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Foreword

Lung cancer is not a single disease process but is a group of biologically variable diseases.
Therefore, accurate and complete diagnosis along with complete workup of the patient
prior to decision-making in treatment is essential to devise the most appropriate treatment
strategy. In North America adenocarcinoma of the lung now accounts for about 40% of all
lung cancers and stage for stage these tumors have a poorer prognosis than squamous cell
cancers of the lung.

Many prognostic indicators have been identified such as genetic markers and neuroen-
docrine differentiation, which have important roles to play in identifying the patients who
would benefit most from active treatment.

Screening and early detection have been thought to be sine qua non in early diagnosis of
lung cancer. However, a number of control led trials assessing the value of annual screening
for lung cancer have demonstrated in some studies that chest X-rays and/or cytology
screening may improve stage distribution, resectability, survival, and fatality but has not
shown an impact on disease-specific mortality rates. The Mayo Clinic lung project compar-
ing quarterly chest X-rays and sputum cytology with routine care in more than 10000 male
smokers indicated that 5-year survival following treatment in the screened patients was
better than rates in contemporary clinical practice. However, arguments have been ad-
vanced as to factors that might have biased the clinical benefits. Other trials are currently
under way to deal with this issue along with new molecular markers that may enhance
sputum sensitivity.

In large measure, cancer of the lung is already advanced at the time of the original
diagnosis. However, advances in staging and classification of tumours coupled with identi-
fication of potential new prognostic factors, enhance our ability to make sound and scien-
tifically based treatment decisions for patients. Even though the prognosis remains poor for
many of these patients because of the advanced stage at the time of presentation, the ability
to prolong survival has been enhanced by new treatment regimens along with a better
understanding of how these treatment regimems may best be used. Not only surgery, but
also radiotherapy today gives a moderate chance of survival to patients who are inoperable
or suffer from advanced stages.

Clearly, active treatment is cost-effective and is a viable option for patients regardless of
the stage of disease. Even in late stage patients, modest survival advantages can be gained
through aggressive multimodal integrated programs of management, if the individual
tolerance of the patient is taken into consideration.

The present volume edited by Dr. Paul Van Houtte clearly identifies the problems in
screening, staging, and histologic typing of lung cancer, and the appropriate treatment
regimens for management.

Philadelphia LutHER W. BRADY
Hamburg HANS-PETER HEILMANN



Preface

Lung cancer remains a major challenge owing to its low cure rate but also due to its
very high incidence in most countries. Facing this enemy, the medical community has
only two possible approaches: prevention and treatment. Despite the many information
campaigns and the greater public awareness of the health risks, tobacco smoking is
certainly not declining worldwide, even if some progress has been made, mainly in
North America and in the countries of northern Europe. Tobacco smoking remains very
fashionable in many countries of southern and eastern Europe and in Asia and South
America. So, for the next few decades, improving our treatments remains a major health
issue: any small step forward will immediately translate into a large number of patients
cured.

The management of lung cancer remains the task of a team involving chest physicians,
radiologists, pathologists, surgeons, medical oncologists, radiation oncologists . .. and
of course general practitioners. This book is a perfect illustration of such teamwork
and follows the spirit of our meetings and workshops organized during the past
20 years. The first meeting was held in Brussels in 1979 with the collaboration and
support of the European Organization for the Research and Treatment of Cancer
(EORTC). A series of workshops were held in Le Havre, Fontainebleau and
Bruges under the sponsorship of the International Association for the Study of
Lung Cancer (IASLC). Lectures and papers including consensus reports were
published in the International Journal of Radiation Oncology, Biology and Physics and in
Lung Cancer.

Following our last workshop in Bruges in 1996, L. Brady and S. Heilman asked us to edit
this book, retaining the philosophy of multidisciplinarity with experts from all parts of the
world. The different aspects of the management of lung cancer are reviewed: prognostic
factors, imaging techniques, combined treatments for small cell and non-small cell lung
cancers, new drugs and best supportive care, among other topics. Several chapters are
dedicated to aspects of radiotherapy such as the problems of fractionation, biological
modifiers, prophylactic cranial irradiation and palliative treatment. This book is also the
story of a long-standing friendship leading not only to workshops but also helping us in our
daily life.

Over the years, we have had successful partnerships not only with all our colleagues
at our institutions in Brussels (Institut Bordet and Erasme Hospital) but also
with those from the Institut Gustave Roussy (Paris): R. Arriagada, D. Grunenwald,
T. Le Chevalier. The last meeting in Bruges was a perfect illustration of real
teamwork. Workshops were designed to share information, to challenge aspects of
our current practice, to raise questions and to develop new strategies. The support of the
IASLC and its secretary H. Hansen was very helpful in preparing and organizing our
meetings.

The principal credit for this book must go to all the authors, whose papers remind us of
the atmosphere and spirit of our meetings: arguments, science, discussions and friendship.
Last but not least, we also wish to acknowledge the great help, support and enduring work
of Ursula Davis and Anna Deus in completing our task and the many hours spent by Carine
Vandevelde in preparing manuscripts.



VIII Preface

Finally we wish to dedicate this book to our families: they have supported and encour-
aged us for many years during our daily work with our patients and with the preparation of
our meetings.

Brussels For the editors
P. VAN HoOUTTE
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1 Prognostic Factors: From Clinical Parameters

to New Biological Markers

].B. SerENSEN and K. @STERLIND

CONTENTS

1.1 Introduction I
1.2 Prognostic Factors in Non-Small Cell Lung
Cancer 2

1.2.1 Clinical and Laboratory (Clinical Chemistry)
Variables 2

1.2.2 Histopathologic Variables 4

1.2.3 Biological Features 5

1.3 Conclusions on Non-Small Cell Lung Cancer 10
1.4 Prognostic Factors in Small Cell Lung Cancer 1!
1.4.1

Importance of Prognostic Factors
in Small Cell Lung Cancer 1!
1.4.2 Clinical Prognostic Factors 11
1.4.3 Tumour Markers, Growth Factors and Other Cancer
Related Serum Compounds 14
1.4.4 Prognostic Factor Studies 16
References 16
1.1
Introduction

The current treatment results for lung cancer clearly
call for improved therapy and also for careful selec-
tion of patients for the treatment options from which
they are most likely to benefit. A detailed knowledge
of prognostic factors, meaning variables with a well
established relation to the prognosis, is important
for achieving these goals. Any clinical trial must
therefore include an assessment of the possible influ-
ence of such prognostic factors on the therapeutic
result.

The ideal prognostic test divides the patients into
two or more groups with very different outlooks and,
accordingly, with no overlaps. However, this situa-
tion is relatively uncommon in clinical practice and a
more likely situation is using a prognostic test, which
is able to divide patients into “high-risk” and “low-

J.B. S@RENSEN, The Finsen Center, Department of Oncology,
Copenhagen University Hospital, 9 Blegdamsvej, DK-2100
Copenhagen @, Denmark

K. @sTERLIND, Department of Internal Medicine F, Hillerad
County Hospital, DK-3400 Hillered, Denmark

risk” subgroups with significant differences in out-
look. However, a high degree of uncertainty remains,
since not all the “high-risk” patients will recur and
not all the “low-risk” patients escape the poor
outcome. If such test results were used to decide
the treatment, many patients would receive the
appropiate therapy, but not without the occurrence
of some overtreatment and some undertreatment.

One way to overcome this obstacle and make a
more accurate prediction of the outcome is to con-
sider a number of predictors simultaneously. Thus, a
multivariate model is necessary if the influence of
several concurrent factors is to be investigated. The
most common method is the Cox proportional
hazards regression model (Cox 1972):

H(t) = H,(t) X
exp(z,B; + 2,8, + 25 + ...+ 2,B,)

This model postulates that the death hazard H(¢) for
any patient is proportional to an imperical base line
hazard Hy(t), which is the death hazard function for
patients in whom all the regression variables (z) are
zero. In a stepwise computer analysis, a set of best
fitting coefficients (B), with a significant contribu-
tion in the equation, are obtained. This stepwise pro-
cess is called forward, if the variables are included
one by one (and discarded again if the influence is
insignificant); the reverse process is called the back-
ward procedure. Interactions among variables may
result in minor differences between final models
obtained with the two procedures; thus both proce-
dures are often carried out, combined with tests for
interactions, for proportionality, and for variation
with time. For interpretation of the model, it is im-
portant that all z = 0 codes are related to clinical and
meaningful attributes, e.g. normal laboratory tests
and normal findings at imaging procedures.

The Cox model assumes the same influence of
each variable (i.e., a fixed P value) throughout the
data and constant interaction between two variables,
if interaction occurs. However, unanticipated bio-
logical peculiarities may be overlooked. If peculiari-
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ties are suspected, other statistical models are
optional, e.g. the recursive partition and amalgam-
ation methods (RECPAM) (Ciamp1 et al. 1988).
RECPAM is based on statistical clustering theories.
For example, the patient material is split, step by
step, like a branching tree, into a minimum of 30
patients in a branch; every branch ends in a terminal
node. Survival data from different terminal nodes
are compared, and if differences are small, relative to
predefined criteria, nodes are merged (or amalgam-
ated) to form final prognostic classes. The resulting
tree thus has a similarity to the stepwise order of a
clinical examination program. Specific variables may
be influential in some, but not in other, parts of the
tree, which may inspire new biological hypotheses;
the risk of overfitting should always be kept in mind,
however.

