the resolving power of our imaging technol-
ogies. Clearly, we cannot see the neoplastic microscopic extensions that come
off that mass and infiltrate or spread into adjacent tissues or nodal regions. It
should be acknowledged that microscopic residual disease is the key reason for
which radiation oncologists recommend radiation therapy postresection, after the
surgeon has ‘‘got it all.’’ It is for that reason that we typically treat elective
nodal regions (e.g., mediastinum) in lung cancer. However, 3-D conformal dose-
escalation trials for NSCLC focus the beams on the gross tumor volume (GTV)
only and exclude elective nodal regions. This ‘‘strategy’’ is applied purely out
of necessity, as it is impossible to safely escalate doses to the prior traditionally
larger treatment volumes. The impact of this strategy has not yet been well stud-
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ied. This leap of faith is of particular concern in lung cancer, where the risk of
microscopic disease (outside of the GTV) is known to be high. The ‘‘advantage’’
of 3-D radiotherapy, improved conformality of treatment, may ultimately be its
greatest disadvantage, in that microscopic disease outside of the GTV will not
be adequately treated.

The ability to determine the accurate target volumes based on CT or MRI
is modest at best. In lung cancer, there are studies that compare the extent of
disease utilizing these imaging techniques to the extent of involvement defined
by the gold standard of surgical resection with microscopic evaluation. The speci-
ficity ranged only from 50% to 60% and the sensitivity was low (8–10). More
recently, PET scanning has been suggested as a ‘‘better’’ tool for staging accu-
rately (11), but this has yet to be confirmed. It follows logically that we have to
be concerned that, for every patient who may benefit to some unknown degree
from an increase in dose, there is another whose survival may be compromised
by decreasing the target volume. This leads to a prediction that radiation oncolo-
gists may ultimately resort to excessive pride in figures of local control rather than
the crucial endpoint of survival. Indeed, we must be concerned with progressively
smaller margins around the target volume. Reducing the margin around the tumor
volume in this fashion means that there is a genuine uncertainty introduced re-
garding the issue of what is the true dose at the periphery of the target, even if
we neglect the major issue of movement.

RADIATION TOLERANCE

The concept of ‘‘radiation tolerance’’ is based on a probability of injury over
time. It is not unusual among patients who have been cured to discover significant
injury at 10 years that was not recognized at 5 years, and morbidities at 15 years
that were not appreciated at 10 years. This recognition process is further compli-
cated today by an analytical process utilizing actuarial projection. Looking at
populations of patients plotted on an actuarial curve has become standard, with
publications resulting as soon as the magic 5-year mark has been reached, and
sometimes earlier. Assuming a relatively constant accrual of patients, that would
imply that the median period of follow-up is not 5 years, but roughly about 2.5
years. This is simply not long enough to conclude that the limits of normal tissue
tolerance have been identified. To reach that conclusion, one has to have a mini-
mum period of follow-up of 5 years for all patients, and preferably longer. Radia-
tion is not metabolized; once radiation has been administered, it cannot be re-
moved. A study to redefine tissue tolerance is not a 5-year commitment; it is a
commitment of 20 years to accumulate the numbers needed and adequate follow-
up on them.

The enthusiasm for going to higher doses is ultimately based upon a dose-
response curve. The critical question is: How steep is that radiation dose-response
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curve? Most of the clinical information is based on retrospective data, typically
without regard to tumor size, fractionation, and a variety of other variables. Thus,
the clinical data are actually subject to a variety of interpretations. Likewise, cell
survival curves represent in vitro assessments, but do not necessarily take into
account a variety of factors that are known to be important clinically. It is obvious
that size of the tumor mass is an important factor. Histological subtype also seems
to be important in dose response. Unequivocally, the concentration of oxygen, as
well as a variety of other nutrients, is important in the expression of a dose-response
curve in tissue culture. Cell kinetic factors appear to be involved as part of the
process of redistribution. It is hard to conceive that DNA repair systems are not
somehow involved. Many papers have analyzed molecular markers to correlate
them to response as well. There must be a variety of other unknown factors that
have yet to be recognized, but will ultimately be established to be important. These
various factors may be able to account for the enormous heterogeneity that exists
among patients and their varied response to treatment. If each of these elements
could be factored out of the dose-response curve, then the remainder of what we
call ‘‘cellular radiosensitivity’’ that persists after the removal of these factors would
leave a curve representing the true impact of radiation dose alone, which would
likely be considerably flatter than our usual preconception.

It is critical that radiation therapy acknowledge the importance of physics
and technology as we enter the twenty-first century. On the other hand, it is
clear that the major gains in the next century will not be obtained by fine-tuning
dosimetry. The major gains to be achieved will be obtained through biological
investigation and biological developments. How higher doses of radiation can
help if the tumor cells are capable of repairing radiation-induced damage remains
unclear. It would seem more logical that we have to learn how to manipulate the
behavior and response of both malignant and normal cells.

CANCER A BIOLOGICAL PROBLEM

We must not lose sight of the fact that cancer is a biological problem. Future
gains will be achieved through biological breakthroughs, such as radioactive anti-
bodies or gene therapy, or some other development, such as radiosensitizers or
radioprotectors. It is worth noting that if we had an effective radiosensitizer with
a modest sensitizing enhancement ratio of 1.4, it would have more impact on
our local tumor control figures than all the high-tech solutions that are presently
ongoing. Even so, that would only help us in the issue of local control; the biggest
gains in the future are to be made by dealing with cells that we cannot identify
at present, typically out of the field of irradiation.

It should also be emphasized that a biological solution in any of these areas
would ultimately result in a reduction in cost for both patients and institutions.
It is absolutely astonishing to recognize how much spatial, economic, and man-
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power resources have become consumed by today’s high-tech dosimetric solu-
tions. In many departments of radiation oncology, biology receives only lip ser-
vice today. That cannot be true if we are to survive and grow as a field in the
twenty-first century.

Three-dimensional treatment planning and conformal radiation therapy,
with or without intensity modulation, are here to stay. This work should continue,
but it needs to be tested to determine what we have achieved. We should not
simply assume that these technologies are making outcomes better because the
treatment plan looks better on paper or a higher tumor dose is achieved. These
gains need to be tested prospectively. Although some have said verbally that
randomizing patients to 3-D would be immoral, I strongly disagree; ‘‘more’’
should not be assumed to be ‘‘better.’’ It is hard to assess these putative gains
by retrospective comparisons as there has been a remarkable stage migration
resulting from improved screening and diagnostic maneuvers.

It is true that the megavoltage techniques were not prospectively random-
ized compared to orthovoltage. The reason is that there were no comparable treat-
ment schema that could be developed at the target level owing to the remarkable
difference in depth dose characteristics and in skin tolerance with those two mo-
dalities. It is fair to ask why such studies should be carried out today. The answer
is that the gains are unclear in quantitative terms, the new technologies are quite
expensive, and reimbursement schemes today are determined by third-party and
federal bureaucrats, unlike the 1960s. As these high-tech solutions are expensive,
they remain a major issue simply in terms of who will pay for them. If we cannot
show an unequivocal gain with convincing evidence that these technologies result
in better survival, then we can realistically expect that our hospital administrators
will harbor a backlash if we ask them to spend money on future purchases. To-
day’s economic marketplace has become, in a word, ‘‘Darwinian.’’

Finally, there is also a global problem evolving within radiation oncology
in that the field is unknowingly painting itself into a corner. We are being per-
ceived more and more as super technicians and less and less as physicians. It is
essential that we be vigilant that our enthusiasm for high-tech is focused and
balanced toward the solution of medical problems, and not simply high-tech for
its own sake.
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INTRODUCTION

Non–small cell lung cancer (NSCLC), including adenocarcinoma, squamous cell
carcinoma, and large cell carcinoma, accounts for 75% of all newly diagnosed
cases of lung cancer (1). At the time of diagnosis, approximately 70% of patients
will have either locally advanced inoperable disease or distant metastatic disease.
In the United States it is estimated that 127,500 patients developed NSCLC in
1997. Of these, only 38,250 (30%) were candidates for a curative resection. An-
other 30% of patients had locally advanced disease and the remaining 51,000
patients (40%) had confirmed metastases at diagnosis.

If 50% of patients who undergo a curative resection relapse within 5 years,
as currently occurs, then of the 127,000 newly diagnosed patients with NSCLC
in a given year in the United States, 108,375 (or 85%) of all cases of NSCLC
are potential candidates for systemic chemotherapy.

For many, the question continues to be asked: Is chemotherapy worthwhile
in advanced NSCLC, in particular for recurrent or stage IV metastatic disease?

Patients with inoperable NSCLC consist of two major subsets whose treat-
ment approaches are different. For those fit patients with locally advanced inoper-
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able NSCLC, combined-modality therapy of chemotherapy and radiation therapy
is now considered the appropriate standard of care. Among such patients, com-
bined-modality therapy can yield a median survival of 14–18 months with a 5-
year survival approaching 10% (2).

While combined-modality therapy should be considered for suitable pa-
tients with locally advanced lung cancer, numerous studies are still required to
consider the best chemotherapy regimen to be combined with radiation therapy.
Moreover, studies are needed to define the optimal radiation dose, volume, and
fractionation schedule for radiation therapy; and the proper integration of radia-
tion therapy with chemotherapy (concurrent vs. sequential vs. both) for poten-
tially curative treatment needs to be defined. In addition, the best means of inte-
grating the newer therapeutic agents active in NSCLC with radiation still needs
detailed studies.

The outcome for patients with stage IV metastatic NSCLC, while improv-
ing, remains pessimistic. The median survival time without chemotherapy is 4–
6 months; it improves to 6–12 months in randomized trials using both older and
newer chemotherapeutic regimens. However, cures are almost never achieved.
For such patients best supportive care, palliative radiation therapy, and chemo-
therapy, alone or in combination, are the most commonly used treatments.

Until recent years, for many the question repeatedly raised was whether
chemotherapy was indicated or clinically worthwhile in stage IV metastatic dis-
ease.

In this chapter the issues of chemotherapy and metastatic NSCLC will be
addressed with specific reference to its effectiveness in inducing a remission, its
impact on quality of life, and its impact on survival in treated patients.

CHEMOTHERAPY FOR ADVANCED NSCLC

Until approximately 5 years ago, most of the data on the use of chemotherapy
in stage IV NSCLC patients was based on the analysis of multiple clinical trials
containing numerous two- and three-drug combinations of older active agents in
NSCLC, specifically cisplatin, carboplatin, vinca alkyloids, etoposide, etc. (3,4)
(Table 1). The analysis of individual trials, some positive, some negative, led to
major controversy regarding the proper role, if any, of chemotherapy in stage IV
metastatic disease. In 1995, a meta-analysis of 52 randomized trials of almost
10,000 patients showed that compared to palliative radiation or best supportive
care, the results for cisplatin-containing chemotherapy regimens favored chemo-
therapy in all comparisons and reached conventional levels of significance when
used with radiation and best supportive care compared to either modality alone
(5). Of note, an analysis of studies using long-term alkylating agents tended to
show a negative impact of chemotherapy. This study changed the views of many
and indicated that chemotherapy, particularly when it incorporated cisplatin, had
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TABLE 1 Active Single
Agents in Non–Small Cell
Lung Cancer

Cisplatin
Carboplatin
Docetaxel
Etoposide
Gemcitabine
Irinotecan
Ifosfamide
Mitomycin C
Paclitaxel
Vindesine
Vinorelbine
Vinblastine

a role in the treatment of advanced-stage NSCLC. In addition, at that time, many
studies of chemotherapy in advanced NSCLC clearly demonstrated that despite
objective response rates of only 20–30%, many more patients (60–70%) demon-
strated a significant improvement in disabling symptoms including cough, pain,
hemoptysis, dyspnea, etc. (6).

These and other studies and the development of many new agents with
significant activity in the treatment of NSCLC have led to a new optimism and
an explosion in clinical trials in the treatment of inoperable NSCLC including
patients with stage IV metastatic disease.

PROGNOSTIC VARIABLES IN ADVANCED-STAGE NSCLC

As in all cancers, several important prognostic factors dictate treatment decisions:

1. The likelihood of an individual person to benefit from systemic chemo-
therapy

2. The likelihood of an individual person to tolerate chemotherapy with-
out a deterioration in quality of life or survival due to its toxicity and
side effects

Numerous studies have addressed the issue of prognostic factors in advanced-
stage inoperable NSCLC patients who participated in clinical trials. In consider-
ing the outcome of these studies, it is important to remember that the stage IV
patients included in these trials were themselves a highly select group of patients,
in that they met the strict eligibility criteria for entrance into these trials. Thus,
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many patients with stage IV NSCLC were not included in these trials (and
thus not subject to analysis) for a variety of reasons, including advanced age,
poor performance status, significant comorbid medical illnesses, the presence of
brain metastases, etc., or treatment-limiting abnormalities of hepatic or renal
function.

The majority of studies have clearly indicated that patients with an ECOG
performance status of 0 or 1 were more likely to tolerate chemotherapy better
or have a more prolonged survival than those with performance status of 2 or
worse (4). Other prognostic variables identified included weight loss, anorexia,
laboratory data including initial hemoglobin level, albumin level, and lactate de-
hydrogenase. Such prognostic variables are common to many cancers. The impact
of such prognostic variables has been clearly demonstrated in several recent stud-
ies of a more detailed analysis of prognostic variables in large cohorts of patients
with advanced NSCLC who received chemotherapy. In the study of Paesmans
et al., the prognostic factors for survival were reported on all eligible patients
(n 5 1052) with advanced NSCLC registered onto one of seven trials conducted
by EORTC over a decade (7). The median survival of all patients was 29 weeks,
and with a median follow-up duration of 10 years, the actuarial 5-year survival
rate was 1.5%. In this study, factors predictive of short survival included poor
performance status, disseminated disease, an elevated neutrophil count at diagno-
sis, age greater than 60, weight loss, and the presence of bone, skin, or hepatic
metastases. Albain et al. analyzed 2531 patients entered into the SWOG extensive
NSCLC database from 1974 to 1988 (8). In this study, the authors identified
similar prognostic variables associated with a favorable outcome including good
performance status (ECOG 0-1), single metastatic sites, normal LDH, normal
alkaline phosphatase, a baseline hemoglobin level greater than 11.0 g/dl, and
minimal weight loss.

The importance of these two major assessments of prognostic variables for
outcome in advanced NSCLC is that subgroups of patients could be identified
who are likely to respond and benefit from chemotherapy. Conversely, and of
equal importance, it was possible to identify patients not likely to respond to
chemotherapy either in the classic manner (complete response/partial response)
or by improvement in quality of life.

In the study of Paesmans et al. (Table 2), using variables such as gender,
disease extent, performance status, weight loss, and initial white cell count, four
sets of patients could be identified with median survival times ranging from 14
to 601 weeks, 1-year survival ranging from 10 to 53%, and 2-year survival rang-
ing from 2 to 27%. In a similar manner, in the retrospective analysis of Albain
et al., the authors also identified a subset of patients with variable prognosis.
Based on performance status, hemoglobin level, age, and LDH level, patients
could be subdivided into three groups with the median survival ranging from 3.0
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TABLE 2 Prognostic Factors
for Survival in Advanced-Stage
Non–Small Cell Lung Cancer

MST 1-year
Group (weeks) survival (%)

I 60 53
II 38 38
III 26 21
IV 14 10

Source: Paesmans et al. (7). See text
for details.

to 7.6 months, 1-year survival ranging from 6 to 27%, and 2-year survival ranging
from 1 to 8% (Table 3).

Jiroutek evaluated data from 1960 patients with advanced NSCLC treated
with cisplatin-based chemotherapy over five consecutive ECOG trials from 1981
to 1992 to define prognostic factors affecting survival (9). In this analysis, the
median age of patients was 60.7 years (19–82 years); 86% of patients had an
ECOG performance status of 0–1. The overall median survival was 6.5 months
for all patients. Factors associated with a significantly poor outcome included
performance status greater than 1, presence of metastatic symptoms, male gender,
a reduced appetite, and the presence of bone and liver metastases. (See Table 4.)

While many of the studies of prognostic variables report on the impact of
individual factors and survival, only one recent report evaluated the importance

TABLE 3 Outcome of Different Prognostic Groups
(n 5 904)

Median 1-year
No. of survival survival

Group patients (mo) (%)

1. PS 0–1 410 7.6 27
HB $ 11.0
Age $ 47 years

2. Others 277 5.1 16
3. PS 2–4

LDH $ normal 217 3.0 6

Source: Adapted from Albain et al. (8).
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TABLE 4 Precursive Partitioning Analysis

MS (mo) Appetite

Intact (n) Decreased (n)

PS 0
Female 12.58 (111) 8.54 (15)
Male 9.86 (219) 6.74 (50)

PS 1
Female 7.77 (214) 6.95 (102)
Male 6.70 (421) 5.00 (224)

PS 2
Female 5.31 (24) 2.30 (27)
Male 4.30 (64) 3.43 (100)

of performance status in patients with advanced NSCLC undergoing treatment
with combination chemotherapy with ‘‘newer agents.’’

In the preliminary report of ECOG study E1594 by Johnson et al. a random-
ized trial of four different combination-chemotherapy regimens in patients with
confirmed stage IIIB/IV NSCLC, the unexplained toxicity observed in patients
with performance status 2 led to the cessation of accrual of these patients into
the trial (10). Although the number of patients with performance status 2 was
small (n 5 64), the low response rates (6–17%) and median survival (1.9–7.9
months) observed did not justify the excess toxicity.

Studies of prognostic variables in patients with advanced-stage NSCLC
undergoing chemotherapy clearly demonstrate the importance of including such
information as stratification variables in clinical trials in this disease. Failure to
do so may lead to unintended treatment imbalances and, consequently, a misinter-
pretation of the outcome of trials either in favor of a specific treatment strategy
or, conversely, against a specific treatment. It is clear that outside of defined
clinical trials, the use of these prognostic variables may enable us to select pa-
tients for whom chemotherapy is an appropriate option or identify patients for
whom chemotherapy would not likely to be a major benefit and indeed may give
rise to unacceptable toxicity.

‘‘NEW’’ AGENTS IN ADVANCED NSCLC

Since the mid-1990s the availability of a substantial number of chemotherapeutic
drugs demonstrating reasonable activity both as single agents and in combination
regimens has increased the optimism and enthusiasm for the treatment of ad-
vanced-stage inoperable NSCLC (11). These agents include paclitaxel, docetaxel,
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navelbine (Vinorelbine), gemcitabine, and irinotecan. As single agents, each has
shown activity in the phase II trials in previously untreated patients with NSCLC
and, in some cases, has also exhibited activity in patients who have failed prior
chemotherapy. Now, with the development of these new agents with demon-
strated response rates of 20–25% (rates observed in the past mainly with cis-
platin-based combination chemotherapy), NSCLC is no longer considered a drug-
resistant tumor, but rather a cancer that is modestly sensitive to chemotherapy.

We will briefly overview the reported activity of these new compounds both
as single agents and in combination trials of two or more cytotoxic compounds.

Gemcitabine

Gemcitabine (difluorordeoxycytidine), an analog of deoxycytidine, is a pyrimdine
antimetabolite (12). It is active in a variety of murine solid tumors and leukemias,
in addition to human xenografts. Gemcitabine has been studied as a single agent
in more than 500 previously untreated patients with advanced-stage NSCLC, in-
cluding a substantial number of patients with stage IV disease. As a single agent
gemcitabine yields a response rate of 20% with a median survival time of approxi-
mately 9 months. In one randomized study of 299 symptomatic patients with
advanced or metastatic NSCLC, gemcitabine was compared to best supportive
care (13). The overall response rate for gemcitabine was 17%. No difference in
median survival (24.4 weeks vs. 25.5 weeks) was observed. However, control
of symptoms and improvement in patients assessed on symptom scale favored
the gemcitabine arm.

The combination of gemcitabine and cisplatin has been evaluated in at least
seven studies involving more than 300 patients (12). In these studies cisplatin
was administered as a single dose on either day 1, 2, or 15 (five studies) or weekly
times three (two studies). The overall response rates ranged from 28 to 54% with
a median survival time ranging from 8.4 to 15.4 months. The difference in sur-
vival time observed between trials could be explained by the small number of
patients in each study (usually less than 50) and the varying entry criteria and
prognostic variables, particularly stage and performance status of these patients
in each trial.

Two studies have compared gemcitabine as a single agent to the combina-
tion cisplatin/etoposide (14,15). In one study of 50 patients there were no differ-
ences in response rates (19% for gemcitabine vs. 21% for the combination), time
to progression (8.8 vs. 8.5 months), or median survival (37 weeks vs. 48 weeks).

Manegold et al. compared gemcitabine to etoposide/cisplatin in 130 pa-
tients. There were no obvious differences between the two arms’ response rate,
time to progression, and median survival. Both of these trials confirmed the activ-
ity of gemcitabine as a single agent; and in both studies hematological and nonhe-
matological toxicity were substantially less for the gemcitabine treatment arms.
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There have been several randomized studies of the combination of
gemcitabine/cisplatin versus other regimens including cisplatin/etoposide, MIC
(mitomycin/ifosfamide/cisplatin), and single-agent cisplatin (15–17). These ran-
domized studies have involved large numbers of patients. In all three studies,
there was a trend for a higher response rate for the gemcitabine/cisplatin combi-
nation with response rates observed for this combination ranging from 31 to 41%.
The median survival for all gemcitabine/cisplatin arms in these three studies was
consistent at 8.7, 8.6, and 9.1 months, respectively. In the trial comparing
gemcitabine/cisplatin to single-agent cisplatin, a significant survival advantage
was noted for the combination. In the other two combination trials, survival rates
were not statistically different.

More recently, several phase II trials of double and triplet combination of
gemcitabine with other agents active in NSCLC (carboplatin, taxenes, Vinorel-
bine, etc.) have been reported (12,18–20). But the number of patients in these
studies is relatively small, and it is too soon to say whether any of these combina-
tions will prove superior to gemcitabine/cisplatin or indeed single-agent therapy
alone when survival is used as the main endpoint of the treatment.

Paclitaxel

Paclitaxel is a novel cytotoxic agent that exerts its antitumor activity by inducing
excessive polymerization of tubulin, thereby interfering with normal mitotic func-
tion. In numerous phase II studies of patients with advanced NSCLC, paclitaxel
has shown reproducible response rates of 20% or more (21–24). Earlier studies
utilized paclitaxel as a 24-hr infusion; more recent studies have used shorter infu-
sion times (3 or 1 hr), demonstrated similar activity, and clearly offered an eco-
nomic advantage by avoiding hospitalization necessitated by the more prolonged
infusion. In addition, myelosuppression was less pronounced. Although a clear
dose-response relationship has not been demonstrated, it appears that the best
response rates were observed at doses of 200–225 mg/m2 with 3-hr infusion
schedule.

The activity of paclitaxel in NSCLC has been confirmed by a phase III
study comparing paclitaxel at 200mg/m2 over 3 hr every 3 weeks to best support-
ive care. The survival advantage of the single-agent paclitaxel treatment (6.8
months vs. 4.8 months) was significantly in favor of paclitaxel (22).

Numerous studies have been made of paclitaxel in combination with other
agents, in particular carboplatin and cisplatin (21,25–30). Phase II studies of
paclitaxel/cisplatin cited response rates ranging from 35 to 47%. Dose-limiting
toxicity for this combination was peripheral neuropathy and appeared both dose-
related and cumulative. The combination of paclitaxel/carboplatin has also been
evaluated in numerous phase II trials. Because little response difference was ob-
served between 24-hr infusion and the shorter 3-hr infusion, most studies now
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utilize the 3-hr infusion. With the shorter, more convenient infusion time, less
myelosuppresion is observed while there also appears to be a myeloprotective ef-
fect of paclitaxel on carboplatin-associated thrombocytopenia with the combination
of paclitaxel and carboplatin. In numerous studies, response rates ranging from 12
to 63% have been observed with 1-year survivals ranging from 32 to 55%.

Several recent phase III studies have compared paclitaxel alone or in com-
bination with cisplatin to other active regimens in NSCLC. The phase III compar-
ative study of high-dose cisplatin versus cisplatin/paclitaxel reported by Gatzem-
eier et al. involved more than 400 patients with advanced NSCLC (28). While
the overall response rates favored the paclitaxel arm (26% vs. 17%), there were
no significant differences in median survival (35 vs. 37 weeks) or 1-year survival
(35 vs. 32 weeks). An ECOG study compared the standard combination cisplatin/
etoposide to two different cisplatin/paclitaxel (24-hr) iterations, one giving the
higher dose (250 mg/m2) with G-CSF support, the other using a lower dose (135
mg/m2) without G-CSF (26). While higher response rates were observed in the
paclitaxel arms, there were no significant differences in response rates or survival
between the low (135 mg/m2) and high (250 mg/m2) paclitaxel arms. The
cisplatin/paclitaxel arms were associated with a significantly higher response rate
(32% vs. 12%) and a superior median survival compared to cisplatin/etoposide.
The EORTC study compared paclitaxel/cisplatin to a combination of teniposide
and cisplatin. While the paclitaxel arm yielded a superior response rate, there
was no survival advantage for either arm of the study. However, hematological
toxicity was greater in the cisplatin/teniposide arm (29).

In the study of Belani et al. (27) comparing cisplatin/etoposide to paclitaxel
(225 mg/m2/3 hr) and carboplatin (AUC 6), the response rate again favored the
paclitaxel arm (23% vs. 15%). However, the median and 1-year survival rates
were marginally lower in the paclitaxel arm.

In a randomized study of paclitaxel with either carboplatin or cisplatin no
significant differences were observed between either arm of the study. For many
in North America, the combination of carboplatin/paclitaxel has evolved into a
standard regimen for the treatment of advanced-stage NSCLC (30).

It is clear that paclitaxel is one of the more active agents in NSCLC. In
many studies, however, the increased response rates observed with this agent,
either alone or in combination, does not always translate into improved median
or 1-year survival. Like many of the newer agents, the best way to use this drug
(i.e., dose, schedule) and the optimal combination with other agents remain to
be determined.

Docetaxel

Docetaxel (31–41) is a semisynthetic taxane with a similar mechanism of action
and range of antitumor activity as paclitaxel. In phase II trials of more than 150
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patients the overall response rate observed was 27% (24–39%) with a median
response duration of 2 months (31–35). In these studies the median survival for
all patients enrolled was 9.2 months, and 1- and 2-year survival rates were 39%
and 20%, respectively. In these studies the majority of patients had an excellent
performance status (ECOG 0–1 83%) and the predominant cell type was adeno-
carcinoma.

In several phase II studies of patients previously platinum-exposed, the
overall response rate ranged from 16 to 22% with a median survival ranging from
7 to 11 months among almost 170 patients (39). Two separate phase III studies,
one comparing docetaxel at either 75 mg/m2 or 100 mg/m2 to vinorelbine or
ifosfamide, the other comparing the same two doses to BSC, have demonstrated
a survival benefit for salvage treatment with docetaxel (39a, 39b).

In many of these phase II studies, doses of either 60, 75, or 100 mg/m2 of
docetaxel were evaluated, but no clear dose-response effect emerged. The major
toxicity remains hematological. The use of corticosteroids has led to a reduction
in the frequency of fluid retention and skin rashes.

Recent studies have reported the efficacy of combining docetaxel and cis-
platin in advanced-stage NSCLC (36–38). In studies of more than 100 patients,
a response rate of 38% with a median survival of 10 months was observed, results
not too dissimilar from those with single-agent docetaxel, questioning to what
extent cisplatin contributes to the responses observed. Many other ongoing stud-
ies are evaluating docetaxel with the other agents known to be active in NSCLC
(40,41). The proven efficacy of this agent as a single compound in both untreated
and previously treated patients with advanced disease encourages its continued
evaluation in NSCLC. One ongoing phase III trial compares cisplatin/docetaxel
and carboplatin/docetaxel to Vinorelbine/cisplatin; another gives a fixed dose of
carboplatin (AUC 6) and randomizes patients to either docetaxel (75 mg/m2) or
paclitaxel (225 m/gm2).

Navelbine (Vinorelbine)

Vinorelbine (42–48) is a semisynthetic vinca alkaloid that has been extensively
evaluated in NSCLC. Like other vinca alkaloids it inhibits microtubule assembly.
In almost 13 studies of more than 1000 patients, the single-agent response rate
overall is 14%, with a median response duration of 14–34 weeks, a median sur-
vival of 27–40 weeks, and 1-year survival of approximately 25% (42). In the
elderly ($70 years), single-agent Vinorelbine has proven superior to BSC in
terms of both survival and quality of life (42a). In a large number of phase I/II
studies Vinorelbine has been evaluated with other agents in NSCLC. In studies
of Vinorelbine and cisplatin in almost 1500 patients, response rates of 26–52%
have been observed with a median survival time ranging from 26 to 55 weeks
(42,43). In three randomized trials, the combination Vinorelbine/cisplatin was
compared to either single-agent cisplatin, single-agent Vinorelbine, or Vindesine/
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cisplatin (44–47). Overall, the response rate of 30–45% was higher for the new-
agent combination arm, with median and 1-year survival superior in the Vinorel-
bine combinations, confirming the efficacy of Vinorelbine in the management of
NSCLC and its improved activity when combined with cisplatin. This combina-
tion has yielded acceptable toxicity in a disease where the main goal of treatment
still remains symptom palliation and life prolongation.

INVESTIGATIONAL AGENTS (49–52)

Topoisomerase 1 Inhibitors

The campothecins are a family of natural products that exert their antitumor activ-
ity through inhibition of the enzyme topoisomerase 1. The two agents irinotecan
and topotecan have both been evaluated in small numbers of patients with ad-
vanced NSCLC. In studies of greater than 150 patients, responses to irinotecan
were observed in 32–41% of patients. The dose-limiting toxicity was major leu-
kopenia and diarrhea. In one study of 72 patients the median survival for stage
IV patients was 40 weeks (49,50). Combination weekly cisplatin and irinotecan
has yielded a median survival of 47 weeks (50a). A phase III study of cisplatin/
irinotecan versus cisplatin/Vindesine versus single-agent irinotecan has demon-
strated an improved response rate for the new-agent combination, with a trend
toward improved survial. Ongoing trials are evaluating the role of irinotecan with
other agents in the treatment of this disease.

Topotecan has also been evaluated in a small number of patients. Responses
ranging from 0 to 25% have been reported (51,52). In one trial of a small number
of patients, a partial response rate of 36% was noted in five of 14 patients with
squamous cell histology. The responses to topotecan may also be schedule depen-
dent; higher response rates have been observed when this agent is given over 5
days.

TIRAPAZAMINE

Tirapazamine (53) is a new bioreductive anticancer agent with specific activity
toward cells at low oxygen tension. Under hypoxic conditions, this agent is acti-
vated to a toxic free radical and produces a tumor-specific potentiation of cell
kill by cisplatin. The drug is inactive until metabolized to a damaging radical,
which only occurs at oxygen tensions lower than those within normal cells but
well within the range found in solid tumors such as lung cancer, head and neck
cancer, etc. In clinical trials with cisplatin and tirapazamine, both response rate
and survival times of patients with advanced NSCLC were significantly increased
when the combination of drugs was compared to cisplatin alone.
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TREATMENT FOR ADVANCED STAGE IV
NSCLC: SUMMARY

We have reviewed the response rates observed with many chemotherapeutic regi-
mens in the treatment of inoperable NSCLC. It is difficult to draw consistent
conclusions, but the following can be stated with some conviction.

1. In selected patients, chemotherapy and particularly cisplatin-based che-
motherapy has proven superior to best supportive care in terms of survival and
quality of life.

2. There is no standard chemotherapy regimen or combination of drugs
for advanced NSCLC. In an evaluation of numerous phase II and phase III trials
of the ‘‘newer agents,’’ it is clear that no drug has demonstrated superior activity
in terms of response rate, median survival, or overall survival, either as a single
agent or in combination with cisplatin or carboplatin. Thus the selection of a
particular regimen will be dictated by the ease of administration, the toxicity
associated with the regimen, the presence or absence of comorbid medical condi-
tions, and the cost of the agent. An example of this tenet is the recently completed
SWOG trial of two of the ‘‘newer agents’’ combined with cisplatin and car-
boplatin (54). In over 400 patients, the combination of Vinorelbine/cisplatin
(C/V) was compared to combination paclitaxel/carboplatin (T/C). Both arms
yielded an identical response rate (27%), median survival (8 months), and 1-year
survival (37%). While the median survival time of 8 months was inferior to that
reported in numerous phase II/III trials, without question these results more
accurately reflect what would happen in the general community, where selection
procedures for treatment are likely less stringent. Of note, while the toxicity profile
was different for each regimen with more nausea and vomiting for the C/V arm
and fourfold increase in sensory neuropathy for T/C, a significant difference in
cost existed, according to the investigators, between the regimens favoring the
cisplatin/Vinorelbine arm of the study.

3. There is a general agreement that the ‘‘old standards,’’ e.g., etoposide,
ifosfamide, and mitomycin, have now been replaced and sidelined by combina-
tions of the newer agents with cisplatin/carboplatin, etc. However, in the few
randomized studies comparing old versus new, while higher response rates were
frequently observed for the newer agents, this observation did not always translate
into improved survival. (Tables 5 and 6).

SHOULD ALL PATIENTS WITH STAGE IV NSCLC
RECEIVE CHEMOTHERAPY?

The data presented above indicate that we have made modest advances in the
treatment of NSCLC with systemic chemotherapy. While numerous phase II/III
trials look highly promising in terms of response rates and 1-year survival com-
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TABLE 5 Randomized Trial of ‘‘Newer’’ Chemotherapy Agents
in Advanced Non–Small Cell Lung Cancer

Patients RR% MS 1 yr

Cisplatina 218 10% 6.0 mo 16%
Cisplatin/Vinorelbinea 214 25% 7.0 mo 35%
Cisplatinb 154 10% 32 wk 28%
Cisplatin/Gemcitabineb 155 32% 39 wk 39%
Cisplatinc 205 17% 37 wk 32%
Cisplatin/paclitaxelc 202 26% 35 wk 35%
Cisplatind 219 14% 28 wk 21%
Cisplatin/tirapazamined 218 28% 35 wk 33%

Source:
a Wozniak et al. (44).
b Sandler et al. (18).
c Gatzemeier et al. (28).
d Von Pawel et al. (53a).

TABLE 6 Randomized Trial of ‘‘Old’’ Versus ‘‘New’’ Combinations of
Chemotherapy in Non–Small Cell Lung Cancer

Patients RR% MS (mo) 1 yr %

Cisplatin/paclitaxel (135 mg/m2)a 189 27 9.6 37
Cisplatin/paclitaxel (250 mg/m2)a 191 32 10 39
Cisplatin/etoposidea 194 12 7.7 32
Cisplatin/paclitaxelb 155 44 9.4 41
Cisplatin/teniposideb 157 30 9.7 43
Cisplatin/etoposidec 179 15 39 wk 37
Carboplatin/paclitaxelc 190 23 33 wk 32
Cisplatin/gemcitabined 155 38 37 wk 33
Cisplatin/mitomycin C/ifosfamided 152 26 39 wk 34

Source:
a Bonomi et al. (26).
b Giaccone et al. (29).
c Belani et al. (27).
d Crino et al. (17).



322 Carney

pared to historical controls, these data have not always been confirmed by ran-
domized comparative trials. Moreover, as we take these studies into multicenter
randomized trials, with less stringent patient entry criteria, the median survivals
expected (i.e., 10–12 months) consistently drop to 8–10 months, a marginal im-
provement over historical data.

It must be remembered that with current standards of treatment, patients
with stage IV NSCLC have incurable disease. The primary goal of treatment is
to palliate symptoms, improve quality of life, and, if possible, improve survival
with acceptable treatment side effects. Responses can be observed by improve-
ment in symptoms (60–70% of patients) and by clinically or radiologically de-
tected means (20–30% of patients). Responses ideally should be of meaningful
duration with acceptable toxicity. If we treat patients with advanced NSCLC with
our current chemotherapy regimens, a modest gain of 2–4 months in survival is
expected. While we as physicians might have certain criteria for determining
‘‘effective’’ chemotherapy, a recent report by Silvestri et al. based on interviews
of patients with lung cancer attempted to determine how these patients would
value the tradeoff between a survival benefit of 2–4 months with chemotherapy
and its expected toxicities (55). The study involved 81 patients who had received
cisplatin-based chemotherapy for inoperable NSCLC. As one might have ex-
pected, patients’ willingness to accept chemotherapy for the treatment of this
disease showed wide variation. Some patients would accept chemotherapy for
survival advantage of 1 week, while others would not choose chemotherapy even
for a survival benefit of more than 2 years. Many patients, however, would not
choose chemotherapy for its likely survival benefit of 3 months alone, but would
if quality of life were improved. It is clear from this study that patients should
be fully informed as to the likely benefit of chemotherapy for metastatic NSCLC,
including survival advantage and effects on quality of life. This openness might
help clarify the situation when chemotherapy is being considered for patients
with advanced-stage disease.

It is the author’s view that the percentage of patients with metastatic
NSCLC who should receive combination chemotherapy and who are likely to
benefit probably represents only 25–33% of all patients with stage IV disease.
Patients with significant comorbid medical conditions and those with a perfor-
mance status worse than ECOG 1 appear not to tolerate the newer chemotherapy
combinations and have a significant rate of toxicity with no significant quality-
of-life benefit. It is also clear from a review of the numerous prognostic factors
outlined that while patients with good performance status and single or limited
sites of metastatic disease benefit from chemotherapy, the efficacy of chemother-
apy in patients with large-volume metastatic disease or metastatic disease in mul-
tiple sites remains questionable. Clearly each patient needs to be considered based
on his or her individual needs and expectations.

The impact of current chemotherapy regimens on survival in patients with
metastatic NSCLC is small with a median survival advantage of 2–3 months
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but with no chance of cure. These figures have encouraged some of argue that
chemotherapy should be offered to all patients with advanced disease, while oth-
ers remain unconvinced. By using strict selection criteria based on prognostic
factors, we can identify patients who are likely to benefit in a meaningful way
from chemotherapy. In addition, we should be able to discuss openly with these
patients the likely benefits and risk from chemotherapy so that they become part
of the treatment and decision-making process.
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Chemotherapy Dose Intensification: Is There
a Benefit in NSCLC?
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INTRODUCTION

In preclinical models, a majority of chemotherapeutic agents demonstrate rela-
tively steep dose-response curves against human malignancy, including non–
small cell lung cancer (NSCLC). While dose response quantitates the relationship
between drug dose and the degree of tumor cell kill in in vitro systems, dose
intensity (DI) refers to drug dose administered per unit of time, and can be readily
applied to clinical trials of cancer chemotherapy. To standardize terminology,
DI is typically described in mg/m2/week, regardless of the actual schedule of
administration. DI can be achieved by either increasing the dose of the agent per
unit of time (dose escalation) or reducing the time interval between treatments
(dose density) (1). Theoretical advantages to dose density include compression
of the time to tumor regrowth between drug exposures and utility with chemother-
apeutic agents characterized by less steep dose-response relationships (2). An-
other concept, the ‘‘threshold dose,’’ refers to the dose level below which there
is little or no antitumor activity, and is an integral component of dose-response
relationships.
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Although chemotherapy DI remains a potentially important strategy in the
therapeutic approach to a number of malignancies, establishing ‘‘proof of princi-
ple’’ in patient studies has proven to be difficult. The hypothesis that relative
drug resistance can be overcome by simply increasing dose remains largely spec-
ulative, especially in NSCLC. This chapter will review preclinical and clinical
data regarding this ‘‘more is better’’ concept in NSCLC, as well as dose-schedule
interactions, focusing on platinum compounds and new chemotherapeutic agents
now commonly used in the therapeutic approach to NSCLC.

PLATINUM COMPOUNDS (CISPLATIN AND CARBOPLATIN)

Of chemotherapeutic agents with clinical activity in NSCLC, cisplatin has had
by far the greatest impact. A number of randomized clinical trials and meta-
analyses support the conclusion that platinum-based chemotherapy improves sur-
vival, symptom control, and quality of life compared to best supportive care alone
in stage IV disease, and that platinum-containing combined-modality approaches
result in superior survival compared to radiotherapy or surgery alone in stage III
patients (3–9). In an analysis of over 2000 patients with advanced NSCLC treated
on trials of the Southwest Oncology Group (SWOG), cisplatin therapy proved
to be an independent prognostic variable predicting improved survival (10). Until
recently, it was unclear whether combination-chemotherapy regimens in ad-
vanced NSCLC were superior to cisplatin or carboplatin alone in terms of sur-
vival. While previous cooperative group trials in EORTC, SWOG, and ECOG
showed increased response rates with the addition of etoposide, mitomycin C,
or other chemotherapeutic agents to a platinum compound, in none of these stud-
ies was survival improved compared to single-agent cisplatin or carboplatin (11–
13). Nevertheless, the objective response rate to single-agent platinum com-
pounds in cooperative group trials is relatively low, and clinical resistance
emerges within a few months of initiation of therapy in most patients with ad-
vanced NSCLC.

The importance of cisplatin DI in the treatment of NSCLC has been contro-
versial. In vitro, cisplatin demonstrates a steep dose-response relationship in
NSCLC (14). A review of clinical studies investigating single-agent cisplatin in
advanced NSCLC suggests that if regimens are standardized for projected DI,
response rate increases as projected DI increases from 20 mg/m2/week or less
(equivalent to 60 mg/m2 every 3–4 weeks) to the level of approximately 30–40
mg/m2/week (i.e., 100–120 mg/m2 every 3–4 weeks or higher) (15). However,
early attempts to achieve these higher levels of cisplatin DI were accompanied
by an unacceptable level of nephrotoxicity (16). Further clinical investigation of
cisplatin DI was possible only after the introduction of hypertonic saline as a
vehicle for preserving renal function in patients receiving high-dose cisplatin
(17).
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After these observations, Gandara et al. developed a pharmacokinetically
designed high-dose cisplatin (HDP) regimen delivering 200 mg/m2 (or a pro-
jected DI of 50 mg/m2/week) in a divided dose schedule as 100 mg/m2 in 3%
saline on days 1 and 8 of a 28-day schedule (18). Following phase I and phase
II trials demonstrating encouraging results in advanced NSCLC, this HDP regi-
men, with or without mitomycin C (HDP-M), was evaluated in a phase III com-
parison (SWOG 8738) versus ‘‘standard dose’’ cisplatin (SDP) at 50 mg/m2 on
days 1 and 8 (11). Although progressive disease occurred almost twice as fre-
quently in the SDP arm (p , 0.05), confirmed response rates and updated survival
data were similar for SDP and HDP (Table 1). In a third arm of HDP plus mitomy-
cin C, the response rate was significantly higher (p , 0.05), but survival time
was no longer. The results of this study do not substantiate a clinically significant
dose-response effect for cisplatin in advanced NSCLC above a dose level of 100
mg/m2 in a 4-week cycle (a planned DI of 25 mg/m2/week). However, it is impor-
tant to point out that this study did not address cisplatin dose response below
this level. Even the SDP regimen tested in this SWOG trial would be considered
‘‘high dose’’ by many criteria.

Other randomized studies have also failed to demonstrate the clinical sig-
nificance of cisplatin DI in advanced NSCLC (19,20). A recent trial of the Span-
ish Lung Cancer Group in advanced NSCLC compared a dose-intense arm (cis-
platin 35 mg/m2 and etoposide 200 mg/m2 days 1–3 every 4 weeks) or to a dose-
dense arm (same regimen every 3 weeks with rhGM-CSF support). This trial
demonstrated that although dose intensification of cisplatin-etoposide was feasi-
ble, there was no apparent improvement in patient outcome (21). This same group
addressed the issue of preoperative cisplatin DI in stage III disease, randomizing
83 patients to either 100 mg/m2 or 50 mg/m2 in combination with mitomycin
and ifosfamide for three cycles prior to surgical resection (22). There were no
significant differences in complete resection rates, pathological response, or over-
all survival. Finally, a meta-analysis by Donnadieu et al. reviewed the relationship

TABLE 1 Phase III Evaluation of Cisplatin Dose Intensity in Stage IV NSCLC

High-dose
Standard-dose High-dose cisplatin plus

cisplatin cisplatin mitomycin C
(n 5 105) (n 5 108) (n 5 110)

Complete response 0 (0%) 3 (3%) 4 (4%)
Response rate (CR 1 PR) 13 (12%) 15 (14%) 29 (27%)
Progressive disease 60 (57%) 41 (38%) 37 (33%)
Median survival (months) 6.9 6.0 7.2
1-year survival 24% 22% 24%
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of cisplatin dose to response rate in NSCLC (23). Of almost 2000 patients treated
with cisplatin-based chemotherapy, those receiving a dose of $100 mg/m2 had
a significantly higher response rate, 34%, than those patients receiving lower
dose regimens (,70 mg/m2), 28%, p 5 0.005. Based on these observations, a
cisplatin dose of 70–100 mg/m2 given in a conventional schedule in combination
with other active chemotherapeutic agents is reasonable, with no evidence that
higher dose levels improve therapeutic efficacy.

While DI of carboplatin in NSCLC has been less well studied, extrapolation
from the cisplatin database cited above appears appropriate. Although toxicity
profiles of these two platinum compounds vary substantially, the mechanism of
action is identical. The ratio of relative platinum equivalents based on platinum-
DNA adducts for cisplatin compared to carboplatin is 4:1, or a carboplatin dose
of 400 mg/m2 being considered comparable to 100 mg/m2 of cisplatin (11). Of
note, early trials of carboplatin in NSCLC and other tumor types administered
carboplatin on a standard mg/m2 basis, as would be done with other chemothera-
peutic agents. With recognition of the importance of renal excretion of car-
boplatin, recent trials have changed to dosing based on calculated area under the
concentration-versus-time curve (AUC) (24). AUC dosing of carboplatin thus
avoids underdosing patients with normal renal function, and minimizes overdos-
ing those with renal compromise. Some trials have attempted dose escalation of
carboplatin to an AUC of 7.5 or above in combination with paclitaxel as shown
later in Table 3. A retrospective estimation of carboplatin exposure by AUC of
patients receiving carboplatin at doses of 320 mg/m2 or 400 mg/m2 on ECOG
1583 suggested a trend toward improved survival for patients whose projected
AUCs exceeded 5.9 mg/ml/min by the Chatelut formula (24a). But there is no
randomized literature confirming that dose intensification of carboplatin adds to
efficacy in NSCLC, and it is clear that higher doses clearly increase overlapping
myelosuppression in many combination regimens. As a result, carboplatin at an
AUC of 5–6 has become an accepted standard in most combination regimens
where carboplatin is substituted for cisplatin.

TAXANES (PACLITAXEL AND DOCETAXEL)

Paclitaxel

Taxanes are among the most active agents in NSCLC. Paclitaxel is the prototype
of the class and has been extensively evaluated in NSCLC. Preclinical studies
suggest that the antitumor activity of paclitaxel is dose- and schedule-dependent
(25,26). Early clinical data suggested that paclitaxel may exhibit a significant
dose-response relationship in NSCLC (27). However, the optimal dose of pacli-
taxel remains under study and is highly interrelated to the schedule of administra-
tion. Initial clinical trials administered paclitaxel over 24 hr in an attempt to
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TABLE 2 Representative Phase II Trials of Single-Agent Paclitaxel in NSCLC

Median
Paclitaxel Infusion Number of Response survival

Author dose (mg/m2) time (hr) patients Rate (%) (mo)

Johnson (31) 250 24 24 21 5.7
Murphy (32) 200 24 25 24 9.5
Gatzemeier (33) 225 3 50 24 9.5
Alberola (34) 210 3 47 24 NR*
Ranson (35) 200 3 21 19 NR
Millward (36) 175 3 51 10 6.5

* NR: not reported.

ameliorate hypersensitivity reactions (28). Subsequent clinical investigations
lengthened the infusion time to 96 hr, or shortened it to 1 or 3 hr. Although the
optimal schedule remains to be defined, for practical reasons most oncologists
now deliver paclitaxel as a 3-hr infusion every 21 days. A recent development
has been the administration of attenuated doses of paclitaxel on a dose-dense
weekly schedule, resulting in comparable or higher delivered dose intensity
(29,30). Toxicities vary depending on the length of paclitaxel infusion, with in-
creased myelosuppression seen with longer infusion schedules ($24 hr) and
dose-limiting neurotoxicity with the shorter infusions times (1–3 hr).

Phase II trials of single-agent paclitaxel in advanced NSCLC report re-
sponse rates of approximately 10–30%, median survival times of 6–9 months,
and 1 year survival rates of 30–40% (Table 2). Within these dose ranges, there
is no clear evidence of a dose-response effect. Rather, these studies suggest a
significant level of single-agent activity for paclitaxel at or above 175 mg/m2.
Paclitaxel has been studied in combination, most commonly with platinum
compounds, either cisplatin or carboplatin. Table 3 summarizes several dose-

TABLE 3 Representative Phase II Trials of Paclitaxel and Carboplatin in
NSCLC

Paclitaxel Median
dose (mg/m2), Carboplatin Number of Response survival

Author infusion time dose (AUC) patients rate (%) (mo)

Langer (37) 135–215, 24 hr 7.5 54 64 12
Johnson (38) 135–175, 24 hr 6 51 27 9
Belani (39) 135–225, 24 hr 5–11 26 50 NR*
Vafai (40) 150–250, 3 hr 6 27 63 NR
Langer (41) 135–280, 1 hr 7.5 22 55 NR

* NR: not reported.
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escalation studies of paclitaxel in combination with carboplatin. These studies
demonstrated uniformly high response rates, with a suggestion that activity im-
proved at or above the level of 175 mg/m2, but the concomitant use of carboplatin
confounds interpretation of dose-response effects of paclitaxel. Unfortunately,
survival, a more important outcome, was not uniformly reported in these trials.

The most important study of paclitaxel DI is a large phase III Eastern Coop-
erative Oncology Group (ECOG) trial reported by Bonomi and others (42). This
trial compared two different doses of paclitaxel given in a 24-hr infusion in com-
bination with cisplatin to the ECOG standard of cisplatin and etoposide (PE). A
total of 560 patients were randomized to cisplatin and paclitaxel at 135 mg/m2

or 250 mg/m2 plus G-CSF or to PE. The taxane-containing arms in this trial were
found to be superior to PE in terms of response (29% vs. 12%) and median
survival (10 vs. 7.7 months). The high-dose paclitaxel arm did not result in sig-
nificantly improved efficacy compared to the lower-dose paclitaxel combination.
However, toxicity was greatly increased. In particular, severe neutropenia and
death from febrile neutropenia were increased in the high-dose arm. Even more
important, over 40% of patients receiving high-dose paclitaxel and cisplatin de-
veloped severe peripheral neuropathy. Based on these results, paclitaxel as a 24-
hr infusion in NSCLC appears to exhibit no clinically important dose-response
efficacy between 135 mg/m2 and 225 mg/m2. However, there is a steep dose-
response relationship for toxicity.

Several other trials suggest that there may be a threshold dose for paclitaxel
efficacy in NSCLC in combination with a platinum compound. The results of a
study by Kosmidis et al. support the belief that the threshold dose for efficacy
for paclitaxel in NSCLC is a minimum of 175 mg/m2 given as a 3-hr infusion
every 3 weeks (43). In this randomized phase II trial, patients with advanced
NSCLC received paclitaxel at either 175 mg/m2 or 225 mg/m2 plus carboplatin
at an AUC of 6. Time to progression was significantly longer in patients receiving
the higher dose of paclitaxel (6.4 vs. 4.3 months, p 5 0.04). Response rates,
median survival, and 1-year survival were also greater with the higher-dose regi-
men, but did not reach statistical significance owing to the relatively small num-
bers of patients (p 5 0.1). Nevertheless, these results are consistent with other
data showing that there may be an inferior outcome with paclitaxel at a dose of
175 mg/m2/3 hr when given with a platinum compound on a 3-week schedule.
A phase III trial by Gatzemeier et al. randomized patients to cisplatin alone or
cisplatin with paclitaxel at 175 mg/m2 as a 3-hr infusion (44). Although the re-
sponse rate was clearly higher in the combination arm, there was no increase in
the median survival or 1-year survival over single-agent cisplatin in this study.
Similarly, a randomized trial conducted by the European Organization for Re-
search and Treatment of Cancer (EORTC) (45) reported that paclitaxel at a dose
of 175 mg/m2 as a 3-hr infusion plus cisplatin resulted in a higher response rate
(41%) than a regimen of teniposide plus cisplatin (28%), but survival was not
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improved. Most ongoing cooperative group studies in NSCLC (ECOG, SWOG,
CALGB) investigating paclitaxel and carboplatin have adopted regimens with a
paclitaxel dose of 225 mg/m2 over 3 hr, repeated every 3 weeks.

Weekly infusion schedules of paclitaxel increase DI by increasing dose
density, thus increasing the exposure time of dividing tumor cells to the antican-
cer effects of paclitaxel (46–48). At weekly doses #100 mg/m2, hematological
toxicity is mild, even in heavily pretreated patients. In some dose-dense weekly
schedules of paclitaxel, however, substantial neurotoxicity has been observed,
probably related to relatively high peak plasma concentrations and high cumula-
tive dose. Chang et al. reported that paclitaxel at 50–100 mg/m2 as a 1-hr infusion
weekly for 3 weeks out of 4 was active and well tolerated in metastatic breast
and NSCLC (49). Maximum tolerated dose (MTD) has not been reached at 100
mg/m2. However, response rate was not clearly related to the dose level in this
phase I trial. In comparison, Akerley et al. administered weekly paclitaxel at 175
mg/m2 over 3 hr for 6 weeks of an 8-week cycle. In the first 30 patients treated,
delivered DI was 83% in cycle 1, 75% in cycle 2, 58% in cycle 3, and 50% in
cycles 4 and 5. The development of grade II/III neuropathy in later cycles pre-
cluded delivery of the planned dose intensity. There were 14 responders in 25
evaluable patients for an overall response rate of 56%. Median duration of re-
sponse and 1-year survival were 6.5 months and 53%, respectively. A phase II
trial of paclitaxel 150 mg/m2/wk 3 6 every 8 weeks conducted by CALGB
yielded a response rate of 39% and median survival of 10 months in 36 evaluable
patients (49a). Although there have been no randomized phase III trials compar-
ing weekly versus every-3-week regimens of paclitaxel in NSCLC, dose-dense
(and therefore dose-intense) weekly schedules are clearly active, with acceptable
toxicity profiles at levels at or below 100 mg/m2/week.

Docetaxel

Docetaxel is a newer taxane that exhibits activity in both platinum-naive and
platinum-refractory patients with NSCLC. Although antitumor activity of docet-
axel is dose-dependent in vitro, schedule dependency is less apparent. In contrast
to wide variability in paclitaxel infusion duration, clinical trials of docetaxel have
uniformly utilized a 1-hr infusion. No formal dose intensification studies of docet-
axel have been conducted in NSCLC. However, phase II trials of single-agent
docetaxel at dose levels of 60–100 mg/m2 every 3 weeks have been conducted
(Table 4). These studies suggest that as docetaxel dose is escalated, there is at
best a modest increase in response rate, but no appreciable impact on overall
survival. Furthermore, dose-limiting toxicities of neutropenia, neuropathy, and
fluid accumulation are clearly dose-related, compromising the therapeutic index
of this agent at high dose levels. An additional consideration in docetaxel dosing
is the reported interpatient differences in pharmacokinetics due to variability in
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TABLE 4 Examples of Single-Agent Docetaxel Trials in
Previously Untreated NSCLC

Response Survival
Author Docetaxel n rate (%) (mo)

Kunitoh (56) 60 75 19 10
Miller (57) 75 20 25 14
Fossella (58) 100 39 33 13
Cerny (59) 100 43 23 11
Latreille (60) 100 45 25 10
Francis (61) 100 29 38 7

plasma levels of alpha-1 acid glycoprotein, a ubiquitous acute-phase protein. Re-
cent studies have combined docetaxel with cisplatin or carboplatin (50–53). Do-
cetaxel dose levels have ranged from 75 to 100 mg/m2, with increased myelosup-
pression at the higher dose levels.

A phase I trial of a dose-dense approach using docetaxel administered
weekly for 6 consecutive weeks followed by a 2-week rest period demonstrated
marked alteration in docetaxel’s toxicity profile. Myelosuppression was uncom-
mon while fatigue and asthenia became the dose-limiting toxicities. The recom-
mended phase II dose was 30–36 mg/m2/week (54). The efficacy of this novel
dose-intensified schedule needs to be confirmed in ongoing trials.

Docetaxel appears to be one of the most active chemotherapeutic agents
in second-line therapy of NSCLC (Table 5). Fossella et al. reported the results
of a phase III trial randomizing NSCLC patients previously treated with platinum
to docetaxel (100 mg/m2 vs. 75 mg/m2 every 3 weeks) or vinorelbine/ifosfamide
(55). The overall response rate was similar between the two docetaxel arms (12%
vs. 8%), and significantly better compared to the vinorelbine/ifosfamide arm.
Median survival was approximately 5.6 months in all three arms, but 1-year sur-

TABLE 5 Examples of Single-Agent Docetaxel Trials in Previously Treated
NSCLC

Median
Docetaxel Number of Response survival

Author dose (mg/m2) patients rate (%) (mo)

Gandara (62) 100 80 15 7
Fossella (63) 100 44 21 10
Alexopoulos (64) 100 60 25 8
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vival favored the 75 mg/m2 arm of docetaxel (32%), compared to 100 mg/m2

(21%), or vinorelbine/ifosfamide (19%). When results were censored for effects
of subsequent chemotherapy, 1-year survival was superior in both docetaxel arms.
Toxicity was increased in the 100 mg/m2 arm. The results of this trial do not
support docetaxel dose escalation above 75 mg/m2 in previously treated patients
with NSCLC.

In summary, there is no definite evidence of a clinically significant dose-
response relationship with taxanes in NSCLC. Rather, the data are more consis-
tent with a threshold effect for efficacy, a modest dose-response curve, and a
subsequent plateau in antitumor activity. The dose-response curve for toxicity,
however, continues to rise with increasing dose, outweighing potential benefit.
One exception may be dose-dense approaches of weekly taxane administration,
although this requires confirmation in the phase III setting.

GEMCITABINE

Gemcitabine is a novel nucleoside analog of cytarabine that possesses single-
agent activity in NSCLC superior to that seen with platinum compounds. Dose
intensification of gemcitabine has been of particular interest in view of the dem-
onstrated activity of high-dose cytosine arabinoside in refractory acute leukemia.
After initial clinical trials investigating alternative schedules, most studies in
NSCLC have delivered gemcitabine weekly for 3 out of every 4 weeks. When
gemcitabine was administered on this schedule to pretreated patients, the MTD
was 790 mg/m2.

In chemonaive patients, gemcitabine administered on this weekly 33
schedule has been generally well tolerated, with grade III/IV neutropenia and
thrombocytopenia observed in approximately 25% and 5% of patients, respec-
tively. Table 6 summarizes examples of the largest phase I/II trials in chemonaive
patients with NSCLC treated with single-agent gemcitabine.

TABLE 6 Examples of Early-Phase Trials of Single-Agent Gemcitabine Given
on Days 1, 8, and 15 of a 28-Day Cycle in Previously Untreated NSCLC

Gemcitabine Median
dose Number of Response survival

Author (mg/m2/week) patients rate (%) (mo)

Fossella (65) 1000–2800 32 25 10.5
Abratt (66) 1000–1250 76 20 9.2
Gatzemeier (67) 1250 151 22 9.4
Anderson (68) 800–1000 79 20 7.0
Takada (69) 1000–1250 73 26 NR*

* NR: not reported.
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A recent analysis of trials of single-agent gemcitabine at starting doses
of 800–1250 mg/m2 weekly concluded that optimal therapeutic effects were
achieved at doses of 1000 mg/m2 or more (70). Patients who received a median
dose of 700 mg/m2 or less had a response rate of 3%, while higher doses yielded
a response rate of approximately 20%. These data also suggest a plateau in effi-
cacy, with no further benefit at dose levels above 1200 mg/m2/week.

Other schedules of gemcitabine have been investigated. In an early phase
I trial, gemcitabine given every other week yielded no antitumor activity despite
an MTD of 4660 mg/m2, equivalent to a delivered DI of 2330 mg/m2/week (71).
Other schedules (twice weekly, daily over 5 days) reported increased toxicity,
despite a very low delivered DI of gemcitabine (72). For example, dose-limiting
toxicity with the twice-weekly schedule was thrombocytopenia, with an MTD
of 65 mg/m2 or a delivered DI of 130 mg/m2/week. With the daily 3 5 regimen,
dose-limiting toxicity consisted of flu-like symptoms, with an MTD of only 12
mg/m2/day. Clearly, further attempts at dose intensification of gemcitabine must
carefully consider the schedule-dependent toxicity of this agent.

In view of the central role of cisplatin in the therapy of NSCLC,
gemcitabine/cisplatin combinations have been extensively studied. Preclinical
data suggest that the combination was synergistic in vitro, likely related to inhibi-
tion of repair of cisplatin-induced damage by gemcitabine (73). Activity of the
gemcitabine-cisplatin combinations is schedule dependent in preclinical models.
Simultaneous treatment with both agents resulted in synergism only if the expo-
sure duration exceeded 4 hr. Sequential administration (gemcitabine prior to cis-
platin or vice versa) also resulted in synergism, but with increased toxicity in in
vivo models. To explore these preclinical observations in patients with NSCLC,
phase I/II trials of gemcitabine-cisplatin have been performed (Table 7). Al-
though all these trials delivered gemcitabine on the standard weekly schedule for
3 weeks, the cisplatin schedule was highly variable. In aggregate, these combi-

TABLE 7 Phase I/II Trials of Gemcitabine-Cisplatin in Advanced NSCLC

Cisplatin
Gemcitabine (mg/m2), Median
dose (mg/m2) schedule Number of Response survival

Author on days 1, 8, 15 (days) patients rate (%) (Mo)

Shepherd (74) 1000–1800 30 (d 1, 8, 15) 47 30 6
Steward (75) 1000 100 (d 15) 43 42 10
Crino (76) 1000 100 (d 2) 48 54 15
Sandler (77) 1000 100 (d 1) 27 37 8.4
Abratt (78) 1000 100 (d 15) 50 48 13
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nations of gemcitabine-cisplatin yielded response rates and survival times in
NSCLC that were higher than expected for either agent alone.

In some trials, dose-limiting myelosuppression (particularly thrombocyto-
penia) reduced the planned DI and appeared to be related to the timing of cisplatin
administration in individual combinations. In the Sandler trial, only 27% of the
intended gemcitabine dose was delivered in the first cycle. In a recent analysis
of these studies, schedules where cisplatin is delivered on day 15 followed by a
2-week rest period (Abratt and Steward trials) were reported to optimize DI and
provide the longest median duration of exposure to gemcitabine (79).

Since day 15 gemcitabine is commonly omitted due to thrombocytopenia
in weekly 3 3 regimens, a modified schedule of gemcitabine given on days 1
and 8 of a 21-day cycle has been incorporated into recent studies of gemcitabine-
platinum combinations. The Spanish Lung Cancer Group randomized patients
with advanced NSCLC to 21-day cycles of cisplatin (100 mg/m2 on day 1) and
either gemcitabine at 1250 mg/m2 (days 1 and 8) or etoposide (100 mg/m2 days
1–3) (80). Grade III/IV thrombocytopenia occurred in only 20% of patients com-
pared to 25–50% in trials of the traditional day 1, 8, 15 regimens. There was a
significantly higher overall response rate for the gemcitabine/cisplatin regimen
(48%) versus etoposide/cisplatin (22%). Therefore, the day 1 and 8 gemcitabine
schedule in combination with cisplatin appears to retain clinical activity while
reducing dose-limiting hematological toxicity, thus increasing delivery of the
planned DI. Similar observations have been made in recent studies combining
gemcitabine with carboplatin (81). In particular, a trial by Carrato et al. demon-
strated reduced toxicity, improved dose delivery, and equivalent efficacy of car-
boplatin with day 1 and 8 gemcitabine every 21 days compared to day 1, 8, 15
dosing every 28 days (82). In this study, the median dose per week of gemcitabine
was 1130 mg on the every-3-week schedule and 980 mg on the every-4-week
regimen.

VINORELBINE

Vinorelbine is a semisynthetic vinca alkaloid that demonstrates superior antitu-
mor activity in vitro compared to older compounds in its drug class. Several
clinical trials have reported single-agent activity against previously untreated pa-
tients with NSCLC at a dose level of 30 mg/m2/week (Table 8).

In the two large phase III trials in which single-agent vinorelbine has been
compared with other chemotherapy regimens (85,86), the response rate to vinor-
elbine was 12–14% with a median survival of approximately 7 months. There
have been no formal dose-intensification studies of single-agent vinorelbine be-
yond the MTD of 30 mg/m2/week because of dose-limiting neutropenia (87). In
other tumor types, pilot studies of vinorelbine dose escalation in combination
with hemopoietic growth factors have been reported (88). As a second-line agent,
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TABLE 8 Examples of Trials Using Weekly Single-Agent Vinorelbine in
Advanced NSCLC

Median
Number of Response survival

Author Dose (mg/m2) patients rate (%) (mo)

LeChevalier (85) 30 206 14 7.4
Depierre (83) 30 70 33 8
O’Rourke (86) 30 143 12 7
Furuse (84) 25 80 29 9

vinorelbine possess little or no antitumor efficacy at dose levels of 20–25 mg/
m2/week as summarized in Table 9. A single study by Santoro reports a response
rate of 20% but patients were not well characterized with regard to response
status to primary chemotherapy.

Vinorelbine/platinum combinations have been evaluated in a number of
studies, but do not provide definitive information regarding vinorelbine dose re-
sponse. In a phase I–II trial of vinorelbine/carboplatin (AUC 7), responses were
first observed at a vinorelbine dose of 15 mg/m2/week (93). In combination with
cisplatin, vinorelbine given at 25–30 mg/m2/week has been shown to result in
superior response rates and survival times compared to either cisplatin alone or
a vindesine/cisplatin regimen (94,95). Although caution must be taken in compar-
ing these trials, the results are very similar, whether the 25 mg/m2/week dose
was used, as in the Wozniak study, or 30 mg/m2/week, as employed in the Le
Chevalier trial. Substantial reductions and omissions in vinorelbine dosing were
required in both studies. More recently, day 1 and 8 regimens of vinorelbine in
combination with either cisplatin or carboplatin have been evaluated, deleting
day 15 vinorelbine and shortening the cycle to 21 days.

TABLE 9 Single-Agent Vinorelbine as Second-Line
Therapy for NSCLC

Vinorelbine dose Number of Response
Author (mg/m2/wk) patients rate (%)

Rinaldi (89) 20 18 0
Pronzato (90) 25 15 0
Santoro (91) 30 10 20
Fossella (92) 30 87 1
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IRINOTECAN

Irinotecan hydrochloride is a semisynthetic camptothecin derivative that inhibits
DNA topoisomerase I and demonstrates impressive single-agent activity in
NSCLC. In three representative phase II trials using irinotecan at a dose of 100
mg/m2/week (96–98), the overall response rate ranged from 15 to 34% with a
median survival of 6–7 months. A European trial administered the agent at a
dose of 350 mg/m2 once every 3 weeks, similar to the dose schedule used for
colorectal cancer (99). This schedule represents a modest increase in planned DI
from 100 mg/m2/week to 116 mg/m2/week. Despite this increase, the response
rate (36%) was similar to the weekly regimen employed by Japanese and North
American investigators. Because of preclinical tumor models that demonstrated
therapeutic synergy with the irinotecan plus cisplatin, several phase I/II trials of
this combination are now being conducted (100).

HIGH-DOSE CHEMOTHERAPY WITH AUTOLOGOUS
BONE MARROW (ABMT) OR STEM CELL
TRANSPLANTATION (SCT)

Advances in technology for bone marrow transplantation enabled investigations
into applying this approach to solid tumors such as NSCLC and small cell lung
cancer. Although high-dose chemotherapy with ABMT or SCT has resulted in
long-term survival in advanced Hodgkin’s disease, non-Hodgkin’s lymphoma,
and multiple myeloma, its efficacy remains highly controversial in most solid
tumors such as breast cancer. NSCLC represents an older male population of
current or previous smokers with a high incidence of underlying chronic obstruc-
tive pulmonary or cardiovascular disease. Pilot studies of high-dose chemother-
apy in advanced NSCLC have generally been accompanied by equally high rates
of treatment-related morbidity and no long-term survival.

An example of this approach in advanced NSCLC was reported by Socinski
and Shea where carboplatin was escalated in combination with paclitaxel 250
mg/m2 over 24 hr with SCT and filgastrim support. A carboplatin MTD of AUC
18 was identified (101). In this trial, six of seven patients had major responses.
Dose-limiting toxicities included severe, transient nephrogenic diabetes insipidus
and prolonged neutropenia lasting over 2 weeks. Other serious toxicities included
neurotoxicity, diarrhea, and mucositis. A phase II CALGB trial is ongoing to test
the efficacy of this approach using the 3-hr infusion schedule of paclitaxel at 250
mg/m2 in combination with carboplatin at an AUC of 18. Another phase II study
mounted at Fox Chase Cancer Center failed to show any obvious advantage: 10
patients with bulky IIIA NSCLC or potentially resectable III NSCLC underwent
mobilization with etoposide 2 gm/m2 and G-CSF followed by two cycles of car-
boplatin (AUC 12–16) and paclitaxel (250 mg/m2) with stem cell and G-CSF
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support. Only one pCR was observed at surgery. Median time to progression was
57 weeks and median survival 124 weeks (102). Until the emergence of convinc-
ing efficacy data for high-dose therapy with stem cell support in NSCLC, this
approach must still be considered investigational.

CONCLUSION

The concept of DI is based on the kinetics of cancer cell growth and the steep
dose-response curves observed with many chemotherapeutic agents in vitro.
Whether or not this concept translates into tangible clinical benefit in NSCLC
remains unproven. In fact, based on currently available literature, there is very
little evidence to support arbitrary dose intensification of chemotherapeutic agents
above dose levels recognized to be effective in NSCLC. Most clinical studies
performed to date suggest that chemotherapeutic efficacy reaches a plateau be-
yond which further dose escalation only adds to toxicity. Of equal importance
is recognition of the threshold dose concept. This is especially true when consid-
ering multidrug regimens, which inherently require dose reduction of all agents
in the regimen to avoid overlapping toxicity. Despite the ongoing discovery of
active new chemotherapeutic agents, it has been difficult to demonstrate the supe-
riority of three-drug regimens over two drug regimens in the treatment of NSCLC
and other human malignancies. To a large extent, these results may reflect the
threshold dose concept. Finally, several new classes of novel nonchemotherapeu-
tic antineoplastic agents now in development possess unique mechanisms of ac-
tion that target tumor cell populations that are classically resistant to standard
chemotherapy. Since these agents are likely to be used in combination with cur-
rently available chemotherapy, it is quite likely that future advances in NSCLC
will result not from the principles of DI but from the principles of drug diversity.
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INTRODUCTION AND CURRENT PERSPECTIVE

The American Cancer Society estimated there would be 164,100 cases of lung
cancer in the United States in 2000 with approximately 156,900 deaths (1). These
figures represent the continued decline in overall lung cancer mortality that began
to occur over the last decade. While this decline has occurred in men, death
rates appear to have stabilized, but not decreased, for women. At many levels
of government, tobacco is recognized as an addictive drug warranting regulation
by the Federal Drug Administration (FDA) (2). Approximately 46.3 million indi-
viduals—26% of U.S. adults—smoke, and approximately 45 million are former
smokers (3). While studies indicate that approximately 70% of smokers state they
‘‘want’’ to quit, only 2.5% succeed (4). Despite programs such as the Community
Intervention Trial for Smoking Cessation (COMMIT), addiction to tobacco re-
mains a major health problem. Twenty percent of long-term survivors of lung
cancer are now conservatively estimated to have a risk of developing second
primary cancers, and former smokers now comprise at least half of newly diag-
nosed cases of lung cancer (3).
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Even if all persons stopped using tobacco now, the legacy of decades of
smoking and other environmental and occupational risk factors in older adults
would continue to produce huge numbers of new cases of lung cancer worldwide
(5). Therefore, elimination of tobacco use as primary prevention of lung cancer
remains a crucial intervention for teenagers and young adults. Furthermore, the
risk of second primary tumors for people cured of primary cancers of the lung
or head and neck remains high and does not seem to be effectively improved by
smoking cessation alone (6). Consequently, new prevention strategies must be
developed (7). Lung cancer death rates among the neighborhoods of Boston range
from 25 to 60 per 100,000 with a mean value of 42.8 (8). Overall U.S. cancer
death rates also have a wide state-to-state variation.

According to the National Cancer Institute Surveillance Epidemiology and
End Results data (www.seer.gov), Utah has the lowest rate (119 per 100,000),
and the Midwest farming states range from 145–160, whereas many of the eastern
industrial states have consistently higher death rates. The highest mortality rates
are observed in Louisiana, Delaware, Kentucky, Maine, and West Virginia (8a).
Lung cancer death rates appear to vary markedly as well even within regions.
These estimates are clearly subject to limitations and also are affected by differ-
ences in median age, ethnic variability, and relative smoking rates. Nevertheless,
these state-to-state differences are striking and suggest that if we can identify
those groups at highest risk and help effect changes in behavior and environmen-
tal exposure, we can produce meaningful decreases in the number of people dying
from lung cancer. For example, Utah, with the lowest incidence of lung cancer
mortality, is next to Nevada, one of the states with the highest incidence. Figure
1 shows lung cancer estimated death rates per 100,000 population. Because lung
cancer accounts for approximately 30% of U.S. cancer deaths annually, effective
interventions in lung cancer prevention could significantly reduce the number of
people dying from cancer in this country.

Hong et al. reported in 1990 that isotretinoin (13-cis retinoic acid) could
prevent second primary tumors (SPTs) in patients with previously treated squa-
mous cell carcinoma of the head and neck (9). Since that time, it has been hoped
that similar strategies could reduce the incidence of lung cancer in current smok-
ers, former smokers, and those with a previously treated aerodigestive-tract ma-
lignancy. In that regard, SPTs must be distinguished from a recurrence of a previ-
ously treated cancer. Hong has categorized SPTs as new cancers (1) separated
from the original tumor by 2 cm of normal epithelium, or (2) consisting of a
different histological type, or (3) recurring more than 5 years after the original
cancer. Metachronous tumors are those that occur more than 6 months after the
original tumor, whereas synchronous cancers are those diagnosed within 6
months of the original cancer (9). These distinctions are pivotal in chemopreven-
tion research. SPTs after prior treatment of lung cancer occur with relatively
constant frequency (i.e., 3–4% per year in a high-risk cohort) and are felt to
result from a field defect (see below) rather than being treatment related.
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FIGURE 1 Lung cancer mortality per 100,000 population (ACS estimates 1999).

In this chapter, we focus on recent developments and current chemopreven-
tion research strategies for lung cancer as well as treatment of carcinoma in situ.

As far back as 1922, Mori reported that a diet low in fat-soluble vitamin
A resulted in squamous metaplasia in the trachea and larynx of experimental
animals (10). Since that time, there have been numerous studies and publications
questioning or proposing a link between vitamin intake and risk of developing
lung cancer. While appealing, this link is still unproven. Nevertheless, vitamins
and other dietary supplements make up a billion-dollar health food industry sup-
ported by millions of people seeking to prevent not only cancer, but the aging
process in general.

Slaughter and colleagues beginning in 1944, introduced the concept of the
multiplicity of cancer origin (11,12)—the so-called ‘‘field cancerization’’ con-
cept. In 1953, they reported that 88 of 783 (11.2%) patients with oral cancer had
two or more independent squamous cell carcinomas. Slaughter also found that
abnormal and hyperplastic—often atypical—epithelium surrounded virtually all
oral cancers for varying distances (13). In 1956, Auerbach et al. reported epithe-
lial changes in the lungs of 41 patients with bronchogenic cancer not present in
the lungs of nonsmokers: hyperplasia, loss of cilia, and atypical cells. The authors
defined carcinoma in situ as the presence of all three of these abnormalities (14).
These two landmark studies were the first to suggest that, rather than being an
isolated event, lung cancer is the end result of a series of genetic defects that
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accumulate in the bronchial tree following long-term exposure to tobacco and
other carcinogens. Sporn coined the term ‘‘chemoprevention’’ in the mid-1970s,
thereby defining an entirely new area of cancer research. Chemoprevention is the
attempt to ‘‘arrest or reverse pre-malignant cells during their progression to inva-
sive malignancy, using physiologic mechanisms that are not toxic’’ (15). He fur-
ther expanded this concept to develop interventions to retard the promotional
events that make up the dynamic multistep process of carcinogenesis.

MULTISTEP CARCINOGENESIS

It is now widely accepted that a sequence of oncogene activation events is re-
quired for the development of an invasive lung cancer cell. This mechanism of
malignant tumors arising from a multistep process of sequential chromosomal
loss has been worked out in detail for colon cancer by Vogelstein et al. (16).
Although the process of suppressor gene loss and oncogene activation in broncho-
genic cancer is less well understood, it appears that multiple genetic mutations
are also involved in lung cancer development (17–23). These mutations seem to
be irreversible and remain silent until additional genetic alterations occur that
further promote neoplastic development. Thus, lung cancer development requires
the accumulation of multiple genetics alterations over a prolonged period of time.
Furthermore, it appears that abnormalities in p53 and mutations of K-ras occur
relatively early in the development of lung cancer (24) (see Figure 2).

FIGURE 2 Chemoprevention: using Retinoids and other agents to attempt to slow
the promotional events that lead from dysplasia to carcinoma. NNK 5 initiation
by NNK and other nicotine metabolites. Pro 5 promotional events following early
oncogene activation that lead to invasive carcinoma.
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The protein encoded by the p53 gene is a key element in regulating the
cell cycle and apoptosis, particularly in response to cellular damage. The chromo-
somal region where p53 resides (17p13) is frequently deleted in lung cancer,and
the remaining allele has undergone mutational inactivation in 50–70% of lung
cancers (25). Inhibition of the tumor-promoting activity of ras genes, by antago-
nists of the cellular enzyme farnesyl protein transferase (an enzyme required for
ras genes to transform cells), represents a rational attempt to utilize newly gained
knowledge of how transforming proteins operate, to create novel anticancer
agents (26).

MOLECULAR EPIDEMIOLOGY: FINDING SUBJECTS AT
INCREASED RISK FOR CANCER

The triad of lung cancer causation is shown in Figure 3. The causal pathway
initiated by smoking includes a long list of factors: duration of smoking, depth
of inhalation, chronic obstructive lung disease, and deposition of particulate mat-
ter. A second branch of the pathway includes chronic inflammation, release of
proteolytic enzymes, release of oxygen radicals, and macrophage secretion of
polypeptide growth factors (27). Genetic susceptibility makes up the third compo-
nent (28). Knudson, in 1985, hypothesized that certain individuals have increased
susceptibility to development of cancer based on the loss or mutation of a single
gene, which then makes it more likely that they could suffer a ‘‘second hit’’ as
a result of carcinogen exposure or some other mutational stimulus (29). This
hypothesis connects sporadic and familial cancers and has a broad range of appli-

FIGURE 3 Triad of lung cancer causation.
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cability for both basic and clinical research. Because only 10–15% of smokers
ultimately develop lung cancer, it is this group who could most benefit from
chemoprevention (30); consequently, a variety of tests and models have been
investigated to predict those at greatest risk for the development of lung cancer.

Krontiris et al. reported an association of variability in the HRAS1 minisa-
tellite locus and the risk of several epithelial cancers, including lung cancer (31).
A recently completed Eastern Cooperative Oncology Group (ECOG) study
(E3Y92) has expanded this observation by testing for the presence of such genetic
polymorphisms in siblings with cancer to better define the concept of ‘‘cancer
families.’’

The majority of chemical carcinogens require metabolic activation before
they interact with cellular macromolecules and initiate tumor development. It has
thus been hypothesized that an individual’s risk of developing lung cancer may
be based on genetic polymorphisms in carcinogen-metabolizing pathways. For
example, as mentioned above, although cigarette smoking is the main cause of
lung cancer, not all smokers develop malignant lung tumors. It was previously
shown that individuals whose P450 cytochrome system (CYP2D6) metabolized
the drug debrisoquine slowly were at higher risk of development of lung cancer
(32). However, recent studies by Shaw et al. (33) and Kivisto et al. (34) have
not confirmed this observation. Altered phenotypes and genotypes in other metab-
olizing enzymes (e.g., CYP1A1 and CYP2E1) have also been associated with
tobacco-smoke-induced lung cancer and other cancers; however, other studies
have shown no association (35,36). Nevertheless, the concept of individual varia-
tion in susceptibility to carcinogens is potentially of great importance and merits
further evaluation.

SPECIFIC CHEMOPREVENTIVE AGENTS

For a drug to be effective as a chemopreventive agent, it should retard or reverse
the long, multistep process of carcinogenesis—from metaplasia (a premalignant
state) to dysplasia (further cellular disorder), to carcinoma in situ, to finally an
invasive tumor, i.e., cancer (37). See Figure 2.

Vitamin A and Dietary Intake

A statistical decrease in the risk of lung cancer has been associated with increased
consumption of green or yellow vegetables or carotenoids in 14 of 15 retrospec-
tive diet studies. Furthermore, decreased serum retinol levels have been correlated
with an increased risk of cancer (38). There is still no compelling evidence to
date, however, that a diet supplemented with vitamin A will prevent lung cancer,
although one study using retinyl palmitate has suggested a potential benefit [see
Pastorino et al. (76)].
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The Retinoids

Retinoids, derivatives of vitamin A, are critical for epithelial differentiation, nor-
mal vision, and reproduction. Natural and synthetic retinoids given at pharmaco-
logical doses can restore regulation of differentiation in vitro, so they were a
natural choice for early studies (39). Retinoids are potent regulators of gene ex-
pression (40,41) and work through an elaborate system that consists of a family
of cytoplasmic retinoic acid–binding proteins as well as intranuclear retinoic acid
receptors (42).

The family of retinoid nuclear receptors consists of two main types—RAR
and RXR—each with at least three subtypes: alpha, beta, gamma. RAR-α, RAR-
β, and RAR-γ have been localized to chromosomes 17q21.1, 3p24, and 12q13,
respectively, whereas RXR-α, RXR-β, and RXR-γ have been localized to chro-
mosomes 9q34.3, 6p21.3, and 1q22-23 (24). The nuclear retinoid receptors are
homologous to the steroid/thyroid hormone family (43). Structurally, RARs have
three separate domains: a transcription-activating domain, a DNA-binding do-
main, and a hormone-binding domain together with a hinge region (Figure 4).

Once a retinoid reaches the cytoplasm, it enters or is transported to the
nucleus where it binds to the hormone-binding domain of either the RARs or
RXRs. These ligand-receptor complexes then bind to DNA as either homo- or
heterodimers and inhibit protein kinase C, modulate growth of premalignant cells,
and suppress evolution of premalignancy to overt neoplasia. In particular, abnor-
mality or loss of detectable RAR-β has been associated with lung cancer and lung
cancer cell lines (44,45) and a majority of oral premalignant lesions responding

FIGURE 4 Retinoid receptor structure. RARs have three separate domains.
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clinically to 13cRA treatment have been shown to have an increase in the RAR-β
level (46).

The retinoid receptors do not appear to bind directly to 4-HPR (all trans-
4-hydroxyphenyl retinamide) and it is therefore termed a ‘‘prodrug,’’ whereas
9-cis and other retinoids bind to both RAR and RXR (47) (Figure 5).

The startling discovery that all trans-retinoic acid can induce differentiation
and clinical remission in patients with acute promyelocytic leukemia was a major
milestone in the quest for a more biologically based approach to the prevention
and treatment of malignant disease (48) (Figure 6). Etretinate is a second-genera-
tion compound and the Arotinoids LGD 1069 and Tazarotene, third-generation
agents, have been modified in the ring structure to provide more differentiation
and gene regulation activity (47). Future work with these and other synthetically
derived retinoids should yield new agents that can specifically restore the regula-
tion of differentiation in vivo in premalignant pulmonary tissues.

Carotenoids

Beta-carotene is a dimer of the active moiety retinol that is plentiful in green
and yellow vegetables (Figure 7). It appeared to have an advantage over pre-
formed vitamin A and was a popular agent for clinical trials over the past decade.
However, recent reports from three large studies have not shown benefits in
chemoprevention of lung cancer and two have even suggested that overall death
rate and deaths from lung cancer are higher in smokers who take pharmacological
doses of beta-carotene. The Alpha Tocopherol Beta Carotene (ATBC) Study was

FIGURE 5 Retinoic acid receptor binding and mechanism of action.
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FIGURE 6 All trans-retinoic acid (ATRA) and isotretinoin (13-cis RA) are both in
clinical use.

carried out on 29,133 male Finnish smokers. Those participants who took 20 mg
of beta-carotene developed 18% more lung cancers and had 8% more deaths than
those ATBC participants who did not (49). The Physician’s Health Study was a
randomized 2 3 2 factorial trial that accrued 22,070 U.S. male physicians aged
40–84 years. Eleven percent of the participants were smokers when recruited to
the study and 51% had smoked at some time in their life. Participants took either
beta-carotene 50 mg every other day or a placebo and 325 mg of aspirin or a
placebo on alternate days. This study showed no benefit or harm from beta-
carotene regarding cancer or cardiovascular events (Figure 8).

FIGURE 7 Vitamin E (α-tocopherol) and β-carotene.
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FIGURE 8 Placebo-controlled studies have shown no β-carotene benefit for
smokers.

The Beta Carotene and Retinol Efficacy Trial (CARET) study involved
18,314 smokers, former smokers, or aerospace workers exposed to asbestos. It
was terminated in January 1996 after a planned interim analysis showed a 28%
higher rate of lung cancer and 17% higher overall death rate in those participants
taking beta-carotene. The participants were notified to stop taking their study
medications and obtain follow-up and a physical examination. The dose of beta-
carotene in that study was 30 mg/day, which is equivalent to 50,000 IU of vitamin
A, or about five medium-sized carrots. Other trials using beta-carotene were
halted. The ongoing Women’s Health Study is continuing using vitamin E and
aspirin only. Although it is disappointing that beta-carotene demonstrated no ben-
efits for those participants, these important studies have shown the unquestionable
importance of placebo-controlled studies in chemoprevention research. Many in-
dividuals have been taking beta-carotene on the premise that it could not be harm-
ful. The ATBC and CARET studies suggest the opposite. Smokers should not
take beta-carotene supplements. They should stop smoking.