Even when combining the variables with an inde-
pendent significant prediction of prognosis as estab-
lished by a multivariate analysis, in a prognostic
index, the current variables describing anatomic
stages and clinical, histological, and clinical chemis-
try features do not completely predict the prognosis
and a large fraction of the varibility remains
unexplained. One possible explanation for this phe-
nomenon is that the most frequently used prognostic
variables are in reality epiphenomena of the true
cellular and molecular characteristics of the disease,
and relatively little is known about the biological
model of the disease itself, even though the impact of
a variety of biological phenomena have recently been
evaluated. Thus, more knowledge on these cellular
and molecular characteristics is still needed.

The objective of the following is to provide an
update on the current knowledge of prognostic vari-
ables in lung cancer, which have been established
through multivariate analysis, or RECPAM analysis,
and which have a documented impact on prognosis.

1.2
Prognostic Factors in Non-Small Cell
Lung Cancer

An update on the current knowledge of prognostic
variables in non-small cell lung cancer (NSCLC),
which has been established through multivariate
analysis, is given in the following. Studies are re-
viewed provided that they describe prognostic
factors for survival solely in NSCLC patients and
provide clear descriptions of the variables included
in a multivariate analysis. No abstracts have been
included. The studies are divided according to

].B. Sarensen and K. Osterlind

whether the study populations consisted of
resectable patients or of non-resectable patients
treated with either chemotherapy with or without
radiotherapy or with radiotherapy alone. In addi-
tion, a number of studies including NSCLC patients
in all stages of disease have been included.

1.2.1
Clinical and Laboratory (Clinical Chemistry)
Variables

A recent review on prognostic factors in NSCLC
(SORENSEN 1994) revealed 20 studies (GAIL et al.
1984; LipFORD et al. 1984; CHASTANG et al. 1985;
SoORENSEN and BADSBERG 1990; DELAURIER et al.
1989; LiTTLE et al. 1990; HARADA et al. 1992;
FoNTANINI et al. 1992; MACCHIARINI et al. 1992;
STiPA et al. 1993; M@RKVE et al. 1993; Hor1o0 et al.
1993; PENA et al. 1992; BATTIFORA et al. 1992;
LiIEwALD et al. 1992; TARTTER et al. 1984;
ZIMMERMANN et al. 1987; ALAMA et al. 1990; vAN
BoDEGOM et al. 1989; IscHINOSE et al. 1993) includ-
ing a total of 3500 patients with resected NSCLC, 14
studies (MILLER et al. 1986; FINKELSTEIN et al. 1986;
EINHORN et al. 1986; Evans et al. 1987; O’CONNELL
et al. 1986; Rapp et al. 1988; SUKURAI et al. 1987;
SGRENSEN et al. 1989; ALBAIN et al. 1991; SHINKAI et
al. 1992; KojiMa et al. 1991; KAwAHARA et al. 1991;
Bonowmr et al. 1991; PujoL et al. 1993) including a
total of 5875 patients with inoperable disease includ-
ing in chemotherapy trials with or without radio-
therapy, and 1 study (GRAHAM et al. 1992) including
1565 patients treated with radiotherapy alone. Also 6
studies (VoLM et al. 1988; HiLsENBECK et al. 1993;
STEVENSON et al. 1990; HANNISDAL and ENGAN
1991; BuccHERI et al. 1993; MiTsupowmI et al. 1993)
including a total of 1701 patients with NSCLC of all
stages and treated with either surgery, irradiation, or
chemotherapy were included in the review. The
results from this review, together with a compre-
hensive review of the more recent literature on
independent prognostic variables, are as shown in
the tables. Table 1.1 highlights the impact of clinical
and laboratory (clinical chemistry) variables, which
have been attributed independent prognostic impact
on survival.

Variables which have been evaluated in less than
three multivariate studies have not been included in
the tables. When a variable has been attributed a
independent prognostic impact in more than half of
the studies in which it has been evaluated, it has been
attributed a definite prognostic impact in the tables.
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Table 1.1. Clinical and laboratory (clinical chemistry) variables attributed prognostic impact on survival in multivariate

analysis of NSCLC

Variable Resected pts.

Chemotherapy +/— radiotherapy Radiotherapy alone

All stages

Definite Possible Minor Definite Possible

importance

Minor
importance

Minor
importance

Minor
importance

Definite Possible Definite Possible

Performance + +
status
Age + +
Gender + +
Stage + +
T-stage +
N-stage +
Tumour size +
Weight loss +
Smoking index +
Operation type +
Limited/ +
extensive
disease
Metastases to
Liver +
Bone +
Perioperative  +
blood
transfusion
Albumin +
Hemoglobin +
WBC
LDH +

+

LDH, lactate dehydrogenase; WBC, with blood cell count.

Variables which were of prognostic significance in
less than half but more than one-third of the studies
are called possible prognostic predictors, and vari-
ables which were of prognostic significance in less
than one-third of the studies are attributed a minor
or no importance in the tables. It is apparent that
none of the variables were evaluated in all studies.
A large number of studies have evaluated prog-
nostic variables among resected patients. Besides 20
studiesincluded in a recent review (SORENSEN 1994),
a further 22 studies have recently been published
(BuHR et al. 1997; HicasHivyaAMA et al. 1997a,b;
Ocawa et al. 1997; Dosaka-AkiTa et al. 1997;
Koukourakis et al. 1997; EsposiTo et al. 1997;
KessLEr et al. 1996; CaNGEMI et al. 1996;
YAMASHITA et al. 1996; HARPOLE et al. 1995, 1996;
DALQUEN et al. 1996; FujiNo et al. 1995; ISCHINOSE
et al. 1995; LeE et al. 1995; KoLoDzIEJSKI et al. 1997;
NisH1o et al. 1997; ApoLINARIO et al. 1997;
PasTORINO et al. 1997; GASINSKA et al. 1997; PAPPOT
et al. 1996; GIATROMANOLAKI et al. 1996). Definite
prognostic factors for long survival include good
performance status, low stage and low lymph node
category (N) and lack of need for perioperative blood
transfusion (Table 1.1). Also, low tumour category
(T) and tumour size in itself has been a major predic-
tor of survival in many trials, but the variables
describing T and N were not independent significant

predictors of survival in all studies evaluating these
factors. This observation might be explained by the
phenomenon that T and N categories may be less
important in Cox multivariate regression analysis
when stage of disease is included in the analysis as
well.

Effect of perioperative blood transfusions was
a significant prognostic variable in two studies
(LrrTLE et al. 1990; TARTTER et al. 1984) while it was
not significant in a third study (KoLopz1EjsKr et al.
1997). The observation that perioperative transfu-
sion significantly worsened the patients’ prognosis
may be due to an adverse effect of the transfusion
itself, but may rather serve as a marker of another,
still undetermined, risk factor.

Minor importance was observed for age and gen-
der (Table 1.1). A smoking index, defined as number
of pack-years, was without prognostic significance
in three studies (Fujino et al. 1995; HaRPOLE et al.
1995; KoLoDpzIEJsKI et al. 1997). Also the operation
type, divided into pneumonectomia, lobectomia or
smaller resections, was of prognostic significance in
only 3 out of 14 studies (SORENSEN 1994; BUHR et al.
1997; CanNGeMiI et al. 1996; HARPOLE et al. 1995;
APOLINARIO et al. 1997; GAsINSKA et al. 1997).

The prognostic variables for patients in advanced
disease receiving chemotherapy with or without ra-
diotherapy have been reported in 14 studies includ-



ing a total of 5875 patients in a recent review
(SoRENSEN 1994), and subsequently also in a further
4 studies (SCULIER et al. 1994; EspINOsA et al. 1995;
HEesPANHOL et al. 1995; TAKIGAWA et al. 1996). The
results are summarized in Table 1.1 with respect to
clinical and laboratory variables. Performance status
has been evaluated in 18 studies and was significant
in 16 of these, indicating that performance status is
still the best documented prognostic variable in
NSCLC patients with advanced disease.

The new international staging system, as de-
scribed by MouNTAIN in 1986, has also been a defi-
nite prognostic factor. Other established prognostic
variables include gender, with a worse survival out-
look for males, and a poor survival outlook has also
been observed with patients having limited disease or
low pretreatment plasma albumin level (Table 1.1).

Other variables which may be possible predic-
tors of poor prognosis include high weight loss,
metastases to liver or bones, low pretreatment he-
moglobin level, high white blood cell count or high
LDH (Table 1.1). Age has been of only minor impor-
tance, as indicated by lack of significant influence in
the majority of studies.

Patients treated with radiotherapy alone were in-
cluded in 3 multivariate studies, including a total
of 3326 patients, out of which 2 studies were multi-
variate Cox regression analyses (VoLM et al. 1988;
JEREMIC and SHIBAMOTO 1996) while 1 study was a
RECPAM analysis (ScoTT et al. 1997). Definite prog-
nostic variables include performance status and age,
which were both major prognostic variables in all
three studies, while gender and weight loss were of
prognostic influence in two out of these three trials
(Table 1.1).

Ten studies (VoLM et al. 1988; HILSENBECK et al.
1993; STEVENSON et al. 1990; HanNIsDAL and
ENGAN 1991; BuccHERI et al. 1993; MiTsUDOMI et al.
1993; THIBERVILLE et al. 1995; VISAKORPI et al. 1995;
WEISKOPF et al. 1995; GoTo et al. 1996) including
patients with NSCLC of all stages and treated with
either surgery, irradiation, or chemotherapy, have
reported data in multivariate analysis of variables
predicting survival. Again, not all variables have
been included in all analyses, which somewhat limits
the conclusions. Only performance status has been
an important predictor of prognosis in all the studies
in which it was evaluated, while other definite prog-
nostic variables include stage and lymph node status
(N). Possible prognostic factors include gender and
LDH, while a minor or no influence was observed for
tumour size or localization (T), age or histologic

type.