In a recent randomized, placebo-controlled trial in subjects with docu-
mented histories of occupational asbestos exposure, McLarty et al. (50) reported
on the efficacy of combination therapy with β-carotene (50 mg) and retinol
(25,000 IU) given on alternate days. Despite a median treatment duration of 5
years, no significant reduction in sputum atypia was seen.
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N-Acetylcysteine (NAC)

Cigarette smoke contains dozens of carcinogens: benzene, benzo(apyrene), NNK
[4-(methylnitrosamino)-1-(3-pyridyl)-1butanone], crotonaldehyde, epoxides, free
radicals, and peroxides. It has been estimated that each puff of smoke contains
1016 oxidant molecules, a level that can overwhelm the glutathione detoxification
system (GSH) (51). Of note, oxidant exposure can rapidly activate K-ras onco-
gene DNA (52). N-Acetyl cysteine (NAC) (Figure 9) is an aminothiol precursor
of reduced GSH that has been used since the early 1960s as a mucolytic agent
(53). When taken orally, NAC is rapidly absorbed, deacetylated, and incorporated
into intra- and extracellular GSH stores (54). It is highly effective in ameliorating
acetaminophen hepatotoxicity and is safe when given in doses of 30 g daily for
several days (55). NAC detoxifies reactive electrophiles and free radicals through
reduction of oxygen species and by conversion to cysteine, which supports GSH
biosynthesis and acts directly as an antioxidant or as substrate in the GSH redox
cycle. In vitro, NAC decreases carcinogen-induced DNA damage and inhibits
type IV collagenases as well as chemotaxis, invasion, and metastasis by some
malignant cells (56).

Conaway et al. (57) recently reported on the chemopreventive potential of
NAC along with three other agents (fumaric acid, retinamide and β-carotene) in
preventing NNK-induced lung tumors in A/J mice. Although none of these agents
effectively reduced tumor incidence or multiplicity, both NAC and β-carotene
significantly retarded the malignant progression of adenomas to adenocarci-
nomas. The European Organization for Research and Treatment of Cancer
(EORTC) studied NAC at a dose of 600 mg daily as well as vitamin A in the
form of retinyl palmitate (300,000 IU) in a 2 3 2 factorial design. Side effects
of NAC were very low, with 86% of participants taking NAC alone reporting
essentially no toxicity (58). Final results of this study have been disappointing,

FIGURE 9 N-Acetyl cysteine (NAC) was used in the ‘‘Euroscan’’ study.
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with no advantage for NAC, retinyl palmitate (RP), or the combination versus
no intervention, and no difference in the incidence of second primary tumors
(59).

Vitamin E (a-Tocopherol)

Vitamin E is a naturally occurring antioxidant (Figure 7). Epidemiological and
dietary studies have suggested that there is an inverse relationship between vita-
min E intake and the incidence of lung cancer (60). Data from Dimery et al.
suggested that the toxicity of high-dose 13-cis-retinoic acid could be ameliorated
when α-tocopherol was given concurrently, without affecting the retinoid’s
plasma concentration (61). Furthermore, preliminary evidence indicates that α-
tocopherol (1200 IU/day), when given with 13-cis-retinoic acid (100 mg/m2/day)
and interferon-alpha (3 MU/m2), exerts a protective effect on advanced premalig-
nant oral lesions by modulating p53 and Ki-67 expression (62). However, no
data on toxicity were reported. It remains to be determined what role, if any, α-
tocopherol has on its own or as a modulator of retinoid toxicity, and whether
similar effects on gene expression (e.g., p53 and Ki-67) are observed in pulmo-
nary lesions.

Selenium

Selenium, an essential trace element, was first associated with cancer protection
in the 1960s (63), and epidemiological evidence suggests that selenium plays a
major role in preventing the development of human cancers (64) (see Figure 10).

A randomized controlled trial by Clark et al. (65) with 1312 patients sug-
gested that selenium supplementation (200 µg/day), in the form of a brewers’
yeast tablet, was associated with a reduction in the risk of developing lung cancer.
The original primary endpoint was to evaluate the effect of selenium supplemen-
tation on the risk of developing nonmelanoma skin cancers (no protection was
observed). Further analysis of the data, however, revealed a significant (39%)
reduction in cancer incidence (77 vs. 119 in controls) and a 48% reduction in
mortality (29 deaths vs. 57 in controls). Despite this observation, other random-
ized trials have not shown a similar degree of protection against cancer. Whether
this inconsistency is the result of the dose or form of selenium, or the specific
cancers studied, is unclear (66). Proposed mechanisms of selenomethionine activ-
ity include stimulation of glutathione peroxidase, alterations in carcinogen metab-
olism, production of cytotoxic metabolites, and inhibition of protein synthesis
(Table 1).

Further randomized studies are needed to confirm these results before pub-
lic health recommendations regarding selenium supplementation can be made.
A large, phase III, randomized, placebo-controlled Intergroup trial opened in Oc-
tober 2000.
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FIGURE 10 Selenium 34 shares some properties with sulfur.

Isothiocyanates

Isothiocyanates such as phenethyl isothiocyanate (PEITC) and benzyl isothiocya-
nate (BITC) occur in conjugated form in a wide variety of cruciferous vegetables
and are released during chewing by the enzyme myrosinase. As described by
Hecht (67), isothiocyanates prevent tumors in a number of rat tissues including
lung, mammary gland, esophagus, liver, small intestine, colon, and bladder. Both
NNK and benzo(a)pyrene (BaP) exert their deleterious effects by enhanced for-
mation of DNA adducts after metabolic activation. This is presumably followed
by multiple genetic alterations in oncogenes and tumor suppressor genes result-
ing in carcinogenesis. BITC inhibits BaP-induced lung tumorigenesis in mice,
whereas PEITC inhibits NNK-induced lung tumors in rats and mice. They must
be present at the time of carcinogen exposure to be effective, however, and thus

TABLE 1 L-Selenomethionine: Proposed Mechanism(s)

Stimulation of glutathione peroxidase thereby lowering tissue peroxides
Alterations in carcinogen metabolism
Production of cytotoxic selenium metabolites
Inhibition of protein synthesis
Inhibition of specific enzymes
Stimulation of apoptosis
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would be most likely to confer benefit when incorporated into a daily nutrition
program that begins early in life. Notably, in smokers who consumed a diet sup-
plemented with watercress, which contains substantial amounts of a PEITC pre-
cursor, decreased metabolic activation of NNK resulted in increased excretion
of its two metabolites: NNAL and NNAL-gluc (67).

Other Agents

Chalcones are synthetic open-chain flavanoids. They are stilbene derivatives that
bind to steroid receptors and have some structural similarity to tamoxifen. An-
other agent, myoinositol, is a nontoxic phytate derivative that has been used clini-
cally to treat diabetic neuropathy. Both chalcones and myoinositol inhibit NNK
pulmonary adenoma formation in female A/J mice (68,69). Wattenberg et al.
(70) recently reported on the chemoprevention of lung tumors by aerosolized
budesonide, a synthetic glucocorticoid. Female A/J mice were treated for 1 min
six times a week, 1 week after three oral administrations of BaP. Treated animals
developed 80–90% fewer pulmonary adenomas than controls, who received sham
aerosolizations with either H2O or ethanol. Of note was a partial (50%) reduction
in tumor incidence in controls compared to animals who received BaP without
aerosolization, which is consistent with the known association of elevated gluco-
corticoid levels (presumably from the stress of the aerosolization technique), low
body weight (as noted in this study), and reduced tumorigenesis (71,72). Yang
et al. (73) showed that administration of black tea polyphenols inhibited NNK-
induced bronchiolar cell proliferation as well as progression of adenoma to adeno-
carcinoma in A/J mice. Once again, treated animals had lower body weights,
which may have influenced these observations. Other studies in mice suggest
that antagonists of the autocrine growth factors gastrin-releasing peptide (74) and
vasoactive intestinal peptide (75) may prevent lung carcinogenesis. These and
other novel inhibitors of pulmonary tumor formation (e.g., epidermal growth fac-
tor receptor inhibitors, farnesyl transferase inhibitors, and metalloproteinase in-
hibitors) hold promise for new interventions in prevention of lung cancer.

PREVENTING SPTS IN PATIENTS AT RISK

At present, there is no standard chemoprevention therapy, nor is there an FDA-
approved agent for the prevention of lung cancer or development of SPTs. In the
original high-dose placebo-controlled 13cRA study of Hong et al. in head and
neck cancer, with approximately 50 participants in each arm, three lung cancers
developed in the control group whereas none developed in the treatment group
(9). In 1993 Pastorino et al. reported a study of 307 patients with resected stage
I non–small cell lung cancer who were randomized to receive 300,000 units of
retinol palmitate daily or placebo for 12 months (76). After a median follow-up
of 46 months, 51 SPTs developed in 47 patients. There were 18 SPTs in the
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treatment arm and 29 in the control arm. The overall estimated survival rate at 5
years was 62% versus 54% (p 5 0.44). The Intergroup Study 91025 randomized
patients with stage I (T1N0M0 or T2N0M0) resected non–small cell lung cancer
to 13 cRA (30 mg daily 3 5 years) versus placebo. This study, which concluded
in 1997, was coordinated by the M. D. Anderson Cancer Center and included
participation by the Cancer and Acute Leukemia Group B (CALGB), community
CCOPs, ECOG, the North Central Group (NCCTG), and the Southwest Group
(SWOG). Accrual of 1295 randomized patients was completed in April 1997, at
which time a planned blinded interim analysis did not meet early stopping criteria
(77). A total of 226 cases have reached the study endpoints (73 new primaries
and 153 relapses). Already, valuable lessons have been learned from this study.
The involvement of a group of active and committed thoracic surgeons as well
as medical and radiation oncologists proved crucial to the successful accrual en-
gendered by this ambitious study. Patients were highly motivated to enter and
maintained a high rate of compliance. To date, yearly endpoint analysis has been
consistent with the Lung Tumor Cooperative Group findings of 2–3% new SPTs
per year in such a group (78). However, the actual number of recurrences and
SPTs in such a large, carefully staged patient group will be a valuable by-product
of this study. Those with stage I NSCLC had an even distribution of SPTs and
metastatic recurrences of the original primary, while in those with stage II
NSCLC the ratio was 1:2 (77). To date, cRA has not yielded a reduction in SPTs
or a change in survival rate; those on cRA who continue to smoke had an
increased risk of SPTs. The EORTC Chemoprevention Study in Lung Cancer
(EUROSCAN, EORTC #08871) began in March 1988 and completed accrual in
January 1994. Patients with curative treatment for T1, T2, or T3, N0 squamous
cancer of the oral cavity and larynx, or resected non–small cell lung cancer, were
randomized in a 2 3 2 factorial design to receive retinol palmitate (PO 150,000–
300,000 IU/day for 12–24 months) and/or N-acetylcysteine (NAC) (PO 600 mg/
day for 24 months). This study reported on 2592 participantss (60% with head
and neck cancer and 40% with lung cancer). After a median follow-up of 49
months, 916 patients were reported with an event (recurrence, second primary
tumor, or death). No statistically significant difference was observed in overall
survival or event-free survival between patients who received retinyl palmitate
and patients who did not.

INTERMEDIATE ENDPOINTS

Multiple intermediate endpoints have been employed in chemoprevention re-
search to identify useful new strategies. These include oncogene activation, pres-
ence of micronuclei, assays of DNA ploidy, biochemical measures such as levels
of ornithine decarboxylase, prostaglandin synthetase, and blood group antigens.
Exfoliated cells can now be analyzed for the presence of bronchial metaplasia.
However, changes in such biomarkers have not been validated to be associated
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with decreased risk of developing lung cancer. Nevertheless, these important sur-
rogates are of key importance in providing information rapidly and allowing stud-
ies with reduced sample size (80).

CLINICAL TRIALS OF CHEMOPREVENTIVE AGENTS

Lee et al. reported the results of a prospective trial of the use of isotretinoin in
86 heavy smokers (81). The authors attempted to confirm the results of an earlier
uncontrolled French trial that reported that etretinate (25 mg/day for 6 months)
could produce a decline in extent of squamous metaplasia in the bronchial epithe-
lium of smokers (82). Participants were taken from an original group of 152
smokers who were found on bronchoscopy to have frank dysplasia or metaplasia
in greater than 15% of the biopsy sections examined (metaplasia index). They
then received either isotretinoin (1.0 mg/kg) or placebo for 6 months and were
reevaluated carefully with bronchoscopic biopsies from six separate sites. Inter-
estingly, a large number of participants in both groups stopped smoking during
the study and the metaplasia index decreased over time in 54% of the treatment
group and 59% of the control group. Although this was termed a ‘‘negative’’
study, it did document that a placebo-controlled study with a bronchoscopically
determined intermediate endpoint is feasible in lung cancer chemoprevention tri-
als. It also demonstrated that high-risk patients who had not (yet) developed lung
cancer could be recruited successfully to such trials. Smoking cessation can be
associated with a sizable decrease in the degree of bronchial metaplasia over a
6-month period. It is also quite possible that markers other than metaplasia index
will emerge that are more useful in future studies.

OTHER STUDIES

The NCI Early Detection Branch is conducting a 16-year, 74,000-participant ran-
domized screening trial for prostate, lung, colorectal, and ovarian cancer, the
PLCO trial, to assess whether studies such as flexible sigmoidoscopy, chest x-
ray, digital rectal examination, serum PSA, CA 125, and transvaginal ultrasound
can reduce cancer mortality in men and women aged 60–74 (83). ECOG is evalu-
ating immunostaining of induced sputum specimens, shed antigens, and the pres-
ence of growth factor elevation in bronchial lavage fluid for the early detection
of second primary lung cancers in patients with curatively respected stage I non–
small cell lung cancer. Hopefully, these and other studies will yield a wealth of
important information for the screening and prevention of lung cancer.

CARCINOMA IN SITU

Carcinoma in situ (Tis) is also known as stage 0 non–small cell lung cancer
and denotes microscopic squamous cell carcinoma, usually discovered during the
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course of bronchoscopy. The in situ designation refers to squamous cell type
only and ordinarily does not apply to the other histological forms of lung cancer.
Occult lung cancer (Tx), on the other hand, denotes a patient whose sputum or
bronchial washings contain malignant cells although tumor is not visualized on
imaging studies or by bronchoscopy (84). The usual scenario consists of a smoker
with a negative chest x-ray and no other evidence of disease who is being evalu-
ated for a productive cough or hemoptysis. Histologically, in situ squamous carci-
noma ranges from thickening, erythema, and loss of the normal bronchial muco-
sal longitudinal ridges to ulceration and full-thickness atypia of the squamous
epithelium (85). The multistage model assumes that atypical squamous metapla-
sia and dysplasia precede the development of in situ carcinoma, which in turn
evolves to invasive cancer (86). Frost and co-workers showed that cancer devel-
oped in approximately 12% of individuals with moderate atypia and 37% of those
with severe atypia (87). Therefore, careful pathological evaluation is the key to
proper treatment of these lesions.

Surgery

Carcinoma in situ and occult lung cancers are noninvasive by definition and, if
localized, should be curable with surgical resection. A useful practice guideline
algorithm has recently been published by Cameron et al. (88). Any patient with
a positive sputum cytology should have a full medical history and complete physi-
cal examination, including a careful otolaryngology evaluation to rule out the
possibility of a lesion in the oral cavity, larynx, pharynx, or hypopharynx. Addi-
tional studies include a chest x-ray, serum chemistries, a CT scan of the chest
and upper abdomen, and pulmonary function tests. Selective bronchoscopy with
brushings and washings of the individual lobes should be the next step. If a local-
ized unequivocally malignant area is identified, lobectomy or pneumonectomy
would then be a curative approach to the problem. If any question remains regard-
ing the degree of dysplasia, a waiting period followed by repeat bronchoscopy
may be a valuable maneuver. During this period the patient should absolutely
refrain from smoking. In the event that no localizing cytology is obtained, the
patient should stop smoking and have careful follow-up with history and physical
examination, repeat bronchoscopy, and radiographic imaging. A 6–12-week in-
terval is a reasonable standard. If a specific lesion is identified later, surgery can
still hopefully provide long-term successful treatment.

Photodynamic Therapy (PDT)

PDT [see review by Edell and Cortese (89)] has been used for both advanced
and early superficial lung cancer since 1980. PDT involves a photosensitizing
agent (e.g., hematoporphyrin derivatives), which, when exposed to light of the
proper wavelength, forms toxic oxygen radicals that result in cell death. PDT
appears to be an alternative to surgical resection in some patients with localized
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bronchogenic carcinoma. A bronchoscopically fitted laser light source can
be used to visualize and ablate localized tumor. This technique has the advan-
tage of preserving lung tissue in a population of patients who often have compro-
mised pulmonary function and are at high risk for multiple cancers. However,
such an approach requires close follow-up and if PDT is unsuccessful, patients
will require surgical ‘‘salvage’’ and continued surveillance for second primary
cancers.

Chemopreventive Therapy

Patients with carcinoma in situ have probably accumulated a sequence of onco-
gene activation events and other mutational stimuli (see above). Therefore, a
single agent such as vitamin-based therapy may not be adequate. It will probably
require a more aggressive approach comprising a combination of agents that in-
hibit different phases of the carcinogenesis process. This is also true of long-
term survivors of small cell cancer, who have an alarming rate of second primary
non–small cell cancers. Discussions are underway to study (90) small cell cancer
survivors using combination therapy with agents such as retinoids, vitamin E,
and N-acetylcysteine.

CONCLUSIONS AND CONSIDERATIONS FOR THE FUTURE

Chemoprevention is a new discipline and yet has made important strides over
the last decade. A coalition of patients, health professionals, researchers, and
governmental staff now exists to promote increased research and intervention
programs nationally. Several large studies have finished accrual and provide valu-
able insights. It is imperative that practicing oncologists seek out and support
programs for their high-risk patients. Beta-carotene has been shown in two large
studies to increase the overall death rate as well as risk of developing cancer in
active smokers by a mechanism that is unknown at this time. This experience
with beta-carotene has stimulated multiple researchers to investigate this paradox
and has taught us that uncontrolled use of health food supplements should be
avoided in smokers until it is clear that a particular agent is beneficial. Health
professionals must increase efforts to eliminate tobacco use in our citizens—
especially the young ones, who can benefit most. Smoking cessation alone ap-
pears to be capable of reversing metaplasia in some individuals. Studies with
retinoids and retinyl palmitate have suggested benefits in preventing second pri-
mary cancers. Patients with a long history of smoking, strong family history,
and/or extensive occupational or environmental exposures should be urged to
take advantage of chemoprevention protocols when available. In the meantime,
a diet containing proper amounts of cruciferous vegetables and fruits is an impor-
tant health practice that should be encouraged early in life since many dietary
components must be present at the time of carcinogen exposure to confer benefit.
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An impressive catalog of intermediate markers and activated oncogenes is now
available to provide surrogate endpoints for new research. New techniques such
as phototherapy may soon add a new dimension to the diagnosis and conservative
therapy for very-early-stage and in situ lung cancer. Such advances, while impor-
tant, are very costly. Finally, new classes of agents such as the triterpenoids are
showing potent activity with regard to differentiation, proliferation, and inflam-
mation. These remarkable new substances are the result of rational molecular
drug design and promise to expand our capabilities even further in the near future
(91).

Patient care costs have proven to be a substantial barrier to the performance
of chemoprevention studies in some settings. Nurses, dedicated support staff, and
data managers are necessary to ensure a high level of patient compliance and
data accuracy in chemoprevention programs. Physicians, health plan administra-
tors and payers, and representatives of the pharmaceutical industry and govern-
mental agencies must form partnerships to take chemoprevention to the next level
of success. As our country approached the twentieth century, lung cancer was a
rare disease. As we plan programs in the twenty-first century, we have an increas-
ing number of powerful tools to diagnose, prevent, and treat lung cancer. If we
employ all the tools at our disposal, we may be able to make a great impact on
this lethal hundred-year epidemic of lung cancer and benefit our patients in a
meaningful way.
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Supportive Care in Thoracic Oncology:
Perioperative Pulmonary Concerns

Earl King
Fox Chase Cancer Center, Philadelphia, Pennsylvania

INTRODUCTION

Surgical resection offers a patient presenting with non–small cell carcinoma
the greatest potential for long-term survival. However, the bulk of patients
presenting with lung cancer may not be surgical candidates owing to distant dis-
ease or are medically inoperable on the basis of significant lung limitation
preoperatively or predicted insufficient lung function postoperatively. Other sig-
nificant medical comorbidities may render the patient inoperable. Unfortunately,
tobacco use not only contributes to the risk of developing lung cancer but also
contributes greatly to the comorbidities rendering a patient medically inoperable.
This chapter will focus on issues facing the multidisciplinary team in evaluating
a patient for potential pulmonary resection from the perspective of a respiratory
physician.

As respiratory physicians we are asked to evaluate patients preoperatively
to identify risk factors that will portend a poor outcome and modify those risk
factors that can be altered to improve outcomes. Goals of the preoperative visit
can be outlined as follows.
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1. Identify those patients with prohibitive risk to surgery (severely com-
promised lung function that will result in a respiratory death or respira-
tory cripple)

2. Modify risk factors to improve patient outcome (smoking cessation,
antianginals, antihypertensives)

3. Initiate maximal bronchodilator therapy, instruct patient on proper us-
age to improve lung function (increase ventilatory reserve and gas ex-
change peripostoperatively)

4. Delineate those patients who will need additional testing prior to sur-
gery (history/ECG evidence suggesting a patient would benefit from
further cardiac evaluation/risk stratification/intervention)

5. Identify those patients who will benefit from surgery (staging confirms
that the malignancy is confined to site of proposed resection)

6. Identify those patients who may benefit from increased postoperative
interventions (increased attention to pulmonary toilet in those with lim-
ited perioperative ventilatory reserve)

7. Assess need for postoperative supplemental oxygen use long term (pre-
pare patient and family for use of oxygen systems)

8. Educate patients and their families regarding postoperative function
and expected symptoms (dyspnea with excessive activity)

RISK FACTORS

Risk factors that contribute to perioperative morality and morbidity include the
following and will be discussed individually.

Extent of resection
Pulmonary dysfunction
Active smoking
Cardiac disease
Obesity
Age
Poor postoperative pain control

Extent of Resection

Historically the greater the extent of resection the higher the mortality, with the
pneumonectomy rate being at least twice that of lobectomy (6.9% and 2.9%,
respectively) (1). Segmental resection, though less desirable as a cancer opera-
tion, may offer long-term control of the malignancy with an acceptable operative
mortality of 1.4% for those with severely compromised lung function (1). The
largest series of patients undergoing pulmonary resection collected prospectively
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has reported operative mortalities of 4.97% for pneumonectomies, 0.39% for lo-
bectomies, and 0.13% for segmental resections (2).

Pulmonary

Complications

With pulmonary resection a portion of an organ crucial to survival is removed.
Surgical manipulation of the ventilatory apparatus and pulmonary parenchyma
along with the anesthetic and postoperative pain control requirements set the
stage for postoperative pulmonary complications. Complications include secre-
tion retention (preoperative bronchitis, smoking, insufficient cough to generate
sheering force due to pain, limited respiratory reserve), atelectasis (contributing to
shunt fraction with resultant hypoxemia, ventilation/perfusion imbalance creating
hypoxemia and hypercapnia, and increased work of breathing secondary to re-
duced lung compliance), and pneumonia from endogenous flora or nosocomial
flora. The above contribute to the increased requirements for aggressive pulmo-
nary toilet and bronchoscopy. More serious complications include respiratory
failure necessitating invasive or noninvasive ventilatory support. Postpneumo-
nectomy syndrome (3) and respiratory insufficiency are the most feared complica-
tions. Subcutaneous emphysema and air leak as a result of nonanatomical resec-
tion generally do not increase mortality but may contribute to increased patient
discomfort and increased length of stay. Other complications occur less fre-
quently but may contribute to substantial morbidity and mortality. They include
stump dehiscence (4,5), empyema (6), lobar torsion and gangrene (7), pulmonary
artery disruption, pulmonary vein thrombosis, bronchial artery disruption, and
infarction of tissue (8–10). Recurrent laryngeal nerve dysfunction or postopera-
tive vocal cord dysfunction will significantly impair cough effectiveness, contrib-
uting to the need for more aggressive pulmonary toilet support to prevent secre-
tion retention.

Physiological Alterations of Thoracic Surgery

Prior to a discussion on pulmonary functional evaluation for thoracic resection,
a discussion regarding the physiological alterations as a result of thoracic surgery
is warranted. Much has been written on this subject but the core of observations
predate modern anesthetic and surgical techniques.

Mucociliary transport is depressed and interrupted immediately postopera-
tively secondary to inhalational anesthetics (11); the other factor, tobacco smoke,
impairs mucociliary transport pre- and postoperatively (11). Inhaled beta-agonists
may facilitate ciliary function even in the absence of demonstrable airflow ob-
struction.

Cough force is reduced to ,30% of preoperative levels and may only in-
crease to .50% by day 7 postoperative (11). Stein (12) noted that a reduction
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in maximal expiratory flow is a predictor of postoperative pulmonary complica-
tions due to an ineffective cough. The patient with a severe restrictive ventilatory
defect, however, will be able to generate sufficient airflow to clear secretions.
This finding, coupled with the knowledge that cough force is necessary to gener-
ate airflow of sufficient sheer velocity to purge the airways of secretions, is the
most relevant demand on aggressive and timely postoperative pain management
and pulmonary toilet.

Lung compliance is significantly reduced as a result of imperfect reexpan-
sion of remaining parenchyma within the resected and nonresected lobes, second-
ary to bruising of the parenchyma, loss of sigh secondary to narcotics, and shal-
low breathing as a result of the respiratory center’s attempt to minimize the work
of breathing (13–21).

Chest wall compliance decreases to ,50% of the preoperative measure-
ments whether or not lung parenchyma is resected. As a result of diminished
lung and chest wall compliance, the work of breathing may be elevated to .140%
of the preoperative levels. In a patient with marginal cardiac or respiratory reserve
this may cause outright ventilatory failure even though predicted postoperative
lung function may be adequate for sedentary existence (13–21).

As a result of the operation there is a reduction in the measured capacities
(TLC, VC, FRC) and volumes (TV, ERV) with the end result being a higher
ventilatory rate to preserve minute ventilation (14–22). Despite the preservation
of minute ventilation this is an inefficient method of breathing owing to an in-
crease in work of breathing and dead space ventilation with subsequent hypercap-
nia. The most important capacity affected is the functional residual capacity
[FRC, volume of gas remaining in the lungs and airways at the end of tidal
expiration; composite of expiratory reserve volume (ERV) and residual volume
(RV)]. FRC reflects small airway patency and alveolar volume. The closing vol-
ume (CV) is a lung volume above the RV in which the dependent lung zones
do not ventilate. When the CV is greater than FRC, atelectasis occurs in the
dependent lung zones during tidal breathing. Hypoxemia occurs as a result of
venous admixture created by shunt of capillary blood through atelectatic lung
and ventilation perfusion inequality in surrounding parenchyma. The reduction
in FRC occurs immediately with the induction of the anesthesia and is further
compromised by the surgery and altered ventilatory pattern afterward (23,24).

Pulmonary Functional Evaluation

A pulmonary-specific history and examination in addition to a general medical
history and examination is mandatory to uncover potential problems in the patient
undergoing resection. Missing the presence of obstructive sleep apnea could cre-
ate not only an airway problem for the anesthesiologist but also a potential catas-
trophe with increasing upper-airway compromise postoperatively. In general, a
profile of daily living activities is useful to determine exercise tolerance, and a
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dyspnea assessment is useful to help remind patients and their families postopera-
tively that things were not normal preoperatively if they had significant limitation
prior to surgery. Tobacco history and counseling is useful and may result in
termination of smoking long term. Assessment of current symptoms may uncover
areas to focus treatment efforts to optimize perioperative and postoperative func-
tion. Previous pulmonary problems are addressed as well (i.e., prior intubation
for COPD exacerbation), which should heighten the vigilance of the postopera-
tive care givers.

A plethora of tests, procedures, and indices have been advocated to deter-
mine the physiological operability of lung cancer patients. The core of informa-
tion regarding outcomes (death, survival) has been collected over decades with
updated reevaluation and refinement. In general they include measurements of
pulmonary function (timed flows, volumes and capacities, diffusion), arterial
blood gases and saturation, quantitation of ventilation and perfusion, exercise
testing to determine maximum oxygen uptake, and predictors of outcome based
on manipulation of the test results. While evaluating the patient who requires a
resection several caveats must be kept in mind. First, the cancer patient does not
have a static malignancy (doubling time of malignancy with certain cell types
that are more likely to metastasize) and therefore the evaluation has to proceed
with urgency. Second, an objectiveness to new complaints has to be maintained
as an initial stage I patient may suddenly become a stage IV patient by virtue of
discovering distant disease based on a new complaint. Third, in evaluating a
patient for a ‘‘simple lobectomy’’ preparation and planning for a more extensive
resection has to be anticipated with the potential of operative findings requiring
a pneumonectomy. Finally, lung cancer resection offers the greatest potential for
the longest disease-free survival and postoperative complications are not always
predictable (i.e., DVT/PE, aspiration). Therefore, a certain acceptance of risk on
behalf of the patient and surgeon has to occur in an otherwise fatal disease.

All patients undergoing lung resection should have preoperative pulmonary
function tests. Postoperative complaints of dyspnea are frequent enough that a
rational assessment of postoperative function can be predicted and the patient
can be advised in advance of what to expect. Most patients with lung cancer have
signs and symptoms of airflow limitation and emphysema. It is in these patients
that a detailed assessment is often needed (25).

A significant contribution to the knowledge base present today regarding
quantitation of loss of function came from the era of tuberculosis surgery (26–
35). Observations made then have been better refined and detailed. A reasonable
assessment of loss of function (conversely postoperative function) can be esti-
mated with the knowledge that each segment of lung removed contributes roughly
1/19 of total lung function (total of 19 segments, with the superior segments
of the lower lobes being larger); therefore, removing the right middle lobe will
contribute to loss of 2/19 (10.5%) of total lung function (i.e., FEV1, DLCO, VO2
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max). Unfortunately, lung function in patients with lung cancer is seldom uniform
owing to airflow limitation and emphysema. Addition of quantitative perfusion
lung scanning allows a more accurate partitioning of lung function participating
in gas exchange after surgery (2,33–43).

Prior to the use of quantitative perfusion scanning bronchospirometry was
used to partition lung function for pneumonectomy. Original tests were done
by Jacobaeus (44) with a double-lumen rigid bronchoscope until Carlens (45)
developed a flexible double-lumen catheter, the forerunner of today’s double-
lumen tube. Despite accurate assessments with this method (46), considerable
skill was needed in placing these tubes, the patient discomfort was excessive,
and it was a limited utility for pneumonectomy assessment alone. Other means
of partitioning lung function were developed. A noninvasive means of parti-
tioning lung function was advocated by the lateral position test, which estab-
lishes the FRC by having the patient perform spirometry in the right and left
decubitus position (47–49). Again this test only allows partitioning of lung func-
tion to right and left lung and therefore is limited to assessment for pneumonec-
tomy. In patients with obstructive lung disease this method may be unreliable
(50,51).

Guidelines for limiting complications and death related to pneumonectomy
were originally outlined in 1955 by Gaensler et al. (26) based upon maximum
breathing capacity (now known as maximum voluntary ventilation) and forced
vital capacity. Current opinion focuses on the predicted postoperative lung func-
tion, the simplest being spirometry. Olsen (52) used a minimum FEV1 as a cutoff
based on the work of Segall (53). He demonstrated that hypercapnia was more
likely to occur with lung function less than 800 ml. In 1986 Gass and Olsen (33)
introduced the concept of using the percent of predicted FEV1, which considers
the anthropometrics of the patient. The value proposed for a cutoff was a FEV1

30% of predicted. Since then Markos has advocated using a cutoff of a FEV1 of
40% of predicted as it pertains to a pneumonectomy. Spirometry and lung vol-
umes test the airways and the bellows function of the ventilatory apparatus and
should not be used to predict outcomes unrelated to their measurements, such as
aspiration pneumonia, ischemic cardiac complications, and thromboembolism.

Diffusion capacity (DLCO) is a sensitive, but nonspecific test for pulmo-
nary and cardiac disease. It measures the available alveolar-capillary surface area
for gas diffusion, alveolar membrane integrity, and the capillary blood volume
in the pulmonary parenchyma. The DLCO reflects vascular capacitance of the
pulmonary parenchyma; it has been shown to be an independent predictor of risk
of mortality after major lung resections and the percent of predicted DLCO has
been associated with cardiovascular morbidity (54–59). A preoperative DLCO
of 60% is considered adequate for pneumonectomy. A predicted postoperative
DLCO of ,40% indicates an increased risk for pneumonectomy. With lesser
resections it is generally accepted that a DLCO .35% of predicted, postopera-
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tively, is adequate although multiple authors have extended the cutoff especially
if the FEV1 is adequate.

The preoperative diffusion capacity in conjunction with quantitative perfu-
sion can be used to help estimate the likelihood of oxygen requirements postoper-
atively. In general, regardless of the extent of resection, a patient with a predicted
postoperative DLCO . 50% of predicted (ppo DLCO %pred) does not require
oxygen. The finding of a ppo DLCO %pred , 35% often predicts the need for
oxygen either continuously or with sustained exertion. Between 35 and 50% of
predicted DLCO a large ‘‘gray zone’’ exists and to some extent the better the
FEV1 the less likely a patient will need oxygen. Owens (57) studied patients with
obstructive lung disease and correlated exercise oxyhemoglobin desaturation with
measurements of DLCO and FEV1 and found a better correlation with the former.

Arterial blood gas analysis is included in predicting risk after thoracic re-
sections (60–69). Currently there are no objective data to specify a cutoff value
to prohibit resection. Preoperative hypoxemia may be secondary to a severe mis-
match of ventilation and perfusion (partially obstructed bronchus with perfusion
to the involved region requiring resection). Hypercapnia (PaCO2 . 45) is uncom-
mon when the FEV1 is .1 L and unpredictable when the FEV1 is less than 1 L.
When hypercapnia is present with what appears to be adequate lung function, a
careful search for muscle weakness and its potential cause is of great importance.
Obstructive sleep apnea and/or obesity hypoventilation must be considered.

Exercise testing has been used to assess the need for pulmonary rehabilita-
tion by delineating the cause of the dyspnea and by assessing the presence of
suspected or known ischemic cardiac disease. Not surprisingly, this has been
applied in the selection of marginal candidates for lung resection (70–81). With
exercise a progressive increase in muscle oxygen consumption (VO2) occurs with
an increase in cardiac output and work performed. The maximum oxygen uptake
(VO2 max) or aerobic capacity occurs when increasing the workload does not
lead to an increase in oxygen consumption (82,83). As a general rule the cardio-
vascular system determines the limits of oxygen consumption since the pulmo-
nary vascular bed expands and ventilation increases to maintain adequate gas
exchange. VO2 max can be expressed in units of L/min or related to body mass,
ml/kg/min. Bollinger (84) found a cutoff value of 60% of predicted VO2 max
as a single best indicator of postoperative complications after lung resection and
the only deaths in his series occurred in patients with less than this measured
value. Morice (73) identified preoperative high-risk criteria for lung resection
(ppo FEV1 , 33%, PaCO2 . 45, and preoperative FEV1 , 40%) and offered
surgery to patients if VO2 peak was . 50% of maximum predicted with no mor-
tality in his series. The later study included patients undergoing limited resections
and has no relevance to the patient requiring a pneumonectomy.

Interviewing the patient in detail can identify the potential maximum oxy-
gen consumption based on the work of Myers et al. (85). Oxygen consumption
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at rest in a 40-year-old, 70-kg man is approximately 3.5 ml/kg/min or 1 MET
(metabolic equivalent). Walking slowly on the level would lead to a VO2 of 10.5
ml/kg/min (3 METs) and walking 4 miles in one hour or washing a car requires
a VO2 of 17.5 ml/kg/min (5 METs). Jogging slowly, rapidly walking up a flight
of stairs, or moving heavy furniture leads to a VO2 of 28 ml/kg/min (8 METs).
The above findings give some credence to surgeons taking their patients for a
walk preoperatively prior to more modern exercise regimens.

Smoking

Patients who continue to actively smoke up to the time of surgery will have
an increase in postoperative pulmonary morbidity including secretion retention,
atelectasis, and pneumonia. Studies by Carrel et al. (86), Laszlo et al. (87), and
Wightman (88) clearly demonstrate an increase in the above complications in
those who smoke. The effect of nicotine and elevated carbon monoxide (tachycar-
dia, decreased oxygen-carrying capacity) (89,90) contribute also to an increased
cardiovascular morbidity. The presence of decreased ciliary function (11) and
an increase in tracheobronchial bacterial pathogen burden, along with poor oral
hygiene, contribute to the respiratory complications encountered.

Smoking cessation programs have to be multifaceted including behavioral
and pharmacological (88) therapies with encouragement by the thoracic surgeon
and pulmonary specialist. Secondhand smoke must be strongly discouraged. For
the patient with severely limited lung function a period of smoking cessation
coupled with an intensive course of bronchodilator therapy must precede resec-
tion by at least 2 weeks. Unfortunately, the full benefit of prolonged smoking
cessation cannot be realized in the lung cancer patient owing to the time con-
straints of rapid therapy. The primary-care provider can initiate such programs
as the patient is undergoing preliminary evaluations.

Cardiovascular Conditions

Cardiovascular complications (56,57,69) after lung resection occur with an
overall incidence of 25% (81,91–94). These include arrhythmias, myocardial
infarction, right heart failure, and cardiogenic pulmonary edema. The patient
for pulmonary resection is frequently old, smokes, and has significant under-
lying airflow obstruction. Therefore, the limitation imposed by preexisting
obstructive lung disease impairs the assessment for risk from significant under-
lying coronary disease. Further cardiovascular risk assessment should be con-
sidered in patients with risk factors of advanced age and prior vascular events
(ischemic neurological events, claudication). Patients with unstable coronary
syndromes, untreated or uncontrolled rhythm disturbances, and poorly compen-
sated congestive heart failure should not undergo surgery (95) until maximally
treated either medically or by mechanical intervention. On occasion in patients
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needing urgent coronary revascularization, combining coronary artery bypass
with resection of a pulmonary malignancy is feasible. In those patients with
severe aortic/mitral stenosis, valvuloplasty may be a temporizing measure to
allow pulmonary resection first, followed at a later date by valve replacement or
repair.

Obesity

The obese patient presenting for pulmonary resection is disadvantaged from a
surgical, anesthetic, cardiopulmonary, and nursing standpoint. The operative pro-
cedure may be technically more difficult and postoperative wound healing may
be delayed. Airway management is more difficult secondary to redundant tissues
of the upper airway creating a more difficult intubation sequence (96,97). Further-
more, with obesity there is a more rapid oxyhemoglobin desaturation secondary
to a lower FRC (alveolar oxygen stores) and an elevated closing volume so that
during spontaneous breathing there is closure of basilar/dependent lung units
and subsequent severe V/Q mismatch (15). Upper-airway closure secondary to
preexisting obstructive sleep apnea may worsen postoperatively as a result of
pain control requirements creating the potential for further derangement of gas
exchange. Postoperative ambulation and mobilization is more difficult for the
obese patient contributing to the already increased risk of deep vein thrombosis
and thromboemboli (98).

Age

With advanced age there is an increase in other serious medical illnesses that
contribute to poor postoperative outcomes (99–101). From a pulmonary stand-
point there is a predictable decrement in FEV1 and maximum voluntary ventila-
tion along with a decrease in cough force. The chest wall compliance decreases
with aging and there is an increase in the closing volume and residual volume,
which creates an increase in the alveolar arterial oxygen gradient.

Pain Control

Pain after thoracic surgery is severe and prevents the patient from participating
in his or her bronchial hygiene and normal ventilatory pattern. As a result of the
skin incision, muscle interruption, pleural violation, and costovertebral strain (and
the occasional rib resection/fracture), the pattern of breathing after thoracotomy
is frequently one that minimizes pain. The pattern of breathing is one of active
expiration, expiratory muscle contraction (splinting), and limited inspiration with
an ineffective cough. As a result there is secretion retention, atelectasis, potential
for pneumonia, increased ventilation perfusion inequality, hypoxemia, increased
work of breathing, and the possibility of respiratory failure.
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Options for pain control include cryoanalgesia, intrapleural regional analge-
sia, epidural narcotic/anesthetic, intercostal nerve blocks, patient-controlled anal-
gesia, and intravenous narcotic administration. Cryoanalgesia provides effective
long-term intercostal nerve block with the major potential side effects of dyses-
thesias and long-term intercostal muscle paralysis (102–105). Epidural opioid
administration with either morphine or fentanyl with or without a local anesthetic
such as bupivacaine is the most commonly utilized method of pain control (106–
109). The major side effects of respiratory depression are easily managed with
a decrease in the infusion rate and/or naloxone. Urinary retention is prevented
with bladder intubation at time of surgery and pruritus is controlled with small
doses of naloxone or antihistamines. With effective epidural opioid administra-
tion there is an increase in expiratory flows, vital capacity, and FRC (110). In-
trapleural regional analgesia is accomplished by placing a catheter percutaneously
into the thorax positioned between the visceral and parietal pleural surface
(111,112). A local anesthetic is then infused into the pleural space. Failures are
due to a runoff of the anesthetic via the chest tube, dilution of the anesthetic by
blood or fluid, and partitioning of the anesthetic secondary to loculations (113).

SUMMARY

Preoperative evaluation of the thoracic cancer patient is valuable in assessing
what risk factors can be modified to decrease postoperative morbidity and mortal-
ity. Smoking cessation can be initiated at the primary-care delivery site and sup-
plemented upon referral to the thoracic surgeon and respiratory physician. Fre-
quently, marginal candidates for resection due to ventilatory limitations can be
rescued with intensive bronchodilator therapy and smoking cessation. An assess-
ment of postoperative function can be estimated with readily available tests of
lung function in conjunction with radionuclide scanning. The patient and family
can be educated on the potential life-style changes that may occur as a result of
thoracic resection, namely the potential need for oxygen use. Pain relief is of
paramount importance not only for patient comfort but also for effective pulmo-
nary toileting. Effective relief of pain can be achieved in a variety of fashions
and each institution may have its favored method.
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INTRODUCTION

Concurrent chemotherapy and radiation is increasingly utilized in patients with
both small cell and non–small cell lung cancer, where damage to normal lung
and esophagus is unavoidable and dose-limiting. Pulmonary complications re-
sulting from anticancer therapy can range from acute fatal respiratory distress to
varying degrees of chronic pulmonary compromise, which can manifest years
after the initial cancer therapy. Additionally, in young children, lung and thoracic
development can be impaired, augmenting the direct pulmonary sequelae of ther-
apy. Understanding the pathophysiology of radiation/chemotherapy lung injury
is essential in planning new directions of treatment where, classically, our efforts
to improve survival have been focused on giving higher doses of radiation and
drugs, as well as combining therapies.
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The clinical syndrome of radiation pneumonitis develops in 5–20% of all
irradiated patients (1–3). Factors that can add to the development of radiation
pneumonitis include concomitant chemotherapy, previous irradiation, withdrawal
of steroids, and postradiation surgery (4). Age and underlying chronic obstructive
pulmonary disease do not appear to play a role in the development of radiation
pneumonitis.

The list of anticancer drugs known to cause pulmonary toxicity has grown,
and it is estimated that 5–10% of patients taking chemotherapy may experience
an adverse pulmonary reaction. As multidrug regimens, multimodality thera-
pies, and dose-intensive protocols increase patients’ exposure, the potential for
treatment-induced toxicity may become even greater. Some agents are more
commonly associated with pulmonary complications [e.g., bleomycin, mitomy-
cin, carmustine (BCNU), cytosine arabinoside (Ara-C), interleukin-2, and metho-
trexate], while others rarely are (5). Factors that increase the incidence and sever-
ity of drug toxicity include: concomitant administration of oxygen (bleomycin,
BCNU, interleukin-2, Ara-C); radiation therapy (doxorubicin, actinomycin D,
cyclophosphamide, methotrexate, bleomycin, mitomycin); route of administra-
tion; going above an established cumulative threshold dose (bleomycin, BCNU,
chlorambucil); comorbidities (renal dysfunction); and age (the very young and
the elderly).

Esophageal complications are a frequent acute side effect of anticancer
radiochemotherapy and may be dose-limiting. In the acute phase, the abnormali-
ties created by chemotherapy and radiation are relatively similar. Late complica-
tions are rare, but may be severe. Chemotherapy agents such as 5-FU, methotrex-

TABLE 1 Incidence of Acute Esophagitis with Different Treatment
Regimens (6–9)

Radiation Chemotherapy

Total dose % Esophagitis
Fractionation (Gy) Timing Type . grade III

2 Gy qd 60 Induction P/Vbl 1.3%
2 Gy qd 60 Concurrent P/Vbl 6%

1.8 Gy qd 45 Concurrent P/E 11%
1.5 Gy bid 45 Concurrent P/E 27%
1.2 Gy bid 69.6 Concurrent P/E 34%
1.6 Gy bida 73.6 NA None given 18% acute; 30% late
1.5 Gy tidb 54 NA None given 4%

a Concurrent boost 1.25 Gy (6).
b CHART (7).
P 5 cisplatin; Vbl 5 velban; E 5 etoposide; NA 5 not applicable.
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ate, and other drugs such as purine antagonists can frequently cause esophagitis.
The incidence of moderate to severe esophagitis increases from 1% (with stan-
dard radiation) to 34% (with concurrent, hyperfractionated radiation and chemo-
therapy) (Table 1) (6–9). Concomitant doxorubicin greatly exacerbates the reac-
tion, and some ‘‘radiation-recall’’ esophagitis is commonly observed with
doxorubicin-containing regimens given after thoracic radiotherapy. Children are
at higher risk of developing later esophageal stricture after receiving doxorubicin
with radiation doses of 40 Gy or higher (10). Severe esophageal injury has been
seen in patients with HIV with modest doses of irradiation (11,12).

PULMONARY TOXICITY

Radiation

Pathophysiology

The histopathological changes and resultant physiological abnormalities of pul-
monary toxicity are relatively similar for both radiation and chemotherapy. How-
ever, cytotoxic drugs affect the entire lung, whereas radiation changes are gener-
ally confined to the region of the lung that has been radiated.

A large spectrum of histological changes due to radiation has been docu-
mented in animals; the data for humans remain incomplete since the discussion
on pathophysiological changes reflects in vivo studies on normal, nondiseased
lungs. It is likely, however, that even small doses of radiation would result in
histological changes in most patients and that preexisting lung disease impacts
the effects of both drugs and radiation on the lung.

Histopathological changes of radiation-induced pulmonary toxicity can be
divided into four phases (13), based on the time course after radiation and distinct
histological and molecular alterations:

Latent Phase. This is the period extending from immediately after irradia-
tion, but prior to the overt appearance of radiation pneumonitis, and ranges from
1 to 3 months. Although no clinical or histological changes at the light micro-
scopic level have been noted during this time, electron microscopic studies (14–
16) suggest that damage to the type II pneumocyte and the endothelial cell are
closely linked to the development of the pneumonitic process. The type II pneu-
mocyte, which produces surfactant and maintains patent alveoli, has been well
studied. After radiation exposure, a rapid decrease in the content of cytoplasmic
surfactant-containing lamellar bodies occurs, followed by ultimate sloughing of
some of the cells into the alveolar lumen (17,18). Change in the surfactant levels
leading to alterations in alveolar surface tension and low compliance is, most
likely, a direct result of the radiation on type II cells (15,19,20), although it has
been postulated to indirectly result from exudation of plasma proteins (21,22).
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Endothelial cell damage results in changes in perfusion and permeability of
vessel wall. In the first few days to weeks after irradiation, ultrastructural alterations
in the capillary endothelial lining become evident. The cells become pleomorphic,
vacuolated, and may slough, producing areas of denuded basement membrane and
occlusion of the capillary lumen by debris and thrombi (22–24). These phenomena
are dose dependent; scattered changes can be seen at 5 Gy, but lesions become
widespread following increasingly lethal doses of irradiation. However, death only
occurs during the period when obvious histological damage is noted.

Ongoing research by our group and others (25–28) suggests that cytokine-
mediated multicellular interactions, initiating and sustaining the fibrogenic pro-
cess, take place within hours to days after radiation. Studies by Hallahan et al.
(23,29) have demonstrated dose-dependent, increased levels of adhesion mole-
cules (ICAM-1, P-selectin, E-selectin) in mice within hours of irradiation follow-
ing doses as low as 2 Gy. Such expression was shown, through the use of
transgenic knockout models, to be directly related to inflammatory cell infiltration
into the irradiated lung. Similarly, we and others have shown an early induc-
tion of the proinflammatory cytokine, tumor necrosis factor-alpha (TNFα) (28,
30), and our group has demonstrated subsequently that disruption of the TNF-
signaling pathway at the CD40-CD40 ligand leads to reduced pulmonary in-
flammation (31). It is now generally accepted that the immediate expression of
injury after radiation leads to synthesis and secretion of numerous growth and
inhibitory factors. This cascade of events continues for weeks to months, during
the so-called latent period, and ultimately results in the expression of late effects.
Since both radiation and chemotherapy induce similar cytokine responses, there
is a suggestion that common molecular mechanisms may be the basis for en-
hanced late-effect injury following combined-modality approaches. It is therefore
conceivable that modulation of growth factors, administration of cytokines or
anticytokines, or interference in intercellular signaling pathways may be used to
modify the severity of these reactions (32). These will be discussed later.

Pneumonitis. Depending on the radiation dose, there may be resolution,
or the next phase of radiation pneumonitis, with associated clinical symptoms
and signs, may develop within 6 months of lung irradiation.

Initially there is exudation of proteinaceous material into the alveoli, lead-
ing to impairment of gas exchange. An infiltration of inflammatory cells con-
sisting of macrophages, lymphocytes, and mononuclear cells, as well as desqua-
mation of epithelial cells from the alveolar walls, occurs (14,33), and diffuse
alveolar damage is seen. Within a few weeks, the interstitial edema organizes
into collagen fibrils, which eventually leads to thickening of the alveolar septa.
Depending on the volume of lung parenchyma irradiated, the total dose, and the
dose per fraction, these exudative changes can result in the potentially fatal clini-
cal syndrome of acute radiation pneumonitis.
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This period is closely associated with the increased expression of chemo-
kines. This increased expression is due, at least in part, to the release of TNFα
from type II pneumocytes/endothelial cells/macrophages in the irradiated lung;
the chemokines then act in an autocrine/paracrine fashion to stimulate the further
release of chemokines from cells including macrophages, epithelial cells, and
fibroblasts. Chemokines are a growing superfamily of chemotactic peptides that
play a role in the recruitment of inflammatory cells into sites of pulmonary infec-
tion or damage. The superfamily has been subdivided into classes based on the
organization of the first pair of conserved cysteine motifs and the cell types af-
fected. C 3 C chemokines, such as interleukin-8 (IL-8), γ-interferon-inducible
protein (IP-10), macrophage inflammatory protein (MIP-2), and KC, are primar-
ily responsible for neutrophilic chemotaxis, although IP-10 also targets mono-
cytes and T cells. The CC(β) chemokines, such as regulated on activation, normal
T cells, expressed and secreted (RANTES), monocyte chemoattractant protein
(MCP-1), eotaxin, MIP-1α, and MIP-1β, are predominantly chemotactic for
monocytes and lymphocytes and have little neutrophilic chemotactic overlap with
the C 3 C chemokines.

Several members of the chemokine superfamily have been shown to induce
leukocyte migration both in vitro and in vivo (34,35). For instance, Taub et al.
have demonstrated that human T lymphocytes could traffic to the peripheral tis-
sues of said mice in response to the chemokines RANTES, MCP-1, and IP-10
(36,37). MCP-1 is a heparin-binding protein that is a potent agonist for mononu-
clear leukocytes, and preferentially recruits monocytes and T cells in vitro
(38,39). Potential cellular sources of MCP-1 in the lungs include epithelial cells
(40,41), endothelial cells (42), fibroblasts (43), and alveolar macrophages (44,45).
The chronic expression of this chemokine during the inflammatory cell recruit-
ment and activation phase after thoracic irradiation is believed to contribute to the
development of radiation pneumonitis and, ultimately, to late radiation fibrosis.

Intermediate Phase. These changes may resolve in a few weeks to
months, if the volume and dose of radiation were below critical levels. Clinical
symptoms improve, but the lungs are not totally normal; foci of foamy macro-
phages may be found in the air spaces, with hyperplasia of type II pneumocytes.
Death is uncommon during this phase where there is resolution of the early exuda-
tive alveolitis of the pneumonitic process.

Fibrosis. The late lung injury becomes evident 6 months or longer after
the radiation injury and is characterized by progressive fibrosis of alveolar septa
that become thickened by bundles of elastic fibers. The alveoli collapse and are
obliterated by connective tissue. The mechanisms of chronic injury may be re-
lated to the effects of radiation on the pulmonary vasculature (endothelial cells)
and/or somatic cells. The nature of the triggering event in the pathogenesis of
radiation lung fibrosis is unknown.
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The classic hypothesis that fibrosis is a connective tissue replacement pro-
cess following parenchymal cell death is currently being challenged. The recent
discoveries of elevated pretreatment plasma levels of transforming growth factor-
β1 (TGFβ1) in breast cancer patients with pulmonary complications from bone
marrow transplant (46) and elevated pretreatment TNFα levels in leukemia pa-
tients who develop a variety of complications when undergoing cyclophospha-
mide/radiation bone marrow transplant (47) have led to speculation that fibrosis
after chemotherapy/irradiation may be due to aberrant early and late cytokine
production (48–50). For instance, preliminary clinical and preclinical data sug-
gest that chronic exposure to basic fibroblast growth factor (bFGF) after irradia-
tion can result in increased toxicity due to fibrosis; similar findings also have
been observed with TGFβ1 (48,51,52). Transforming growth factor-β1 stimulates
fibroblasts and endothelial cells to migrate to sites of injury, where they prolifer-
ate and play an important part in wound healing (53,54). TGFβ1 also stimulates
fibroblasts to produce extracellular matrix, including the synthesis of collagens
I and III and fibronectin. It is implicated in the pathogenesis of chronic hepatitis,
idiopathic pulmonary fibrosis, systemic sclerosis, mesangial proliferative glomer-
ulonephritis, and cirrhosis after exposure to carbon tetrachloride. A progressive
fibrotic process characterizes these syndromes. More recently, TGFβ1 has been
associated with pneumonitis and veno-occlusive disease after chemotherapy-only
autologous transplants of breast cancer patients (46,55). Since then, the impor-
tance of circulating TGFβ in pulmonary fibrosis after bone marrow transplanta-
tion, in pulmonary irradiation for lung cancer, and in murine experimental radia-
tion pneumonitis, has been documented by others (46,48,55,56). In particular,
chronically elevated, rather than temporarily elevated, TGFβ1 levels were associ-
ated with radiographic radiation fibrosis of patients with lung cancer (48); radio-
graphic radiation fibrosis can also be seen in women receiving breast irradiation
who are also given tamoxifen, an antiestrogen that up-regulates active TGFβ
expression (57,58). All of these data have led investigators to examine the impor-
tance of TGFβ1 expression levels in predicting fibrosis and to look for TGF
modulators as potential agents to alleviate late fibrosis.

Volume Factors

Whole Lung Volume. Young children appear to experience more chronic
toxicity at lower doses than older children and adults, because of interference
with lung and chest wall function in addition to fibrosis and volume loss. After
20 Gy, mean total lung volumes and diffusing capacity of the lung for carbon
monoxide (DLCO) were reduced to 60% of predicted values (59) and restrictive
changes have been reported after doses of 11–14 Gy (60,61). In older children
and adults, clinically significant lung injury is uncommon following approxi-
mately 16–25 Gy in 1.5–2.0-Gy fractions (62,63). Symptomatic pneumonitis oc-
curs in about 15% of patients who receive additional mediastinal irradiation be-
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yond the whole lung therapy (64,65). When the ‘‘safe’’ doses for single versus
multiple fractions are compared, there is a clear protective effect of fractionation,
similar to what has been seen in animal studies (66,67).

Partial Lung Volume. The impact of partial lung irradiation, used in the
vast majority of patients, has been studied to a far lesser degree in comparison to
whole lung irradiation. If assessed, subtle changes in radiographs and pulmonary
function tests are almost always present. Fifty to 90 percent of patients have
radiographic and/or pulmonary function abnormalities following therapy (2,68–
70). Mah et al. (68) utilized the endpoint of increase in lung density within the
irradiated volume on CT in the posttreatment period. Doses above 30 Gy in 10–
15 days to 45–50 Gy in 25–30 days yielded radiographic changes ranging from
30 to 90% (71).

One convenient way of expressing this type of information is the dose-
volume histogram (DVH), correlating the shape of the DVH curve with the
subsequent development of pulmonary complications. Martel and colleagues
(72) have shown that an empirical model can be created that accurately pre-
dicts the chances of radiation pneumonitis for lung irradiation in Hodgkin’s pa-
tients. It is well appreciated that there is a clear separation between whole organ
and regional organ tolerance. While regional injury is commonly identifiable
within the irradiated field, the impact on whole organ function will depend on
the DVH.

To better define partial lung tolerance to irradiation, Marks et al. (3) evalu-
ated several traditional and newer indices of biological function for predicting
outcome after radiation therapy. Their results indicate that the percent volume
of lung receiving in excess of 30 Gy was the best predictive test for the develop-
ment of pneumonitis; these findings are similar to those of other authors (73,74).
Marks et al. (3) report an incidence of RT-induced symptoms of 44% in their
highest-risk-patient quartile when using the percent volume greater than 30 Gy
parameter.

The RTOG trial 93-11 is evaluating prospectively whether DVH parame-
ters stratify lung cancer patients into risk groups for pneumonitis (75). This study
stratifies the escalating doses based on the percent of the total lung receiving
greater than 20 Gy: incidences of high-grade pneumonitis occurred 0–4% with
less than 25% lung volume, up to 19–30% pneumonitis with lung volumes greater
than 37% receiving 20 Gy.

Chemotherapy

Pathophysiology

In recent years, there has been a proliferation in the number of chemotherapeutic
and biological agents responsible for pulmonary toxicity (Table 2). Drug-related
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TABLE 2 Anticancer Drugs and Associated Lung and Esophageal Toxicity

Radiation potentiation
Lung Esophageal lung (L)/

Chemotherapy agents toxicity toxicity esophagus (E)

Alkylating agents
Busulphan 1
Cyclophosphamide 1
Ifosfamide 1
Chlorambucil 1 L
Melphalan 1

Nitrosoureas
BCNU (carmustine) 1
Methyl-CCNU (semustine) 1
CCNU (lomustine) 1

Antimetabolites
5-Fluorouracil 1 1 E
Methotrexate 1 1 L/E
Mercaptopurine 1 1
Azathioprine 1
Ara-C 1 1
Edatrexate 1
Fludarabine 1

Antitumor antibiotics
Bleomycin 1 1 L/E
Mitomycin 1 1 L/E
Doxorubicin 1 1 L/E
Actinomycin D 1 1 L

Alkaloids
Etoposide (VP-16) 1 E
Teniposide (VM26) 1
Vincristine 1 1
Vinblastine 1 1
Vindesine 1

Miscellaneous
Procarbazine 1 1
Taxol 1 L/E
L-Asparaginase 1

Tamoxifen 1
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pulmonary disease has been found to be the result of toxicity, hypersensitivity,
or idiosyncrasy (5). There are multiple recognized mechanisms by which antineo-
plastic drug-induced lung injury may manifest:

Oxidized lung injury (e.g., bleomycin)
Direct cytotoxic effect on alveolar capillary endothelial cells
Deposition of phospholipid within pulmonary cells, particularly the alveo-

lar macrophage, by amphophilic drugs
Immune-mediated injury
Bronchiolitis obliterans with organizing pneumonitis (BOOP)
Bronchospastic changes (e.g., taxoids)
Pleural effusions
Pulmonary veno-occlusive disease with vasculitis (particularly following

high-dose chemotherapy with bone marrow transplantation)
Thromboembolic disease

Toxicity, with a dose response, has been shown for bleomycin, chlorambu-
cil, and the nitrosoureas. Pulmonary damage, likely mediated through allergic
mechanisms, is caused by cyclophosphamide, methotrexate, procarbazine, and
bleomycin. This mechanism is suggested by the acute onset of the illness, promi-
nent eosinophilia, and, frequently, a pathological picture of granulomatous reac-
tion in the lungs. Lung injury following low-dose bleomycin has been explained
by idiosyncrasy, possibly due to genetically impaired drug metabolism. The
pathogenesis of bleomycin injury has been studied extensively (76,77). Similar
to radiation-induced damage, abnormalities are seen in endothelial and epithelial
cells. The initial injury is to the capillary endothelium (78) and its mechanism
of cell toxicity appears to include formation of free radicals and lipid peroxidation
of phospholipid membranes. This may also be the mechanism by which cyclo-
phosphamide and mitomycin C damage the capillary endothelium (79). Perme-
ability increases, resulting in interstitial edema. Thereafter, swelling and necrosis
of type I pneumocytes occur. Hyaline membranes are produced by plasma pro-
teins and fluid enters the alveoli through the denuded epithelium. Type I pneumo-
cytes are then replaced by cuboidal cells, and proliferation of fibroblasts then
occurs with resulting fibrosis. Interstitial pneumonitis, either the desquamative
type (which appears to be an earlier stage) or the usual type with fibrinous exuda-
tion, hyaline membranes, and interstitial fibrosis, is also seen with alkylating
agents and nitrosoureas. This may lead to the development of pulmonary fibrosis,
characterized by the enhanced production and deposition of collagen and other
matrix components. A rare manifestation of cytotoxic drug injury is pulmonary
veno-occlusive disease with vasculitis and intimal fibrosis, resulting in pulmonary
hypertension, and has been reported with bleomycin, mitomycin (80), and BCNU
(81).
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Antineoplastic agents more commonly associated with pulmonary toxicity
are the following:

Alkylating Agents. Pulmonary toxicity is an infrequent, but potentially
lethal, complication and interstitial pneumonitis is the most common lesion.
Atypical epithelial proliferation of the distal airways may result from melphalan
and busulphan, and acute noncardiogenic pulmonary edema has been described
with cyclophosphamide and ifosfamide (5). Interstitial pneumonitis due to cyclo-
phosphamide and ifosfamide does not appear to be dose related (82,83), in con-
trast to chlorambucil toxicity, which occurs after 2000 mg accumulated dose and
at least 6 months of therapy (5,84).

Nitrosoureas. BCNU has been commonly employed as a single agent
in the treatment of brain tumors. The clinicopathological features are similar to
those with bleomycin; fibrosis predominates. There is a bibasilar reticular pat-
tern on the chest radiograph, but this might be normal. A decrease in diffusion
capacity is seen, which may precede all other signs, and there is a restrictive
ventilatory defect. The incidence is 20–30% and it is dose related (85,86),
but may be as high as 30–50% when a cumulative dose of 1500 mg/m2 or
greater is given. Weinstein et al. (86) have reported that toxicity very rarely
occurs when the cumulative dose is ,960 mg/m2. There is an increased risk
with preexisting lung disease and tobacco use. In children treated for brain
tumors with BCNU and radiation, 35–47% of survivors died of lung fibrosis
(87,88). Twelve percent died within 3 years of treatment; however, 24% died
of progressive lung fibrosis after a symptom-free interval of 7–12 years. All
the long-term survivors had evidence of restrictive disease and small lung
volumes. Delayed fibrosis has been seen up to 17 years after the drug was
stopped (88). Although BCNU has been most commonly associated with pulmo-
nary fibrosis, pulmonary toxicity has been reported with all other nitrosoureas
(89,90).

Antimetabolites. Methotrexate, mercaptopurine, and azathioprine can
cause desquamative interstitial pneumonitis and eosinophilic pneumonitis (5).
Pulmonary toxicity after methotrexate therapy ranges from 3% in adolescents to
8% in adults. Recovery is common within 10–45 days after discontinuation of
therapy, and development of pulmonary fibrosis is unusual (91). There is no dose
relationship. Noncardiogenic pulmonary edema has been reported after therapy
with cytosine-arabinoside (92,93), where it is dose related (20% frequency with
high-dose schedules), and after intrathecal methotrexate, where it is less common
(94).

Antitumor Antibiotics. Lung toxicity has been reported with bleomycin,
pepleomycin, mitomycin, and neocarzinostatin. Doxorubicin and actinomycin D
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do not cause pulmonary toxicity by themselves, but have been found to potentiate
radiation pneumonitis (95).

Pulmonary complications associated with bleomycin administration are man-
ifested by an interstitial pneumonitis leading to fibrosis that results in substantial
morbidity and mortality. On chest x-ray, interstitial infiltrates are visualized as
diffuse, reticular densities, while alveolar infiltrates appear as nodular patches.
These changes are seen in both lung fields, particularly at the bases. In advanced
cases widespread infiltrates are seen, occasionally with lobar consolidation. Some-
times these changes can be confused with lung metastases and CT may be useful
in the differentiation. Pulmonary function testing reveals a restrictive ventilatory
defect with hypoxia, hypocapnia, and chronic respiratory alkalosis due to impaired
diffusion and hyperventilation. Some authors consider a reduced DLCO to be the
most sensitive tool for bleomycin toxicity. Alveolar volume and vital capacity are
decreased, remaining low for 18–24 weeks before slowly returning to normal. The
incidence of interstitial fibrosis from bleomycin has varied in published reports
from 2% to 40%. Several variables can increase the risk of toxicity and induce
severe symptoms in 35–55% of patients treated (96). These include:

Age: older patients (.70 years) appear to be more susceptible (97)
Dose: cumulative bleomycin dose above 450 U, in which case 10% will

experience fibrosis (97)
Radiation therapy to the chest (98,99)
Supplemental oxygen therapy, damaging lung through increased produc-

tion of oxygen radicals (89)
Renal insufficiency (100)
Other chemotherapeutic agents such as cisplatin or cyclophosphamide

(101,102)
Non-Hodgkin’s lymphoma
Bolus intravenous infusion

Mitomycin-related pneumonitis is not dose dependent and is fatal in up to
33% of patients; risk factors include anesthesia or treatment with vinblastine.
Increased sensitivity to cancer chemotherapy has been noted in infants (103). In
the Second National Wilms’ Tumor Study, severe hematological, pulmonary, and
hepatic toxicity was seen with the use of vincristine, doxorubicin, and actinomy-
cin D in babies under 12 months of age. When drug doses were halved in response
to this observation, toxicity was reduced and treatment-related deaths were re-
duced from 6% to zero (104).

Vinca Alkaloids. Pulmonary toxicity with these agents alone is unusual.
It is usually seen in combination with mitomycin therapy, presenting as broncho-
spasm or interstitial pneumonitis (105).
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Combined-Modality Interactions

Radiation-Chemotherapy Interaction

Many antineoplastic agents potentiate the damaging effects of radiation on the
lung. Testing effects of commonly used chemotherapeutic agents, Phillips et al.
(106) reported actinomycin D, cyclophosphamide, and, to a lesser extent, vincris-
tine enhanced the lethal potential of thoracic irradiation. The effect of actinomy-
cin D was seen if it was given as long as 30 days before, but not when given
30 days after, radiation. Bleomycin given with lung irradiation produces lung
toxicity that is greater than when either agent is given alone. This effect appears
to be maximal when bleomycin is given concurrently with radiation (107). Al-
though 500 U of bleomycin without radiation can be lethal in 1–2% of patients,
as little as 30 U can be fatal when given with radiation. Collis et al. (108) assessed
bleomycin-and-radiation-induced lung damage in mice and found enhanced dam-
age from combined treatment with extent of lung damage dependent on schedule,
mode of administration, and dose of the drug, but no time-dependent interaction
was found. Cyclophosphamide also enhances radiation lung damage, but in con-
trast to bleomycin, the enhancement has been found to be time dependent (109).
Von der Maase et al. (110) assessed various antineoplastic drugs in combination
with radiation and found dose-enhancing effects for adriamycin, bleomycin, cy-
clophosphamide, and mitomycin C at various time points. However, 5-FU, meth-
otrexate, and cisplatin appeared to have no effect on the radiation response at
the intervals investigated.

Interferons have been shown to increase radiation cytotoxicity in vitro in
a number of studies. Natural human leukocyte interferon [HuIFN-β(Le)] was the
first interferon to be combined with radiation therapy in the treatment of small
cell lung cancer (111). A potentiation of both antitumor effect and normal tissue
toxicity of radiation was observed in this treatment. In laboratory modeling at the
University of Rochester Cancer Center, Betaseron (recombinant human interferon
betaser, rHuIFN-Bser) appeared less toxic and better tolerated than HuIFN-β(Le)
and produced approximately the same potentiation effect in vitro. In a mouse
study, enhanced acute toxicity was seen, but a decrease in fibrosis was suggested
using endpoints of breathing rate, procollagen III release, and electron micros-
copy (112). A clinical trial, combining thoracic irradiation with escalating Betas-
eron doses, demonstrated no increase in pulmonary toxicity, with encouraging
tumor responses (113). The mechanisms of these interactions in the lung are not
clear, but the therapeutic implications are important.

Chemotherapy-Chemotherapy Interactions

Toxicity is seen at much lower doses than expected when certain drug combina-
tions are used. Synergism is seen with combinations of nitrosoureas and cyclo-
phosphamide (114) and also with bleomycin and cyclophosphamide/vincristine/
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doxorubicin/cisplatinum (5,89). Vinca alkaloids appear to cause pulmonary tox-
icity only in the presence of mitomycin (5,105).

Clinical Presentation

The clinical and radiographic presentations may mimic other pulmonary condi-
tions that can occur in cancer patients; it is therefore important to recognize the
potential for drug- or radiation-induced pulmonary injury. Clinical findings, ra-
diological studies, and pulmonary function tests can be nonspecific; however,
these represent measurable endpoints with which to quantify toxicity.

Depending on the impact of injury on organ function, the range of respira-
tory compromise can extend from acute lethal events to degrees of chronic pulmo-
nary morbidity, manifesting years after the initial cancer therapy. The clinical
pathological course of lung injury after radiation is dependent upon total dose,
volume of lung irradiated, number of fractions, the dose rate, concomitant expo-
sure to systemic agents, and pulmonary surgery following radiation therapy and
chemotherapy (4,115,116). Death can ensue if both lungs are irradiated to high
doses (8–10 Gy single dose), or if threshold doses of drugs are exceeded. Lower
doses of lung irradiation (less than 7 Gy single dose) produce subclinical patho-
logical effects that can be expressed by added insult such as infection, drugs, or
surgery (4). There is not a significant difference in the incidence of radiation
pneumonitis between the young and the elderly, but pneumonitis tends to be more
severe in the latter (117).

During radiation therapy, the larger bronchioles and bronchi may be irri-
tated with resultant cough; however, symptoms of acute radiation pneumonitis
usually only become evident within 3–6 months following completion thoracic
irradiation with high doses exceeding clinical thresholds and volumes. An accel-
erated phase of the syndrome develops within a period of days after concomitant
insult by drugs. In general, the early onset of symptoms implies a more serious
and more protracted clinical course. The severity of symptoms of the acute pneu-
monitis syndrome is dependent on the degree of pulmonary involvement. There
may be low-grade fever and nonspecific respiratory symptoms such as conges-
tion, cough, and fullness in the chest. In more severe cases, dyspnea, pleuritic
chest pain, and nonproductive cough may be present. Later, small amounts of
sputum, which can be bloodstained, may be produced.

On physical examination, signs of pulmonary involvement are usually min-
imal or absent. Occasionally moist rales, a pleural friction rub, or evidence of
consolidation or effusion may be heard over the area of irradiation. When toler-
ance doses are exceeded, pneumonitis can be very severe and produce acute respi-
ratory distress, with the patient experiencing spiking temperatures and acute cor
pulmonale that can lead to death (118). Patients who survive this phase experi-
ence a protracted period of pneumonitis—possibly up to several months. This is
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the stage at which mortality and most morbidity occurs. Generally the pneumoni-
tic phase with the acute symptoms is relatively short in duration and may be
typically managed by approximately 1 mg/kg of prednisone per day for 2–3
weeks, tapered. The acute phase is followed by an intermediate phase when symp-
toms improve, even though histological changes continue. This progresses to the
eventual fibrotic phase.

In contrast to the acute reaction, the permanent changes seen in radiation
fibrosis take 6–24 months to evolve, even though histological and biochemical
changes are evident sooner. Pulmonary fibrosis develops insidiously in the previ-
ously irradiated field, stabilizing after 1 or 2 years. The clinical expression is
directly related to the volume of lung parenchyma involved and to the patient’s
preexisting pulmonary reserves. Most patients with radiation fibrosis are asymp-
tomatic, because of the large functional reserve of the lung. In a few patients,
particularly those who have had severe pneumonitis, chronic respiratory failure
may be present, characterized by dyspnea on exertion, reduced exercise tolerance,
orthopnea, cyanosis, sometimes chronic cor pulmonale, and finger clubbing. In
such cases, there may be a continuous symptomatology from the acute to the
chronic stage. Symptoms are generally minimal if fibrosis is limited to less than
50% of one lung (119). If the volume increases above this limit, dyspnea may
manifest clinically and progressive chronic cor pulmonale leading to right heart
failure may occur.

Diagnostic Imaging

Although radiographic abnormalities are always found in the presence of clinical
radiation pneumonitis, asymptomatic patients often exhibit radiographic abnor-
malities. The frequency of detecting these abnormalities depends upon the sensi-
tivity of the radiographic assessment used. Chest radiography may reveal a dif-
fuse infiltrate corresponding to the radiation field. This appears as a result of an
acute exudative edema that is initially faint and progresses to homogeneous or
patchy air-space consolidation. There frequently is associated volume loss of the
affected portion of the lung. Cases of radiographic changes outside treatment
portals have been described (120,121), but this phenomenon is rare and has been
suggested to represent a hypersensitivity pneumonitis. Symptoms develop earlier
than classic radiation pneumonitis (2–4 weeks after completion of therapy) and
usually resolve without sequelae. Bronchoalveolar lavage analysis by Morgan
and Breit support a suggested immunologically mediated mechanism for what
they termed sporadic radiation pneumonitis (122).

While chest radiographs are occasionally abnormal (1), CT scans are more
sensitive and detect abnormalities in more than 50% of patients (123). CT studies
of the lung used to evaluate for increased lung density have been correlated with
radiation effects (68). CT findings demonstrate a well-defined dose-response rela-
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tionship (124). With radiation fibrosis, chest radiographs have the appearance of
linear streaking, radiating from the area of previous pneumonitis, which may
extend outside the irradiated region, with concomitant regional contraction, pleu-
ral thickening, and tenting of the diaphragm. The hilum or mediastinum may
be retracted with a densely contracted lung segment resulting in compensatory
hyperinflation of adjacent or contralateral lung tissue. This is usually seen 12
months to 2 years after radiation. CT is currently favored to image regions sub-
jected to radiation therapy (68,125).

Pulmonary Function Tests

No gross abnormalities in lung function occur until 4–8 weeks after completion
of a course of radiotherapy, usually coincident with the period of clinical pneumo-
nitis. Restrictive changes gradually develop with volume loss from each of sev-
eral compartments being equivalent. This persists and progresses with time with
little evidence of recovery (21). Gas exchange abnormalities, ranging from 5% to
20%, are synchronous with the changes in lung volumes, but show some tendency
toward recovery after 6–12 months. In studies assessing multiple pulmonary pa-
rameters, reductions in diffusion capacity are generally most severe (70,126,127).
Whole lung irradiation in the dose range of 11–14 Gy has resulted in restrictive
changes in lungs of children treated for various malignancies (60,61).

The clinical spectrum of drug-induced pulmonary toxicity varies widely.
Some patients are asymptomatic and the diagnosis is suspected only when there
is an abnormal chest radiograph or laboratory finding. Three typical clinical pat-
terns of pulmonary toxicity have been described: pneumonitis/fibrosis, acute hy-
persensitivity, and noncardiogenic pulmonary edema. Drug-induced pneumon-
itis/fibrosis has a similar clinical presentation to that described after radiotherapy.
Drug-related lung injury might present as one or more of multiple clinical syn-
dromes. There may be significant overlap between syndromes clinically and it
can occur during treatment with a number of drugs: bleomycin, methotrexate,
mitomycin, nitrosoureas, alkylating agents, and vinca alkaloids (79). In most
cases, the onset is subacute and the patient presents with the insidious develop-
ment of low-grade fever, a nonproductive cough, and dyspnea, which is progres-
sively disabling. Late-onset pulmonary fibrosis has been reported many years
after discontinuing cyclophosphamide (110) and BCNU (5). Hypersensitivity re-
actions (induced by methotrexate, procarbazine, or bleomycin) or noncardiogenic
pulmonary edema (induced by methotrexate, cytosine arabinoside, ifosfamide,
or cyclophosphamide) usually arises within days of beginning treatment (5,79)
and is unlikely to result in late-onset pulmonary toxicity. High fever appears to
be a common finding with hypersensitivity reaction.

Fever, cough, and shortness of breath are the most common symptoms of
pneumonitis. Other indicators include an inability to lie flat. The principal signs
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of both acute and delayed pneumonopathy are: respiratory rate, signs of pleural
effusion or consolidation, rales, rhonchi, bronchial breath sounds, and, in severe
cases, cyanosis.

Laboratory Tests of Serum or Blood

Biochemical markers for identifying lung cancer and/or to predict for damaging
late radiation effects in lung would provide a valuable tool in patient care,
allowing the radiation and/or medical oncologist to determine if treatment is
exceeding normal tissue tolerance (19,128). If biochemical markers of tissue
damage can be detected in the subclinical phase, prior to the accumulation of
significant injury, one could terminate therapy or institute treatment to prevent
or attenuate later lesions. An ideal marker should be a simple, reproducible,
positive/negative biochemical test; there are a large number of substances whose
release potentially may reflect or predict the degree of radiation and/or chemo-
therapy injury to the lung. Surfactant apoprotein, procollagen type 3, and an in-
creasing number of cytokines, such as TGFB1, and growth factors can be mea-
sured in the blood (46,129–131). It is possible that other important factors, such
as angiotensin-converting enzyme, blood plasminogen-activating factor, and
prostacyclin, may also prove to be good prognostic markers (132). Some of the
various factors have been correlated with either acute or delayed radiation pneu-
monopathy (46,128,129). Significant additional work is required to evaluate the
usefulness of such blood level measurements, but they should be considered in
any prospective evaluation of toxicity grading.

Prevention and Treatment

Prevention is the optimal goal in the management of patients who are at high
risk for pulmonary complications from antineoplastic therapy. Strict attention
should be paid to drug doses and cumulative restrictions.

1. Modification of radiation treatment techniques.

Fractionation: Significant sparing of damage to normal lung tissue can be
achieved by decreasing the dose per fraction (67,133).

Volume of normal lung should be minimized within the radiation field, and
particular care should be exercised in the lung bases (134,135).

2. During drug (e.g., bleomycin) therapy, monitoring of symptoms/signs,
pulmonary function tests, and chest x-rays can aid in detecting problems early
and the causative agent can be withdrawn. After withdrawal of bleomycin, early
stages of bleomycin-induced pneumonitis have reversed clinically and radio-
graphically (136,137).

3. Currently, molecular-oriented modes of therapy are being investigated
such as gene therapy. In a recent study, normal human epithelial cells were
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transfected with liposomes containing a human manganese superoxide dismutase
(MnSOD) transgene-containing plasmid. This enzyme is involved in the reduc-
tion of oxygen-free radicals. The athymic nude mice receiving this human
MnSOD transgene via intratracheal injection demonstrated detectable transgene
levels. Lung sections from treated mice subsequently showed a decrease in acute
pulmonary changes of irradiation-induced organizing alveolitis (138).

4. When following survivors of cancer therapy, vigilant evaluation of
symptoms of respiratory compromise is necessary, and should be anticipated when
thoracic irradiation or drugs with known pulmonary toxicity have been used.
Chronic cough and/or dyspnea should be further evaluated with pulmonary func-
tion tests and chest radiography. In the absence of symptoms, chest x-rays and
lung function testing are recommended every 2–5 years. In cases of radiation pneu-
monitis where corticosteroids have been used, it is important to withdraw steroids
very slowly to avoid reactivation. Prophylactic administration of steroids before
therapy has no proven use and may actually do more harm than good. Strenuous
counseling on the risks of smoking is imperative in these patients, as well as aware-
ness of the risks of general anesthesia, pollution, infection, and aging.

5. Corticosteroids play a useful role in relief of symptoms from pneumo-
nitis caused by a variety of drugs and radiation. The usual steroid dose is approxi-
mately 1 mg/kg/day for 2–3 weeks with a slow taper of 3–4 weeks or more. If
exacerbation of symptoms occurs, higher doses of steroid for a more prolonged
period may be needed. Severe symptoms necessitating treatment can be relieved
markedly and rapidly by corticosteroids in half the patients; however, prevention
or reversal of the fibrotic phase does not occur. Supportive care with bronchodila-
tors, expectorants, antibiotics, bed rest, and oxygen can be beneficial for symptom
relief in pneumonitis and fibrosis.

Future Studies

Understanding new molecular mechanisms, involving immediate cytokine release
(27) in the initiation of the fibrosis process, opens the door for intervention and
protection.Substances, suchas targeted cytokinesoranti-cytokines, ACEinhibitors
(129,132,139), and pentoxifylline (140), that oppose or inhibit fibrosis could be
utilized during therapy, resulting in the desired enhanced therapeutic ratio.

ESOPHAGEAL TOXICITY

Pathophysiology

The esophageal mucosa is a rapid-turnover cell system, often representing the
dose-limiting, early-responding tissue in the management of thoracic tumors. In
the acute phase, the abnormalities created by chemotherapy and radiation are
relatively similar.
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Chemotherapy agents such as 5-fluorouracil (5-FU), methotrexate, and
other drugs, such as purine antagonists, can frequently cause esophagitis
(141,142) and, in the case of 5-FU, method of delivery can enhance the effect
(Table 2). Additionally, combinations of drugs such as 5-FU and leucovorin may
potentiate the esophagitis (143,144). Once-weekly or low-dose protracted infu-
sions produce much less esophagitis as opposed to intensified 5-day continuous-
infusion regimens. Esophagitis may develop over 7–14 days after the initiation
of treatment, and likely represents damage throughout the reproducing mucosal
epithelial cells, leading to inflammation and ulceration (145).

In patients receiving chemotherapy, esophagitis can be a result of the direct
effect of drugs on the mucosa, or the indirect effect of myelosuppression. A
similar pattern may be seen with radiotherapy, with involvement of symptoms
in the second to third week of treatment. Methods of delivery can also have
significant effects on the development of esophagitis, as evidenced by the increase
in esophagitis seen in hyperfractionated or accelerated fractionation regimens, as
opposed to standard once-a-day therapy. In a study by King et al. (6), using
accelerated, hyperfractionated techniques for lung cancer, 18% of patients experi-
enced grade III esophagitis, with a 2-year actuarial risk of 30% grade III or greater
late toxicity.

In contrast to chemotherapy, radiation produces late effects most commonly
in the form of esophageal stricture and/or stenosis. These can lead to symptoms
of obstruction, usually developing 4–6 months after treatment, although they can
develop as late as 2 years after treatment. The risk of stricture has been variously
estimated, and authors such as Emami et al. (146) have estimated the risk of
clinical stricture following esophageal radiation as a function of volume and total
dose. These authors proposed a 5% risk of stricture at 5 years when approximately
one-third of the esophagus has been radiated to a total dose of 60 Gy; a similar
rate of stricture development can be seen when 55 Gy is delivered to the entire
esophagus. Late pathological changes due to radiation of the esophagus are pri-
marily related to changes in the muscle wall, although mucosal changes may also
be observed.

In summary, target cells producing the majority of acute effects are those
of the basal epithelial layer of the esophagus. The late effects are predominantly
the result of radiation effects on the muscle cells and the infiltration of fibroblasts
and inflammatory cells into the muscle wall. Telangiectasia and narrowing of the
blood vessels have been reported, but their significance in the production of late
effects is controversial (147).

Clinical Syndromes

Radiotherapy and Chemotherapy

The acute effects of either radiation or chemotherapy may develop within the
first weeks after the initiation of treatment and consist of substernal burning,
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along with dysphagia and odynophagia when eating or drinking liquids. De-
pending upon the severity of symptoms, analgesics may be required, although
the symptoms may subside during the course of treatment with more conventional
chemo/radiation programs. Radiation stricture/stenosis, however, may present
with the sensation of increasing fullness, difficulty passing solids, regurgitation,
and other symptoms consistent with obstruction.

Radiographic findings consist of variable segments of esophageal nar-
rowing with multiple discrete ulcers or granular appearance on double-contrast
barium swallows (148,149). In the case of stricture, there will be obvious luminal
narrowing. Endoscopic findings may be minimal despite symptoms of esophagi-
tis. Mascarenhas et al. (150) reported that 12 of 18 patients with symptoms of
esophagitis had endoscopic evidence when evaluated. However, histological
changes were confirmed in only eight of those 12 patients.

Chemotherapy-Chemotherapy Interactions

Combinations of drugs may potentiate oral and esophageal mucositis. A good
illustration is the potentiation of 5-FU from the addition of leucovorin (143,144).
Increased mucositis is also seen with the combination of two mucositis-producing
cytotoxic drugs, e.g., methotrexate and 5-FU.

Radiation-Chemotherapy Interactions

In a study of several RTOG lung cancer studies by Byhardt et al. (8), conventional
radiotherapy regimens for treatments of non–small cell lung carcinoma produced
grade II esophagitis of 12% and grade III toxicity of, approximately, 3%. Single-
agent chemotherapy can be anticipated to produce esophagitis at similarly low
rates. Although approximately 40% of patients receiving combination chemother-
apy develop oral mucositis, the esophagus is affected less frequently (141,142).
However, it is clear from multiple studies that the combination of chemotherapy
and radiation produces an increased risk of esophagitis. Drugs such as etoposide,
cisplatin, 5-FU, actinomycin D, adriamycin, mitomycin, bleomycin, and metho-
trexate can augment the acute effects of radiation therapy on the esophagus and,
in some cases, late effects (151,152). In addition, concurrent radiation and chemo-
therapy produces a greater incidence of acute and late effects than when treat-
ments are sequential. Umsawasdi et al. (153) noted a higher rate of stricture or
fistula development in patients treated initially with chemoradiation than in those
treated with two cycles of chemotherapy followed by radiation (30% vs. 2%).
In the Byhardt study (8), it was clear that the addition of concurrent chemotherapy
produced a higher rate of acute esophagitis than sequential regimens (6% vs. 1%)
and that concurrent chemotherapy and hyperfractionation produced the highest
rates of severe acute esophagitis (34%). Similar statistics have been confirmed
in other chemotherapy regimens, using concurrent chemotherapy with once-a-
day or multiple-fraction radiotherapy.
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Prevention and Treatment

Prevention

Clearly the simplest way to prevent esophagitis is to minimize exposure to nox-
ious agents.

In the case of radiation, this may mean designing portals using 3D treatment
planning to spare the esophagus (154,155). Dose-volume histograms can
provide a useful tool in reducing both the volume and total dose to the
esophagus in treatment of thoracic malignancies.

Similarly, alterations of chemotherapy/radiation protocols (e.g., use of sin-
gle fractions as opposed to twice-daily fractionation or sequencing of
certain drugs) may also provide reduction in esophageal symptoms; this
is, of course, presuming equal effect on the primary tumor.