J.B. Sgrensen and K. @sterlind

1.2.2
Histopathologic Variables

Although 29 studies have evaluated the histologic
type for possible prognostic impact among re-
sectable NSCLC patients in multivariate analysis,
only five studies revealed a prognostic impact (GaIL
et al. 1984; LiPFORD et al. 1984; DELAURIER et al.
1989; CANGEMI et al. 1996; FujINO et al. 1995). Both
GAIL et al. (1984) and DELAURIER et al. (1989) ob-
served an independent and significant prediction for
long-term survival among patients with squamous
cell carcinoma compared with patients with non-
squamous histology, although these observations
were not confirmed in a study by LipForD et al.
(1984). However, the latter study revealed a signifi-
cantly worse prognosis for patients having large cell
carcinoma. FUJINO et al. reported that patients with
large and adenosquamous cell carcinomas had a
shorter survival than those with adenocarcinoma
and squamous cell carcinoma, while CANGEMI et al.
observed that squamous cell carcinomas predicted a
poor survival expectancy in elderly patients above 70
years of age, while no significant influence was ob-
served in the younger patient population. Thus, the
results with respect to histologic types are conflicting
in the studies in which a statistical influence was
observed. Taken together with the fact that the ma-
jority of studies have not observed any prognostic
influence, it seems fair to conclude that histologic
type is of only minor or no importance for prediction
of survival among resected patients.

The degree of differentiation or intratumour
necroses also proved to be of minor importance
(Table 1.2). The proliferative activity of the tumour
cells was of prognostic importance in three out of
nine studies. Only intratumoural blood vessel inva-
sion seems at this point to be considered a definite
prognostic variable among resectable NSCLC pa-
tients, being a significant predictor in five out of
six studies (SORENSEN 1994; KESSLER et al. 1996;
IsCHINOSE et al. 1995; HARPOLE et al. 1995, 1996).

Among patients with non-resectable disease, only
histologic type was evaluated in three or more multi-
variate studies and was also attributed minor impor-
tance in these patients (Table 1.2). The same lack of
prognostic information was attributed to histologic
type in studies including all stages of NSCLC treated
with either surgery, radiotherapy or chemotherapy
(Table 1.2). Histologic type has not been sufficiently
evaluated in radiotherapy studies, but was without
significant prognostic impact in one multivariate
study including 1592 patients (SCoTT et al. 1997).
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Table 1.2. Histopathologic variables attributed prognostic impact on survival in multivariate analysis of NSCLC

Variable Resected pts. Chemotherapy +/— radiotherapy Radiotherapy alone All stages
Definite Possible Minor Definite Possible Minor Definite Possible Minor Definite Possible Minor
importance importance importance Importance

Histologic type + + +
Differentiation +
Proliferative +

activity
Necrosis +

intratumoral
Intratumoral +

blood vessel

invasion
1.2.3 with squamous cell lung cancer. Another study by

Biological Features

In addition to clinical chemistry, and histo-
pathologic variables attributed a prognostic impact
as shown in Tables 1.1 and 1.2, many other factors
are important for predicting the prognosis in
NSCLC. These factors include the biological proper-
ties inherent in the tumour cells themselves. The
relative imprecision of the previously mentioned
criteria in estimating prognosis has led to a re-
examination of the tumours themselves. Technologi-
cal advances in molecular biology offer important
opportunities to study the molecular characteristics
of NSCLC and to discover important pathophy-
siologic and prognostic data. Thus, the literature is
rapidly expanding in this field. Biological variables
which have been evaluated in multivariate analysis
in NSCLC are shown in Table 1.3, and will be dis-
cussed in the following.

1.2.3.1
Genetic Features

1.2.3.1.1

DNA ANEUPLOIDY

DNA aneuploidy (abnormal chromosomal number)
has been investigated for the influence on prognosis
in seven studies (M@RKVE et al. 1993; LIEWALD et al.
1992; ZIMMERMANN et al. 1987; vAN BODEGOM et al.
1989; IscHINOSE et al. 1993; VisAKORPI et al. 1995;
KoLoDz1EjsKI et al. 1997). Three studies (KERN et al.
1990; Ocawa et al. 1992; KoLODZIEJSKI et al. 1997)
observed that patients with diploid tumours had
longer survival times than patients with aneuploid
tumours. The first two studies (KERN et al. 1990;
OGcawa et al. 1992) included patients with both
NSCLC and SCLC tumours, while the latter study
(KoLopzIEJsKI et al. 1997) included solely patients

IsoBE et al. (1990) included 130 patients with NSCLC
and similarly observed a more favourable survival
for patients with a diploid DNA pattern compared
with patients with aneuploid patterns. Also an earlier
study by VoLm et al. (1988) showed an independent
and significant impact of DNA diploidy on survival,
while two more recent studies (MUERS et al. 1996;
VisakORPI et al. 1995) reported DNA aneuploidy to
be without prognostic information.

1.2.3.1.2

CHROMOSOME ABNORMALITY

Analyses of chromosome abnormalities show
that non-random deletions of the short arm of
chromosom 3 are frequent in NSCLC, occurring in
40%-60% of cases (THIBERVILLE et al. 1995). Even
though univariate analyses previously have pointed
towards a prognostic impact of 3p 21-22 allelic loss
as a predictor of prognosis, a multivariate analysis by
THIBERVILLE et al. (1995) observed no influence of
chromosome 3p deletion on survival.

1.2.3.1.3

ONCOGENES

Proto-oncogenes will induce autonomous cellular
proliferation when activated to oncogenes. Activa-
tion will occur by point mutation, overexpression or
deletion of genetic material. Proto-oncogenes are
usually dominant. Oncogenes evaluated for prog-
nostic impact in NSCLC include the ras oncogenes,
c-erbB-1 oncogene, c-erbB-2 oncogene, also called
HER-2 and neu oncogene, and Bcl-2 oncogene.

ras Oncogene. The ras protooncogene family in-
cludes the genes k-, h- and n-ras, of which k-ras has
been evaluated for prognostic impact in NSCLC
(SzaBO and MULSHINE 1993; DOSAKA-AKITA et al.
1997; FujiNo et al. 1995). Point mutations at codons
12, 13 or 61 change ras genes to oncogenic forms.



].B. Serensen and K. @sterlind

Table 1.3. Biological variables evaluated for prognostic impact on survival in multivariate analysis in NSCLC

Variables

References

Genetic features
DNA aneuploidy

Chromosome abnormality (3p 21-22 allelic loss)
Oncogenes
K-ras

c-erbB2 (= HER2, = neu)
Bcl-2

Tumour suppressor genes
p53

Retinoblastoma (Rb gene)
Other genes
CYPI1A1
GLUT1 and GLUT3
Markers of differentiation
EGEF-R (epidermal growth factor receptor, c-erbBl)
Cyfra 21-1 (cytokeratin - 19 fragment)

Tumour cell proteases
.Plasminogen activator system
Polymorphonuclear leukocyte elastase (PMN-E)

Tumour associated antigenes
Blood-group carbohydrate antigenes
CA 242
Antigen 43-9F

Tumour cell proliferation
Proliferative index

Ki-67 proliferation-associated nuclear antigen
Other biological markers

Monomeric lamina receptor (67LR)

Motility-related protein-1 (MRP-1/CD9)

M@RKVE et al. 1993; LIEwWALD et al. 1992;
ZIMMERMANN et al. 1987; vaAN BODEGOM et al. 1989;
ISCHINOSE et al. 1993; KOLODZIEJSKI et al. 1997;
VISAKORPI et al, 1995
THIBERVILLE et al. 1995

SzaBo and MULSHINE 1993; DosAKA-AKITA et al, 1997;
Furino et al. 1995

HARPOLE et al. 1996

HigasHiYyaMa et al. 1997

DosAKA-AKITA et al. 1997; DALQUEN et al. 1996;
FujiNo et al. 1995; LEE et al. 1995; NisH10 et al. 1996;
APOLINARIO et al. 1997; PASTORINO et al. 1997;
ParporT et al. 1996; GIATROMANOLAKI et al. 1996;
Horio et al. 1993; EBINA et al. 1994

Dosaka-AKITA et al. 1997

Goro et al. 1996
Ogawa et al. 1997

PASTORINO et al. 1997; GIATROMANOLAKI et al. 1996
WEISKOPF et al. 1995

PAPPOT et al. 1996
YAMASHITA et al. 1996

LEE et al. 1991; MIYAKE et al. 1992
PujoL et al. 1993
BATTIFORA et al. 1992

KESSLER et al. 1996; HARPOLE et al. 1995, 1996; LEE
et al. 1995; KoLODZIEJSKI et al. 1997; GASINSKA et al.
1997; VISAKORPI et al. 1995; SORENSEN 1994
HARPOLE et al. 1996; GIATROMANOLAKI et al. 1996

PASTORINO et al. 1997
HigasHIYAMA et al. 1997

This results in continuous stimulation of cellular
growth. The activated ras genes are among the most
dominant identified oncogenes in human tumours
(KANTERS et al. 1995). k-ras is the most frequent
genetic mutation primary and metastatic in NSCLC,
with an incidence of 20%-30% among resected
NSCLC specimens (MooRE and LEE 1996). SLEBOS et
al. (1990) examined the prognostic impact of k-
ras mutation among 69 patients with completely
resected adenocarcinoma. Patients with tumours
having the k-ras mutation at codon 12 had a signifi-
cantly reduced survival outlook. DOSAKA-AKITA
et al. (1997) reported that ras mutation was a signifi-
cant prognostic factor in multivariate analysis
among 44 patients with adenocarcinoma, but not in

a cohort of 41 patients with squamous cell carci-
noma. All patients were curatively resected.