Other protective strategies may include cytoprotective agents such as ami-
fostine, a radioprotector (156). A randomized trial (n 5 146) showed a
significant reduction with amifostine in both radiation esophagitis and
pneumonitis in patients receiving radiotherapy alone for lung cancer
(157). In a smaller randomized trial (n 5 68), amifostine (300mg/m2)
administered before chemotherapy and daily RT reduced the incidence
of acute esophagitis and grade 3 pneumonitis. There was no difference
in the rate of complete and partial responses (158). This agent is currently
being actively studied by the Radiation Therapy Oncology Group in a
randomized trial (6 amifostine) in patients receiving intensive chemora-
diation for locally advanced non–small cell lung cancer (RTOG 98-01).
Prospective quality of life data is being collected in this RTOG trial.

Finally, patients with medical conditions that are predisposed to increased
sensitivity to either radiation or chemotherapy, such as collagen/vascular
diseases, ataxia-telangiectasia, or Bloom’s syndrome (congenital, telan-
giectatic erythema), and HIV, may be considered to have relative contra-
indications to high-dose radiotherapy (11,12).

Treatment

Management of acute esophagitis, whether derived from chemotherapy, radio-
therapy, or the combination, is based on the presumptive cause. If these symptoms
can be attributed to mucositis, topical agents (e.g., xylocaine) and sucralfate (159)
may be of benefit. Analgesics often provide adequate symptom relief. In patients
predisposed to gastric reflux, agents such as H2 blockers, antacids or metoclo-
pramide may be of value in lessening the degree of esophagitis. However, patients
may be neutropenic or have other underlying medical conditions that may dispose
them to esophagitis. Infection with Candida, cytomegalovirus, or herpes simplex
virus can be the causative agents of esophagitis; the latter two can be seen in
AIDS patients or patients undergoing bone marrow transplantation. While eso-
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phagoscopy may provide a definitive answer, this may not be a practical or safe
option. Empirical therapy directed toward the presumed causative agent may be
indicated.

In the case of late radiation effects, most notably stricture/stenosis, manage-
ment is primarily through esophageal dilatation, which may be required multiple
times (160). O’Rourke et al. (161) reported that in 17 patients who developed
benign stricture after radiation alone, the median time between dilatations was
5 months and the median number of dilatations was 2.5.
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INTRODUCTION

The advent of the hematopoietic growth factors has provided the oncologist with
the ability to ameliorate cytopenias in cancer chemotherapy patients (1). Clinical
trials focused on anemia, neutropenia, and thrombocytopenia have taught us
about the magnitude of clinical consequences associated with these laboratory
abnormalities. Also, the clinical use of hematopoietic growth factors has in-
creased our understanding of the biology of hematopoiesis, and its impact on
cancer therapy. This chapter will focus on the recent state of knowledge on the
use of hematopoietic growth factors in the lung cancer population as well as the
potential utility of these agents in the future.

THE MANAGEMENT OF ANEMIA WITH ERYTHROPOIETIN

Anemia is prevalent among cancer patients and is related both to the underlying
disease and to its treatment (2). Because lung cancer affects an older patient
population who often have significant comorbid pulmonary and cardiac disease,
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the symptoms of anemia are often magnified in this population. Despite this, our
understanding of the impact of anemia on the cancer patient was extremely naive
until clinical trials focused on the treatment of anemia were performed over the
last decade. Prior to this, anemia was simply considered to be part of the cancer
experience, an expected cost of doing business. Clinical trials often did not even
collect information on the magnitude of anemia or of need for transfusion and
impact on treatment outcomes. Studies of the impact of anemia on the cancer
patient and its treatment with recombinant human erythropoietin have been en-
lightening.

Erythropoietin was approved for clinical use in the 1980s, with the clinical
indication of treatment of anemia in the renal dialysis population (3). Its use has
essentially eliminated anemia as a significant problem for this patient population.
It was assumed initially that the use of exogenous recombinant human erythropoi-
etin would only benefit patients with renal failure because of the lack of endoge-
nous erythoproietin. Subsequently, it has been demonstrated that multiple types
of anemia, including cancer-related anemia and chemotherapy-induced anemia,
are associated with a blunted endogenous erythropoietin response and that the
use of recombinant human erythropoietin can significantly accelerate erythropoi-
esis (4).

The pivotal trial of recombinant human erthropoietin for the treatment of
cancer-chemotherapy-related anemia was a placebo-controlled, randomized ef-
fort in patients with anemia developing in the setting of either cisplatin-containing
or non–cisplatin-containing chemotherapy (5). All patients were treated with re-
combinant human erythropoietin at a dose of 150 units/kg subcutaneously three
times a week for 12 weeks. An additional group of cancer patients with anemia
who did not receive chemotherapy was treated for an 8-week period. Compared
to the placebo group, the patients receiving either cisplatin-based or non–cis-
platin-based chemotherapy achieved a median increase in hematocrit of 7% with
an associated significant reduction in transfusion requirements. The anemic can-
cer patients not receiving chemotherapy did not achieve as significant an increase
in hematocrit, presumably because of the shorter period of therapy. These patients
also underwent an evaluation of their overall energy level and activities of daily
living utilizing a linear analog scale assessment (LASA). This showed a signifi-
cant increase in the patient’s self-reported quality of life by this scale. Based
on this randomized trial, erythropoietin was approved for treatment of anemia
associated with cancer chemotherapy.

Despite the broad indication for erythropoietin, it was not widely adopted
in clinical practice, which led to a series of phase IV open-label, community-
based trials. Three successive trials were done with over 2000 patients in each
study. The first two trials administered erythropoietin on the routine three-times-
a-week schedule used in the registration trial (6,7). The third trial utilized a once-
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per-week dosing schedule of 40,000 units with an escalation to 60,000 units for
patients who did not achieve a 1-g increase in hemoglobin in the first month (8).
All three trials look remarkably similar in terms of patient outcomes. On average,
more than 65% of patients responded with at least a 2-g increase in hemoglobin
over the 16-week treatment. Again, a significant reduction in transfusion require-
ments was noted. Finally, the linear analog scale again demonstrated significant
improvements in the patients’ self-reported energy level, activities of daily living,
and overall quality of life. These trials were also able to show that the quality-
of-life improvements were directly related to improvement in hemoglobin, but
in a nonlinear fashion. Although there was some improvement in quality of life
between a hemoglobin of 8 and 10 g/dl, there was an even greater improvement
with increase in hemoglobin from 10 to 12 g/dl, with a lesser degree of improve-
ment above the level of 12 g/dl. Thus, achieving a hemoglobin of 12 g/dl ap-
peared to be an optimal target.

In the Demetri trial (7), additional quality-of-life analyses were done utiliz-
ing the FACT-An (9). This demonstrated the same correlative relationship be-
tween quality-of-life measures and improvements in hemoglobin and helped vali-
date the LASA results across all of the trials. In addition, prospective tumor
responses were performed. For patients whose hemoglobin level did not improve,
there was little change in quality of life despite response of the tumor to chemo-
therapy. However, for those who did show an improvement in hemoglobin, the
quality-of-life improvement correlated with the magnitude of hemoglobin im-
provement. For the patients with progressive disease, however, the improvement
in quality of life was significantly blunted. These data strongly suggest that both
tumor response and hemoglobin response are important predictors for quality of
life and are independent of one another.

While none of these three trials were placebo controlled, the power of a
7000-patient database makes the results extremely robust. Furthermore, with such
a large database, analyses of subgroups of patients are ongoing to determine if
particular patient subsets or disease types have a differing response. A prelimi-
nary analysis of the first two trials, which included more than 1000 lung cancer
patients, suggests that lung cancer patients respond equally well in terms of these
endpoints and in addition show a significant improvement in the symptom of
dyspnea (10). It seems clear from this database that oncologists need to pay more
attention to anemia and should specifically try to maintain patients at or above
a hemoglobin of 12 g/dl. It would appear that either a three-times-a-week or
once-a-week schedule is equally efficacious in this regard. Remaining questions
center on the management of the patient who does not respond well to erythropoi-
etin, and in defining what the role of iron supplementation may be (11). Most
of these trials did not supplement patients with oral iron, and clinical data suggest
that iron deficiency in the cancer patient population is relatively low. However,
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whether a functional iron deficiency might have existed that could have been
treated with oral or parenteral iron to optimize the response to erythropoietin
remains an area of clinical investigation.

PREVENTION OF ANEMIA

The justification for early treatment of anemic cancer patients seems clear from
data showing improved quality of life. Because of the broad nature of these trials
across many diseases and treatment regimens, the impact of hemoglobin improve-
ment on actual survival rates has not been well studied. However, hemoglobin
level per se has been shown to be an important prognostic factor in patients
receiving radiation therapy for head and neck cancer and carcinoma of the cervix
(11). The initial assumption was that patients with low hemoglobin might have
more advanced disease or poorer performance status, which might compromise
outcome. However, more recent studies have suggested that a more important
variable is maintenance of hemoglobin during radiation, which facilitates treat-
ment response and potentially improves survival. Whether the influence of hemo-
globin is related to improvements in regional blood flow, tumor perfusion, reduc-
tion in hypoxia, or reduction in angiogenic factors, or is operational through some
other mechanism is unknown at this point, but again remains an area of active
clinical investigation.

In the lung cancer population the importance of chemoradiation with cura-
tive intent has been well demonstrated in both limited small cell lung cancer and
stage III non–small cell lung cancer, and is discussed in detail elsewhere in this
book. Whether maintenance of a normal hemoglobin through therapy could actu-
ally improve long-term outcome as well as lead to improved quality of life has
not been studied. However, it appears from a pilot study done at M. D. Anderson
that the use of erythropoietin at the initiation of concurrent chemotherapy and
radiation can successfully prevent the development of anemia in patients with
non–small cell lung cancer (12). Furthermore, two other small studies in small
cell lung cancer have demonstrated that initiation of erythropoietin at the begin-
ning of chemotherapy can lessen the development of anemia in this population
(13,14).

The prevention of anemia in patients with advanced non–small cell lung
cancer is the subject of an ongoing multicenter U.S. trial in patients with advanced
non–small cell lung cancer receiving chemotherapy only. In this study, patients
must have a normal hemoglobin above 12 g/dl to be enrolled and then are ran-
domized to receive weekly erythropoietin or supportive care alone while receiv-
ing chemotherapy. For patients whose hemoglobins drop to #10 g/dl on the
supportive-care arm, treatment with erythropoietin will be initiated. The primary
objective of this study is to assess whether erythropoietin can prevent anemia in
this population and if the maintenance of a normal hemoglobin impacts on quality
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of life compared to delayed use of erythropoietin in patients who develop signifi-
cant anemia. Measures of tumor response and survival will also be obtained,
although the relative magnitude of benefit of hemoglobin maintenance might pre-
sumably be less in this population than in patients with more locally advanced
disease.

Until such prevention strategies are shown to be beneficial, the best ap-
proach for management of lung cancer patients is to anticipate the need for treat-
ment when the hemoglobin level falls below 12 g/dl for patients on active chemo-
therapy and/or radiation treatment. In addition, aggressive management of
hemoglobin may be warranted in patients undergoing neoadjuvant approaches
prior to surgery. Finally, for patients with significant anemia due to the disease
itself, management of the hemoglobin level may result in a significant improve-
ment in the patient’s fatigue and dyspnea even at the point when further chemo-
therapy or radiation may be unhelpful.

NEUTROPENIA AND INFECTION: THE ROLE OF
COLONY-STIMULATING FACTORS IN PREVENTION
AND TREATMENT

While the data for the use of erythropoietin to treat anemia complicating cancer
chemotherapy is clear, much less data exist to support routine treatment of estab-
lished neutropenia or uncomplicated febrile neutropenia with the use of colony-
stimulating factors (CSFs) (15). On the other hand, a large number of randomized
trials have demonstrated that the use of CSFs, as a preemptive strategy, can re-
duce the magnitude of neutropenia and the clinical consequences of fever and
infection (1,15). Furthermore, the CSFs have played a major role in the technol-
ogy of peripheral blood progenitor cell mobilization and stem cell support in use
for high-dose chemotherapy (16). Although the CSFs were developed as ‘‘sup-
portive care agents’’ like erythropoietin, their major clinical benefit has been in
the prevention, rather than treatment, of cytopenia. The result in both standard
and high-dose chemotherapy has been a reduction in infectious complications
with a decrease in intravenous antibiotics and hospitalization.

A detailed discussion of the evidence supporting the use of CSFs was pro-
vided by the ASCO CSF Guidelines Committee (15) and is being updated. It
will be reviewed here briefly. As mentioned, treatment of established neutropenia
with CSFs has been less beneficial than prevention. This is not because of a lack
of biological response to the CSF, but rather because neutropenia is a more self-
limited event than anemia and generally resolves within a few days after standard
chemotherapy. For patients with grade IV neutropenia (ANC less than 0.5 3 109

cells/L), the risk of developing fever and infection is approximately 10% for
every day of duration (17). Thus it is not surprising that in a randomized trial in
which patients who were found to have clinically asymptomatic grade IV neutro-
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penia, after standard chemotherapy, the risk of developing febrile neutropenia
was approximately 15% (18). This was not modified significantly by G-CSF be-
cause of the relatively low risk and also because the biology of the cytokine
requires an adequate number of progenitor cells to achieve an adequate response.
Thus the therapeutic use of the CSF in the setting of asymptomatic neutropenia
in the postchemotherapy setting should be reserved for patients at high risk for
complications of fever and infection. Other considerations for treatment of neu-
tropenia with CSFs include acceleration of neutrophil recovery to insure that
chemotherapy and/or radiation is given on schedule. The treatment of febrile
neutropenia has been equally controversial but has been clarified by a series of
clinical studies that are reviewed in detail elsewhere (1,15). Of the several ran-
domized phase III trials evaluating growth factors, almost all have demonstrated
reduction of duration of neutropenia with the use of CSF in the setting of symp-
tomatic febrile neutropenia. A few have shown a clinical benefit in terms of
reducing hospital stay or antibiotic use. Subset analyses, however, in several of
these trials have suggested that patients with tissue infection or sepsis may be at
a higher risk for prolonged neutropenic complications and may benefit from the
use of CSFs; this may be particularly relevant to the older lung cancer population
with a potential for pneumonia and postobstructive pneumonia. One other impor-
tant factor observed in these clinical trials has to do with the absolute magnitude
of neutropenia. While grade IV neutropenia includes all patients whose ANC
drops to 0.5 3 109 cells/L, the studies that best demonstrate the benefit of CSFs
have looked prospectively at populations presenting with an absolute neutrophil
count of 0.1 3 109/L (19,20).

Because of the previous studies, the major focus of CSF use has been on
its prevention of neutropenia and its clinical complications, rather than its treat-
ment once it has occurred. The initial trials that led to the approval of G-CSF
for the reduction in the risk of neutropenia and infection were performed in pa-
tients with small cell lung cancer receiving cyclophosphamide, adriamycin, and
etoposide chemotherapy (17,21).

These studies documented a 50% reduction in the duration of neutropenia
with the use of G-CSF versus placebo, and that 50% reduction in neutropenia
correlated with a 50% reduction in incidence of febrile neutropenia as well as
overall use of intravenous antibiotics and hospitalization. This study helped expe-
dite the approval of G-CSF to reduce myelosuppression associated with cancer
chemotherapy (17). This trial also documented that patients on placebo who had
experienced febrile neutropenia during a prior cycle of chemotherapy could go
on to receive full-dose chemotherapy along with G-CSF with a subsequent reduc-
tion in risk of febrile neutropenia to approximately 26%. Thus, this trial estab-
lished the role of G-CSF in both primary and secondary prophylaxis of neutro-
penia and its complications.
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Many subsequent trials confirmed the ability of G-CSF to significantly re-
duce the duration of neutropenia in the primary setting, but little formal study
has been performed on its benefit as secondary prophylaxis (1,15). Interestingly,
however, the major clinical use for G-CSF, currently, is in the setting of second-
ary rather than primary prophylaxis. For most standard chemotherapy regimens,
routine primary prophylaxis does not appear to be necessary because the risk is
relatively manageable and because of the relatively brief period of neutropenia
with most standard chemotherapy regimens in otherwise good-performance-
status patients. The strategy of reserving CSF for patients who have developed
significant neutropenia and/or febrile neutropenia in prior cycles of therapy has
been recommended to identify patients at highest risk. While this is a reasonable
strategy for most standard clinical settings, the ASCO guidelines have also identi-
fied a patient population where consideration should be given either for reduction
in dose of initial chemotherapy or for the use of CSF as primary prophylaxis
(15). These settings would include patients with significant comorbid disease,
advanced age, poor performance status, ongoing or incompletely treated infec-
tion, or other factors that might increase the risk of chemotherapy. While none
of these factors have been well established in a randomized prospective trial of
either standard dose reduction or primary prophylactic use of CSF, they have
been clarified in work done by Talcott defining low- and high-risk populations
who developed febrile neutropenia (22).

The lung cancer population, generally because of its older age and/or high
likelihood of comorbid disease and/or pulmonary infections complicating treat-
ment, represents a high-risk group. However, routine use of CSF for primary
prophylaxis is not warranted for standard chemotherapy regimens used for both
small cell lung cancer and non–small cell lung cancer. Careful attention should
be paid to identify special populations at increased risk who might be candidates
for initial use of CSF rather than to expose them to the increased risk of neutro-
penia and infection.

Whether preemptive CSF administration, in either the primary or secondary
setting, should be utilized versus dose modification remains a controversial topic.
Other chapters in this textbook have focused on evidence supporting dose intensi-
fication of chemotherapy treatments in either small cell or non–small cell lung
cancer. These studies will not be reiterated here except to make a few important
points. First, it is clear that in small cell lung cancer, particularly with limited
stage, substandard doses of chemotherapy lead to poor outcome (23). In non–
small cell lung cancer, it has only been in recent years that we have established the
benefit of chemotherapy, particularly in patients with advanced disease. However,
from these data, it is clear that combination chemotherapy has, in general, been
superior to single-agent therapy, particularly in good-performance-status patients
(24). In the lower-performance-status patient population and in the elderly with
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advanced non–small cell lung cancer, it remains unclear whether the combination
therapy is less beneficial or simply more toxic, or both. Until clinical trials clarify
this issue for patients with advanced small cell or non–small cell lung cancer,
special populations deserve special treatment considerations. This may range
from monotherapy in the patient of borderline performance status or combination
chemotherapy with appropriate supportive care including the preemptive use of
CSFs. The choice obviously depends on the clinical situation and a full discussion
of the risks and benefits with the patient.

While there is prevailing sentiment that dose reduction and modification
can lead to inferior outcomes in breast cancer and lymphoma, formal studies
testing this issue in either small cell or non–small cell lung cancer are limited.
However, given the relatively narrow therapeutic window for our agents particu-
larly in non–small cell lung cancer, the ability to achieve ‘‘full dose’’ therapy
particularly in potentially curative settings of limited stage small cell lung cancer
and stage III non–small cell lung cancer is an appropriate goal. In this setting,
the preemptive use of CSFs in either the primary or secondary setting could be
considered. By contrast, dose escalation of chemotherapy above standard doses
and the use of CSFs outside the setting of clinical trial is not recommended by
the ASCO Guidelines Committee (15). What are the data to suggest that dose
might make a difference in the management of patients with lung cancer?

Although a huge number of phase II trials have been performed, one can
learn little without a phase III comparison. Of interest, for one of the most active
agents in non–small cell lung cancer (paclitaxel), the most positive results have
been achieved with the regimen associated with the most myelosuppression (25).
While several trials have compared cisplatin and Taxol to other combinations,
the trial that has shown substantial survival benefits utilized paclitaxel on a 24-
h basis. In that trial, the highest survival rate was seen in the population in whom
paclitaxel was increased from 135 mg/m2 as a 24-hr infusion to 250 mg/m2 with
G-CSF support. The 1-year survival for the lower-dose paclitaxel treatment was
36% versus 39% with the higher dose of paclitaxel. Although that was not sig-
nificantly different statistically, the trend was encouraging; moreover, the in-
crease in paclitaxel dose did not result in increased myelosuppression because
of the adjunctive use of G-CSF. However, the increased dose of paclitaxel was
associated with a higher incidence of neurotoxicity, highlighting the observation
that other nonhematological toxicities must be balanced as we escalate chemo-
therapy doses. In addition, alternate strategies such as weekly paclitaxel may
allow dose enhancement or intensification of this drug without either rate-limiting
myelosuppression or cumulative neurotoxicity.

At this point, the preemptive use of CSFs in the treatment of patients with
small cell lung cancer or non–small cell lung cancer should be reserved for pri-
mary administration in the setting of high-risk patients receiving standard chemo-
therapy, or more commonly, as secondary prophylaxis in a patient who has re-



Preemptive Management of Myelosuppression 429

ceived previous chemotherapy resulting in significant neutropenia or neutropenic
complications, and in whom the clinical benefit of continuing full-dose chemo-
therapy outweighs the strategy of dose reduction. Clearly, trials that prospectively
evaluate maintenance of normal dose intensity of chemotherapy with growth fac-
tors versus the strategy of dose reduction would be beneficial in future decision
making. For patients who develop febrile neutropenia in the setting of cancer
chemotherapy, treatment of the febrile neutropenic event with CSFs as well as
antibiotics should be considered in patients with severe neutropenia (less than
0.1 3 109 neutrophils/L) or the patient with bacteremia or clinical signs of tissue
infection.

INCORPORATING CSFs IN FUTURE TREATMENT
STRATEGIES TO IMPROVE THE OUTCOME FOR
PATIENTS WITH LUNG CANCER

As outlined above, the primary role of CSFs in clinical practice should be re-
stricted to their use as supportive-care agents to reduce the complications of clini-
cally effective treatment regimens. CSFs may also be extremely useful as we
develop newer treatment strategies. Numerous clinical trials have taught us that
CSFs alone can only modestly enhance the dose intensity of chemotherapy regi-
mens (26). However, the use of CSFs to mobilize peripheral blood progenitor
cells provides the ability to test more significant increases by five- or 10-fold in
the dose intensity of conventional chemotherapy agents (1,15,16). Moreover the
use of CSFs may enhance the dose density of therapy by shortening the time
interval between treatments as has been done in small cell lung cancer with en-
couraging results (26–28). Finally, CSFs may be useful in combining multiple
agents at standard doses of therapy rather than trying to increase the dose of any
single agent. None of these concepts are mutually exclusive and, in fact, must
be thought of in conjunction with each other. A framework by which one might
determine how improved curative strategies can be developed for lung and other
cancers is the concept of summation dose intensity (29).

In a review of chemotherapy regimens that have been associated with sig-
nificant chance of cure, Frei et al. propose the formula shown in Figure 1.

While this formula has been best supported by treatment of hematological
malignancies and germ cell tumors, the general principles may be applicable to
lung cancer as well. For example, in the curable setting of stage IIIA/B inoperable
non–small cell lung cancer or in the setting of limited-stage small cell lung can-
cer, the addition of at least two active chemotherapy agents along with radiation
treatment has improved the cure rate. On the other hand, more aggressive treat-
ment strategies in stage IV non–small cell lung cancer or extensive-stage small
cell lung cancer have not been successful from a curative standpoint, although
some regimens may be associated with modest improvements in survival. The
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FIGURE 1 Formula for curative cancer chemotherapy. (a) Active—30% response
rate; non–cross-resistant. (b) Concurrent combined administration of three or more
active agents. (c) Full dose maintained in combination (i.e., nonadditive toxicity).
(d) Particularly stem cells, blood products, and growth factors. (Adapted from
Ref. 29.)

lung cancer population is less able to withstand the toxicities of aggressive strate-
gies compared to a generally younger population with other cancers; in addition,
our understanding of the biology of lung cancer is inferior to our understanding
of the hematological malignancies. Furthermore, initial or subsequent drug resis-
tance remains a formidable problem. Finally, most of the active agents in lung
cancer unfortunately have overlapping toxicities, particularly myelosuppression.
This makes the simultaneous use of several agents difficult, if one hopes to main-
tain the maximal beneficial dose of each agent.

Despite these limitations, this formula provides a useful framework by
which future clinical trials can be developed. As observed in the study of new
agents in patients with advanced non–small cell lung cancer, simply substituting
one for another has not resulted in major improvements in outcome. Likewise,
minor differences in dose intensity of standard chemotherapy regimens in small
cell lung cancer have not yielded promising results (26). A prospective random-
ized trial testing the ability of preemptive management of myelosuppression to
improve outcome is being explored in the current intergroup trial of extensive-
stage small cell lung cancer. In this trial, patients are randomized to receive cis-
platin and etoposide at standard doses versus that same regimen combined with
paclitaxel and G-CSF, to ameliorate the increased neutropenia of the third agent.
Strategies like this, which incorporate both the promising additional agent and
the supportive care necessary to deliver those agents at their intended doses, hold
promise for improving outcome in patients with lung cancer.

THE USE OF CSFs WITH CHEMOTHERAPY
AND RADIATION

The ASCO guidelines flatly state that CSFs should not be used as supportive-
care agents in the setting of concurrent chemotherapy/radiation therapy (15). The
data to support this recommendation come from a trial of limited-stage small cell
lung cancer in which patients were randomized to receive or not to receive GM-
CSF after completion of a 3-day cisplatin/etoposide chemotherapy regimen,
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concurrent with ongoing thoracic radiation (30). In this study, patients receiv-
ing GM-CSF versus placebo had no benefit in terms of reduction of neutropenia
and demonstrated an increase in thrombocytopenia. While no randomized trial
of G-CSF has been performed in this setting, a small sequential study of
chemotherapy/radiation therapy in non–small cell lung cancer patients, without
and with G-CSF, also suggested worsening thrombocytopenia (31). Because of
this very limited database, further studies are warranted to evaluate different
schedules of chemotherapy/radiation and growth factor support. However, out-
side of clinical trials, CSFs should be avoided in the setting of primary prophy-
laxis of neutropenia when chemotherapy and radiation therapy are combined.
Patients being treated in this setting who subsequently develop neutropenic com-
plications may warrant the use of CSF as a form of secondary prophylaxis, but
this must be done cautiously.

In this regard, it is helpful to discuss the likely reason for the paradoxical
worsening of myelosuppression with the use of growth factors in the setting of
combined chemotherapy and chest radiation. Of interest, coadministration of cy-
totoxic chemotherapy and CSFs has been conducted safely in some, but not all,
studies (31). In addition, in the setting of acute lymphoblastic leukemia, patients
have been randomized to receive G-CSF or no G-CSF concomitant with chemo-
therapy and cranial radiation (32). In this setting, G-CSF was beneficial in reduc-
ing neutropenia with no other adverse hemological or nonhemological toxlcities.
What may be different between this setting and the lung cancer setting is the
blood volume in the area radiation is delivered. The use of CSFs is well known
to lead to mobilization of progenitor cells into the peripheral blood (1,15,16).
Thoracic radiation encompasses a significant volume of the blood pool and mobi-
lized, committed progenitor cells in this pool may be more susceptible to the
cytotoxic effects of radiation in this setting. If this is a primary reason for the
negative interaction of CSFs in this setting, then delay of the use of CSFs from
the first to the second week of therapy might represent an alternative strategy
that warrants further evaluation. Such studies are particularly promising given
the importance of concurrent chemotherapy and radiation therapy early in the
clinical course of both small cell and stage III non–small cell lung cancer. In
addition, the use of other supportive-care agents may further enhance our ability
to deliver both chemotherapy and radiation together and to reduce other limiting
side effects such as mucositis and esophagitis. This would enable us to further
test the Frei formula in a more curative setting of stage III non–small cell and
small cell lung cancer.

THROMBOCYTOPENIA: IS THERE AN ANSWER?

As discussed previously, anemia is a common and almost universal result of the
cumulative effects of chemotherapy and radiation treatment, and is significantly
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improved by erythropoietin, which can also improve the patient’s quality of life.
While neutropenia from chemotherapy is not as universal, it can be devastating in
terms of febrile neutropenia and/or serious life-threatening infections. In addition,
neutropenia is one of the most common dose-limiting side effects of chemother-
apy treatments and its complications can be reduced with the use of CSFs. How-
ever, with standard chemotherapy, it is uncommon for thrombocytopenia to prog-
ress to the point of risk of either bleeding or need for platelet transfusion (33).
It is also unusual for thrombocytopenia to be the dose-limiting toxicity of chemo-
therapy treatment. However, there are at least two commonly used chemotherapy
agents that often cause some degree of thrombocytopenia: carboplatin and gemci-
tabine. By dosing carboplatin using the AUC formula, the risk of significant
thrombocytopenia can be reduced substantially.

Thrombocytopenia is generally not limiting with gemcitabine by itself, but
in combination with cisplatin or carboplatin, the incidence of thrombocytopenia
increases substantially. Although this has not interfered with the clinical benefits
of these agents in most patients, an effective agent to reduce thrombocytopenia
would help support patients receiving these combinations, or enable intensifica-
tion of therapy, particularly in combination with radiation.

In contrast to standard-dose chemotherapy, high-dose chemotherapy has
been associated with prolonged thrombocytopenia requiring platelet support often
for several days to weeks depending on the preferred regimen. None of the throm-
bopoietic growth factors have significantly sped platelet recovery in this setting
(1,34). However, in the transition from the use of autologous bone marrow sup-
port to peripheral blood progenitor cells, generally mobilized by CSFs, there has
been a significant shortening of the duration of thrombocytopenia and reduction
in total platelet transfusion in this setting (1). The standard supportive-care ap-
proach for high-dose chemotherapy regimens using peripheral blood progenitor
cells in lung cancer is CSF support and platelet transfusions as indicated for
severe thrombocytopenia, generally less than 10,000/µl. Thus far, the thrombo-
poietic agents have yielded little benefit in chemotherapy regimens employing
either standard or high-dose therapy. Of the interleukins, use of IL-3 and IL-6
has been limited both by toxicity and by a relative lack of efficacy (34). On the
other hand, IL-11 has demonstrated a reduction in thrombocytopenia and reduced
the need for platelet transfusion in a randomized study of secondary prophylaxis
(35). In this trial, patients who had experienced the need for platelet transfusion
in a prior cycle of chemotherapy were rechallenged with the same treatments
along with IL-11 or a placebo. There was a 30% reduction in the need for transfu-
sion in the IL-11 population. Although this is a smaller incremental benefit than
the benefit of G-CSF for secondary prophylaxis of neutropenia, it was sufficiently
positive to result in Food and Drug Administration approval of this agent. Other
prospective trials suggest that IL-11 may help support dose-intensive chemother-
apy in breast cancer (36), but there are no prospective data documenting its utility
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in lung cancer patients as a preemptive strategy. At this point, it would seem
appropriate to reserve this agent for patients who have developed severe thrombo-
cytopenia resulting in the need for platelet support in the setting of a clinically
effective chemotherapy regimen when the clinician feels that maintaining the
chemotherapy dose is preferred to dose reduction. If prospective trials show bene-
fit of IL-11 in terms of reducing radiation injury (37), a broader population of
patients may be able to benefit from this cytokine.

The initial hope that thrombopoietin would help reduce dose-limiting
thrombocytopenia in cancer patients has been diminished in the clinical arena
(38,39). Trials of a truncated form of thrombopoietin, megakaryocyte growth
and development factor (MGDF), showed encouraging acceleration of platelet
recovery in dose-intensive carboplatin regimens (40). However, the development
of neutralizing antibodies resulted in prolonged thrombocytopenia in a small
number of lung cancer (41) patients and normal donors, leading to closure of the
development program of this agent. Of interest, however, a single dose postche-
motherapy seemed to be adequate to accelerate platelet recovery, perhaps because
of the unique nature of megakaryocyte physiology with proplatelet and platelet
formation in response to thrombopoietin. Although MGDF is no longer in devel-
opment in the United States, recombinant human thrombopoietin continues to be
evaluated for its potential clinical role in oncology; it is hoped that this agent
will be effective in reducing thrombocytopenia and ultimately helping to support
trials in which thrombocytopenia is a limiting toxicity.

FUTURE DIRECTIONS

As discussed in this chapter, several supportive-care strategies currently exist to
help minimize the consequences of myelosuppression in the lung cancer patient
including red cell transfusion and erythropoietin, CSFs, and antibiotics, and,
when needed, platelet transfusion and IL-11. For high-dose chemotherapy strate-
gies, autologous bone marrow support, peripheral blood cell support, and more
recently, umbilical cord blood as a source of allogeneic cells remain promising
strategies. The development of hematopoietic growth factors has improved our
understanding of hematopoiesis and has also provided the opportunity to develop
additional molecules that may be more effective than the currently available cy-
tokines (1,16). Agents under study include stem cell factor, chimeric molecules
that combine early- and late-acting factors, small molecules targeted to specific
receptors, and modifications of the currently available hematopoietic growth fac-
tors.

Of all of these agents in development, one of the most promising agents
appears to be pegfilgrastim (42). This is a formulation of recombinant human G-
CSF or filgrastim that has been modified by the noncovalent attachment of a
polyethylene glycol moiety (i.e., SD-01). The result of pegylation of filgrastim
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is the virtual elimination of renal clearance of the molecule. Thus, the main way
in which filgrastim is cleared is by the G-CSF receptors on neutrophils. In the
postchemotherapy setting, and resultant neutropenia, the half-life of the molecule
is markedly prolonged. From studies done in patients with non–small cell lung
cancer receiving a dose-intensive carboplatin-and-paclitaxel regimen (42), it ap-
pears that a single dose of SD-O1 is at least as effective as daily filgrastim in
accelerating neutrophil recovery. Similar benefits have been observed in a phase
II study of breast cancer patients receiving docetaxel and doxorubicin, and in an
ongoing randomized phase III trial. In addition to the ease of administration of
this agent postchemotherapy and the potential for improvement in the pharmaco-
dynamic response, such an agent would also facilitate trials of treatment strategies
that test the Frei hypothesis in patients with small cell and non–small cell lung
cancer, by optimizing the means to reduce myelosuppression in future clinical
trials of summation dose intensity.
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Role of Laser, Photodynamic Therapy,
Cryotherapy, and Electrocautery in
Endobronchial Therapy
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INTRODUCTION

Rapid technological advances in the past 40 years have greatly contributed to
improved diagnostic and therapeutic modalities in lung cancer. A major advance
was the introduction of the flexible bronchoscope, which became the primary
diagnostic instrument by facilitating the inspection and collection of brush or
needle aspiration specimens for cytology and of biopsy specimens obtained with
a forceps or transbronchial needle for histology. Further refinements in instrumen-
tation and accessories led to the development of endoscopic interventional pulmo-
nology. Although debulking of endobronchial tumors had already been practiced
for some time with the rigid bronchoscope, it was frequently associated with
significant bleeding and other serious complications.

As did the flexible bronchoscope, the introduction of lasers into medicine
has opened new horizons. This chapter will explore the endobronchial therapeutic
armamentarium utilizing laser photoradiation therapy, cryotherapy, and endo-
scopic electrocautery.

439
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LASER PHOTORADIATION THERAPY

Three essential characteristics of the laser (light amplification by stimulated emis-
sion of radiation) beam are useful in medical applications: (A) monochromaticity
(specific wavelength or color of each laser); (B) coherence (three-dimensional
uniformity in space and time of the beam), which significantly increases the
power; and (C) low divergence, which provides a very narrow beam, permitting
precise focus on a small target (1).

The first laser that was used endoscopically in upper airways was the CO2

laser with a wavelength of 10,600 nm (in the infrared spectrum). The very high
absorption coefficient in water makes this laser a superb vaporizer or cutter, but
not an optimal coagulator. Owing to characteristics of this laser, initially it could
be safely transmitted only through mirrors or hollow tubes like rigid scopes.
The above limitations led to the development of improved CO2 lasers and other
medically useful wavelengths.

At the present time, the Nd: YAG laser has the greatest applicability
in endoscopy. It produces an invisible beam of light in the near-infrared spec-
trum (1064 nm), and it can be transmitted through fiberoptic lightguides. The
small diameter of the lightguide permits introduction through the working
channel of the flexible bronchoscope, allowing performance under local anes-
thesia and not, as required by rigid bronchoscopy, under general anesthesia.
Another significant difference between the CO2 and the Nd: YAG laser is the
increased scattering effect in the tissue with a much lower absorption coeffi-
cient in water. This permits much deeper penetration of the beam of light in
soft tissue. The resultant thermal effect produces coagulation of blood ves-
sels and devitalization of tumors. In endobronchial applications, the Nd: YAG
laser can be used at a certain distance from the target tissue (noncontact tech-
nique) producing this tissue coagulation. The lightguide transmitting the laser
beam through the endoscope can also be equipped with special sculpted sap-
phire tips, which touch the target tissue and result in the contact technique. Both
techniques are complementary and used as required by given clinical circum-
stances.

The success of endobronchial laser photoradiation therapy is dependent
upon appropriate selection of patients, adequate training and experience of the
endoscopist, and the commitment of the whole team involved with patient care
(2–4). Indications and contraindications for utilization of lasers for endobronchial
therapy in patients with lung cancer are well defined (Tables 1 and 2). In general
the same principles apply to other techniques described below.

The best results have been obtained in treating patients with primary lung
malignancies or metastatic endobronchial lesions from primary tumors in other
organs (colon, kidneys, thyroid, melanoma, etc.) that cause partial obstruction of
major airways (trachea and bronchi). The more proximal the lesion, the more
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TABLE 1 Indications for
Cancer-Related Endobronchial
Interventions

Hemoptysis
Relief of airways obstruction

Improvement of ventilation
Improvement of drainage

Relief of intractable cough
Removal of foreign body

functionally significant it becomes; thus relief of the obstruction and improved
airflow results in a much better physiological improvement (5).

Developments in interventional endoscopy produced complications not pre-
viously encountered with diagnostic bronchoscopy. Most patients referred for
palliative bronchoscopic procedures arrive with some degree of respiratory insuf-
ficiency. From the outset, the risks of complications related to the anesthesia
are increased. Procedures done under local or general anesthesia may result in
hypoxemia and hypercapnea due to hypoventilation (6). Continued monitoring
throughout the procedure is mandatory. A major complication, sometimes un-
avoidable, is severe or fatal hemorrhage generally due to the approximation of
the tumor being treated with the adjacent pulmonary artery. The thermal effect
and resultant endobronchial edema may further compromise ventilation. Inappro-
priate use of the laser can result in severe endobronchial burns (7). Pneumothorax
and pneumomediastinum have also been reported in treated patients. Patients
treated under conscious sedation compared to general anesthesia have fewer com-
plications. Otherwise, complications relating to technique do not differ when the
Nd: YAG laser is used through a rigid bronchoscope under general anesthesia or
through the working channel of the flexible scope under conscious sedation (8,9).

The KTP laser is another instrument producing green light with a wave-
length of 532 nm, double the frequency of Nd: YAG. Green light is highly ab-

TABLE 2 Contraindications to Nd: YAG Laser Phototherapy

Bleeding diathesis
Tracheoesophageal fistula
Tracheobronchomalacia or fractured cartilagenous rings
Extrinsic compression
Total bronchial occlusion for over 4–6 weeks’ duration
Ipsilateral involvement of pulmonary artery
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sorbed by hemoglobin but poorly absorbed by water. Because of this absorption
variation, the KTP laser is a better cutter than the Nd: YAG laser but a suboptimal
coagulator. Light is transmitted through optical fibers and can be used either
through the working channel of the flexible bronchoscope or through a rigid bron-
choscope.

PHOTODYNAMIC THERAPY

In the visible spectrum, several lasers are utilized for photodynamic therapy
(PDT). These include the argon dye laser and copper vapor and gold vapor lasers,
which all produce red light in the vicinity of 630 nm.

PDT is a technique based on the combination of three components: a photo-
sensitizer, light, and oxygen. Each contributor, individually, is nontoxic to the
tissue. It is well known that neoplastic tissues have a propensity to preferentially
retain certain sensitizers (10). One of the earliest tested was hematoporphyrin
derivative (HpD). After intravenous injection, this photosensitizer is taken up by
a variety of tissues but preferentially retained by neoplasms and the reticuloendo-
thelial system. There is no detectable HpD in the muscles 48 hr following the
injection, while the concentration in tumors remains high. At this point, amplified
light of a specific wavelength (in the case of HpD, red color, 630 nm) in the
presence of oxygen produces a photochemical reaction, resulting in the release
of free oxygen radicals. Free oxygen radicals, by interfering with prime metabolic
pathways, destroy the tissue in which they are released. Because they are pro-
duced only in the malignancies that have retained the HpD, the procedure seldom
affects the surrounding normal tissue.

Several studies conducted at the Mayo Clinic and in Japan have identified
the efficacy of PDT in endobronchial therapy of malignant tumors. The investiga-
tors have eradicated small, radiographically occult, bronchial malignancies with
a 5-year survival, equal to that of surgical resection. Currently, the therapeutic
indications for PDT are: (1) the tumor should not exceed a diameter of 2 cm,
(2) its entire surface area should be easily illuminated by the activating light, and
(3) there must be no peribronchial involvement (11–13). When tumors exceed
this size, application of PDT does not result in cure. Cortese et al. reduced the
need for surgery in 43% of patients with minimally invasive carcinoma, when
treated with the PDT technique (14). On the basis of several multinational studies,
the Food and Drug Administration approved the commercial form of HpD,
Photofrin, for use in early carcinoma of the lung. Several other publications
also dealt with the use of PDT with Photofrin in more advanced carcinomas
(15). The results, although encouraging, have not shown that this technique is
superior to the endobronchial use of the Nd: YAG laser or brachytherapy, in
particular, in cases of extensive endobronchial tumors with associated extrinsic
compression.
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Limitations of photodynamic therapy include a poorly established dosime-
tery schedule of light delivered to the tumor, as well as lack of identification of
the optimal dose of the photosensitizer. Selectivity of the Photofrin in malignant
tissue does not appear to be totally specific and there remains a possibility of
damage to other normal parts of the bronchus with potential formation of exten-
sive fibrosis. Because of the delayed local reaction, treatment with PDT requires
follow-up clean-up bronchoscopy to remove the necrotic eschar and debris that
threaten airway patency. Skin sensitization occurs with regularity. With current
photosensitizers, patients treated require protection from sunlight or any other
intense light that might contain a wavelength of 630 nm. for at least 4 weeks;
otherwise they risk a severe sunburn reaction.

The concept and science of PDT is fascinating and we continue to seek the
ideal photosensitizer and activating energy source. Research is presently directed
toward the development of other, more specific photosensitizers activated by dif-
ferent wavelengths, which will permit deeper and more selective tissue penetra-
tion and absorption.

CRYOTHERAPY

Interventional bronchoscopists are investigating other energies in the treatment
and palliation of endobronchial obstructions. Cryotherapy cools malignant tissue
and produces thrombosis of its blood supply, resulting in necrosis. Subsequent
debulking of the dead tissue is required 48 hr after each treatment.

The principle of deep freezing of tissue is based on the Joule-Thompson
effect (sudden expansion of gas from a high- to low-pressure region). Various
rigid and flexible probes were developed for introduction through the broncho-
scope to deliver the treatment endobronchially at the tumor site (16,17).

The gas most frequently used is nitrous oxide (N2O). When N2O (under
pressure of 50 bar) is released into the probe, the external temperature at the end
of the probe descends to 240°C. This results in the formation of an ice ball,
which produces intracellular and extracellular crystallization. In the subsequent
phase of thawing, further damage to the previously frozen tissues leads to their
necrosis. The full effects are delayed and appear only after several hours.

Cryotherapy of endobronchial lesions had preceded pulmonological use of
lasers, but has never become widely accepted. There are several disadvantages
of this technique. There is no accurate way of predicting the depth of tissue
destruction during the freezing phase. Although initially the cold may reduce the
bleeding, the subsequent thawing phase can result in tissue fracture, with rupture
of blood vessels and subsequent hemorrhage. Another complication is cold-in-
duced bronchospasm. Repeat bronchoscopies are required to remove tissue debris
and prevent airway obstruction. Proponents of this technique admit that the pro-
cess is slow with no immediate recanalization of the bronchus, and cannot be
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applied safely when there is total luminal obstruction (18). Cryotherapy is contra-
indicated in acute respiratory distress, due to severe occlusion of the trachea or
main bronchi. The major advantage of cryotherapy is the lower cost of the equip-
ment compared to laser therapies.

ELECTROCAUTERY

Endobronchial application of electrocautery is an adaptation of a well-accepted
technique used extensively and safely in surgery. The high-frequency alternating
electric current, transmitted beyond the tip of the bronchoscope through a probe,
passes through tissue with high resistance and produces tissue coagulation, and
usually bloodless debulking. The degree of necrosis depends on the voltage gradi-
ent across the probe and the targeted tissue, the duration of the cauterization
pulse, and the surface area of the probe in contact with tissue. Additional effects
will depend on the degree of local moisture (mucus) and the presence and amount
of blood (19,20). When electrocautery is utilized in interventional pulmonology,
specially grounded flexible scopes with a ceramic (not metal) tip are used to
avoid electric current injury to the patient or the operator. Severe burns have
occurred on occasion when this technique was used through metal rigid scopes.
The disadvantage of electrocautery is the poor control of depth of penetration,
and the major advantage is the low cost of the equipment.

A newer technique, monopolar coagulation, uses a noncontact approach
with an argon beam coagulator. While monopolar coagulation is capable of pro-
ducing superficial coagulation, there is still very limited experience with this
interventional modality.

DISCUSSION

The indications for palliative endobronchial therapy are based upon a through
understanding of the underlying disease process in the patient and the expected
results. Patients with major obstruction in the tracheobronchial tree by an exo-
phytic tumor could benefit from endobronchial therapy by enlarging the lumen,
improving ventilation, and producing better drainage of postobstructive secre-
tions. Endobronchial therapy can provide palliation of hemoptysis when the
source of hemorrhage is within the reach of the bronchoscope. Endobronchial
coagulation provides a cessation of bleeding and protects other areas of the lung
from obstruction by blood clots. The largest experience has been reported using
the Nd: YAG laser. Restoration of a bronchial lumen in postobstructive pneumo-
nia will improve the resolution of the infection with additional antibiotic therapy.
It may also reduce the field for potential external-beam radiation therapy and
allow better tissue oxygenation, thereby improving the results of radiotherapy.
Radiation therapy in treatment of lung tumors frequently results in a nonproduc-
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tive cough attributed to radiation pneumonitis. Not infrequently, subsequent bron-
choscopies reveal the presence of an unexpected endobronchial mass, not visible
on radiographic examination, which represents destroyed, partially fibrotic, tu-
mor. Removal of this irritating mass results in immediate relief of the symptom-
atic cough.

The success of endobronchial therapy improves with the proximity of the
treated area. Opening of the mainstem bronchus may restore ventilation to the
rest of that lung, while treatment of a lobar or segmental bronchus may improve
drainage of postobstructive pneumonia, but will, in general, add little to overall
ventilation. This may be mildly advantageous in patients with previous lung re-
section or limited ventilatory capacity.

Reports have confirmed not only subjective amelioration of symptoms re-
ported by the patients, but also objective improvement, particularly in the treat-
ment of exophytic lesions in the trachea or mainstem bronchi, of cough or of
hemoptysis. Removal of endobronchial obstructions in malignancy will provide
palliation of symptoms, using laser therapy in combination with other modalities.
In the treatment of a naive patient, consolidation of laser therapy and external-
beam radiation provides the best results. In patients who have already received
an optimal dose of external-beam radiotherapy, consolidation of debulking and
opening of the lumen and brachytherapy may further improve symptoms. If the
patency of the lumen of major airways is compromised by a combination of
endobronchial tumor and extrinsic compression, the exophytic part of the growth
is treated first with laser therapy and then, if appropriate, a stent is placed to
improve patency of the airways by relief of the extrinsic peribronchial or peritra-
cheal compression. The success of the procedure will depend on the choice of
an appropriate stent, suited to the given anatomical and clinical situation, and on
the experience of the operator (21).

Except in cases of minimally invasive carcinomas where a complete re-
sponse can frequently be achieved by using PDT, all other modalities previously
described are directed toward local control with palliation of symptoms. Interest
in PDT stimulated research in early detection of lung cancer and led to the concept
of autofluorescence and its clinical application (22). Normal bronchial tissue will
emit different fluorescence patterns from premalignant and malignant lesions
when stimulated by light of a specific wavelength. Multicenter studies showed
that the lung imaging fluorescence endoscopy (LIFE) system, as an adjunct to a
regular bronchoscopy, improved the yield of detection of moderate to severe
dysplasia and early minimally invasive carcinoma by a factor of 2.7 (23). Discov-
ery of the premalignant and early neoplastic lesion and improved modalities of
screening may lead to more imaginative and effective endobronchial therapeutic
modalities. Further technological progress will produce different laser-driven de-
vices. One of the most innovative is optical coherence tomography (OCT), capa-
ble of providing high-resolution histological imaging and analysis in vivo. Small
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probes, which can be inserted through an endoscope, have been developed for
an ‘‘optical biopsy’’ (25). In the future we may hope for more effective screening
procedures, better delineation of high-risk patients, early diagnosis of small pre-
malignant and minimally invasive cancers, and effective early therapy and chemo-
prevention.

At present, the overall mortality from lung cancer has not been influenced
by the armamentarium of interventional pulmonary procedures such as laser pho-
toradiation therapy, cryotherapy, or electrocautery. The disease-free interval can
be prolonged with improvement of the quality of life in the treated patients (24).
Hopefully, better screening techniques of high-risk populations and chemoprev-
ention combined with early detection techniques will improve the statistics.
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Endobronchial Brachytherapy: Its Niche in
Lung Cancer

Burton L. Speiser
St. Joseph’s Hospital and Medical Center, Phoenix, Arizona

INTRODUCTION

Lung cancer presents the clinician with three areas of treatment failure, all
of which will need significant improvement to favorably impact on the survival
rates from this disease. These areas are local (which can be subdivided into
the tracheobronchial tree and lung parenchyma region) and metastatic outside
the thoracic cavity. Brachytherapy can be utilized to improve local control with the
tracheobronchial tree for selected cases, thereby reducing the risk in one of the
three areas of treatment failure.

The treatment of lung cancer by radiation has consisted primarily of the
use of standard external-beam radiation. The use of endobronchial brachytherapy
(EBBT) in the form of manual afterloading low-dose rate began to emerge in
the early to mid-1980s. It was not until the mid- and late 1980s that high-dose rate
remote afterloading brachytherapy began to be utilized in increasing numbers. At
the present time it is the most prevalent means of treating endobronchial disease
with brachytherapy in the world.

EBBT, however, has been used primarily for palliation, for recurrent dis-
ease. Its use for curative intent, while performed, is not as prevalent. Even less
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common is its use for occult carcinomas of the lung, where as the sole modality,
or used in conjunction with either photodynamic therapy or limited external radia-
tion, it can lead to high cure rates with low morbidity.

Brachytherapy was first used at the turn of the twentieth century when the
Curies gave a small radium tube to Dr. Danlos for insertion into a malignancy.
In the ensuing years, further progress was made in the area of brachytherapy.
Kernan (1) first reported the implantation of radon 222 seeds into carcinomas of
the trachea and bronchus utilizing a rigid bronchoscope. He reported on 10 cases
treated with radon 222 seed implantation combined with diathermy treatment.
Of interest was his comment in the report that ‘‘it was possible to destroy the
tumors with diathermy and Radon implantation, and there have been no local
recurrences as yet, although one case has been followed for five years.’’ For the
next 10–20 years, work was being performed on standardization of dose calcula-
tion and prescription for brachytherapy. The publication of the Manchester sys-
tem of Paterson and colleagues (1934) set the foundation for brachytherapy do-
simetry. This was further advanced with the publication of the manual Radium
Dosage (2). Pool (3) reported on radon 222 used at Memorial Hospital in a total
of 42 patients implanted from the time period of 1936–1960. The implanted seeds
consisted of a sealed gold capillary tube filled with radon 222 gas. The technique
reported by Pool ‘‘proved to benefit patients with primary tracheal tumors, and
patients with bronchial stump recurrences following pulmonary resection.’’ Ra-
don 222 seed implantation was also used during thoracotomy with the first re-
ported case by Graham and Singer (4).

To decrease the radiation safety problems with radon 222, efforts were
made to identify radioactive isotopes of shorter half-life and lower decay energ-
ies, as well as developing afterloading techniques, to reduce medical personnel
and patient exposures. Henschke (5) introduced standardized afterloading tech-
niques with gold 198 and, subsequently, iridium 192. With the shorter half-life
of iridium 192 and afterloading techniques, interstitial implantation showed a
rapid increase in medical utilization, in both its range of application and its overall
usage in the United States. However, in spite of this rapid increase, there were
very few changes in the limited use of brachytherapy for carcinoma of the lung.
Early transbronchial implantation techniques initially utilizing radon 222 and
then iodine 125 through the rigid bronchoscope were difficult and associated with
a considerable expenditure of physician time and effort. With the advent of the
flexible bronchoscope, a new flexible applicator system was designed by Schray
and colleagues (6). The use of intraluminal brachytherapy by the placement of
an afterloading flexible applicator bronchoscopically was first reported in the
American literature by Mendiondo et al. (7). In addition, the new neodymium-
YAG laser was introduced into clinical use for treatment of tracheal and endo-
bronchial obstructions for both primary and metastatic lung malignancies in 1984.
It is this convergence of medical technologies that led to a rapid increase in the
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utilization of intraluminal brachytherapy utilizing the afterloading techniques,
usually in concert with YAG laser photoresection.

The majority of patients diagnosed with lung malignancies present with
locally advanced or metastatic disease. Those patients who are deemed resectable
and undergo an attempted resection have a high risk of subsequent local recur-
rence. Despite treatment with external-beam radiation therapy, local recurrence
still remains a problem. Even with the improved overall survival and local control
for inoperable patients treated with combined radiochemotherapy, a significant
rate of local tumor recurrence is still demonstrated. In one study in which patients
were assessed with several bronchoscopic biopsies, the ‘‘histological’’ local con-
trol was only 15–17% following definitive radiotherapy or sequential radiother-
apy and chemotherapy (8). This problem of local recurrence has led many to
employ brachytherapy to deliver additional ionizing radiation therapy treatment
in both the curative and palliative modes.

Brachytherapy is the direct application of radioactive sources to an anatom-
ical site, such as a surgical tumor bed or within a tumor mass. Brachytherapy
can be performed by implantation of radioactive sources, such as seeds within
the tumor mass (interstitial brachytherapy), or by insertion of the radioactive
source within the lumen of a catheter placed within the surgical bed or tumor
mass (intraluminal or endobronchial brachytherapy). Brachytherapy offers the
potential advantage of providing a high-dose gradient of ionizing radiation to
deliver a high dose to the tumor-bearing area with a rapid relative decline in dose
to the surrounding normal structures, resulting from the inverse square law of
ionizing radiation. This states that the dose of radiation decreases by one divided
by the square of the distance (R2 5 R1/D2).

EBBT for lung malignancies consists of the placement of a catheter into
the involved bronchus, with the radiation source placed with remote or manual
afterloading. Afterloaded implants can deliver either low, intermediate, or high
dose rate ionizing radiation at less than 1 Gy/hr (low dose rate, LDR), 1–12 Gy/
hr (intermediate dose rate, IDR), or greater than 2 Gy/min (high dose rate, HDR).
A typical afterloading system utilizes hollow catheters and iridium 192 seeds
embedded in nylon ribbon for LDR, or a single iridium 192 source (10 curie),
which ‘‘dwells’’ within the lumen of the treatment catheters.

TECHNICAL ASPECTS OF REMOTE AFTERLOADING UNITS

The majority of remote afterloading units utilize high-activity radioactive sources
of a small physical size, usually iridium 192, with an initial activity of 10 curie.
The radioactive source is securely attached to the end of a wire cable, which is
mechanically driven by a high-precision mechanism allowing for positioning of
the radioactive source at specific locations within the catheter for specified pe-
riods of time. The movement of the source between these preassigned dwell posi-
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tions, as well as removal of the source out of the catheter into the shielded unit’s
compartment, is very rapid to minimize transit time exposure. The treatment se-
quence for each cable/catheter, which defines the various dwell times and dwell
positions, is determined by treatment-planning computers and executed under the
control of an external computer that specifically drives the remote afterloading
unit. The radiation dose is configured three-dimensionally to encompass the por-
tions of the tracheal bronchial tree and carcinoma to be treated.

TREATMENT-PLANNING COMPUTER

The basics of dose calculation techniques require orthogonal radiographs taken
after catheter placement with dummy seeds in place to determine catheter posi-
tion. On the simulator radiographs, the seed positions are digitized from the first
dwell position at the end of the catheter to the most proximal dwell position in
the catheter along the dummy source seed line. Next, the treating physician de-
fines the treatment target volume. A treatment plan is then formulated, optimizing
treatment points (dwell positions) and treatment time (dwell times position). This
treatment plan is evaluated in the four cardinal directions utilizing isodose lines,
as well as evaluation of the patient’s individual anatomy, to calculate the final
prescription dose and point. New techniques using CAT scans are being tested
for a better three-dimensional picture.

ENDOBRONCHIAL CATHETERS

A variety of commercial catheters are available for use. Basically, physical char-
acteristics of each catheter must allow for easy placement and removal from the
endobronchial tree and immobilization within place. It must fit through the biopsy
channel of the endoscope, and the internal diameter is source compatible (most
commonly used are 5 or 6 French with a 1.7- or 2-mm internal diameter, respec-
tively). Finally, the distal end of the catheter is closed-end to prevent dummy
seeds or the active source from contact with tissues and/or fluids.

The placement of the catheter is conducted assessing the cardiological and
pulmonary evaluation of the patient to ensure his or her ability to satisfactorily
tolerate an endobronchial procedure. Then, with a pulmonologist, the catheter
can be placed in an endoscopy suite. Under constant vital sign monitoring, the
use of topical anesthesia and intravenous sedation allows for bronchoscopic
evaluation of the patient. Under video bronchoscopy, the malignant lesion is
identified by the pulmonologist and radiation oncologist. Photographic documen-
tation is acquired and the anatomical characteristics of the malignancy are noted,
including distance from anatomical landmarks, such as bronchial branch points
and carina. The extent of the malignant lesion can be further localized utilizing
radiopaque markers placed on the patient’s thorax corresponding to the most
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distal and proximal extent of the malignancy as identified by the bronchoscope
and correlated under fluoroscopy. After this visual inspection and fluoroscopic
confirmation, a guidewire in a catheter is placed through the biopsy channel.
Its placement is confirmed visually and fluoroscopically. The bronchoscope is
removed and when the catheter is positioned such that the tip is several centi-
meters distal to the most distal point of the malignancy, the proximal end of
the catheter is secured to the nose. The guidewire is removed and replaced by a
set of dummy seed sources to obtain orthogonal treatment-planning simulation
films.

TREATMENT PRESCRIPTION

The prescription depth is calculated for the three-dimensional volume by multiple
points perpendicular to the axis of the catheter or source train to which the mini-
mum target dose is prescribed. The prescriptions that are reported in the literature
range from 0.5 to 2 cm. To ensure treatment of the entire tumor volume with
consideration for possible source or tumor movement secondary to respiratory
excursions, the maximal distance from source center to margin of the malignancy
must be considered during three-dimensional brachytherapy planning. A longitu-
dinal margin of 2 cm proximal and distal to the malignant margins is commonly
used. A prescription depth within the range 0.5–2 cm, which allows for effective
dose distribution to encompass the tumor volume depth, without exceeding bron-
chial mucosa tolerance dose, is used with a recommendation that dose standard-
ization be used (i.e., use or report the 1-cm depth from source axis for comparison
to other studies).

STRATEGIES FOR TREATMENT OF OCCULT CARCINOMAS
OF THE ENDOBRONCHUS

Occult carcinomas of the lung are a subpopulation defined as carcinomas diag-
nosed by sputum cytology, and bronchoscopy using brushings, washings, and/
or biopsy. Less commonly, patients with cough and/or hemoptysis undergo bron-
choscopy and are diagnosed in that fashion without a prior sputum cytology being
positive. Their defining concept is that they cannot be detected by conventional
radiographic means before or immediately after the initial diagnosis.

In 1974, Sanderson et al. (9) published ‘‘Bronchoscopic Localization of
Radiographically Occult Lung Cancer.’’ In 1980, Cortese et al. (10) published
their study, ‘‘Roentgenographically Occult Lung Cancer.’’ In the same year, Mar-
tini and Melamed (11) published ‘‘Occult Carcinoma of the Lung.’’ Initially, the
treatment of choice was surgery, whether lobectomy or pneumonectomy. How-
ever, as experience with photodynamic therapy (PDT) and then EBBT increased,
the ‘‘menu’’ of treatment modalities increased.
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This subpopulation of roentgenographically occult carcinomas of the lung
is associated with interesting characteristics. First, the time interval from the ini-
tial abnormal sputum cytology to bronchoscopic confirmation, as reported by the
Mayo Lung Project (10), ranged from 1 to 1014 days (median, 70 days; 75th
percentile, 169 days). Second, the disease is most often Tis, T1 and N0 (12) [Saito
et al. (13) found that of 94 patients, 17% were Tis and 77% were T1]. Third, most
cases are squamous cell carcinomas; in a significant number, dysplasia initially
had been the only finding (10). Fourth, adverse prognostic factors (e.g., weight
loss) that predict lower survival rates are rarely present (14–16). Finally, syn-
chronicity and metachronicity are significant. In a surgical series, Nagamoto et
al. (17) reported a rate of 1.09 lesions per patient, Kato et al. (18) found 1.21
lesions per patient, and Saito et al. (13) found 1.2 lesions per patient. In the Mayo
Lung Project Study (10), a metachronous rate of 5% per year was reported. Saito
et al. (19) reported a rate of 0.022 lesions per patient-year; the rate was 0.041
lesions per patient-year when synchronous and metachronous tumors were com-
bined. If a patient had a second lesion, there was a 47% probability that within
5 years, a third lesion would be identified, at a rate of 0.11 lesions per patient-year
(19). The 5-year survival rate for patients with a single lesion and no evidence of
synchronous or metachronous lesions was 90%. If, however, other metachronous
or synchronous lesions were present, the 5-year survival rate was 59%. In 108
patients who underwent surgical resection for occult carcinoma, Nagamato et al.
(17) identified 10 (9.2%) who had additional squamous cell carcinomas , 1 mm.
These lesions were associated with either dysplasia or marked atypia.

Another important prognostic factor is the size of the lesion. Many studies
have found that lesions # 10 mm are associated with the most favorable out-
comes. In a surgical study of 127 patients (20), 55 patients had lesions of this
size, and no metastatic lymph nodes were identified. Of 46 patients with lesions .
10 mm but # 20 mm, there were four patients (9%) with nodal metastasis. Of
26 patients with lesions that were $ 20 mm but # 55 mm, four patients (15%)
had nodal disease. Overall, for lesions . 10 mm, the incidence of nodal involve-
ment was 11%.

In an earlier study by Saito et al. (13), extrabronchial invasion was docu-
mented by pathological analysis in 16 (17%) of 94 patients. Five (31%) of these
16 patients had metastatic spread to nodes. Only one (1%) of 78 patients had
nodal disease without evidence of extrabronchial invasion. No recurrences were
identified in 75 patients who had intrabronchial disease with no lymphatic spread
who underwent a complete resection. Overall, the cause-specific 5-year survival
rate was 93.5% (vs. 80.4% for all causes combined).

Kato et al. (18) treated 45 lesions fulfilling the criteria for occult carcinomas
in 40 patients (1.13 lesions per patient). PDT was the only treatment used for 30
lesions in 20 patients, and the complete response rate was 100%. Three patients
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(15%) had recurrences, one of whom (5%) died of the disease. An additional
nine patients (45%) died of unrelated causes.

Considerably fewer patients with occult carcinomas have been treated with
EBBT than with PDT or surgery. Sutedja et al. (21) reported two patients with
T1 squamous cell carcinoma who were treated with HDR EBBT. Three fractions
of 10 Gy were delivered at a 1-cm depth. Both patients were alive without disease
at follow-up examinations, at 54 and 25 months, respectively.

Tredaniel et al. (22) treated 29 patients with a diversity of lesions, whose
common denominator was that their carcinomas were limited to the bronchus
(radiographically occult), such that the disease could be encompassed by intra-
luminal brachytherapy. In contrast to other reported series, however, these pa-
tients had undergone prior treatment, which included surgery, external radiation,
and/or chemotherapy. The patients were treated with HDR EBBT using a dose
of 7 Gy calculated at a 1-cm depth for six fractions (42 Gy). The median actual
survival of these patients had not been reached after 23 months of follow-up.

Saito et al. (13) treated 49 occult carcinomas in 41 patients (1.2 lesions
per patient) with external-beam radiation using 40 Gy in 20 fractions plus EBBT
of 25 Gy in five fractions. Doses were customized and the prescription point
ranged between 3 mm and 9 mm in depth, based on the average diameter of the
airway being treated. With a median follow-up of 24.5 months, only two patients
(5%) experienced recurrences.

A prospective nonrandomized study reported by Perol (24) and co-workers
(23) utilized the following selection criteria in the treatment of occult lung cancer
with EBBT: All cases were proximal non–small cell lung carcinomas, #1 cm,
in an area not previously irradiated. All lesions were roentgenographically occult,
and the patients had severe chronic respiratory failure or had already had surgery
or external radiation for previous lung carcinoma. An escalating-dose protocol
was employed, and doses were prescribed at 1 cm. The first two patients received
three fractions of 7 Gy each, the next four patients received four fractions of 7
Gy each, and the last 13 patients received five fractions of 7 Gy each. Two months
after the completion of treatment, 15 (83%) of the 18 evaluable patients were
locally controlled with negative biopsies. At 1 year, 12 (75%) of 16 evaluable
patients revealed no evidence of disease. Actuarial 1- and 2-year survival rates
were 78% and 58%, respectively, with a median survival of 28 months. Two
patients who received five fractions of 7 Gy developed necrosis of the bronchial
wall. Two of these patients died of hemoptysis, one with no evidence of carci-
noma.

The substantial synchronous and metachronous rates and the finding of
additional small lesions with dysplasia or marked atypia all lead to the concept
of a ‘‘field defect.’’ It is quite likely that the entire bronchial mucosa is at risk
with a high probability of more than one lesion developing. Any treatment strat-



456 Speiser

egy should address this basic issue. While lobectomy and/or pneumonectomy
will cure a certain percentage of patients, the remaining lung will continue to be
at risk. Another strategy for properly selected lesions (i.e., those # 10 mm, no
evidence of extrabronchial extension, and squamous cell histology) is to consider
therapies designed to preserve pulmonary function (PDT or EBBT). Lesions . 10
mm or with evidence or suggestion of extrabronchial extension or nonsquamous
histologies, however, should be considered for surgery, if patients are medically
operable. If they are inoperable, then prophylactic nodal external radiation plus
EBBT should be employed.

A suggested strategy is outlined in Figure 1. Lesions # 10 mm with squa-
mous cell histology could be randomized to the two therapeutic modalities most
conserving of pulmonary function. Such a strategy would facilitate the clinical
development of EBBT for occult lung cancers.

At our institution, we have treated more than 600 patients on protocols
utilizing EBBT, which are described in detail later. Of these patients, only 19%
were treated by the curative-intent protocol, and of these, only five (4%) met the
criteria to be classified as radiographically occult carcinomas and are summarized
in Table 1. The symptom index score is listed later in the chapter in Table 6.
This is a semiquantitative symptom index that allows for description and scoring
of the symptoms of the patients during their medical course. Five patients are
included, with a total of six lesions treated, for a rate of 1.2 lesions per patient.

FIGURE 1 Treatment schema for a proposed clinical trial for occult lung carcinoma
with randomization between photodynamic therapy and endobronchial brachy-
therapy.
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TABLE 1 Radiographically Occult Carcinoma in Five Patients

Prior Rx or Survival
Patient Disease Symptoms med prob Brachy/ext (days) Status Complications

1 T1s RUL Dyspnea 1, PDT 3 4 7.5 Gy 3 3 60 Gy 202 Died-intercurrent None
cough 1

T1 RLL
2 T1 LUL Hemoptysis 2, COPD, severe 7.5 Gy 3 3 60 Gy 1228 Alive NED None

dyspnea 3,
cough 1

3 T1 RUL Hemoptysis 1, COPD, severe 5 Gy 3 4 60 Gy 676 Died loc. rec. None
dyspnea 4,
cough 1

4 T2 RLL Cough 2 COPD, severe 5 Gy 3 3 64 Gy 650 Alive NED None
5 T2 RMS Hemoptysis 1, COPD, severe 5 Gy 3 3 64 Gy 104 Died-intercurrent None

dyspnea 3,
cough 4
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Two out of five patients (40%) died from intercurrent disease. One patient died
of recurrence at 676 days. At the time of analysis, two of the patients were alive
with no evidence of disease at 1228 and 650 days, respectively. In contrast to
other reported studies, these patients were treated with a more conventional ap-
proach utilizing the current curative-intent protocol described later in detail,
which allowed for the delivery of 60 or 64 Gy, with external-beam radiation
given concurrently with EBBT. In this group of five patients treated with the
combination of external-beam radiation and EBBT, there were no complications.

RESULTS OF ENDOBRONCHIAL BRACHYTHERAPY FOR
STAGES I, II, AND III OR RECURRENT LUNG CANCER

Bronchogenic carcinoma often leads to symptoms secondary to airway involve-
ment. These can include obstructive pneumonia, atelectasis, hemorrhage, cough,
or interference with airflow. YAG laser photoresection has immediate results,
but is restricted to central airways and to use by highly experienced operators.
Unfortunately, conservative photo resection of the tumor without other interven-
tions usually results in a fairly rapid reobstruction of the airway. Indeed, a recent
randomized trial compared Nd-YAG laser alone versus Nd-YAG laser plus high–
dose rate (HDR) brachytherapy in the management of malignant central airway
disease. In a study with 29 patients, Chella et al. (24) reported that the period
free from symptoms was 2.8 months with laser therapy alone (group 1) versus
8.5 months with laser/HDR branchytherapy (group 2), p , 0.05. Disease-free
progression increased from 2.2 months in group 1 to 7.5 months in group 2 (p ,
0.05) and the number of further endoscopic treatments reduced from 15 to 3 (p ,
0.05). They conclude that the addition of brachytherapy to laser treatment alone
significantly prolongs relief from symptoms, lessens disease progression and re-
duces the cost of treatment.

The principle of EBBT is that a very high dose of radiation is delivered
in a short period to the tumor with sparing of normal adjacent tissues. Historically,
it is of interest that as early as 1922, Yankauer (25) placed capsules of radium
through a rigid bronchoscope into the region of bronchogenic carcinoma in two
patients with airway obstruction. In 1933, Kernan (1) used radon seed implanta-
tion. With the advent of fiberoptic bronchoscopy, new techniques became possi-
ble. The first reported use for transbronchial implantation was by Moylan et al.
(26) in 1983, using gold 198 seeds. Also in 1983, Mendiondo et al. (7) used an
afterloading tube placed with the aid of the fiberoptic bronchoscope and then
placed an iridium 192 source into the tube. A total of 3000 cGy delivered at a
5-mm depth was prescribed, with an average treatment time of 10 hr. Using this
technique, it was noted that patients had ‘‘significant improvement’’ in bronchial
obstruction. Schray et al. (6,27) reported on afterloading with iridium 192 in 1985
and again in 1988. A single catheter was used in 65 patients. Fifty-nine of the
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patients had either prior or concurrent external radiation, and 40 of the patients
underwent YAG laser photoresection. Roughly 60% of the patients showed a
response, 20% were stable, and 20% had progression at follow-up bronchoscopy.
In the second report in 1988, 11 patients had developed either fistulas or massive
hemorrhage, seven of which were felt to be secondary to treatment. It was also
noted that six of the seven patients had undergone YAG photoresection and that
this may have contributed to the complications.

HDR remote afterloading was first reported in the American literature by
Seagren et al. (28), in 1985. All patients in this reported series had endobronchial
carcinoma and had previously received a minimum external-beam radiation ther-
apy dose equivalent to 5000 cGy prior to brachytherapy. Each patient had bron-
choscopically documented disease with local symptoms and a Karnofsky perfor-
mance status of 50 or greater. The HDR remote afterloading unit was a Brachyton
using a 3-mm-diameter cobalt 60 source with an average strength of 0.7 Ci. The
unit had the ability to oscillate the source up to a maximum of 16 cm. A single
catheter was used and a dose of 1000 cGy in a single fraction was delivered at
a prescription depth of 10 mm. The total time for treatment ranged between 12
and 27 min. They reported on a total of 20 patients treated between 1982 and
1983. Four patients had first received YAG laser photoresection prior to the
brachytherapy procedure. Complete palliation of symptoms was seen in 25% of
the patients and a partial or complete palliation of symptoms was seen in 94%
of the patients. In six of these patients, palliation was long-lasting with no recur-
rence of symptoms. In 12 patients, these symptoms recurred or progressed, with
a mean time to recurrence of 4.3 months.

Joyner and colleagues (1985) (29) first reported on the use of iridium 192
solid-wire afterloading for endobronchial treatment. They treated 14 patients with
stage III non–small cell lung cancer with a combination of neodymium-YAG
laser photoresection followed by endobronchial radiation and external-beam radi-
ation therapy treatments. Brachytherapy treatment times were approximately 8–
20 h to deliver 3000 cGy at a prescription depth of 5 mm. Rooney and colleagues
(1984) (30) presented information on the use of HDR endobronchial treatment
utilizing a Gamma Med unit with an iridium 192 source. This technique allowed
for the stepping sequence of the source in up to 12 dwell positions spaced at
either 0.5 or 1.0 cm. The patients were treated on a weekly basis receiving 600
cGy/week at a prescription depth of 1 cm with a maximum of five treatments.
Macha et al. (31) published a report in 1987 of HDR afterloading with an iridium
192 source in which the treatment was fractionated into three treatments through
a single catheter. The total dose was 1500 cGy at a 5-mm prescription depth.
Patients had laser, external radiation, and/or chemotherapy and had a high com-
plication rate.

Patients who present with atelectasis may particularly benefit from applica-
tion of this approach. Reexpansion of the lung after EBBT may allow better-
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TABLE 2 Compilation of Endobronchial HDR Studies

Symptoms X-ray Bronchoscopy Fatal
No. of No. of improved improved improved hemoptysis

Author Year patients Dose (Gy) fractions (%) (%) (%) (%)

Seagren (A1) 1985 20 10 at 10 mm 1 94 NA 100 28
Macha (A2) 1987 56 7.5 at 10 mm 3 74 88 75 7
Nori (A3) 1987 15 20 at 10 mm 3 80 88 NA 0
Burt* (A4) 1990 50 15–20 at 10 mm 1 50–86 46 88 0
Fass (A5) 1990 15 5–36 at 10 mm 1–6 75 NA NA 0
Miller (A6) 1990 88 10 at 10 mm 3 NA NA 80 0
Stouta (A7) 1990 100 15–20 at 10 mm 1 50–86 46 NA 0
Khanavkar (A8) 1991 12 8 at 5 mm 2–8 67 NA 100 50
Aygun (A9) 1992 62 5 at 10 mm 3–5 NA 36 76 15
Bedwinek (A10) 1992 38 6 at 10 mm 3 76 64 82 32
Gauwitz (A11) 1992 24 15 at 10 mm 2 88 83 100 4
Mehta (A12) 1992 31 4 at 20 mm 4† 88 71–100 85 3
Sutejda (A13) 1992 31 10 at 10 mm 3 82 NA NA 32
Speiser (A14) 1993 144 10 at 10 mm 3 85–99 NA 80 7

151 7.5 at 10 mm 3 8
Zajac (A15) 1993 82 10–47 at 10 mm 1–5 82 NA 74 0
Tredaniel (A16) 1994 51 7 at 10 mm 2–8 55–85 NA 84 10
Chang (A17) 1994 76 7 at 10 mm 3 79–95 NA 87 4
Gollinsb (A18) 1994 406 10–20 at 10 mm 1 (94%) 88 (H) 62 (C) 46 NA 8

2 (6%) 60 (D) 92 (S)
Cotter (A19) 1993 65 (17 IDR, 2.7–10 at 10 mm 2–4 66 (PS) 46 63 2

48 HDR)
Goldman (A20) 1993 20 15 at 10 mm 1 37 (C) 89 (D) 58 55 0

100 (H)
Marsh (A21) 1993 12 26–53 at 10 mm; 1 92 (tumor re- 8

high-activity 125I sponse)
Nori (A22) 1993 32 4–5 at 10 mm 3–4 100 (H) 86 (C) Local 83 0

100 (P) control
Pisch (A23) 1993 39 10 at 10 mm 1–2 93 (H) 80 (C) NA NA 3

20 (P)
Macha (A24) 1995 365 5–7.5 at 10 mm 1–6 69 NA NA 21
Huber (A25) 1995 93 3.8 at 10 mm or 7.2 4 Improved local 21

at 10 mm 2 control
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Gustafson (A26) 1995 46 7 at 10 mm 3 74 69 92 7
Sur (A27) 1995 14 10 at 10 mm 1–2 100 (H) NA NA 7
Speiserc (A28) 1995 485 total

47 IDR 10 at 5 mm 3 99 (H) NA 53 (CR) 4.4 (CUR)
144 HDR 10 at 10 mm 3 99 (P) 29 (PR) 7.3 (PAL)

82 (TR)
151 HDR 7.5 at 10 mm 3 86 (D) 9.1 (REC)
143 HDR 7.5 at 10 mm 3 85 (C) 7.3 (ALL)

5 at 10 mm 4
Saito (A29) 1996 40 5 at 3–9 mm 5 NA NA 100 0
Delclos (A30) 1996 81 15 at 6 mm 2 32% excellent

31% moderate
21% minimal
84% total NA NA 0

Huber (A31) 1997 98 median survival
42 Ext only

60 Gyd 22–30 30 wk 14
56 Ext 1 Int

Int 4.8 at 5 mm 2 43 wk 19
Corsa (A32) 1997 29 5–15 Gy at 10 mm 1–4 100 (H) 70 (D) 83 79 6.9%

46 (C)
Perol (A33) 1997 19 76 y at 10 mm 3–5 79% biopsy (2) 10.5%

actual sur-
vival

1 yr 5 78%
2 yr 5 58%
median 5 28 m

Ornadel (A34) 1997 117 15 Gy at 10 mm 1 46 (C) 50 (I) 9.4%
62 (H) 54 (PS) 20% 2 yr acturial

Ofiara (A35) 1997 30 8 Gy at 10 mm 3 46 (C) 33 (D) 43% 63% HR
20 (P) 79 (H)

Hennequin (A36) 1998 149 4–7 Gy at 5–15 mm 2–6 60 79% 6.7% (multivariate
analysis endo-
bronchiol tumor
length was sig
p 5 0.02)

Total 1985– 3176 20–100 36–88 55–100 0–50
1998 Mean 10.1
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TABLE 2 Continued

C 5 cough; CR 5 complete response; CUR 5 curative; D 5 dyspnea; H 5 hemoptysis; IDR 5 immediate dose rate; P 5 pneumonia; PAL 5 palliative;
PR 5 more than 50% response; PS 5 performance status; REC 5 recurrent; S 5 stridor; TR 5 CR 1 PR.
Patients in more than one publication were counted once.
a Same institution.
b Four treatments in 2 days.
c Speiser reporting different protocols.
d Mean dose , 50Gy 6 13 Gy.
A1 Seagren SL, Harrell JH, Horn RA. High dose rate intraluminal irradiation in recurrent endobronchial carcinoma. Chest 1985; 88:810–814.
A2 Macha HN, Koch K, Stadler, et al. New technique for treating occlusive and stenosing tumours of the trachea and main bronchi: endobronchial
irradiation by high dose iridium-192 combined with laser canalization. Thorax 1987; 42:511–515.
A3 Nori D, Hilaris BS, Tome M, et al. Intraluminal irradiation in bronchogenic carcinoma. Surg Clin North Am 1987; 67(5):1093–1102.
A4 Burt PA, O’Driscoll BR, Notley HM, et al. Intraluminal irradiation for the palliation of lung cancer with the high dose rate microselectron. Thorax
1990; 45:765–768.
A5 Fass DE, Armstrong J, Harrison LB. Fractionated high dose rate endobronchial treatment for recurrent lung cancer. Endocurie Hypertherm Oncol
1990; 6:211–215.
A6 Miller JI, Phillips TW. Neodymium: YAG laser and brachytherapy in the management of inoperable bronchogenic carcinoma. Ann Thorac Surg 50:
190–196.
A7 Stout R. Endobronchial brachytherapy. Lung Cancer 1993; 9:295–300.
A8 Khanavkar B, Stern P, Alberti W, et al. Complications associated with brachytherapy alone or with laser in lung cancer. Chest 1990; 99:1062–
1065.
A9 Aygun C, Weiner S, Scariato A, et al. Treatment of nonsmall cell lung cancer with external beam: radiotherapy and high dose rate brachytherapy.
Int J Radiat Oncol Biol Phys 1992; 23:127–132.
A10 Bedwinek J, Bruton C, Petty A, et al. High dose rate endobronchial brachytherapy and fatal pulmonary hemorrhage. Int J Radiat Oncol Biol Phys
1991; 22:23–30.
A11 Gauwitz M, Ellerbroek N, Komaki R, et al. High dose endobronchial irradiation in recurrent bronchogenic carcinoma. Int J Radiat Oncol Biol Phys
1992; 23:397–400.
A12 Mehta MP, Petereit D, Chosy L, et al. Sequential comparison of low dose rate and hyperfractionated high dose rate endobronchial radiation for
malignant airway occlusion. Int J Radiat Oncol Biol Phys 1992; 23:133–139.
A13 Sutedja G, Baris G, Schaake-Koning C, et al. High dose rate brachytherapy in patients with local recurrences after radiotherapy of non–small
cell lung cancer. Int J Radiat Oncol Biol Phys 1992; 24:551–553.
A14 Speiser B, Sprattling L. High dose rate brachytherapy for the local control of endobronchial carcinoma. Int J Radiat Oncol Biol Phys 1993; 25:
579–588.
A15 Zajac AJ, Kohn ML, Heiser D, et al. High-dose rate intraluminal brachytherapy in the treatment of endobronchial malignancy. Radiology 1993;
187:571–575.
A16 Tredaniel J, Hennequin C, Zalcman G, et al. Prolonged survival after high-dose rate endobronchial radiation for malignant airway obstruction.
Chest 1994; 105:767–772.
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A17 Chang LFL, Horvath J, Peyton W, et al. High dose rate afterloading brachytherapy in malignant airway obstruction of lung cancer. Int J Radiat
Oncol Biol Phys 1994; 28:589–596.
A18 Gollins S, Burt P, Barber P, et al. High dose rate intraluminal radiotherapy for carcinoma of the bronchus: outcome of treatment of 406 patients.
Radiotherapy 1994; 33:31–40.
A19 Cotter GW, Larisey C, Ellingwood KE, et al. Inoperable endobronchial obstructing lung cancer treated with combined endobronchial and external
beam irradiation: a dosimetric analysis. Int J Radiat Oncol Biol Phys 1993; 27:531–535.
A20 Goldman J, Bulman A, Rathmell A, et al. Physiological effect of endobronchial radiotherapy in patients with major airway obstruction. Thorax
1993; 48:110–114. A21 Marsh BR, Colvin DP, Zinreich ES, et al. Clinical experience with an endobronchial implant. Radiology 1993; 189:147–150.
A22 Nori D, Allison R, Kaplan B, et al. High dose rate intraluminal irradiation in bronchogenic carcinoma. Chest 1993; 104:1006–
1011. A23 Pisch J, Villamena P, Harvey J, et al. High dose-rate endobronchial irradiation in malignant airway obstruction. Chest 1993; 104:
3721–3725.
A24 Macha HN, Wahlers B, Reichle C, et al. Endobronchial radiation therapy for obstructing malignancies: ten years’ experience with iridium-
192 high-dose radiation brachytherapy afterloading technique in 365 patients. Lung 1995; 173:271–280. A25 Huber R, Fischer R, Hautmann
H, et al. Palliative endobronchial brachytherapy for central lung tumors. Chest 1995; 107:2:463–470.
A26 Gustafson G, Vincini F, Freedman L, et al. High dose rate endobronchial brachytherapy in the management of primary and recurrent
bronchogenic malignancies. Cancer 1995; 75(9):2345–2350. A27 Sur R, Mahomed G, Pacella J, et al. Initial report on the effectiveness of
high dose rate brachytherapy in the treatment of hemoptysis in lung cancer. Endocuriether Hypertherm Oncol 1995; 11:101–106.
A28 Speiser B. The role of endobronchial brachytherapy in patients with lung cancer. Clin Pulmon Med 1995; 2(6):344–352.
A29 Saito M, Yokoyama A, Kurita Y, et al. Treatment of roentgenographically occult endobronchial carcinoma with external beam radiotherapy
and intraluminal low-dose rate brachytherapy. Int J Radiat Oncol Biol Phys 1996; 34:1029–1035.
A30 Delclos ME, Komaki R, Morice RC, et al. Endobronchial brachytherapy with high-dose rate remote afterloading for recurrent endobronchial
lesions. Radiology 1996; 201(1):279–282.
A31 Huber RM, Fischer R, Hautmann H, et al. Does additional brachytherapy improve the effect of external irradiation? A prospective, random-
ized study in central lung tumors. Int J Radiat Oncol Biol Phys 1997; 38(3):533–540.
A32 Corsa P, Parisi SS, Raguso A, et al. High-dose brachytherapy in endobronchial neoplastic stenoses. Radiol Med (Torino) 1997; 94(1–
2):94–99.
A33 Perol M, Caliandro R, Pommier P, et al. Curative irradiation of limited endobronchial carcinomas with high-dose rate brachytherapy. Results
of a pilot study. Chest 1997; 111(5):1417–1423.
A34 Ornadel D, Duchesne G, Wall P, et al. Defining the roles of high dose rate endobronchial brachytherapy and laser resection for recurrent
bronchial malignancy. Lung Cancer 1997; 16(2–3):203–213.
A35 Ofiara L, Roman T, Schwartzman K, et al. Local determinants of response to endobronchial high-dose rate brachytherapy in bronchogenic
carcinoma. Chest 1997; 112(4):946–953.
A36 Hennequin C, Tredaniel J, Chevret S, et al. Predictive factors for late toxicity after endobronchial brachytherapy: a multivariate analysis.
Int J Radiat Oncol Biol Phys 1998; 42(1):21–27.
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tailored external-beam radiation fields. Bastin et al. (32) reported their ability to
spare an average of 32% of the ipsilateral lung volume using this technique. In
most of the studies described above, the procedure consisted of a single catheter
for intraluminal brachytherapy. Sometimes, more than one catheter is used, such
as when treating disease that straddles the carina. Additional physics factors must
be taken into account, including the choice of the radioactive isotope, the dose
at the prescription depth relative to the radius and inverse square law, as well as
correction factors for the attenuation in water equivalent tissue versus air. Iridium
192 has the ability to be fabricated in very small physical sizes of high activity,
allowing passage through catheters with an internal diameter of 1.5 mm or less.
In addition, iridium 192 has virtually no significant correction for attenuation in
water versus air up to a distance of 5 cm from the source. This makes iridium
192 an ideal radioactive isotope to be used within tissues with a mixed air/water
density interface, such as intraluminal brachytherapy. The major drawback of
iridium 192 is its relatively short half-life of 74 days, such that over a period of
months, its activity changes considerably. However, this disadvantage can be
addressed by frequent replacement of the sources to keep the source strength
well within the HDR range.