Also FuyiNo et al. (1995) examined 96 patients
with NSCLC, who underwent surgical resection, 63 of
whom also received postoperative combination che-
motherapy. Expression of ras-oncogen product was
not statistically significant in multivariate analysis,
but a combined analysis of mutated p-53 and ras
p-21 expression in the same tumour specimens re-
vealed that patients with p-53 and ras p-21-negative
tumours survived longest compared to patients with
other p-53 and ras p-21 features (Fujino et al. 1995).
Further studies with larger patient cohorts have to
reveal whether ras mutation is a definite and inde-
pendent prognostic variable in NSCLC.
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c-erbB-2. c-erbB-2 oncogene is also known as HER-2
or neu and codes for a membrane growth factor re-
ceptor. An immunohistochemical study of 203 pri-
mary NSCLC tumours detected c-erbB-2 expression
in 18% of stage I and 60% of stage 4 tumours
(TATEISHI et al. 1991). A subsequent multivariate
survival analysis by HarPoLE et al. (1996) among
275 consecutive patients resected for stage I NSCLC
revealed no prognostic impact in the Cox analysis for
c-erbB-2.

Bcl-2. Bcl-2 is a proto-oncogene that inhibits pro-
grammed cell death (apoptosis). Lower expression
of Bcl-2 oncoprotein probably plays a role in tumo-
rigenesis and tumour development. Im-munostain-
ing for Bcl-2 oncoprotein was performed by
HicasHrvama et al. (1997a) on 182 patients with
resectable NSCLC. Thirty-six patients (19.8%)
showed a positive immunostaining for Bcl-2
oncoprotein, and in a multivariate analysis, a posi-
tive Bcl-2 oncoprotein status was confirmed with
improved survival for patients with squamous cell
carcinoma, but not in other cell types. The mecha-
nism by which mutation of a known oncogene car-
ries a favourable prognosis is still unclear. It has
been questioned whether Bcl-2 oncoprotein biologi-
cally participates in the hemotogenous metastatic
process and reduces the incidence of distant
metastases (HicasHivyaAma et al. 1997a), but this
remains to be elucidated.

1.2.3.1.4

TUMOUR SUPPRESSOR GENES

Inactivation of genes that normally regulate cellular
growth and thereby have a restraining effect of
tumorigenesis (tumour suppressor genes) can lead
to uncontrolled cell proliferation. In many cases,
inactivation occurs by a point mutation of one allele
and, subsequently, loss of an amount of genetic
material in the other allele. For many types of cancer,
multiple mutations in both tumour suppressor genes
and oncogenes are ultimately required to achieve full
malignant transformation.

p53-Suppressor Genes. The p53 gene is thought to
regulate transcription of deoxyrebonuclic acid
(DNA). The wild-type p53 protein blocks the pro-
gression of cells through the cell cycle late in the G1
phase of replication. The mutant protein does not
have this function and may even promote cellular
proliferation (KANTERS et al. 1995). Alterations in
this gene are among the most common genes associ-
ated with cancer. p53 is very frequently abnormal in
lung cancer, with mutation in >50% of NSCLC

(KANTERS et al. 1995; CH1BA et al. 1990). The prog-
nostic impact of p53 alterations has been evaluated
in 11 multivariate studies out of which 6 studies
(DosakA-AKITA et al. 1997; NisHIo et al. 1996;
APOLINARIO et al. 1997; PasTorINO et al. 1997;
PAPPOT et al. 1996; GIATROMANOLAKI et al. 1996)
did not report any significant prognostic impact,
while 5 studies (DALQUEN et al. 1996; FusniNo et al.
1995; LEE et al. 1995; Hor1o0 et al. 1993; EB1NA et al.
1994) pointed towards independent prognostic in-
formation among NSCLC patients. Thus, the prog-
nostic significance of p53 is as yet unclear.

Retinoblastoma Genes. The retinoblastoma gene
(Rb) is a prototype tumour suppressor gene, produc-
ing a nuclear phosphoprotein involved in cell cycle
regulation located in chromosome 13q. The Rb
protein is thought to bind and sequester transcrip-
tion factors, which promotes cell cycling. Originally
described in retinoblastomas, abnormalities of the
Rb gene have subsequently been described in many
other tumours, including leukaemias, sarcomas and
carcinomas. It is mostly SCLCs (>95%), which have
absent or abnormal Rb protein, whereas only a mod-
est fraction of NSCLCs are affected, ranging from
20% for stage I and II to 60% for stages III and IV
(Xu et al. 1991).

In a study including 91 patients with curatively
resected NSCLC stages I to IIIA, DosAKA-AKITA et
al. (1997) observed that 21% of the tumours showed
negative Rb-protein expression. When evaluated in
multivariate analysis, Rb-protein expression was not
statistically correlated with survival in this cohort of
NSCLC patients, neither alone nor when combined
with ras mutation or with p53 protein expression.
However, in a separate analysis including 19 patients
with pulmonary adenocarcinoma, patients having
Rb-protein expression together with ras-p21 protein
expression had a 5-year survival rate of 82% in con-
trast to patients without Rb-protein expression to-
gether with ras-p21-protein expression, who had a
5-year survival rate of only 13%. This difference was
significant in a multivariate analysis, but neither Rb-
protein expression nor ras-p2l-protein expression
alone were significant predictors of survival.

1.2.3.1.5
OTHER GENES

CYP IAl. The CYP 1Al gene is responsible for the
metabolic activation of benzopyrene in cigarette
smoke and a high susceptibility to smoking related
lung cancer has been associated with polymorphism
of the CYP 1A1 gene. In a study of 232 patients with
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NSCLC of all stages who received treatment with ei-
ther chemotherapy, radiotherapy, or surgery, Goto
et al. (1996) examined the prognostic impact of CYP
1A1 gene polymorphism on survival. Patients with
at least one susceptible allele of polymorphism of
the CYP 1A1 gene had shortened survival (n = 131;
median survival time 24.2 months) compared
with those with non-susceptible homozygous alleles
(n = 101; median survival time 65.2 months)
(P = 0.005, log rank test). A multivariate analysis
also revealed that CYP 1A1 polymorphism was an
independent prognostic factor among 98 patients
with non-resectable advanced stage NSCLC,
while CYP 1A1 gene types were without prognostic
information among the patients with early stage
resectable disease (GoTo et al. 1996).

GLUT! and GLUT3. Increased glucose transportisa
common characteristic of most tumours. The mol-
ecules responsible for increased glucose metabolism
are membrane glucoprotein carriers that depend
on the glucose concentration gradient and do not
require cellular energy. Among seven glucose trans-
porter type genes (GLUT) identified, GLUT1 and
GLUTS3 are responsible for basal glucose uptake. The
rule of elevated glucose uptake in lung cancer was
examined by Ocawa et al. (1997), who performed
PCR amplification of GLUT1 and GLUT3 in 312 sur-
gically resected NSCLC tumours. The survival of pa-
tients whose tumour showed GLUTI amplification
was significantly shorter than that of patients whose
tumours did not (P < 0.001), and in multivariate
analysis, GLUTI remained a statistically significant
prognostic factor. GLUT3 was without prognostic
information.

The observation of higher glucose metabolism in
cancer cells forms a basis for the use of positron
emission tomography (PET scan) with labelled glu-
cose analogues for the diagnosis of a variety of can-
cers. Accordingly, the current studies suggest that
PET imaging may be a tool for estimating the prog-
nosis of patients with lung cancer, which, however,
requires further investigation.

1.2.3.2
Markers of Differentiation

EGF-R. The c-erbBl1 gene encodes for the epidermal
growth factor receptor (EGF-R). EGF-R are found
predominantly in the NSCLC.The production of
EGF-like activity by lung cancer cells raises the
possibility of an autocrine loop, as epidermal growth
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factor is a cytokine that stimulates the growth of both
normal and malignant cells. EGE-R is overexpressed
in up to 80% of NSCLC cases, but its widespread
distribution within normal long tissue may limit
its prognostic value (MoORE and LEE 1996). Two
studies have evaluated prognostic impact of EGF-R
(PAasTORINO et al. 1997; GIATROMANOLAKI et al.
1996). Neither a study including 515 cases of resected
stage I NSCLC patients by PAsTORINO et al. (1997)
nor a study of 107 resected stage I patients by
GIATROMANOLAKI et al. (1996) revealed any
prognostic information for EGF-R in multivariate
analysis.

Cyfra 21-1. Cytokeratines are epithelial markers
whose expression is not lost during malignant trans-
formation. Cyfra 21-1 is a cytokeratine-19 fragment,
which is soluble in serum and may serve as a circu-
lating tumour marker. WEISKOPF et al. (1995) per-
formed an immunoradiometric assay of serum Cyfra
21-1 in 116 patients with NSCLC and in 71 patients
with benign lung diseases. Cyfra 21-1 levels were sig-
nificantly higher in advanced NSCLC than in early
stage disease and were higher in NSCLC patients
than in patients with benign diseases. In a multivari-
ate analysis of survival, Cyfra 21-1 was an indepen-
dent prognostic factor along with performance
status and disease stage in NSCLC (WEISKOPF et al.
1995). The epithelial marker was highest in patients
with squamous cell subtype. Based on this study,
Cyfra21-1 seems to be a marker of NSCLC, especially
of the squamous-cell subtype. It may also reflect the
extent of disease and yield independent prognostic
information, which may be useful for stratifying pa-
tient populations with NSCLC if the current results
can be confirmed in subsequent studies.

1.2.3.3
Tumour Cell Proteases

Plasminogen Activator System. The plasminogen
activator system is a proteolytic enzyme system
known to be involved in cancer invasion and
metastases. Urokinase plasminogen activator (uPA),
plasminogen activator inhibitor 1 (PAI-1) and the
urokinase plasminogen activator receptor (uPAR)
have all been examined for prognostic information
in NSCLC (PAPPOT et al. 1996; PEDERSEN et al.
1994a,b). PAI-1 was an independent prognostic
marker in pulmonary adenocarcinoma (PEDERSEN
et al. 1994b) while uPAR was an independent
prognostic marker in squamous cell carcinoma
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(PEDERSEN et al. 1994a). The two studies did not
include all the histological subtypes of NSCLC, and
thus it is unclear whether PAI-1 and uPAR can be
used as prognostic markers of NSCLC in general. It
has been hypothesized that the variation in prognos-
tic impact of uPAR and PAIl between pulmonary
adenocarcinoma and squamous cell carcinoma
could reflect differences in tumour and stroma cell
interactions with regard to plasminogen activating
system.

The same group of authors have also examined
uPA, PAI-1 and uPAR in a group of 228 NSCLC pa-
tients of all major histological subtypes (squamous
cell carcinoma 84 patients, pulmonary adeno-
carcinoma 106 patients, and large cell carcinoma 38
patients) (PAPPOT et al. 1996). Multivariate analysis
did not reveal any prognostic impact of uPA and
uPAR, while PAI-1 was confined to independent in-
formation on survival (PAPPORT et al. 1996).

Polymorphonuclear Leucocyte Elastase (PMN-
E). Elastase is the only protease that can degrade
insoluble elastin, which is a structural component
of such elastic tissues as blood vessels, skin, breast
and lung. Polymorphonuclear leucocyte elastase
(PMN-E) is a neutral protease found in granulates
of human polymorphonuclear leucocytes. The im-
pact of local production of PMN-E, tumour progres-
sion and prognosis was analysed by YAMASHITA
et al. (1996). The authors determined the produc-
tion of immunoreative (ir)-PMN-E in tissue extracts
from NSCLC tumours and elucidated the rela-
tionship between the tissue concentration and prog-
nosis. In 40 specimens of NSCLC, the ir-PMN-E
concentration was significantly higher in stage
IIIB versus stages I, II and IITA (YaAMASHITA et al.
1996). Analyses of prognostic factors in a group of
101 patients with NSCLC demonstrated that those
with a high ir-PMN-E had significantly shorter over-
all survival versus those with a low ir-PMN-E, a
finding which was also significant in multivariate
analysis. The results suggest that the local production
of PMN-E may be involved in tumour invasion asso-
ciated with the poor prognosis in patients with
NSLCC.

1.2.3.4
Tumour Associated Antigenes

Blood-Group Carbohydrate Antigenes. Oncofetal
antigenes are alterations of the normal classic blood
group antigenes and are frequently expressed by

tumour cells. The tumours often lose a major blood
group A and B determinant, whereas precursor
antigene H and H-related antigenes often increase
reciprocally. The presence of blood group antigenes
A, B and H was assessed immunohistochemically in
tumour samples from 164 resected NSCLC patients
by LEE et al. (1991). Survival of 28 patients with
blood A or AB, who had primary tumours negative
for blood group antigene A, was significantly shorter
than that of 43 patients with antigene A-positive
tumours (P < 0.001) and of the 93 patients with blood
group B or 0 (P = 0.002). Expression of blood group
antigene B or H in tumours cells did not correlate
with survival. A multivariate analysis showed that
the expression of blood group antigene A in tumour
cells added significantly to the prediction of overall
survival provided by other known prognostic factors
among patients with blood type A or AB (P = 0.004).
Thus, the expression of blood group antigene A in
tumour cells sems to be an important favourable
prognostic factor in NSCLC.

MivAKE et al. (1992) evaluated the binding of the
monoclonal antibody MIA-15-5, which defines H,
Ley and Leb antigenes in a study of 149 lung cancer
patients, 141 of whom had NSCLC. Survival was
significantly worse for MIA-15-5 positive patients
compared with MIA-15-5 negative patients and the
difference was most pronounced in squamous cell
carcinoma. Multivariate analysis indicated that
among the variables tested MIA-15-5 positivity had
the best correlation with 5-year mortality, followed
by lymph node status (N-stage) and tumour size
(T-stage).

CA 242. CA 242 is a tumour carbohydrate antigen
which is present in serum. The prognostic impact
has been evaluated in 102 NSCLC patients (PujoL
et al. 1993). Patients with unresectable disease and
elevated CA 242 had significantly (univariate testing)
shorter survival than those with CA 242 <20U/ml,
but CA 242 was without prognostic information in
patients with resectable disease. CA 242 was signifi-
cantly related to the stage of disease, but was without
prognostic impact in a multivariate analysis (PujoL
et al. 1993).

Antigene 43-9F. Expression of antigene 43-9F,
which is a tumour associated carbohydrate epitope,
can be identified by a 43-9F monoclonal antibody.
Battifora et al. evaluated 231 resected lung cancer
patients of all cell types and observed a significant
impact of antigene 43-9F on prognosis for patients
with squamous cell carcinoma (BATTIFORA et al.
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1992). In multivariate analysis, 43-9F staining was a
significant independent predictor of survival.

1.2.3.5
Tumour Cell Proliferation

The proliferative fraction, as shown by analyses of
DNA patterns in NSCLC, suggests that patients
whose tumours have either a low proportion of cells
in G-0 or G-1 phase or a high proliferative fraction
have shorter survival, as discussed previously.
Besides DNA patterns, other markers of proliferative
activity have been examined as discussed below.

Ki-67 Proliferation Associated Nuclear Antigene.
The proliferation associated Ki-67 nuclear antigene
is a marker of the proliferative activity of NSCLC.
PENCE et al. (1992) investigated the utility of tumour
proliferation index as a prognostic marker in 61 pa-
tients with NSCLC by measuring immunostaining
for Ki-67 and DNA-ploidy. A significant survival ad-
vantage was observed for six patients with low prolif-
erative activity and a multivariate analysis selected
the proliferative activity as a significant survival
predictor. In contrast, two subsequent studies by
GIATROMANOLAKI et al. (1996) and HARPOLE et al.
(1996) did not observe prognostic independent in-
formation affiliated with the Ki-67 in multivariate
analysis.

1.2.3.6
Other Biological Parameters

Monomeric Laminin Receptor (67 LR). The mono-
meric laminin receptor (67 LR) is associated with
invasiveness and metastatization. Assessment of
immunostaining for 67 LR was based on cellular
membrane labelling in a study by PAsTorino et al.
(1997). The monomeric laminin receptor 67 LR in
this study included 515 cases of pathologic stage I
NSCLC without prognostic influence in multivariate
analysis.

Motility-Related  Protein 1 (MRP-1). Motility-
related protein 1 (MRP-1)/CD-9 is a transmembrane
glucoprotein closely associated with suppression cell
motility and reduced metastatic potential of some
tumour cells. NSCLC patients with low expression of
MRP-1/CD-9, especially the adenocarcinoma type,
have revealed a short overall survival. HicaAsHIYAMA
et al. (1997) investigated the expression by
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immunohistochemically staining in 132 patients
with pulmonary adenocarcinoma undergoing poten-
tially curative surgery. Of these patients, 44 (33%)
showed reduced expression of MRP-1/CD-9 and an
inverse association was observed between its expres-
sion and factors associated with tumour progression,
such as nodal involvement (P = 0.029) or stage (P =
0.028). Patients with reduced expression of MRP-1/
CD-9 showed significantly worse prognosis and in
multivariate analysis immunohistochemical MRP-1/
CD-9 expression level was an independent prognos-
tic factor for disease free survival (P = 0.021), but not
for overall survival (HiGasHIYAMA et al. 1997b).

1.3
Conclusions on Non-Small Cell Lung
Cancer

Definite prognostic factors in complete resected
NSCLC are performance status, stage, lymph node
status (N), and perioperative blood transfusion, even
though the latter variable may rather serve as an
indicator of other yet undetermined variables of
poor prognosis than being of influence by itself.
Among non-resectable patients treated with chemo-
therapy with or without radiotherapy, definite
prognostic variables predicting survival include
performance status, gender, stage, division into
limited and extensive disease, and pretreatment
plasma-albumin level. For patients treated with ra-
diotherapy alone, definite prognostic factors include
performance status, age, gender, and weight loss.
Even with the use of the classical clinical variables
mentioned above, a large variation in prognosis is
observed. It is likely that this variation is due to the
different biological properties of the tumour cells and
accordingly, a large number of variables describing
biological features of tumours have been evaluated
in NSCLC patients. Most of these variables have
been evaluated in relatively few trials and their
current role as predictors of prognosis are as yet
unclear. At present, changes in treatment policies or
staging recommendations are not justified based on
the studies reviewed. Future studies are warranted
to document further the value of these variables to
more accurately predict the prognosis of patients
with NSCLC and to select the appropriate treatment
option. Doing so will enable oncologists to make
treatment decisions on a firmer basis than is currently
possible, and more confirmatory investigations and
prospective clinical trials are needed to verify the
validity and reliability of the biological markers.
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14
Prognostic Factors in Small Cell Lung
Cancer