Table 2 is a compilation of most, but not all, of the studies published on
HDR remote afterloading EBBT. It covers the years 1985 to 1997 for a total of
2842 patients. The table shows the different doses used per fraction, the wide
range of fractions, as well as the dose prescriptions at various depths. Of interest
is that, while the variation for fatal hemoptysis is extremely large (ranging from
0 to 50%), the mean is 10.3%. This rate appears to depend on multiple factors,
such as total number of patients studied, extensiveness of follow-up, and aggres-
siveness of the treatment. For a small series, such as that of Khanavkar et al. (33),
the 50% incidence of fatal hemoptysis in 12 patients is likely not representative.
Similarly, there are reports of no fatal hemoptysis, such as that of Burt et al.
(12), reporting on 50 patients. However, when the same medical group updated
their series and reported on a total of 406 patients (34), their rate of fatal hemopty-
sis was 8%. Some authors have attributed fatal hemoptysis to aggressive treat-
ment, such as Bedwinek et al. (35), who reported a 32% rate of hemoptysis.
However, Macha et al. (36) and Speiser (37) reported on 365 and 485 patients,
with lower rates of fatal hemoptysis, 21% and 8%, respectively. Further informa-
tion indicated that many of these cases were secondary to biological progression
of the carcinoma itself, suggesting that the treatment may not have been aggres-
sive enough.

In 1986, Speiser and Spratling developed a series of scoring systems (Ta-
bles 3–6) for selecting patients for treatment, as well as for outcome analysis.
Their initial report (38) was based on experience with an IDR unit, which was
a modification of a LDR unit, to allow a higher specific activity of iridium 192
for more rapid delivery of dose. In some of the LDR protocols, delivery of radia-
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TABLE 3 Influence of Performance Status on Patients with
Inoperable Lung Cancer

Performance status scale

ECOG (Zubrod)
(Host) (WHO) Karnofsky Definitions

0 100 Asymptomatic
1 80–90 Symptomatic: fully ambulatory
2 60–70 Symptomatic: in bed less than 50%

of the day
3 40–50 Symptomatic: in bed more than 50%

of the day but not bedridden
4 20–30 Bedridden

TABLE 4 Weight Loss Score Based
on Percentage of Loss of Body
Weight Within 6 Months Preceding
Diagnosis

Weight loss Weight loss
score (WLS) (% of body weight)

0 0
1 1–4.9
2 5–9.9
3 10–19.9
4 .20.0

TABLE 5 Obstruction Score

Percent obstruction

Location .50 10–50 ,10

Trachea 10 5 2
Main stem 6 3 1
Lobar bronchi 2 1

Atelectasis/pneumonia received additional 2 points
per lobe.
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TABLE 6 Symptom Index Scoring System

Score Definition

Dyspnea
0 None
1 Dyspnea on moderate exertion
2 Dyspnea with normal activity, walking on level ground
3 Dyspnea at rest
4 Requires supplemental oxygen

Cough
0 None
1 Intermittent, no medication necessary
2 Intermittent, nonnarcotic medication
3 Constant or requiring narcotic medication
4 Constant, requiring narcotic medication but without relief

Hemoptysis
0 None
1 Less than 2/week
2 Less than daily but greater than 2/week
3 Daily, bright red blood or clots
4 Decrease of Hb and/or Hct . 10%; greater than 150 cm, requiring hos-

pitalization or transfusion

Pneumonia/elevated temperature
0 Normal temperature, no infiltrates, WBC less than 10,000
1 Temperature greater than 38.5°C and infiltrate, WBC less than 10,000
2 Temperature greater than 38.5°C and infiltrate and/or WBC greater

than 10,000
3 Lobar consolidation on radiograph
4 Pneumonia or elevated temperature requiring hospitalization

tion took as long as 60 h. The increase of iridium 192 activity allowed the treat-
ment time to be decreased to 1.5–4 hr. This range was based on (1) shorter times
when the sources were new versus longer times after the sources decayed, and
(2) the use, for the first time, of multiple catheters to deliver treatment. All treat-
ments were performed in the outpatient setting and followed a protocol outlined
in the next section.

PROTOCOL

The protocol alluded to earlier in the chapter was initiated in 1986 when EBBT
was transformed from LDR manual afterloading to MDR remote afterloading
procedures. This was a transitory step of short duration, lasting for 9 months.
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The HDR remote afterloader was, in fact, a Nucletron Selectron LDR remote
afterloader that was modified to accept a longer source train and a higher level
of radioactivity. The activity was typically maintained at greater than 20 mc/cm.
Dose rates initially were calculated at a 5-mm depth perpendicular to the source
train, and were in the range of 5–10 cGy/min.

Eligibility

Eligibility for the protocol included the following. (1) Disease must involve the
trachea, mainstem, or lobar bronchi. Involvement of the segmental bronchi with-
out involvement more proximal was not considered sufficient for entry into the
protocol. (2) The central airway disease must be intraluminal, visualized, and
biopsied via bronchoscopy. Patients requiring transbronchial biopsy were ineligi-
ble for the protocol. (3) Patients must have significant symptomatology within
the four symptom groups consisting of cough, dyspnea, signs and symptoms of
obstructive pneumonia, and/or hemoptysis.

Evaluation of the patients meeting eligibility criteria for the EBBT protocol
schedule was reviewed within the context of all patients diagnosed with lung
cancer in the referral area from 1986 through 1996. This involved the greater
Phoenix/Maricopa County area, and based on the tumor registry, an incidence
of approximately 9000 cases of lung cancer during the 10 year period was calcu-
lated. Of these, only 19% received radiation and 16% of that group, or 3% of all
patients, were treated on protocol, while an additional 11% of patients receiving
radiation, or 2% of all patients, were treated with brachytherapy off protocol.
Thus, 27% of all patients receiving radiation, or 5% of all diagnosed lung cancer
patients, received brachytherapy. For patients on the curative protocol, these fig-
ures were 3% and 0.5%, respectively.

Indications

Indications for treatment are outlined in Table 7.

Protocol 1.0: Curative Intent

To be eligible for this protocol, patients must not have had prior radiation within
the thoracic area, which would preclude the adequate delivery of a full dose of
external radiation. Patients must be inoperable and have a primary lung carcinoma
with non–small cell histology. Stages accepted were T1,2,3 N1,2 M0. These corre-
spond to stage groupings I, II, and IIIA. Performance status using the ECOG
four-tiered system must be 0, 1, or 2 and weight loss using a four-tiered weight
loss system, likewise, must be 0, 1, or 2 and correspond to weight losses of 0,
less than 5%, or less than 10%, respectively, of the patient’s weight in the 6
months prior to diagnosis. The rational for selection of this level of weight loss
is described in ‘‘Oncological Assessment Using the Four-Tiered Scoring Sys-
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TABLE 7 Indications for Treatment

Indications Exclusions Rationale

1. Tumors must be seen Tumors presenting with Intraluminal brachytherapy
and biopsied by bron- extrinsic compression delivers a very high dose
choscopy (intraluminal) of the airway as seen to tumor close to the

by bronchoscopy and source axis; extraluminal
the biopsy must be disease due to its much
performed trans- greater distance from the
bronchially (extralu- axis would lead to unac-
minal) ceptable doses to the

bronchial mucosa and
surrounding structures

2. Tumors must be in the Tumors in peripheral air- Significant symptomatol-
central airways, which ways, which are de- ogy is most often
are defined as the tra- fined as segmental caused by disease in
chea, mainstem, and lo- bronchi or beyond central airways; treat-
bar bronchi ment of small peripheral

airways leads to steno-
sis of those airways

3. Tumors in central air- Patients with significant Patients with symptoms
ways causing signifi- preexisting dyspnea secondary to disease
cant symptomatology unrelated to carci- other than central air-

noma; patients with way disease are not ex-
dyspnea secondary to pected to improve with
effusion, or large ex- intraluminal brachy-
trinsic masses therapy

4. In situ carcinoma for in- Patients entered into na- Preserves lung and pul-
operable patients tional protocols using monary function; excel-

other modes of treat- lent treatment for
ment, i.e., photody- multifocal disease
namic

5. Preop. for submucosal Patients should be good Treatment provides a
spread from a peri- candidates for lobec- clear margin for sur-
pheral/central lesion tomy or pneumonec- gery

tomy

tem’’ (39). Patients were treated within groups 1–4 with dose modifications as
described in Table 8.

Protocol 2.0: Palliative Intent

Protocol 2.1

Eligibility for these patients includes: primary lung cancer with non–small cell
histology, and stage T4, N3 and /or M1 disease. These corresponded to stage
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TABLE 8 Modification of Doses by Year for the Curative, Palliative, and
Recurrent Protocols

External cGy Internal cGy

Group Year Dose FXS Dose Depth FXS Unit

Curative
protocol

1 1986–1988 6000 30 1000 5 mm 3 MDR
2 1988–1990 6000 30 1000 10 mm 3 HDR
3 1990–1992 6000 30 750 10 mm 3 HDR
4 1992–1994 6400 32 500 10 mm 3 HDR

Palliative
protocol

1 1986–1988 3750 15 1000 5 mm 3 MDR
1000 5 mm 3 MDR

2 1988–1990 3750 15 1000 10 mm 3 HDR
1000 10 mm 3 HDR

3 1990–1992 3750 15 750 10 mm 3 HDR
750 10 mm 3 HDR

4 1992–1994 3750 15 500 10 mm 3 HDR
500 10 mm 4 HDR
750 10 mm 3 HDR

Recurrent
protocol

1 1986–1988 1000 5 mm 3 MDR
2 1988–1990 1000 10 mm 3 HDR
3 1990–1992 750 10 mm 3 HDR
4 1992–1994 500 10 mm 4 HDR

groupings IIIB and IV. In addition, the patients ineligible for protocol 1.0 because
of performance scores of 3 or 4 or a weight loss of 3 or 4 (.10%, .20%) were
reallocated to this protocol. Patients were treated within groups, characterized by
dose, as described in Table 8.

Protocol 2.2

Primary lung cancer consisting of small cell histology, both limited and extensive,
primary lung cancer with contralateral metastatic disease involving the endobron-
chial mucosa, and nonlung primaries with metastases primarily to the mucosa
were treated within this category. Patients were treated within the group charac-
terized by dose as described in Table 9.
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TABLE 9 Grades of Radiation Bronchitis and Stenosis (RBS)

Grade Definition

1 Fibrinoid membrane without significant luminal obstruction: no symp-
toms

2 Increase of exudation and fibrous membrane with mild obstructive
symptoms requiring therapeutic intervention such as simple debride-
ment or medical treatment

3 Characterized by severe inflammatory response with marked membra-
nous exudate including fibrosis requiring multiple debridements

4 A greater degree of fibrosis resulting in stenosis with decreased luminal
diameter requiring laser photoresection, balloon or bougie dilation,
and/or stent placement

Protocol 3.0: Recurrent Patients

All patients who had received prior radiation for a curative intent for carcinoma
of the lung were included within this category. Patients were treated within the
group characterized by dose as described in Table 8. Group I patients were treated
with MDR. In the palliative protocol, the brachytherapy was constant and the
use of external radiation was optional at the discretion of the treating oncologist.
Its use was restricted to patients with extrinsic disease that caused a significant
contribution to the level of obstruction and/or symptomatology.

Results

The following results incorporate 600 patients treated in the curative, palliative,
and recurrent protocols outlined previously. In each of the successive periods of
the operation of the protocol, the eligibility factors for the curative, palliative,
and recurrent protocols have remained constant.

All patients treated in curative protocols with external radiation received
2 Gy per fraction, and in palliative protocols, 2.5 Gy per fraction. If patients
received concurrent brachytherapy and external radiation, both treatments were
not given on the same day. For the curative protocol, brachytherapy was delivered
during weeks 1, 3, and 5. For palliative or recurrent protocols, brachytherapy
was delivered weekly for three or four fractions, depending on the protocol.

The distribution of patients into the protocol groups was as follows: cura-
tive 19%, palliative 48%, and recurrent 33%. The age distribution of the patients
had a median of 68 years and a mean of 67.1 years. Most of the patients fell
within the range of 60–80 years old. The gender distribution was 62% male and
38% female. The percentage of female patients increased from 28% in group 1
to 41% in group 3 and 4. The breakdown for male/female patients was similar to
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that of all patients presenting with carcinoma of the lung within the geographical
treatment area.

Squamous cell carcinoma is by far the most common cell type, overall, in
the study (49%), and even to a greater extent for those treated in the curative
protocol (70%). This percentage is considerably higher than is currently being
seen in newly diagnosed outpatients with lung cancer (27%). This fits with prior
observations that squamous cell carcinomas tend to be more central and adenocar-
cinomas more peripheral.

The use of laser photoresection predated the wide use of HDR brachyther-
apy for airway carcinoma. In this study there was a gradual decrease in its use
from an initial 32% to 16% in the latter part of the study. It is currently estimated
that less than 5% of patients with central airway disease require laser photoresec-
tion.

The protocol required that to be included in this study, patients must have
one or more of the four primary symptom complexes. The incidence of the symp-
toms in the study was: cough 99%, dyspnea 97%, hemoptysis 64%, and the signs
and symptoms of obstructive pneumonia 49%. Using the four-tiered symptom
index as outlined in Table 6, the severity of the symptoms was weighted and the
total weighted score was subsequently normalized to 100%. Response for each
symptom score is related to each brachytherapy procedure and the first follow-
up bronchoscopy (Figure 2).

Hemoptysis had the most dramatic and rapid of the responses with improve-
ments of 70%, 90%, and .99% at each intervention point. Pneumonia improve-
ment was only slightly less dramatic with responses of 57%, 85%, and .99%.
Improvement in dyspnea occurred in 36%, 54%, and 86%, respectively. Finally,
improvement in cough was 32%, 52%, and 85% respectively. The improvements
in hemoptysis and pneumonia were commonly seen within the first 24 hr follow-
ing the first brachytherapy procedure. Patients who were admitted to the hospital
with obstructive pneumonia and/or sepsis, or with severe bleeding requiring
transfusion, generally had a prompt response.

In the palliative protocol, the use of concurrent external radiation with
brachytherapy was optional. When the weighted responses were measured for
brachytherapy only, versus brachytherapy and external radiation, the results in
terms of improvement at follow-up were as follows: hemoptysis 94% and 97%,
pneumonia 86% and 82%, dyspnea 54% and 48%, and cough 51% and 57%,
respectively. There was no statistical difference in response for each symptom
group for each of these two therapies. The use of brachytherapy only was suffi-
cient to provide palliation without the need to add supplemental external radia-
tion.

Airway obstruction scores, as shown in Figure 3, were analyzed in a differ-
ent fashion. All of the scores were converted into median scores, which were
normalized to 100%. These were obtained for each brachytherapy procedure and
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FIGURE 2 Response in the symptom index as measured by the decrease of the
symptom index scores comparing the initial score at the first brachytherapy (nor-
malized to 100%) and the scores at subsequent encounters as the percent re-
sidual.

FIGURE 3 Response in the obstruction score with the mean initial score normal-
ized to 100% at the first brachytherapy and the percent residual at the first broncho-
scopic follow-up.
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at the first follow-up bronchoscopy. The median score was normalized to 100%
and the residual level of obstruction is expressed as a percentage. Any tissue
including inflammatory tissue was included as part of the obstruction score. The
curative patients and the palliative groups fared better than the recurrent group,
with scores of 12%, 12.5%, and 19%, respectively (Figure 3). This is not unex-
pected considering that patients with recurrent carcinoma have had previous ex-
ternal radiation, which may select for a slightly more radioresistant carcinoma.
It is interesting that the use of neither concurrent external radiation nor laser
photoresection led to improved clearing of obstruction. Thus, as in the symptom
index results, the addition of external radiation or laser resection did not add to
clearing endobronchial disease.

The survival of patients by protocol group was, for the curative patients,
10%, and for palliative-recurrent, 5% at 5 years. The cause of death shows a
significant local failure rate in all categories. These rates were 31% and 30%,
respectively, for the curative and palliative-recurrent protocols. As has been seen
in numerous other studies, in spite of gradually increasing doses of radiation over
the last several decades, local disease continues to be a significant problem.

Survival curves for curative versus the palliative-recurrent patient illus-
trated in Figure 4 are calculated from the date of diagnosis and date of the first
brachytherapy procedure. There was no statistically different result between these
two groups when analyzed from the date of diagnosis (p 5 0.1). However, from
the date of the first brachytherapy treatment, the p value was ,0.0001 comparing
the curative versus the palliative-recurrent patients. The recurrent patients are
self-selected by the fact that they lived long enough to develop a symptomatic
recurrence. This bias was eliminated when analyzing survival by date of treat-
ment.

COMPLICATIONS

The complication most often described when discussing endobronchial carci-
noma and its treatment is fatal hemoptysis. This is defined as bleeding that most
often is caused by erosion into the right or left pulmonary artery with subsequent
exsanguination within the tracheal bronchial tree. This is a known complication
of progression of untreated or inadequately treated carcinoma involving the tra-
cheobronchial tree, most often in the region of the upper-lobe bronchi, owing to
their proximity to the pulmonary arteries. With the advent of intraluminal treat-
ment, it must also be considered as a possible complication of this modality.

In this study, the overall rate of fatal hemoptysis is 6% with the median
time from diagnosis until death at 14 months. However, when measured from
the date of the first brachytherapy until death, the median for the entire group is
only 5 months. Recurrent patients, as would be anticipated, have the highest rate
of fatal hemoptysis at 9% while the curative and palliative patients have rates of
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FIGURE 4 Survival cures and p values for curative, palliative, recurrent, and com-
bined group measured (a) from diagnosis and (b) from date of first treatment.
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5%. Of interest is that, in the different dose groups, there was an increase in fatal
hemoptysis as the dose was increased from group 1 to 2. However, there was
paradoxically a slight further increase in the rate of hemoptysis as the dose was
initially reduced and then a decrease in the rate of fatal hemoptysis (2%) with
further dose reduction. No clear dose-response relationship could be identified.
In the palliative protocol, 41% of the patients were treated with brachytherapy
only, and 59% with brachytherapy and external radiation. The rate of fatal hemop-
tysis was 5.5% in the brachytherapy only group, versus 4% in the combined
group who received higher doses of radiation.

The most common side effect related to intraluminal treatment is radiation
bronchitis and stenosis. This was first described by Speiser and Spratling (38).
Table 9 defines the various grades of radiation bronchitis and stenosis. The inci-
dence of radiation bronchitis and stenosis by group is 9%, 12%, 14%, and 14%,
respectively. By protocol, it was 23%, 12%, and 8%, respectively, for the cura-
tive, palliative, and recurrent protocols. The rate is clearly highest in the curative
patients. However, the only significant factor predicting for this response was
length of follow-up. Although the true incidence of this complication is not
known for patients receiving external radiation only, it appears to be a complica-
tion primarily of intraluminal brachytherapy, with its very high mucosal doses.

For palliative patients, this complication was studied in those patients re-
ceiving brachytherapy only versus those receiving brachytherapy along with con-
current external radiation, and the incidence was 17% and 10%, respectively.
While the incidence was slightly higher in the brachytherapy-only group, the
median time to occurrence was slightly longer in this group at 3.6 months versus
2.5 months for the patients receiving combined treatment.

MANAGEMENT OF COMPLICATIONS

The treatment of brachytherapy-related hemoptysis is the same as for hemoptysis
from other causes. This includes bed rest, codeine, and/or transfusion for hemo-
dynamic stability, avoidance and/or reversal of anticoagulants, and vascular em-
bolization, electrocautery, or lasocautery to reduce bleeding volume.

One of the largest reported series of patients treated with palliative brachy-
therapy alone is from the Christi Hospital in Manchester, England (40). A total
of 322 patients with inoperable non–small cell lung cancers were treated with a
single fraction of HDR with a total dose of 15–20 Gy delivered intraluminally
with the dose prescription 1 cm from the central axis of the catheter. Patients were
evaluated 6 weeks after completing the HDR treatment regarding their symptoms,
including stridor, hemoptysis, cough, dyspnea, pain, and pulmonary collapse. In
addition, at various times following the brachytherapy procedure, 83 broncho-
scopies were conducted on 55 patients. Massive hemoptysis leading to death
occurred in 32 patients (8%). Cox multivariate analysis revealed that treatment-
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related factors associated with subsequent massive hemoptysis were brachy-
therapy dose .15 Gy, prior laser therapy, second brachytherapy treatment, and
concurrent external-beam radiation therapy. Twenty of the 25 assessable deaths
related to hemoptysis had recurrent and/or residual tumor suspected at the hemop-
tysis site. The chronology of the massive hemoptysis leading to death occurred
between 9 and 12 months after completion of the HDR procedure. This was in
stark contrast to deaths from all other causes, which usually occurred 3–6 months
after completion of the HDR procedures (41).

Brachytherapy-related bronchitis and stenosis are managed depending on
the level of severity of the reaction and/or stenosis. This can include observation
for mild treatment-related bronchitis for the least symptomatic presentation,
versus active treatment for its more debilitating form, with oral and/or aerosol
administration of steroids, aerosol-administrated bronchodilators, codeine- or
narcotic-based cough suppressants, and antifungal or antibiotic therapies as indi-
cated. More aggressive interventional management for debilitating and/or life-
threatening levels of bronchitis and/or stenosis may be managed with balloon
and/or bougie dilatation, laser photoresection, bronchoscopic debridement, and/
or placement of intraluminal stents.

Although lung brachytherapy has been advocated by radiation oncologists
for the past 20 years, recent technological developments in the area of HDR
brachytherapy, such as the design of small, high-activity, iridium 192 sources
and remote afterloading machines, have prompted renewed interest in HDR endo-
bronchial brachytherapy. The specific role of lung EBBT is not clearly defined
within the standard and/or uniform community practice. There is an ongoing
evolution for the selection criteria to identify those patients most likely to benefit
from EBBT as part of definitive therapy. The American Brachytherapy Society
(ABS) HDR consensus guidelines (42) currently state that, although EBBT has
demonstrated efficacy for symptomatic relief of bronchial obstructions and he-
moptysis, either alone or in combination with external-beam radiation therapy,
the curative benefit of brachytherapy in addition to conventional external-beam
radiation therapy and/or chemotherapy has not been proven. The ABS recom-
mends that brachytherapy for the definitive treatment of lung cancer be done
within the context of controlled clinical trials. Outside of clinical trials, the ABS
suggests that brachytherapy be reserved for palliative treatments alone. Although
the guidelines do not clearly state the indications for additional external-beam
radiation in newly diagnosed lung cancer patients, EBBT alone is recommended
for recurrences after full-dose external-beam radiation therapy treatments have
been administered. No single-dose fractionation scheme has been identified,
which provides for superior therapeutic ratio. Dose specifications to be prescribed
have been recommended to a depth of 1 cm from the source center for uniform
prescription dosimetry comparisons.

A study by the Radiation Therapy Oncology Group (RTOG) evaluated the
palliation provided by external-beam radiation to patients with newly diagnosed
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nonmetastatic, non–small cell lung cancers (43). This study by Simpson demon-
strated that a short course of external-beam radiation therapy delivering 30 Gy
in 10 fractions provided relief of hemoptysis in 74% of patients, cough in 55%
of patients, and dyspnea in 43% of patients. Median survival was in the range
of 6 months. Compared to this RTOG study, brachytherapy alone appears to
provide equivalent or improved palliation as external-beam radiation, with a simi-
lar survival outcome. Given this fact, brachytherapy may give more prompt
symptomatic relief of obstructive symptoms, in a more cost-effective manner. In
a small group of 19 patients treated with HDR to a total dose of 15 Gy (44), a
detailed assessment with rigorous testing was performed both before and after
administration of the HDR brachytherapy. This included chest x-rays, CT scan
of the thorax, direct bronchoscopic evaluation, objective obstruction index scor-
ing, 5-min walking stress tests, isotope ventilation and profusion lung scanning,
and formal pulmonary function tests with maximum inspiratory and expiratory
full-volume measurements. Symptomatic relief was reported in 17 of the 19 pa-
tients. Atelectasis of a collapsed lobe or lung reported in 13 patients was demon-
strated to have reinstituted ventilation in nine cases by radiographic imaging.
Bronchoscopic evaluation of luminal patency demonstrated improvement in 18
of the 19 patients. Isotope lung scans showed significant increase in the percent-
age of total lung ventilation and perfusion in the abnormal lung. This rigorous
study demonstrated the high correlation between objective and subjective im-
provement of the presenting symptomatology in these patients. In addition, it
confirmed the palliative benefit of brachytherapy, which has been described in
larger groups of patients. Further prospective studies of brachytherapy and exter-
nal-beam radiation therapy are clearly needed to rigorously document treatment
efficacy and toxicity, as well as a cost-benefit analysis and quality of life in this
setting.

CONCLUSIONS

EBBT is an excellent means of palliative treatment for patients who are symptom-
atic from endobronchial disease. As part of definitive therapy for curative-intent
patients, however, a survival advantage is not shown. This group of patients
should be randomized to external-beam radiation therapy versus external-beam
plus intraluminal radiation to prospectively evaluate a possible survival advan-
tage. Further studies will also be necessary to determine the optimal dose and
number of fractions that will provide the greatest patient benefit, the lowest mor-
bidity, and the lowest cost of treatment.

PROS AND CONS

Pro: EBBT is ideal for delivering very high doses of radiation to neoplastic
tissue in or within a 1-cm radius of the main airway.



478 Speiser

Con: Because brachytherapy doses depend on the inverse square law (that
is, the dose decreases by the square of the distance), neoplastic tissue
.. 1 cm from the airway is not effectively treated.

Pro: EBBT provides relief of airway obstruction to a greater extent and
significantly faster than external radiation.

Con: Obstruction of airways by extrinsic compression is best treated by
external radiation.

Pro: EBBT can be used in the trachea mainstem and lobar and segmented
bronchi, an extent greater than feasible with the YAG laser.

Con: YAG laser works immediately (endobronchial takes 4–24 hr for a
partial response) and is sometimes necessary for very bulky exophytic
tumors.

Pro: For palliation of airway signs and symptoms due to intrinsic disease,
EBBT provides excellent relief with minimal morbidity.

Con: Extrinsic compression such as nodal or parenchymal masses or pleural
effusion can nullify benefits of brachytherapy, unless these other factors
are adequately dealt with.

Pro: EBBT can cure occult cancer of the lung.
Con: Occult cancer has a high rate of synchronous lesions that must also

be identified and treated.
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INTRODUCTION

Multimodality therapy is the treatment of choice for the majority of patients with
lung cancer that will be diagnosed in the year 2000. Radiotherapy is an important
component of these treatments and is employed for the local control of disease
(to eradicate the clonogenic cells within tumor treatment volumes), although it
can also be used in a prophylactic and/or palliative role in some patients. Local
tumor control is dependent upon the total dose of radiation delivered, which, in
turn, determines the extent of tumor cell killing. Unfortunately, the total radiation
dose that can be delivered to the thorax is limited by normal tissue toxicity ex-
pressed as both acute and late effects. These maximal tumoricidal doses are usu-
ally administered in five daily fractions or two times a day each week over
5–6 weeks. Even after the most aggressive radiation treatments of this disease
utilizing the latest technologies including conformal therapy, interpatient tumor
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responses are heterogeneous, local-regional failures are too frequent, and the
5-year survival rates are relatively low. The mechanisms of radiation resistance
that produce this heterogeneous treatment response of lung cancers have not been
adequately defined.

Histology, tumor stage (extent of disease), patient performance status, and
loss of weight are prognostic factors that strongly correlate with survival after
lung cancer treatment (1). Other factors, such as tumor location, may also have
prognostic significance. Recently, genetic factors, such as mutations in the K-ras
oncogene, deletions or mutations in p53, elevated serum levels of neuron-specific
enolase, and others, have been investigated as additional prognostic indicators
(2). The biological genetic factors that determine lung cancer radiosensitivity and
might predict for local tumor response fall into three broad categories: (1) genes
that determine the intrinsic radiosensitivity of tumor clonogens, including those
that regulate cell death by apoptotic versus proliferative pathways, (2) genes that
determine tumor growth kinetics, and (3) tumor and host cell factors that regulate
tumor angiogenesis, blood flow, and oxygen transport, the factors that ultimately
define the hypoxic fraction (HF). Information about the molecular factors that
determine tumor cell radiosensitivity after therapeutic dose fractions of 2 Gy is
accruing rapidly from laboratory studies, but additional research is required to
establish the usefulness of specific parameters for defining treatment plans and/
or beneficial modulations of tumor radiosensitivity. Likewise, while the database
of tumor growth kinetics has expanded rapidly in recent years, as have available
techniques of modern flow cytometry, these parameters are not routinely used to
stratify patients into groups for customized therapy. And although the potential
role of tumor hypoxia in predisposing to radioresistance was described initially
for lung cancer (3), no one technique for measuring tumor oxygenation and hyp-
oxia is currently accepted as a routine and accurate measurement of this tumor
property in patients with lung cancer. Recently, radiodiagnostic methods for mea-
suring tumor oxygenation and estimating radiobiological HF have been devel-
oped and some have been evaluated in lung cancer patients (4,5).

In this chapter, predictive assays of tumor response to radiotherapy under
current development are briefly reviewed, with special reference to their applica-
tion in the management of lung cancer. Preliminary clinical studies with radiodi-
agnostic markers of tumor hypoxia and radioresistance performed on patients
with small cell lung cancer (SCLC) are emphasized. The identification of a sig-
nificant HF in most SCLCs prompted the addition of a hypoxia-targeted therapy
(etanidazole) to standard treatment regimes that resulted in improved tumor re-
sponse (6). Tirapazamine, a hypoxic cell cytotoxin, when combined with cisplatin
in the treatment of other lung cancers has also produced improved tumor response
(7). These studies are current examples of the potential benefits that can accrue
from successful translational research. They also demonstrate the long-term com-
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mitment of intellectual effort and resources that are required to successfully trans-
late a laboratory discovery into a clinical benefit.

THE INTRINSIC RADIOSENSITIVITY OF
TUMOR CLONOGENS

The success of radiotherapy (local tumor control) depends upon the eradication
of clonogenic tumor cells from a treatment volume. Since the total dose that can
be delivered to surrounding normal tissues and in particular to normal lung tissue
is limited, the intrinsic sensitivity of tumor clonogens will have a major role in
determining the ultimate success of each patient’s therapy. The radiosensitivity
of tumor cells in vivo depends upon their average intrinsic radiosensitivity, which
is regulated by cell cycle distribution, repair potential, other genetic factors, and
the fraction of clonogens that are hypoxic at the time of radiation. Cell lines
derived from a variety of human tumors exhibit a wide range of radiosensitivity
when irradiated under standard aerobic conditions (8–10). Analyses of their sur-
vival curves by the linear-quadratic (LQ) equation indicate that the percentage
of cells killed by 2 Gy can vary from only 5–10% for the most resistant cells to
70–90% for the most sensitive cells. This heterogeneity in intrinsic radiosensitiv-
ity is demonstrated by the survival curves of selected tumor cells shown in Figure
1A. The large variation in tumor cell killing after 2 Gy results mainly from differ-
ences in their α-inactivation parameter (11), the intercept of the transformed sur-
vival curves (2ln(S/S0)/D versus D) in Figure 1B (12).

The mechanism(s) of single-hit inactivation (α) of tumor cells by radiation
has not been elucidated, but recent research suggests that compacted chromatin
may be the associated molecular target and that irreparable multiply-damaged
DNA sites may be the lethal lesions (13). Cells at mitosis, whose chromatin is
maximally compacted, are hypersensitive to ionizing radiation and their survival
curves are characterized by very large α-parameters (13,14). One feature of the
genomic instability of tumor cells is an increased number of centromeres that
leads to aneuploidy and also to a larger amount of compacted chromatin in in-
terphase cells (15). These defects in DNA dispersion in interphase might increase
the radiosensitivity of tumor relative to normal tissue cells, especially at the low
radiation doses used in fractionated therapy. Tumor cell radiosensitivity also de-
pends upon their genetic pathways of death and, in particular, the expression of
regulators of the apoptotic mechanism (16,17). Other factors that regulate cell
cycle progression, DNA repair, and intracellular signaling can also modulate the
intrinsic radiosensitivity of cells derived from specific tumors (18–20). It is ex-
pected that information about the expression of several molecular factors will be
required to define precisely the response of cells from specific tumors to single-
dose fractions.
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When aerobic cells in tumors are irradiated with fractionated doses of 2
Gy, their killing is well described by an exponential function whose slope is
α 5 lnSF2Gy/2. This description of cell inactivation in vivo presumes that the
cells are of homogeneous radiation sensitivity, that there is complete repair of
radiation-induced sublethal damage during the 24 h between the dose fractions,
and that there is no significant increase is clonogen number (no net cell prolifera-
tion) during the treatment. When these factors are rigorously controlled in labora-
tory studies, this exponential equation of ‘‘effective tumor cell killing’’ well de-
scribes the experimental data (21,22). West and colleagues have measured the
SF2Gy for cells released from cervical carcinomas by a soft agar assay and found
this parameter to strongly predict for tumor response to radiation treatment (23).
Other studies that utilized a cell adhesive matrix (CAM) assay of cell proliferation
did not find a strong correlation between intrinsic radiosensitivity and tumor re-
sponse to treatment (24), although the head and neck tumors accrued to that study
were treated by multimodality therapy and not by radiation alone. A major effort
was undertaken to exploit the MTT assay (reduction of tetrazolium compound)
of tumor cell proliferation for determining the in vitro sensitivity of tumor cells
from lung cancers after treatment with chemotherapy and radiation regimens
(25,26). While the drug sensitivity data generated by these studies was instructive,
this assay has not found routine use as yet for defining the most appropriate
therapy of specific lung tumors.

It is anticipated that the current molecular biology investigations of cell
radiosensitivity will produce optimal parameters amenable for the routine and
accurate measurement of intrinsic radiosensitivity of cells in individual tumors.
When these become available, the relative importance of this tumor property for
predicting the treatment resistance of individual lung cancers could be experimen-
tally determined. As well, additional research will be required to define novel
strategies for targeting specific mechanisms of resistance and radiosensitizing
tumors (27). This property of cells in solid tumors is potentially a major determi-
nant of treatment response and warrants intensive investigation that can be ex-
ploited for improved therapy.

THE RATE OF TUMOR GROWTH

The kinetics of tumor growth has been investigated for many years. Tumor
growth rate can inform about the natural history of a specific cancer and may

FIGURE 1 (A) Radiation survival curves of various tumor cell lines irradiated aero-
bically as asynchronous populations with Cs-137 γ-rays. (B) Some survival data
from (A) replotted as -(InS/S0)/D versus radiation dose. The symbols refer to the
same cells shown in (A). In this transformed plot, α is the intercept of the straight
line with 0 dose and β is the slope of the line.
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predict for its treatment outcome. Parameters of tumor kinetics that were initially
investigated included volume doubling time, mitotic index (MI), and the labeling
index (LI) after the administration of a precursor of DNA synthesis. These assays
along with measurements of tumor cell ploidy (chromosome number distribution)
have been used to define tumor aggressiveness and progression. However, several
accurate measurements of tumor volume are required over an extended time to
properly estimate tumor growth rate and delay. A flow cytometer technique for
measuring the potential doubling time (Tpot) with cells derived from a single tu-
mor biopsy was developed and has been used to investigate tumor response to
treatment (28,29). While the early research performed on head and neck carcino-
mas showed much promise, the ability of Tpot to predict for tumor response to
radiotherapy and to define a subset of patients that would benefit from accelerated
radiotherapy was not confirmed by larger studies (30). An accelerated fraction-
ation scheme (CHART) was found to improve the treatment of NSCLC (31).

Several molecular markers of cell proliferation, including PCNA, Ki-67,
p105, various cyclins, etc., are being investigated as potential markers of tumor
proliferation kinetics (32). Some assays can be performed on fixed tissue speci-
mens while others require fresh tissue. Tpot and most histological assays are all
subject to the limitations associated with tumor tissue sampling. Barranco et al.
(33) showed that average numerical values of tumor biology factors acquired
from cancer specimens should be made with three or more biopsies obtained
from different tumor sites if the average values are to be representative of the
whole tumor. This is potentially a serious limitation of all studies of molecular
and cell biology expression in tumors, and particularly a problem for those deep-
seated tumors, like lung cancers, that cannot be readily biopsied. It is expected
that tumor cell kinetics research will soon identify suitable markers of tumor
proliferation that can be incorporated into several clinical studies of treatment
response.

RADIOBIOLOGICAL HYPOXIC FRACTION

Mammalian cells are 2.5–3.0 times more resistant to ionizing radiation when
irradiated in hypoxic relative to aerobic environments (34,35). This radiosensitiz-
ing effect of molecular oxygen is mediated by rapid free radical reactions (35)
and is characteristic of all human tumor cells tested in vitro, to date. The radiobio-
logical HF of animal tumors is defined best by the paired survival curve assay
that determines the proportion of clonogens in solid tumors that express maximal
(hypoxic) radioresistance (36). Unfortunately, this assay has not been adapted
for use with individual tumors and, in particular, with individual human tumors.
Consequently, much research effort was expended to define techniques that could
quantify other tumor factors that will correlate with tumor hypoxic fraction and
predict for radioresistance (37). Several novel techniques for measuring the oxy-
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genation status of individual tumors both directly and indirectly have been re-
viewed recently (38,39).

The Eppendorf pO2 microelectrode system makes direct polarographic
measurements of oxygen concentration within tumor tissue along tracks deter-
mined by the operator. This device has been used to obtain oxygenation informa-
tion from breast, cervix, head and neck, and brain tumors as well as from sarco-
mas and several normal tissues (40). Values of median pO2 from cervical and
head and neck cancers were found to strongly predict for treatment outcome (41–
43). These studies confirmed the earlier postulate that low oxygen concentration
in solid tumors could contribute to their resistance to treatment, and to radiotherapy
in particular (3,44). Since low oxygen levels in tumors also predicted for poor
response to surgery, it was postulated that hypoxic microenvironments could pro-
mote tumor cell mutation, tumor angiogenesis, and the metastatic spread of disease
(45,46). Recently, with custom-made microelectrodes 12–14 cm in length, the oxy-
genation status was also found to be extremely variable both within and between
individual prostate carcinomas (47). Tumors of similar pathological grade (Gleason
6) were found to exhibit median pO2 values from less than 1 to as high as 30
mmHg, a variable expression that was not predicted from other tumor properties.
This study has not matured to the point where median pO2 values can be correlated
with biochemical (PSA) and/or tumor response after brachytherapy treatment.
While these microelectrode studies on accessible tumors clearly demonstrate the
intratumor and intertumor heterogeneity of this tumor property and its potential
for predicting treatment response, other assays will be required to obtain similar
information from deeper tumors, such as lung cancers.

The identification of viable hypoxic cells within solid tumors by hypoxia-
specific radiodiagnostics offers an attractive approach that is noninvasive (48).
Drugs that contain a 2-nitroimidazole moiety are reduced by enzymes within
viable cells and become bound to their molecules at rates that are inversely pro-
portional to oxygen concentration (49). The stable adducts produced selectively
in regions of low oxygen tension were proposed as positive markers of tumor
hypoxia that might be detected by nuclear medicine procedures when labeled
with appropriate radioisotopes (50). Several radiodiagnostics for marking hyp-
oxic tissues have now been synthesized, radiolabeled, and evaluated in both pre-
clinical and clinical studies by positron emission tomography (PET) and single
photon emission tomography (SPECT) procedures (48). In particular, β-d-iodin-
ated azomycin arabinofuranoside (IAZA) was labeled with iodine 123 and admin-
istered to 51 patients with tumors at different sites (5,51). Eighteen to 24 hr later,
both planar and SPECT images were acquired from tumor-bearing regions and
the ratio of marker activity in tumor relative to that in an equal volume of contra-
lateral normal tissue (T/N) was determined. A T/N value of 1.1 and greater was
interpreted as indicating a significant HF and, by this criterion, ,40% of all
tumors investigated contained this hypoxic phenotype that may predict for radio-
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resistance. These nuclear medicine assays of tumor hypoxia can be confounded
by the pharmacokinetics of the radiolabeled marker and false positives can result
from tumor hyperperfusion (48,52). In spite of these current limitations, if a reli-
able radiodiagnostic assay of tumor hypoxia can be developed, it would find wide
application in the treatment planning of several different cancers.

IAZA was administered to 16 patients with SCLC. All patients had assays
performed prior to treatment by chemoradiation and, in some cases, a second
IAZA scan was obtained during or at the end of treatment. Figure 2A and 2B
show planar and SPECT images, respectively, from one patient with a SCLC in
the right thorax. Extensive radiolabel is observed in the thyroid (presumably re-
sulting from the dehalogenation of the marker in vivo and the uptake of free
iodine in spite of the use of Lugol’s) and in the gastrointestinal tract (undergoing
hepatobiliary excretion). The tumor in this patient was well visualized by the
large amount of retained marker that suggests a significant HF. This uptake of
marker is best viewed and quantified in the SPECT images (Figure 2B) and is
seen to be heterogeneous throughout the apparent tumor volume. Although hyp-
oxic marker uptake into contralateral ‘‘normal’’ tissue was used in this study as
the oxygenated tissue of reference, it appears now that some normal tissue con-
sisting of compact cells, such as thigh muscle, would have been a better reference.
The ratio of radioactivity in equal voxels of tumor versus thigh muscle (T/M)
could become the standard parameter for predicting significant tumor HF (48).
Preclinical studies with animal tumor models indicate that T/M values can be
greater than 1.0 for tumors that exhibit little or no HF (53) and that the T/M
above which hypoxia is strongly indicated may be different for different tumors.
Our initial clinical study with IAZA did not measure radioactivity levels in the
thigh muscles of each patient but future clinical evaluations of second-generation
radiodiagnostics of hypoxia should obtain such information.