Every fifth to fourth lung cancer patient has small
cell carcinoma (SCLC). This cell type differs biclogi-
cally from the non-small cell types in several aspects.
SCLC disseminates early and surgery is restricted
to less than 5% of the patients. The TNM system
(MounTaIN 1988) is not useful because more than
90% of the patients have stage III or IV disease. In-
stead, SCLC is staged as extensive or limited depend-
ing on whether or not the tumor has spread beyond
one lung, excluding pleura but including regional
mediastinal and supraclavicular lymph nodes. About
55%-60% of newly diagnosed patients have exten-
sive stage disease. The principal treatment modality
is chemotherapy, but in spite of intensive clinical
research on treatment of this disease during the last
2'1, decades the prognosis remains sinister. Current
chemotherapy plus chest irradiation in limited stage
disease results in response rates of over 90% but 80%
of the patients will nevertheless die from recurrent
disease within the first 2 years from diagnosis and 5-
year survival is a rare event seen in less than 5% of
patients. Stage of disease is the principal pretreat-
ment predictor of long-term survival. Thus, the
probability of 5-year survival is three to four
times higher in patients with limited disease than
extensive stage disease (LASSEN et al. 1995; FUKUOKA
et al. 1990). Other pretreatment clinical features and
biochemical tests carry additional prognostic infor-
mation, and algorithms based on such variables have
proved useful to characterize survival estimates the
first 2 years after initiation of treatment, which is the
time interval where differences among treatment
results are most apparent. Stratification based on
performance status (PS) and serum lactate dehydro-
genase (LDH) is widely used to reduce or to adjust
for confounding evaluation of the treatment effect
but international guidelines or a stratification sys-
tem have not yet been established.

1.4.1
Importance of Prognostic Factors
in Small Cell Lung Cancer

The aims of improving treatment results in small cell
lung cancer has followed various strategies during
the last 25 years such as alternation between non-
cross resistant regimens, dose intensification, and
various regimes of chest and brain irradiation. Many

trials have evaluated efficacy of new drugs alone
and in combination regimens. Pretreatment prog-
nostic factors have been important for definition
of inclusion criteria and for analysis of results.

In phase II trials prognostic factors support a
standardized selection of patients. It could be prefer-
able to exclude patients with high risk of early death,
and to define a target population in the condition to
tolerate intensive, potentially curative therapy, with
good or with only modest chances for long term
survival. Similarly, prognostic factors may be useful
to characterize patients for whom a palliative regime
would be most feasible.

The purpose of randomization in phase I trials is
to obtain accidental and thus similar distributions of
unknown prognostic patient characteristics in each
treatment group. This intention is easily fulfilled if
the trial includes 250-300 patients in each arm. Fig-
ures of this magnitude are normal in current trials,
required to reduce the risk of type II error when
differences in results between treatment arms are so
modest as in small cell lung cancer. Previously, when
trials typically included 100-150 patients in each arm
it was regarded mandatory to stratify for important
prognostic factors prior to randomization, often re-
sulting in a complex system of closed envelopes
when this technique was used (STaQUET and
DavLesIO 1984). With the current availability of com-
puters and possibility for on-line randomization via
telephone lines the envelope method has been re-
placed by the minimization method at many centres
(Taves 1974). Three or four important prognostic
factors (or potentially influential factors such as
treatment centre) are selected and allocation to one
or the other treatment is performed to minimize
imbalances (Table 1.4).

1.4.2
Clinical Prognostic Factors

The first recognized prognostic factors in small cell
lung cancer were stage of disease and performance
status. The impact of stage can be differentiated into
influence of specific sites such as liver and bone mar-
row, and it can be semiquantitated according to
number of sites (liver + bone marrow + distant
lymph nodes, etc.) (IHDE et al. 1981), but none of
these policies has been adopted in trials or in clinical
routine. There may be several reasons why: the op-
tion of staging procedures varies from centre to cen-
tre, and influence of individual sites may depend on
diagnostic procedure and therefore change over
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Table 1.4. Allocation to treatment arm A or B by minimization procedure

Prognostic factor score PS P-sodium NSE Sum
0 1 0 1 0 1 2 3

Arm A 12 3 9 6 5 2 5 3

Arm B 11 4 7 8 2 4 8 1

New pt. 1 1 1

Status if allocated to arm A 12 4 9 7 5 2 6 3

Absolute difference (A-B) 0 1 2 3

Status if allocated to arm B 11 5 7 9 2 4 9 1

Absolute difference (A-B) 2 3 4 9

Conclusion: The new patient no. 16 should be allocated to arm A.

time. The sum of metastatic sites depends on num-
ber and sensitivity of staging procedures. Further-
more, it seems dubious to equate the sum of for
example pleural + cervical lymph node metastases
with the sum of brain + liver metastases. The prog-
nostic influence of performance status is indepen-
dent of that of stage and of biochemical tests
in multivariate analyses (SouHAMI et al. 1985;
@DSsTERLIND and ANDERSEN 1986). The PS character-
istics may seem rough and prone to biased subjective
assessments and this weakness may explain large
variations from centre to centre. In two studies on
aggregated data materials (RAwsoN and PETO 1990;
JORGENSEN et al. 1996), the proportions of patients
in good PS varied between 7%-74% and 40%-87%,
respectively. Within a joint group, however, varia-
tion can be much less. As an example the distribu-
tion on PS remained constant with time comparing
data on 874 patients included in Copenhagen Lung
Cancer Group protocols from 1973 to 1981 with data
from 728 patients included in trials during 1981-
1987: 18%, 46%, 19%, 12% and 5% vs 19%, 43%, 21%,
11%, 6%, respectively, scored to have PS 0, 1, 2, 3, or
4 according to the WHO scale (WHo 1979). Death
hazards related to PS changed, however, as reflected
by a plot of the logarithm to median survival (in
days) vs PS (Fig. 1.1). The original linear relationship
was broken in the last period, where inclusion of
cis-platin and etoposide resulted in more intensive
regimens (LASSEN et al. 1996).

The role of biochemical tests, routinely obtained
at diagnosing and pretreatment staging, has been
evaluated in a number of multivariable analyses
(Table 1.5) (SounamiI et al. 1985; @STERLIND and
ANDERSEN 1986; CERNY et al. 1987; VINCENT et al.
1987; SPIEGELMAN et al. 1989; DEARING et al. 1990;
ALBAIN et al. 1990; ALLAN et al. 1990; SAGMAN et al.
1991b). Increased values of serum LDH and serum
alkaline phosphatase are associated with an inferior
prognosis although only one of the two remains

In(median survival)

7
‘ * 1973-1981
- 1981-1987
6
5
4
3
2
0 1 2 3 4

Performance Status

Fig. 1.1. Median survival values (logarithmically trans-
formed) related to pretreatment performance status in 874
patients included in treatment trials 1973 to 1981 and in 728
patients included in trials 1981 to 1987. The linearity observed
in the early era reflects a simple proportionality between PS
and death hazard. In the recent era the prognostic impact of
PS >2 was worse than expected

when both are included in multivariable analyses.
Serum LDH is increased in 55%-60% of newly diag-
nosed patients compared to only 40% having abnor-
mal values of serum alkaline phosphatase. Values of
alkaline phosphatase and LDH are correlated and
LDH is usually the most influential when both are
included in a Cox analysis. Finally, LDH primarily
seems to be a tumour marker (SAGMAN et al. 1991a)
while increased serum alkaline phosphatase more
reflects bone and liver metastases. Other laboratory
values with prognostic influence include hypona-
tremia, anemia, hypoalbuminemia, hypouricemia,
and low serum bicarbonate (Table 1.5). Hy-
ponatremia is often caused by ectopic inappropriate
secretion of antidiuretic hormone (SIADH) (LisT et
al. 1986) and although SIADH is not a significant
prognostic factor in univariate analysis the adverse
influence of hyponatremia has been proven in multi-
variate analysis (@STERLIND and ANDERSEN 1986;
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Table 1.5. Clinical prognostic factors: results from multivariate analyses 1985-1991
Factor Author So 0 C v Sp D Alb All Sa
No of pts. 371 874 407 333 1521 411 2580 411 614

Performance status s s s s s s s s s
Extensive stage s s s s s s s s s
LDH or alkaline

phosphatase s s s ns ? s s s s
Hyponatraemia s s s ns 7 ns ? ns ns
Male gender ns s ns ns s s s ns ns
s, significant influence; ns, no significant influence; ?, not investigated. So, SouHAMI et al. 1985; O, @STERLIND et al. 1986;

C, CERNY et al. 1987; V, VINCENT et al. 1987; Sp, SPIEGELMAN et al. 1989; D, DEARING et al. 1990; Alb, ALBAIN et al. 1990;

All, ALLAN et al. 1990; Sa, SAGMAN et al. 1991a.

Table 1.6. Prognostic factors of early (0-6 months) and late
(6-24 months) survival after initiation of chemotherapy
(From RawsoN and PETo 1990)

Period variable 0-6 months 6-24 months
1960 pts. 1310pts.

Performance status s s

Extensive stage s s

Alkaline phosphatase s s/nm

Hyponatraemia s/nm s

All four variables had a statistically significant influence on
survival in both periods.

s, significant (Cox analysis); nm, not mandatory for an
optimal separation of patients into three equally sized
prognostic strata.

Rawson and PETO 1990). In a large, cumulative
series (RAwsoN and Peto 1990), hyponatremia
proved a steady influence with little change in risk
ratio from the initial 6 months to the subsequent
6-24 months after initiation of chemotherapy com-
pared to influence of PS, stage and alkaline phos-
phates, which decreased relatively more with time
(Table 1.6). Pretreatment hyponatremia also has
negative influence on the duration of complete
remission (OSTERLIND et al. 1987), but the attribute
has no significant influence on chances of long
term survival in benchmark analyses (LASSEN et al.
1995).

Based on a combination of performance status
and two or more laboratory tests it is possible to
establish algorithms for prognostic stratification and
it was once suggested that stratification by labora-
tory parameters could replace conventional staging
(Sounamr et al. 1985). A policy without staging
would be cheaper, faster and less inconvenient for
the patient, but more than 10 years after the proposal
staging is still mandatory in trials on SCLC. The
reason is that treatment in limited disease includes
chest irradiation at most centres, and irradiation of

primary tumour has never proved advantageous in
patients with extensive stage disease.

The dual role of stage as an important prognostic
factor and as criterion for a treatment policy with or
without radiotherapy are intriguing conclusions in
many prognostic factor studies. The enigma could be
handled by making separate statistical analyses for
each stage or by stratification for stage in the Cox
model (OsTERLIND and ANDERSEN 1986). In another
statistical method: the recursive partitioning and
amalgamation method (RECPAM) (Ciamp1 et al.
1988), stage is often responsible for the first partition
or split because it is one of the most influential fac-
tors. The subsequent partitions then reflect the hier-
archy of prognostic factors in limited and extensive
stage, respectively (ALBAIN et al. 1990; SAGMAN et al.
1991b). At amalgamation, however, patients from
both stages may be mixed again. In a Canadian study
(SaGMAN et al. 1991b), the two intermediate of four
prognostic groups thus included patients from both
stages. A similar mixture was seen in our own series
when we stratified patients according to a simple
algorithm in which performance status >1, abnormal
LDH and extensive disease each counted for one
point of a prognostic index. This simple algorithm
resulted in an even distribution of patients in differ-
ent prognostic strata and in a good separation of
survival curves (Fig. 1.2) but stratum Il included 33%
extensive stage patients and stratum III 16% limited
stage patients.

Another problem related to stage as prognostic
factor is stage migration, caused by a downgrading
of patients from limited to extensive stage disease
after introduction of new, more sensitive imaging
techniques (FEINSTEIN et al. 1985). The result is
apparently improved survival figures in both disease
stages. Influence from stage migration must be
considered when results from different centres are
compared, in reviews of historical data and in meta-
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Fig. 1.2. Survival curves for 1494 patients with SCLC stratified
after a prognostic index, PI=P + L + S, where P = 0if PS < 2,
P+ 1if PS> 2,L =0 if serum LDH is normal, L = 1 if LDH is
increased, and S = 0 if limited stage, S = 1 if extensive stage.
PI thus takes values from 0 to 3

analyses, while the phenomenon only plays a minor
role in trials, where staging procedures are kept un-
changed. In our own series of patients included in
treatment-trials from 1973 to 1981 and 1981 to 1987,
respectively, the proportion of limited disease pa-
tients decreased from 51% to 46%, while the median
survival increased from 324 days to 395 days. Median
survival in extensive stage disease remained un-
changed, maybe because poor risk patients in the
extensive stage category did not tolerate the new
treatment regimes so well (Fig. 1.1).

Early or Toxic Death. Some prognostic factors may
be predictors of increased risk of early or toxic death,
which may help to exclude susceptible patients from
intensive treatment protocols. Performance status is
the strongest predictive factor, followed by increased
alkaline phosphatase and clinical hepatomegaly
(RADFORD et al. 1993; MORITTU et al. 1989). Age less
than 50 years significantly reduces the risk of early
death (MORITTU et al. 1989).

Long-Term Survival. Factors related to long-term
survival can be investigated in various ways.
RawsoN and Pero (1990) divided the time after
initiation of therapy into periods: 0-6 months,
6-24 months, and >24 months. Stage of disease,
performance status, alkaline phosphatase and hy-
ponatraemia all had a significant influence on sur-
vival but the influence decreased with time and none
of the variables had a significant impact in the late
period >24 months. Stage of disease was the princi-
pal prognostic factor beyond 6 months. Another
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strategy focuses on survival at certain benchmarks
such as 18 months (@sTERLIND et al. 1986) or 5 years
(LassEN et al. 1995; JACOULET et al. 1997). With only
8% and 3.5% of the patients alive at the two bench
marks, respectively, the “signal” is weak and regres-
sion analysis will therefore only point out one or
two significant predictive factors. Stage of disease is
clearly the most important factor. High pretreatment
serum LDH and bone marrow metastases are other
negative features and males have in some series
inferior chances compared to those of females
(JoHNSsON et al. 1988).

1.4.3
Tumour Markers, Growth Factors and
Other Cancer Related Serum Compounds

The diagnosis of small cell lung cancer is primarily
based on small bronchoscopic biopsies. These speci-
mens are often not large enough and not sufficiently
representative for the entire tumour to enable mean-
ingful investigations of tumour cell characteristics
including genetic markers such as the myc family
oncogene, which is amplified in about 10% of
untreated SCLC tumors (JOHNsON et al. 1987).
Expression of the epithelial antigen MBrl was a
negative prognostic marker in a series of 161 patients
investigated by MARTIGNONE et al. (1993), but the
clinical importance is uncertain.

Many serum markers and other compounds with
a direct or only indirect relationship to the cancer
have been investigated during the last decade (Table
1.7) (Akoun et al. 1985; Jaques et al. 1988; Jorgensen
et al. 1988; Gronowitz et al. 1990; Harding et al. 1990;
van der Gaast et al. 1991; Johnson et al. 1993;
Szturmowicz et al. 1993; Drivsholm et al. 1994;
Vangsted et al. 1994a,b; Pujol et al. 1996; Rosenfeld et
al. 1997). The prognostic influence of many of these
compounds has been investigated in univariate
analyses and they may not have a significant influ-
ence in multivariable analysis. Thus, serum values of
NSE, TK, TPA, CK-BB and LDH are all correlated to
stage of disease and pairwise correlated to each other
(Gronowitz et al. 1990; Johnson et al. 1993). As a
consequense of these correlations only TPA - plus
age, performance status and gender sex — remained
as a significant prognostic factor in a Cox analysis
including TK, NSE, TPA, CEA, and LDH (Gronowitz
et al. 1990). Similarly, only NSE, PS and plasma
albumin were left in the final Cox model (Johnson
et al. 1993) while chromogranin A, LDH and
hyponatraemia were excluded. The relationship be-
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Table 1.7. Tumour markers with influence on survival in small cell lung cancer

Markers Significant impact references No significant impact
Neuron specific enolase (NSE) Ak Ja, Jo Ha Jo Sz Dr Gr Ga
Creatinine kinase BB (CK-BB) Ja,

Thymidine kinase (TK) Ga Ja,
Tissue polypeptide antigen (TPA) Gr Pu Ga
Chromogranin A (CgA) Dr Jo
Pro-gastrin-releasing-peptide (proGRP) Dr

Carcinoembryonic antigen (CEA) Ja, Jo Gr Jo
Neural cell adhesion molecule (NCAM) Ja, Va
Ganglioside fucosyl-GM, (FucGM,) Va
Cytokeratin fragment (CYFRA 21-1) Pu

Serum anti-p53 antibodies Ro

Ak, ARKOUN et al. 1985: 43 pts.; Ja,, JAQUEs et al. 1988: 195pts.; Ja,, JAQUES 1993: 221 pts.; Jo, JORGENSEN et al. 1988: 85pts.; Gr,
GRONOWITZ et al. 1990: 125 pts.; Ha, HARDING et al. 1990: 37 pts.; Ga, VAN DER GAAST et al. 1991: 69 pts.; Jo, JOHNSON et al. 1993:
159 pts.; Sz, SZTURMOWICZ et al. 1993: 92 pts.; Dr, DRIVSHOLM et al. 1994: 132 pts.; Va, VANGSTED et al. 1994a,b: 96 pts.; 112 pts.;
Pu, PujoL et al. 1996: 91 pts.; Ro, ROSENFELD et al. 1997: 170pts.

Table 1.8 Distribution and survival characteristics of 500 patients with SCLC’ categorized according to prognostic indices based

on stage (S), performance status (P) and NSE or LDH

Prognostic index N Pct.

Median survival (days)

Early death (< day 30) 2 year survival

Score Plyg:

0 44 9% 468
1-2 168 34% 366
3-6 221 44% 252
7 67 13% 126
Score Pl

0 113 23% 428
1 151 30% 333
2 128 25% 258
3 108 22% 145

0% 19%
0% 16%
11% 5%
21% 2%
0% 16%
4% 12%
7% 7%
21% 1%

Algorithms: Plyg = S + 2+ P + NSE; PI;;,; = S + P + LDH; Scoring: S = 0 (stage: limited), S = 1 (stage: extensive); P = 0 (PS < 2),
P + 1 (PS > 2); NSE = 0 (<12.5pg/l); NSE = 1 (12.5-25ug/l); NSE = 2 (25-50g/l; NSE = 3 (50-75ug/l); NSE = 4 (>75pg/l);

LDH = 0 (normal); LDH =1 (increased).
*Data from cumulative series (JORGENSEN et al. 1996).

tween NSE and LDH has been investigated in a series
from one institution (Jergensen et al. 1988) and in
a large multi-institutional series including 560
patients (Jogensen et al. 1996). NSE was increased
(>12.5ug/1) in 81% of the patients compared to 54%
for LDH. LDH could be excluded, resulting in a
model of NSE, PS and stage of disease. Drivsholm et
al. (1994) investigated NSE and CgA plus the growth
factor pro-GRP and found significant prognostic
impact of all three in a Cox analysis while LDH, alka-
line phosphatase and plasma sodium were excluded.
These studies prove that NSE is a strong prognostic
factor and suggest that prognostic investigations of
new tests should include NSE plus LDH and other
important clinical factors.