Table 1 lists the lung cancer patients from whom nuclear medicine scans
of tumor hypoxia have been obtained, along with information about tumor stage,
pathology, volume, and specific treatment. The table also indicates those patients
from whom follow-up scans with IAZA were obtained during or after treatment.
Of all the human tumors investigated, SCLC showed the largest percentage of
tumors with significant HF by this radiodiagnostic procedure (5,48). A similar
proportion of SCLC with significant HF was observed in an earlier study that
used the hypoxic marker, 3H-misonidazole (54). While this result might bode
poorly for their response and local control by fractionated radiation, SCLC cells
are usually quite radiosensitive and they shrink rapidly during and after treatment.
In fact, in those four patients that showed an initial HF and from which second
IAZA scans were obtained after 3 weeks on radiation treatment (15 dose frac-
tions), there was no significant uptake of hypoxic marker into the irradiated tumor
sites. This could have resulted from the shrinkage of tumors to undetectable size,
the selective killing of oxygenated cells followed by the reoxygenation of hypoxic
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FIGURE 2 (A) A planar image of 123I-IAZA 18 hr after its administration to a patient
with a SCLC in the right thorax. (B) Four adjacent SPECT images through the
thorax of the patient shown in (A). Heterogeneous uptake of radiolabeled hypoxic
marker is clearly evident.
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TABLE 1 123I-IAZA Avidity to SCLC at Initial Presentation with Pattern of Failure After Treatment

Pretreatment Thoracic Posttreatment Pattern of
Stagea scanb radiation Chemotherapy scanc failured

1 E No Yes Yes — DO
2 E No No Yes — P 1D
3 L No Yes Yes — DO
4 E HF Yes Yes Became negative DO
5 E HF Yes Yes — P 1D
6 L HF Yes Yes Became negative DO
7 E HF No Yes — P 1D
8 L HF Yes Yes Became negative P1D
9 L No Yes Yes — D

10 L HF Yes Yes — P 1D
11 L HF Yes Yes — P 1D
12 L HF Yes Yes Became negative DO
13 L No Yes Yes — DO
14 E No No Yes — P 1D
15 E HF No Yes — P 1D
16 L No Yes Yes — DO

a E 5 extensive, disease outside the thorax; L 5 limited, disease within thorax.
b No 5 no measurable HF; HF 5 a measurable HF.
c Only performed on four patients as indicated.
d DO 5 distal only, P1D 5 primary and distal.
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cells, or a combination of these and other processes. According to this radiodiag-
nostic assay, it appears that this prescribed course of fractionated radiotherapy
was effective in managing the hypoxic fraction detected in these tumors prior to
treatment. Unfortunately, SPECT imaging cannot readily resolve tumor volumes
of ,2 cm3 and such tumor masses could still contain millions of tumor clonogens.
For patients with head and neck squamous carcinomas, only 40% showed tumor
IAZA avidity that was indicative of significant HF (5). For those initially IAZA-
positive patients who were again scanned after 6 weeks of fractionated radiation,
no diminution of IAZA avidity was observed, suggesting that the HF of these
head and neck tumors had not been adequately treated. The presence of viable
hypoxic cells in tumor treatment volumes at the end of therapy does not bode well
for effective tumor control. The survival of viable tumor cells, even in hypoxic
microenvironments, can lead to local recurrence.

While the number of patients in our IAZA study is small, the data indicate
that the proportion of tumors that present with measurable HF can be different
for different tumor histology (5). If this result is confirmed by larger studies and
if the presence of tumor hypoxia is found to strongly predict for inferior treatment
response of lung cancer, this tumor property will require quantification prior to
defining treatment prescriptions. Therapy targeted to hypoxia could then be effec-
tively administered to only those patients who are known to have a biological
basis to benefit. Our data also demonstrate a potential role for radiodiagnostic
markers of hypoxia for investigating human tumor reoxygenation and its kinetics.

THE RATIONAL USE OF HYPOXIC-SPECIFIC THERAPY

The validation of a new procedure that can measure tumor HF and accurately
predict for treatment resistance will have little clinical value unless novel thera-
pies are developed that are directed to overcome the specific mechanisms of resis-
tance. In the case of tumor hypoxia, the oxygen-mimicking radiosensitizer Etani-
dazole was developed to overcome the radioresistance of hypoxic cells in solid
tumors (55). With this in mind and since a large percentage of SCLC exhibited
a measurable HF, a nonrandomized phase II study in patients with this disease
was initiated in 1988 and completed in 1995 (6). In that study, 30 patients with
limited-stage disease were accrued to a protocol that was identical to that used
to treat a prior group of 30 patients, with the exception that Etanidazole was
administered with 15 of the radiation fractions. The combination chemotherapy
regimen consisted of cisplatin (25 mg/m2/day i.v. 3 3 days), etoposide (100 mg/
m2/day i.v. 3 3 days) alternated with cyclophosphamide (1000 mg/m2/day i.v.
3 3 days) every 3 weeks, doxorubicin (15 mg/m2 i.v.), and vincristine (2 mg)
for a total of six cycles every 3 weeks. Radiation was initiated after the first cycle
of chemotherapy and consisted of a total dose of 50 Gy in 2-Gy daily fractions
over 6 weeks. Etanidazole was administered at 2 g/m2 i.v., with three dose frac-
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tions per week (M/W/F) to a total dose of 30 g/m2. Patient follow-up was for
5 years. This study reported an incidence of local thoracic failure of only 18%
for the Etanidazole-treated patients relative to the 40–50% local thoracic failure
rate observed in the prior 30 patients treated without the radiosensitizer as well
as in another larger study (56). Furthermore, the 5-year survival with no evidence
of disease was 30% for the Etanidazole group compared to the 19–20% 5-year
survival reported for larger studies (56–59). These data suggest a significant ther-
apeutic benefit when Etanidazole is added to a standard combination chemoradia-
tion protocol used for the treatment of SCLC.

Tirapazamine (TPZ) is a chemotherapeutic agent with selective activity
against hypoxic cells (60) and acts synergistically when administered in combina-
tion with cisplatin to tumor-bearing animals (61). Von Pawel and von Roemeling
(7) have reported a significant survival benefit at 1 year after treatment of NSCLC
patients in a phase III study with TPZ combined with cisplatin relative to cisplatin
alone. The drug has a favorable safety profile and does not cause additional my-
elosuppression. The oxygenation status of NSCLCs has not been measured to
date by microelectrodes nor by a radiodiagnostic agent like IAZA. It is interesting
to speculate that if these hypoxic-specific therapies had been administered only
to those patients whose lung cancers where known to contain significant HF, a
larger benefit may have been realized. The relatively modest beneficial effect
observed in the meta-analysis of all the clinical trials performed with the radiosen-
sitizers misonidazole, etanidazole, and nimorazole could be explained by the sig-
nificant dilution of benefit in tumors with HF from a majority of patients whose
tumors had no measurable HF (62). Unless adjuvant hypoxic-specific therapy has
essentially no toxicity, it would be wise to limit its use to those patients whose
tumors contain significant HF and are at the greatest risk of local recurrence after
standard treatment.

CONCLUSIONS

Of the several biological bases for radioresistance that have been investigated,
tumor HF has commanded a large proportion of our intellectual and experimental
effort (63). To this day, there is not an accurate and reliable procedure to deter-
mine this property of human cancer routinely during patient workup for treatment
prescription. The Eppendorf pO2 histograph has been used to obtain the majority
of preclinical and clinical data that indicate tumor response after treatment corre-
lates with tumor HF. This device is no longer being manufactured but the existing
units should continue to provide useful clinical data for some years about the
oxygenation status of accessible tumors. Our research suggests that hypoxia-
specific radiodiagnostics, suitable for noninvasive diagnoses with PET and/or
SPECT, is a viable possibility (48). With regard to the HF of lung cancers, a
radiodiagnostic with acceptable sensitivity and specificity would be the preferred
method for diagnosis.
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This review of predictive assays of tumor radioresistance, and, in particular,
the review of studies associated with the oxygenation status of lung cancer, attests
to the relatively large commitment of intellectual effort required to translate a
laboratory discovery into clinical investigation. Only after accurate predictors of
tumor intrinsic radiosensitivity, growth kinetics, and HF are identified will the
relative importance of these biological factors for predicting the radioresistance
of individual tumors be established for cancers, including lung cancers. The adju-
vant treatments required to radiosensitize individual tumors will be different and
will depend upon their dominant mechanism of radioresistance. There is currently
a healthy research momentum for defining predictive assays of tumor resistance
and their associated biological mechanisms that can be targeted by specific thera-
pies (64).
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INTRODUCTION

The annual increase in medical expenditures has consistently exceeded inflation
for several decades, resulting in a sharp increase in interest in health economics.
In 1965 the health care industry represented about 5% of the American gross
domestic product (GDP). Today that figure approaches 15% (1). While there have
been important advances in medical technology over that period, increases in
positive health outcomes have not occurred at the same pace.

There are several reasons for the rising cost of health care. The demograph-
ics of North America’s population are changing, with the elderly representing a
larger proportion of the population than ever before. Since most diseases, includ-
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ing lung cancer, occur primarily in the elderly, it follows that an older population
incurs higher medical expenses. Technological innovation also contributes to ris-
ing costs. More can now be done, and for more people, than at any other time.
Screening and preventive measures have been successful in a number of clinical
circumstances, but only rarely do these strategies actually save money. Improved
diagnostic technologies have come at substantial prices, and interventions are
now available for conditions that were treated only with supportive care in the
past.

These diagnostic and therapeutic advances bring higher expectations. Pa-
tients are becoming better informed about the latest medical advances. Many
demand that a conscientious doctor apply all the resources available to arrive at
a correct diagnosis, and use every intervention that has any chance of benefit.
Disability or death is perceived to be due to negligence on the part of the doctor
or hospital, rather than a potential outcome of disease. The American Medical
Association has estimated that about 3% of all health care costs are incurred to
decrease the chance of litigation. However, the true cost is likely much higher
in a medical culture that is unwilling to tolerate risk and modifies its practice
style to protect itself.

For these various reasons, medical expenditures are coming under increased
scrutiny. To deal with rising health care costs, both public and private payers are
demanding improved efficiency and ‘‘value for money’’ in the provision of health
care services. As a result, the economic literature is growing exponentially. How-
ever, this literature is of varying quality and has spawned many as-yet-unresolved
controversies.

CONTROVERSY 1: METHODOLOGICAL ISSUES

Study Design

Table 1 shows several different kinds of economic findings related to lung cancer
management. Although assembled in one table, many of the component studies
used very different methodologies. The type of economic study is largely deter-
mined by the denominator of its result, as illustrated in Table 1. ‘‘Cost studies’’
simply count the costs associated with a procedure or treated case. If the costs
of two treatments are being compared to see which is the least expensive, it is
a ‘‘cost-minimization study.’’ Cost-minimization studies assume that the out-
comes or effectiveness of the interventions are equal, and that resource utilization
is the only significant difference between the options. Cost-minimization studies
are not common in oncology because cancer treatments rarely produce equivalent
survival or quality of life.

A ‘‘cost-effectiveness’’ analysis attempts to clarify the balance between
these costs and benefits. The cost-effectiveness ratio is the average incremental
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TABLE 1 The Economics of Selected Lung Cancer
Procedures

Procedure Costa denominator

Surgery, stages I and II $9,142 per procedure
Thoracoscopic pleurodesis $20,239 per procedure
Bleomycin pleurodesis $7,300 per procedure
Febrile neutropenia $1,278 per day
Terminal care, stage IV $10,320 per case
Chemoradiotherapy, stage III $4,687 per LYG
NVB-P vs. BSC, stage IV $7,771 per LYG
Tax-P vs. VP-P, stage IV $42,866 per LYG
Routine staging head CT $70,000 per QALY

a 1994 U.S. dollars.
BSC 5 best supportive care; LYG 5 life years gained; NVB 5 vinore-
lbine (Navelbine); P 5 cisplatin (Platinol); QALY 5 quality-adjusted
life years; Tax 5 paclitaxel (Taxol); VP 5 etoposide (VP-16). Source:
Adapted from Ref. 28.

cost of an intervention divided by its average incremental benefit, such as life
years gained, cases successfully treated, or cases averted. It is calculated by the
formula:

Cost-effectiveness 5
cost1 2 cost2

effectiveness1 2 effectiveness2

Cost-effectiveness analysis is the most common approach to the economic
evaluation of health care (2). However, it does not necessarily assess the effects
that different strategies may have on quality of life—effects that are often impor-
tant considerations in choosing cancer treatment. A ‘‘cost-utility’’ analysis is a
particular form of cost-effectiveness analysis where the outcome measure com-
bines both mortality and morbidity into a single multidimensional measure, usu-
ally a quality-adjusted life year (QALY) (3). The QALYs are the quantity of life
gained from a treatment, weighted by the quality of that life. These studies have
the advantage of being comparable across diseases, because a QALY is constant.
Finally ‘‘cost-benefit’’ studies place a dollar value on QALYs to calculate the
net cost of the intervention. Because of the difficulty in placing a credible value
on human life, these analyses are rare in medicine.

What Costs Should Be Included in an
Economic Evaluation?

There are several different types of costs, and the ones considered in a study
depend on the perspective taken. The costs of care from the perspective of an
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HMO can be very different from the out-of-pocket costs that affect a patient and
his/her family. Direct treatment costs are those borne by the health sector to
provide treatment, such as health care provider salaries, medications, equipment,
and diagnostic tests. Direct nontreatment costs are those incurred by patients and
family to gain access to and participate in treatment, such as travel, parking, and
accommodation near a cancer treatment center. Often these are measured by hav-
ing patients complete diaries of their out-of-pocket expenses. Indirect costs in-
clude lost work time for the patient or caregiver, or the time of volunteers as-
sisting with treatment. In accounting practice, the term ‘‘indirect cost’’ refers to
overhead, but in health economics overhead is considered a direct cost. Many
investigators use charges instead of actual economic costs in their analyses. How-
ever, charges for health care are greatly influenced by market forces, government
regulations, and taxation laws (4), and often bear little resemblance to actual
incremental resource expenditures (5).

Ideally, a full economic evaluation should take a broad perspective and
include the costs and benefits to all sectors of society affected by an intervention.
It should also consider a sufficiently long time horizon so that important down-
stream costs are captured, such as those from late complications. Costs and bene-
fits can still be presented in such a way that the various stakeholders will be able
to examine the results from their own perspective.

How Should We Measure Quality-of-Life Effects for
Economic Evaluations?

Quality of life in economic studies is usually approximated by a utility. A utility
is a measure of the preference for a given health state rated on a scale where 0
equals death and 1 equals perfect health. Several methods exist for eliciting utili-
ties, such as the standard gamble, time tradeoff, and visual analog rating scales
(6), as well as survey instruments such as the Health Utilities Index (7), the
Quality of Well Being Scale (8), and the EQ-5D (EuroQoL) (9). Table 2 shows
examples of utilities measured in a variety of health states.

There is controversy around whether utilities should be derived from pa-
tients, their families, health care workers, or lay people who have been given
detailed scenarios describing the health state in question. Studies have shown
that when patients are used, they value life very highly no matter what the quality
(10). However, valuing the quality of life highly in a diseased state will make it
seem less attractive to prevent or cure that disease in a cost-effectiveness analysis.
Health professionals are often used to estimate utilities because they have a better
understanding of the disease. However, they tend to put more weight on physical
functioning than a patient would. For example, an oncologist may feel that a
patient whose tumor is responding to treatment will have improved quality of
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TABLE 2 Utilities Associated with Various
Health States

Health state Utility

Perfect health 1.00
Menopausal symptoms 0.99
Side effects of antihypertensives 0.95
Mild angina 0.90
Kidney transplant 0.84
Requiring equipment to walk 0.79
Moderate angina 0.70
Hemodialysis 0.64
Severe angina 0.50
Blind 0.39
Dead 0.00
Confined to bed with severe pain ,0.00
Unconscious ,0.00

Source: Adapted from Ref. 6.

life, disregarding the potential toxicities and emotional difficulties the patient
might experience.

Recent guidelines favor lay ‘‘jurors’’ as the preferred source of utility esti-
mates from a societal perspective (11). Since all people are potential patients,
these jurors should be sensitive to the needs of patients, yet have a perspective
on the disease relative to a normal state of health, as well as other needs within
society. The challenge is to help people who do not have direct experience with
the disease in question understand the health (disease) state properly. As a result,
any one of these sources for utility measurement is defensible but imperfect.

How Should Time Preferences Be Handled?

Costs and benefits that occur in the future should be adjusted, or discounted, to
their present value. This is because of time preference. We generally prefer to
incur benefits sooner rather than later, and costs later rather than sooner. Thus,
future costs and benefits carry less weight than current costs and benefits, and
are usually accounted for by multiplying them with a constant discount rate (usu-
ally 3% or 5%). Such adjustment has the effect of favoring therapeutic procedures
that provide immediate benefit, while rendering preventive and screening pro-
grams, which require immediate expenditure for future benefits, less attractive.
Some economists argue that benefits should also be discounted at the same rate
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(11). Our next year of life is generally more valuable to us than one occurring
20 years in the future. However, empirical studies have demonstrated that people
do not discount future health benefits as greatly as they do future costs (12–15).

CONTROVERSY 2: WHEN IS AN ECONOMIC
ANALYSIS WARRANTED?

Economic evaluation itself is not a costless activity (16). Not every medical tech-
nology requires an economic analysis, and several factors can indicate whether
such a study is appropriate. First, the more modest the difference in therapeutic
effectiveness between two interventions, the more likely it is that economic issues
will influence policy. For example, if a randomized study finds equivalence be-
tween two chemotherapeutic regimens for advanced non–small cell lung cancer
(NSCLC), a cost-minimization study could decide which strategy is preferred.

The absolute cost of the intervention is also important. If the unit cost of
a technology is small, it is unlikely to capture the attention of decision makers.
For example, knowing the cost-effectiveness of using an inexpensive medication
such as dexamethasone to prevent radiation-induced emesis would be unlikely
to add important information to a policy decision. Similarly, if the cost of an
effective treatment is large but applicable to only a small proportion of the popu-
lation, an economic evaluation is unlikely to be influential, as the overall cost to
the health care system would be small. Finally, political and cultural consider-
ations must be taken into account. If a treatment is so ingrained in day-to-day
practice that physicians are unlikely to change their practice regardless of the
economic data, such a study may not be worth undertaking.

CONTROVERSY 3: DO SMOKERS ‘‘PAY THEIR WAY’’?

Lung cancer is a largely preventable disease caused almost exclusively by to-
bacco smoking. Consequently, an argument has been put forward that smokers
do not deserve society’s help paying medical costs when they develop smoking-
related illnesses. However, others have argued that this viewpoint is unfair for
two distinct reasons. First, many patients who are developing lung cancer now
started smoking at a time when the health risks were not known and physicians
did not give advice against smoking behavior. In fact, physicians were even used
in the past to promote ‘‘healthy’’ cigarettes, including some with asbestos filters.
Furthermore, people were encouraged to smoke by governments that provided
free or subsidized cigarettes during military service, and tobacco companies that
manipulated nicotine levels and pH to enhance the cigarette’s addictive potential.

Second, there is evidence that smokers may actually pay for the health
care costs of their smoking (17–19). If only direct medical costs are considered,
smoking-related illnesses, such as vascular disease and cancer, are indeed expen-



Economic Analysis in Lung Cancer 505

sive to treat. However, the major factor that determines a person’s total lifetime
utilization of health care resources is the length of his or her life. Smokers die
at a younger age than nonsmokers. As a result, smoking saves significant health
care expenditures that would be incurred later in life for the treatment of the
chronic diseases of aging, the use of nursing homes, and other supportive-care
measures (20). Because smoking-related illnesses have their peak mortality
around the time of retirement, the savings from unclaimed pensions are also sig-
nificant from a societal perspective. Coupled with the cigarette taxes paid over
a smoker’s lifetime, these economic factors compensate for the indirect costs of
lost productivity due to illness, secondhand smoke effects (most significant in
children), and accidental fires.

These somewhat cynical conclusions must be interpreted with some impor-
tant caveats. First, they do not take into account the enormous human costs of
smoking-related illnesses. In addition, the costs of smoking occur in the present,
while the ‘‘savings’’ from early mortality will occur in the future. Barendregt et
al. (20) have shown that when a smoker quits, his/her average expenditure on
medical care decreases for about 20 years. After that, costs increase because of
the individual’s longer life span. It takes about 25 years for these late costs to
balance the immediate savings. As previously discussed, these future savings
should be discounted to estimate their present value because costs and benefits
in the future are generally less valuable to us. When this is done, it takes 31
years for the costs of quitting to negate the savings. Finally, many would argue
that only costs and benefits that directly result from smoking-related illnesses
should be considered (11). Under this assumption, smoking cessation would sig-
nificantly save money. Whether these ‘‘future costs’’ should be included in cost-
effective analyses is currently an area of methodological controversy (21).

Smoking cessation is the main form of lung cancer prevention. Intervention
studies focus on restricting locations for smoking, regulating tobacco advertise-
ment (22), and cigarette taxation (23). These approaches are modestly effective,
and appear to be cost-effective (24). For example, a mass media campaign costing
$759,436 over 4 years was estimated to cost $754 per smoker averted, with a
cost per life year gained of $696 (25). Studies of the effect of taxation suggest
that every 1% increase in cigarette price results in about a 0.5% decrease in
cigarette sales (23). Young smokers are even more sensitive to any increase in
price. Because the vast majority of smokers are addicted before age 20, increased
taxation has been proposed as a rational method of tobacco control (22).

Behavioral interventions and nicotine-replacement therapy have also been
shown to be both effective and cost-effective in different managed-care plans
(26). With full insurance coverage, up to 2.8% of smokers quit each year at a
cost of $1171 per user who quits. This translates into $33 per smoker, or $4.92
per enrollee per year. Interestingly, the most effective interventions occurred in
plans that required copayment for these services. However, fewer people took
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advantage of them, so fewer quit smoking overall. This suggests that only the
most motivated smokers use services when an outlay of money is required, but
even the less motivated can benefit from these programs.

CONTROVERSY 4: HOW MUCH DOES LUNG CANCER
TREATMENT COST?

Lung cancer is not a particularly expensive disease to treat (27). However, its
frequency makes the total cost to the health care system high. It has been esti-
mated that treating lung cancer accounts for approximately 20% of cancer care
costs, and 2% of all health care costs in the United States (28). This translates
into about $7.8 billion per year (28). Surgery, and to a lesser extent radiotherapy,
are the only curative treatments for NSCLC. Chemotherapy can cure some pa-
tients with early-stage small cell lung cancer (SCLC). As a result, there is little
controversy about applying these treatments where appropriate. However, much
can still be learned about how these health services are delivered, to optimize
their efficiency.

Several investigators have tried to count the costs of lung cancer manage-
ment (27,29,30). Evans et al. calculated the average direct care costs over 5 years
for diagnosis, treatment, follow-up, and terminal care of NSCLC in Canada to
be $19,778 per case in 1988 Canadian dollars (31). The first year costs ranged
from $6333 for supportive care of stage IV disease, to $17,889 for surgery and
radiotherapy in early-stage lung cancer. Hospital costs were found to dominate,
accounting for 77% of all costs. About one-third of the total cost was for hospital-
ization during the initial diagnostic workup and treatment. Terminal care ac-
counted for about half of the total cost whether a patient received chemotherapy
or not. The 5-year costs ranged from $16,501 to $23,881.

In the United States, Riley et al. determined the Medicare payments for
patients aged 65 and over with various common cancers (27). They found that
lung cancer was the most expensive cancer site for initial treatment at $17,518
(1990 USD) owing to high costs for hospitalization ($10,782, or 62%). However,
because of the relatively short survival of lung cancer patients, it was among the
least expensive in terms of total payments from diagnosis to death at $29,184.

Recently, Hillner et al. looked at the cost of lung cancer for a commercially
insured cohort in Virginia (29). These patients were younger, and fees were gen-
erally higher than for those in the Medicare population studied by Riley et al.
Hillner et al. found that the total cost of treatment from diagnosis to death was
$47,941 (in 1992 USD), with inpatient hospital facility costs accounting for up
to 65% of the total cost.

Differences in methodology, setting, and time frame make it difficult to
make direct comparison between these studies. However, hospitalization consis-
tently stands out as the major cost in all of these studies. There have been similar
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findings in other tumor sites (32–34). In recent years, this sort of research has
led to a shift of treatment to the ambulatory setting, to the development of care
maps and algorithms to expedite diagnosis (35), and to the increased use of hos-
pices for terminal care (36).

In addition to the consistent dominance of hospital costs, one of the more
important observations made in these studies has been the significant cost of
supportive care. There is a common perception that advanced lung cancer can
be treated with little expense by providing only symptomatic, supportive care.
However, such a strategy has been found to incur significant costs, largely due
to hospitalization and palliative radiotherapy. For example, Hillner et al. found
that patients receiving no active treatment still incurred $26,597 in the first year
after diagnosis (29). On average, these patients spent 27.6 days in hospital in the
last 6 months of life.

Less work has been published on the costs associated with SCLC treatment.
Evans et al. found that direct-care costs for the diagnosis and initial treatment
of SCLC ranged from $18,691 (1988 Canadian dollars) for management of lim-
ited-stage disease, to only $4739 for the supportive care of patients with extensive
disease who were not candidates for chemotherapy (because of their short sur-
vival times). The average total cost for treating SCLC from diagnosis to death
was $25,988 (37,38). This is comparable to the $18,234 (1990 Australian dollars)
for limited and $13,177 for extensive disease calculated by Rosenthal et al. (39).
Again, hospitalization was the dominant cost.

CONTROVERSY 5: CAN ECONOMIC ANALYSES HELP US
DEFINE RATIONAL DIAGNOSTIC STRATEGIES?

Diagnostic workup is an area of oncology where alternative approaches can have
the same clinical consequences but different costs. This makes it suitable for
cost-minimization studies. For example, Richardson et al. used cost-minimization
methodology to develop an optimal protocol for staging SCLC patients (40).
Clinical examination and biochemistry, followed sequentially by bone scan, ab-
dominal CT, head CT, bone marrow aspirate and biopsy, CT chest, and finally
pulmonary function testing, were able to avert one-third of the overall cost of
staging as long as the workup was discontinued as soon as a metastasis was
identified.

Several investigators have used economics to try to optimize the diagnostic
strategy for NSCLC. For example, Govert et al. determined that the addition of
either brushings or washings to bronchoscopic biopsy increased the sensitivity
of the test at relatively low cost, but that doing both procedures was unnecessary
and not cost-effective (41). Several groups have shown that CT chest with selec-
tive mediastinoscopy is more cost-effective than routine mediastinoscopy
(42,43). Furthermore, there are indications that PET scanning may eventually be
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a cost-effective addition to CT scanning in this setting (44). However, routine
CT of the head in patients without clinical evidence of metastases has been shown
not to be a cost-effective staging procedure, at a cost of $70,000 per quality-
adjusted life year gained (45).

CONTROVERSY 6: HOW DO WE KNOW SOMETHING IS
COST-EFFECTIVE?

The value of a consumer product is usually determined by how much people
are willing to pay for it. However, this ‘‘willingness to pay’’ approach can be
problematic in health economics because medical care is generally not a discre-
tionary purchase. A patient cannot reasonably decide to refuse lifesaving surgery
because he does not think it is a good bargain. Moreover, whether something
represents value for money greatly depends on the income and wealth of the
person being asked.

A commonly used conceptual aid for deciding whether an intervention is
cost-effective is a ‘‘league table.’’ Named after the charts displaying the rankings
of soccer teams in British newspapers, these tables allow the reader to see how
a particular technology ranks in cost-effectiveness compared to others (46). Eco-
nomic evaluations assume that resources are limited, and have alternative uses
if not applied to the intervention in question. Policymakers must make decisions
that will maximize health by getting the highest value for the money spent. Their
decisions often reflect a ‘‘utilitarian’’ philosophy of doing the greatest good for
the greatest number of people. To do this, a technology must be assessed for its
efficiency relative to all other potential uses of the same resources, hence a poten-
tial role for league tables. Cost-effectiveness league tables, such as Table 3, facili-
tate this decision making by ranking interventions by cost per life year or cost

TABLE 3 An Example of a League Table

Cost per life
Medical intervention year gaineda

Liver transplantation 251,000
Screening mammography, ,50 years old 245,000
Zidovudine for HIV infection 87,000
Hemodialysis 53,000
Screening mammography, .50 years old 37,000
Smoking cessation counseling 1,400

a 1994 U.S. dollars.
Source: Adapted from Ref. 28.
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per QALY gained. There are numerous other examples of league tables published
across specialties (47–49), and in oncology in particular (50).

An alternative way to decide whether an intervention is cost-effective is
to use a threshold. Canadian authors have proposed that interventions costing
less than $20,000 (Canadian dollars) per QALY be considered definitely cost-
effective, while those costing more than $20,000 but less than $100,000 per
QALY are possibly cost-effective (51). Americans tend to set the threshold at
approximately $50,000 (USD) per QALY (4). However, these threshold levels
are relatively arbitrary. The $50,000 figure can be traced to the time when Con-
gress, as the elected representative of American society, debated and passed the
kidney act in the early 1970s, which determined that government (society) would
pay for hemodialysis for patients with end-stage renal disease. As a result, hemo-
dialysis at a cost of about $50,000 per QALY has become a standard for cost-
effectiveness.

There are several methodological difficulties in using league tables, how-
ever (52). One major problem is that the constituent studies may have used differ-
ent methodologies. The choice of treatment comparisons, the length of follow-
up of patients, the quality-of-life or utility instrument adopted, the assumptions
made, and the range and sources of costs included can affect the ranking of vari-
ous technologies within a league table, leading to erroneous conclusions (52).
Such Tables also may group together studies that were undertaken at different
points in time. Cost-effectiveness figures can be adjusted to a base year, but
this requires assumptions of constancy of relative costs, resource use, disease
management, and treatment efficacy over time. Studies done in different countries
may also not be comparable because of differences in health care systems. Costs
for an intervention may be affected by differences in demographics and disease
incidence, clinical practice patterns, and relative prices between countries. Prac-
tice patterns may be influenced by the availability of alternative treatments and
diagnostic tests, as well as incentives to professionals and institutions (e.g., salary
vs. fee for service) (53). For example, studies have found that the relative prices
of medications and surgical procedures tend to be higher in the United States
than in other countries (54,55). Because of these problems, neither league tables
nor thresholds should be seen as providing accurate answers to difficult resource
allocation decisions. Rather they should be seen only as an aid to inform decision
makers.

CONTROVERSY 7: IS THE TREATMENT OF ADVANCED
NSCLC COST-EFFECTIVE?

With this background, we can examine one of the most controversial questions
in lung cancer management: is treating advanced lung cancer ‘‘worth it’’ (56,57)?
Recent advances include the introduction of new chemotherapeutic agents and
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the incorporation of chemotherapy into multimodality protocols with surgery or
radiotherapy. However, the survival benefits conferred by these strategies are
small, and often come with nontrivial expense and toxicity (58). As a result,
many have questioned whether the benefits of aggressive therapy justify the cost
(57).

A seminal cost analysis performed by the National Cancer Institute of Can-
ada on a multicenter randomized trial comparing chemotherapy with best support-
ive care found chemotherapy to be not only cost-effective, but also cost-saving
by reducing the need for palliative radiotherapy and the length of terminal care
hospitalization (59). A record linkage study of more than 600 patients in the
province of Manitoba recently corroborated this finding (Statistics Canada, per-
sonal communication). This is presumably because chemotherapy had beneficial
effects that reduced the need for impatient treatment and radiation. However, it
is also possible that psychological factors may lead doctors and patients involved
in an active treatment plan to try to avoid hospitalization. Another analysis that
incorporated the quality of life of a subset of patients from the same randomized
trial failed to confirm the cost savings, but still found treatment to be cost-
effective (60).

The Canadian study found cost savings with chemotherapeutic agents
that were relatively inexpensive and no longer in routine use. The last decade
has seen the introduction of several new agents that are relatively expensive,
but which provide marginal improvements in terms of either survival or toxicity
(Table 4). We identified 15 economic evaluations of lung cancer treatment
options with a MEDLINE search (61). These are summarized in Table 5
(55,59,60,62–72). All but one study included an evaluation of the cost-effective-
ness of chemotherapeutic alternatives in lung cancer treatment (61). Despite the
importance of quality-of-life effects on treatment choice, only two studies incor-
porated estimates of patients’ quality of life into QALY (60,72). Supportive-care

TABLE 4 The Cost of Common
Chemotherapeutic Drugs in Lung Cancer

Drug Cost/dosea

Paclitaxel 200 mg/m2 $1503
Carboplatin AUC 6 $707
Gemcitabine 1000 mg/m2 $471
Vinorelbine 30 mg/m2 $179
Cisplatin 80 mg/m2 $26
Mannitol 12.5 mg $4

a Assumes a body surface area of 1.73 m2.
Note: Costs are given in 1996 Canadian dollars.



Economic Analysis in Lung Cancer 511

interventions have also been evaluated. For example, ondansetron has been
shown to be cost-effective for prophylaxis against cisplatin-induced emesis (73).
On the other hand, granulocyte-colony stimulating factor (G-CSF) was not found
to be a cost-effective adjunct to SCLC treatment (74).

There are several different ways that investigators can integrate economic
and effectiveness data in a study. One method is to collect both types of data
during a clinical trial. Prospectively captured resource utilization data has the
advantage that it is more likely to be complete, and the economic results will be
available to decision makers at the same time as the clinical results. However,
prospective data is more expensive to collect, and money can be wasted if the
effectiveness of the intervention is not proven. Furthermore, care in clinical trials
is often more resource intense than in routine practice. For example, trials usually
take place in expensive tertiary-care teaching hospital settings, and involve more
frequent monitoring with follow-up, blood tests, and imaging studies than would
be done in routine care. A recent example of an economic analysis performed
alongside a clinical trial is a trial of continuous hyperfractionated accelerated
radiation (CHART) in locally advanced lung cancer patients (16). The investiga-
tors collected data on patients’ use of hospital and community services, as well
as their out-of-pocket costs for expenses such as travel for treatment. They found
that CHART was more costly than conventional radiotherapy, but concluded that
it may be cost-effective when its survival benefits are considered (61). They also
found that collecting out-of-pocket costs incurred a significant expense, but con-
tributed little to the final analysis (16).

To avoid such problems, many researchers use retrospective data or pro-
spective data collected outside a clinical trial. It is often necessary to determine
costs in several steps, and to use a combination of empirical data and modeling
in the analysis. A recent study that incorporated economic and survival data from
several sources into a decision analytical model assessed the value of multimodal-
ity therapy in locally advanced NSCLC. This analysis found that neoadjuvant
chemotherapy 6 radiotherapy for stage IIIA patients, as well as concurrent che-
moradiotherapy for stage IIIB patients, were cost-effective, with costs ranging
from $3348 to $14,958 per life year gained (62).

An intermediate approach is to do a post hoc analysis of resource consump-
tion using data, such as hospital days and emergency room visits, that were col-
lected in a clinical trial. These data can be adjusted to reflect anticipated usual
care, and local costs can be allocated to the resources consumed to calculate the
cost of delivering the intervention. Smith et al. used this approach when they
multiplied resource utilization data from a phase III trial in advanced NSCLC
by the relevant per unit costs from their local cancer center to estimate the cost-
effectiveness of vinorelbine plus cisplatin (70). This combination added $2700
in incremental costs to achieve the average 56 days of life extension found in
the trial, resulting in a cost-effectiveness ratio of about $17,700 per life year
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TABLE 5 Economic Evaluations of Treatment Alternatives in Lung Cancer

Form of Disease and
Ref. Country analysis stage Comparators Main results

Coyle (61) UK CEA Stage III CHART CHART more costly than conventional treat-
(1997) NSCLC RT ment but cost-effective given survival bene-

fits
Evans (62) Canada CEA Stage III Chemo 1 RT Multimodality treatment cost-effective at

(1997) NSCLC Chemo 1 RT $3348–$14,958/LYG relative to standard
6 surgery treatment (radiation)

Earle (63) (1997) Canada CEA Stage IV TAX TAX cost-effective at $4778/LYG relative to
NSCLC BSC BSC

Evans (64) Canada CEA Stage IV GEM GEM is more costly, but cost-effective relative
(1996) NSCLC BSC to BSC

Palmer (65) Italy CEA Stage IIIB & IV GEM-P GEM-P had the lowest cost per response at
(1996) NSCLC MIP 85,700,000 lira

VP-P
NVB-P

Evans (66) Canada CEA Stage IV NVB VLB-P was most cost-effective relative to
(1996) NSCLC NVB-P BSC; however, NVB-P yielded the best sur-

VP-P vival at $5551/LYG
VLB-P
BSC

Doyle (67) USA CMA limited & exten- VP-P Etoposide phosphate, a prodrug with shorter
(1996) sive SCLC P 1 etoposide administration time, consumes fewer re-

phosphate sources than standard etoposide
Copley-Merriman USA, CMA Stage III/IV GEM GEM was cost-saving compared to the other

(55) (1996) Germany, NSCLC VP-P regimens when the drug costs for chemo-
Spain VP-I therapy were excluded
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Copley-Merriman USA CMA Stage III/IV GEM If the cost of the drugs is ignored, GEM uses
(68) (1996) NSCLC VP-P fewer resources than VP-P

Vergnenegre France CEA Stage III/IV M-NVB-P Calculated that MNP cost 12,339.40 francs
(71) (1996) NSCLC M-VDS-P less per response than MVP

Koch (69) (1995) USA CMA Stage III/IV GEM GEM uses fewer resources than VP-I
NSCLC VP-I

Smith (70) USA CEA Stage III/IV NVB If NVB’s toxicity profile is acceptable, NVB-P is
(1995) NSCLC NVB-P cost-effective at $17,700/LYG relative to

VDS-P NVB, and $15,500 compared to VDS-P
Kennedy (60) Canada CEA Stage III/IV CAP Recalculation of the Jaakkimainen et al. study

(1995) NSCLC VDS-P incorporating health-professional-derived utili-
BSC ties: CAP $42,833 and VDS-P $43,496/

QALY
Jaakkimainen Canada CEA Stage III/IV CAP Both chemotherapy regimens cost-effective

(59) (1990) NSCLC VDS-P compared to BSC; CAP actually led to cost
BSC savings compared to BSC

Goodwin (72) Canada CEA/ Extensive CAV Alternating chemotherapy cost $3370/LYG
(1988) CUA SCLC CAV alternat- and $4495/QALY

ing with VP

A 5 doxorubicin; BSC 5 best supportive care; C 5 cyclophosphamide; CEA 5 cost-effectiveness analysis; CHART 5 continuous hyperfraction-
ated accelerated radiotherapy; Chemo 5 chemotherapy; CMA 5 cost-minimization analysis; CUA 5 cost-utility analysis; GEM 5 gemcitabine;
I 5 ifosfamide; LYG 5 life years gained; M 5 mitomycin; NSCLC 5 non–small cell lung cancer; NVB 5 vinorelbine; P 5 cisplatin; QALY 5

quality-adjusted life years; RT 5 conventional radiotherapy; SCLC 5 small cell lung cancer; TAX 5 paclitaxel; V 5 vincristine; VDS 5 vindesine;
VP 5 etoposide.



514 Earle et al.

gained. Several other studies have applied these techniques to different chemo-
therapy regimens in metastatic NSCLC, including newer combinations such as
paclitaxel plus cisplatin (75), and have generally found them to be cost-effective
(63,64,66).

This review suggests that most of the interventions physicians have adopted
in lung cancer treatment are economically efficient. Furthermore, comparing
these data with results in other areas of medicine indicates that lung cancer treat-
ment is cost-effective relative to other commonly accepted medical interventions.
This confirms the observation that, in general, costly but effective interventions
tend to be cost-effective because of savings in the consumption of other resources.

CONTROVERSY 8: CAN HEALTH ECONOMICS
GUIDE POLICY?

Policymakers have been slow to utilize economic studies when setting policy.
However, this is starting to change. The decision to have Medicare pay for pneu-
mococcal vaccination is felt to have been based on the results of a cost-effective-
ness analysis (1). Both Australia and the province of Ontario (Canada) now re-
quire economic analyses to be part of new drug approval submissions (76).
Perhaps the most prominent example of the use of cost-effectiveness information
to make resource allocation decisions was the attempt by the state of Oregon to
prioritize medical reimbursements on the basis of cost-effectiveness.

Oregon’s initial attempt to use economic evaluations in policy decisions
was unsuccessful largely because cost-effectiveness analyses do not take certain
societal preferences into consideration. For example, economic studies may show
that interventions that improve the lives of many people by a small amount,
such as providing eyeglasses, are more cost-effective than potentially lifesaving
interventions that benefit only a small number of people. Such counterintuitive
results have prompted many to call this experiment a failure. However, Oregon
continues to evolve its rank ordering of health care interventions, increasingly
interpreting cost-effectiveness in the context of societal values.

Several elegant studies illustrate other societal values not accounted for in
cost-effectiveness analysis (77,78). For example, society generally adheres to a
‘‘rule of rescue’’ and is willing to spend more for an intervention that has the
potential to cure an illness, rather than palliate a more chronic condition. In addi-
tion, North American society generally prefers to allocate resources to the young
rather than the old (79), and finds it easier to save an identifiable life, such as
that of a heart transplant recipient, rather than a ‘‘statistical’’ life through a
screening or prevention program. Society also favors offering treatment to sicker
patients, even if the treatment is less effective than an alternative that could be
given to the less ill (80). Obviously, economic analyses alone cannot be used to
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make policy. They can only inform the debate about how society should allocate
its resources.

CONCLUSION

The exercise of economic analysis is important because it requires investigators
to explicitly value and balance the effectiveness of an intervention with its cost
and effect on quality of life. However, health economics is a relatively young
science facing many complex dilemmas. The ‘‘product,’’ health care, is a poorly
defined service with an uncertain outcome. It is usually no more concrete than
a probability of an uncertain benefit, with another probability of undesirable side
effects. Moreover, even these estimates of effectiveness may not be generalizable
to the real world if they come from clinical trials in highly selected populations.
It is also unclear who the ‘‘consumer’’ is. It can be any combination of the patient,
the insurer, government, or society. This affects the perspective taken in the anal-
ysis. Perhaps the most important departure of health economics from classic mi-
croeconomics is the ‘‘agency effect.’’ Physicians, acting as ‘‘agents’’ for patients,
largely determine the consumption of health care resources, but do not pay for
it themselves. Depending on the physician’s reimbursement arrangement, the in-
centive may be to either under- or overutilize resources. Finally, the true ‘‘cost’’
of a health care service is usually not apparent as its cost is distorted by insurance,
taxes, and subsidies. Charges and reimbursements are notoriously poor proxies
for cost. Moreover, it is often debated whether costs such as capital costs, lost
wages, or leisure time should be included in economic analyses. Methodologi-
cally, controversy exists in almost every aspect of a cost-effectiveness study, and
the analytical techniques are far from standardized.

Despite these challenges, an impressive body of health economic literature
has developed in recent years. Studies in lung cancer generally show that in
selected patients, current treatments are both effective and cost-effective relative
to other health care interventions. Acknowledging these results, recent practice
guidelines have incorporated economic considerations when recommending che-
motherapy for metastatic NSCLC (81,82).

Consequently, the weight of evidence suggests that any attempts to restrict
access to lung cancer treatments cannot be justified on economic grounds.
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cost/dose, 510
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gemcitabine, 335–337
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Cisplatin/etoposide, 321
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Cost-effectiveness, 508–509
Costs of lung cancer:

advanced NSCLC, 509–514
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bleeding diathesis, 441
bronchial occlusion, total, 441
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[Endobronchial therapy]
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dose, 453
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laser, characteristics of, 440
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Federal Drug Administration
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526 Index

Fluorouracil, 396
Fractured cartilagenous rings, 441
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chemoradiation pneumonitis, esopha-

gitis, 396
Induction chemotherapy, prospective tri-

als, 136–143
phase II trials, 136–139
randomized trials, 139–143
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M0, defined, 6
M1, defined, 6
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vention and, 362
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[N2 non-small cell lung cancer]
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preoperative chemoradiotherapy,
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stage IIIA (N2) disease, favorable
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359–360
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Neurotoxicity, prophylactic cranial irra-

diation, 69–71
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[Non–small cell lung cancer]
chemotherapy dose intensification,
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cisplatin, 328–330
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gemcitabine, 335–337
irinotecan, 339
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platinum compounds, 328–330
taxanes, 330–335
vinorelbine, 337–338

NSCLC. See Non–small cell lung
cancer

Nx, defined, 5

Obesity, 381
Occult carcinomas of endobronchus, strate-

gies for treatment of, 453–458
Occult, defined, 6
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therapy, 20
Japan Clinical Oncology Group

trial, 28
National Cancer Institute of Can-

ada trial, 26–27
optimal sequencing of radiother-

apy, chemotherapy, strategic fac-
tors, 18–22

phase III trials of chemotherapy
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[Staging]
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pleural effusion, 9–10
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