Of these tumor markers and growth factors, se-
rum NSE is the only well documented marker, which

has been the way through early exploratory studies
followed by larger studies fulfilling most of the
guidelines SiMoN and ALTMAN recently (1994) set
up for phase ITI prognostic factor studies. NSE assays
have been commercially available for nearly a decade
and NSE is measured at staging in many centres but
NSE has, nevertheless, not yet found a definitive
place in pretreatment staging of SCLC. NSE cannot
be used as a surrogate for staging (QuoIx et al. 1993).
Prognostic stratification based on NSE, stage and
performance status may not have important clinical
advantages compared to an algorithm based on LDH
plus stage and PS although the extremes, the
subgroups of long-term survival and early death,
respectively, may be better separated (Table 1.8).
Realizing that treatment trials in SCLC will continue
to be carried out separately for limited and extensive
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stage disease, it might be worthwhile to clarify the
role of NSE and other factors in prognostic systems
for each stage.

Increasing research in the metastatic process has
put focus on compounds involved in cell adhesion,
proteolysis and vascularization. Again research in
SCLC is hampered by the lack of surgical specimens.
Plasma levels of plasmin-a,-plasmin inhibitor
(TaGucHI et al. 1996) and of plasma D-dimer
(TagucHI et al. 1997) - attributes of activated
fibrinolysis - have a negative influence on prognosis,
independent of stage of disease and performance sta-
tus. Interactions between tumour and the immune
system in the patient may have a relationship to
the prognosis. Thus, increased values of soluble
interleukin-2 receptors are found in serum from
patients with SCLC (SARANDAKOU et al. 1993). The
values are correlated to NSE measured in the same
sample. Interleukin-2 is secreted by white blood
cells. The secretion is decreased in patients with
SCLC, possibly mediated by TGFf31 secreted by the
tumour cells, and low IL-2 activity is associated with
an inferior prognosis (FISCHER et al. 1997). The test
requires incubation of living blood cells for 48h,
which is less appropriate for routine use.

1.4.4
Prognostic Factor Studies

From a clinical point of view the majority of these
new compounds should not be regarded as new
prognostic factors. These investigations should
rather be regarded as human model testing of
hypotheses from the laboratory, where these com-
pounds or cellular features are intensively investi-
gated on cell lines and on heterotransplanted
tumours. Unfortunately, the clinical investigations
are often suboptimal due to lack of data on principal
prognostic factors such as stage, performance status,
LDH and plasma sodium. Many new factors will not
have a statistically significant influence on survival
in a multivariable analysis including these basic vari-
ables, in which case it may be tempting to omit the
Cox analysis. Other weaknesses are lack of a clear
idea or hypothesis about why the new factor should
have an impact on survival, lack of statistical dimen-
sioning and of selection criteria for inclusion of
patients. Laboratories build up banks of tissue speci-
mens and plasma samples, forgetting the importance
of good cooperation with the clinicians who generate
the clinical data, which should be sampled as system-
atic and standardized as biological specimens.
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The plethora of prognostic factor studies and the
lack of standards have prompted the American Joint
Committee on Cancer to propose criteria for evaluat-
ing putative prognostic factors (BURKE and HENSON
1993). Thus, a prognostic factor should be signifi-
cant, independent and clinically important. In gen-
eral, criteria for a proposed prognostic system
should include the TNM criteria, i.e., limited vs
extensive stage in the case of SCLC. A further 12
criteria are listed of which the first is that the test
should be easy for the physician to use. Without
effective therapy, prognostic information is of little
value, the committee has noted. In the treatment of
small cell lung cancer no new prognostic factors are
necessary until significant progress in therapy is a
reality.
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Chest imaging makes an important contribution to
the pre-operative assessment of patients with lung
cancer. Whilst there are accepted standard ap-
proaches for most operable patients, based on the
International Staging System, there is variation in
surgical strategy for those with more extensive
tumours at the limits of resectability. The Interna-
tional Staging System, and the operative manage-
ment of non-small cell lung cancer, will, therefore, be
briefly discussed, before the radiological evaluation
of intrathoracic non-small cell cancer is considered.

2.1
International Staging System

The newly revised International Staging System for
non-small cell lung cancer stratifies disease extent in
terms of prognosis (MOUNTAIN 1997). It is based on
the TNM grading of the primary tumour, regional
nodes and distant metastases (Tables 2.1, 2.2).

Stage I tumours are confined to the lung, without
extension to the parietal pleura; when in major
bronchi the tumour is more than 2cm beyond the
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tracheal carina. Stage I tumours have no nodal
or distant spread. This stage is divided into A and B
according to whether the tumour is T1 or T2.

StageIIA tumours are the same as stage A, but with
ipsilateral hilar nodal metastasis.

Stage IIB tumours can be either the same as stage IB,
but with ipsilateral hilar nodal metastasis, or are
tumours without nodal or distant spread but
which have invaded the adjacent chest wall,
mediastinum or diaphragm and are potentially
surgically resectable (ScoTT et al. 1988; MARTINI et
al. 1994). Included are tumours which extend along
the main bronchi to within 2cm of the carina but
do not involve it, which may be resected with
bronchoplastic techniques (BELLI et al. 1985).

Stage ITIIA comprises (a) T3 tumours in which the
only spread is to hilar nodes or (b) T1-T3 tumours
without distant metastases which have spread to
ipsilateral mediastinal and/or subcarinal nodes
(N2). These patients may benefit from medias-
tinal lymphadenectomy (GoLDSTrRAW et al. 1994;
MOUNTAIN 1994).

Stage IIIB tumours involve critical mediastinal
structures such as the great vessels, oesophagus,
and trachea (T4), or have spread to contralateral
mediastinal nodes (N3). These patients are not
considered to be conventional surgical candidates
(NARUKE et al. 1988a; MoUNTAIN 1997). However, a
few surgeons have recently proposed extending the
surgical option to the occasional highly selected pa-
tient with stage ITIB disease. Further work is required,
and definitive results may take years to evaluate.

Stage IV: Patients with distant metastatic disease
(M1).

These stages have been devised to produce groups
which reflect the management options and survival
figures with appropriate treatment (Tables 2.3, 2.4).
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Table 2.1. TNM classification of tumour extent (From MoUNTAIN 1997)

Primary tumour (T)

Tx
TO
Tis
T1

T2

T3

T4

Primary tumour cannot be assessed, or tumour proven by the presence of malignant cells in sputum or bronchial
washings but not visualised by imaging or bronchoscopy.

No evidence of primary tumour.

Carcinoma in situ

Tumour <3cm in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic evidence of
invasion more proximal than the lobar bronchus® (i.e. not in the main bronchus).

Tumour with any of the following features of size or extent: >3 cm in greatest dimension; involves main bronchus,
>2cm distal to the carina; invades the visceral pleura; associated with atelectasis or obstructive pneumonitis that
extends to the hilar region but does not involve the entire lung.

Tumour of any size that directly invades any of the following: chest wall (including superior sulcus tumours),
diaphragm, mediastinal pleura, parietal pericardium; or tumour in the main bronchus <2cm distal to the carina,
but without involvement of the carina; or associated atelectasis or obstructive pneumonitis of the entire lung.
Tumour of any size that invades any of the following: mediastinum, heart, great vessels, trachea, oesophagus,
vertebral body, carina; or tumour with a malignant pleural or pericardial effusion’, or with satellite tumour
nodule(s) within the ipsilateral primary-tumour lobe of the lung.

Regional lymph nodes (N)

Nx
NO
N1

N2
N3

Regional lymph nodes cannot be assessed.

No regional lymph node metastasis.

Metastasis to ipsilateral peribronchial and/or ipsilateral hilar lymph nodes, and intrapulmonary nodes involved by
direct extension of the primary tumour.

Metastasis to ipsilateral mediastinal and/or subcarinal lymph node(s).

Metastasis to contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular
lymph node(s).

Distant metastasis (M)

Mx
MO

M1

Presence of distant metastasis cannot be assessed.
No distant metastasis.
Distant metastasis present’

*The uncommon superficial tumour of any size with its invasive component limited to the bronchial wall, which may extend
Eroximal to the main bronchus, is also classified T1.

Most pleural effusions associated with lung cancer are due to tumour. However, there are a few patients in whom multiple
cytopathologic examinations of pleural fluid show no tumour. In these cases, the fluid is nonbloody and is not an exudate. When
these elements and clinical judgement dictate that the effusion is not related to the tumour, the effusion should be excluded as
a staging element and the patient’s disease should be staged T1, T2, or T3. Pericardial effusion is classified according to the same

rules.

“Separate metastatic tumour nodule(s) in the ipsilateral nonprimary-tumour lobe(s) of the lung also are classified M1.

Table 2.2. Stage grouping by TNM subsets (From MounTAIN  Table 2.3. Five-year survival figures (%) according to stage

1997) (From MoUNTAIN 1997)
Stage Definition Stage Definition Stage Clinical staging Pathological staging
IA TINOMO I11B T4NOMO 1A 61 67
IB T2NOMO T4N1MO 1B 38 57
T4N2MO ITA 34 55
ITA TINIMO TIN3MO IIB 22-24 38-39
IIB T2N1MO T2N3MO IIA 9-13 23-25
T3NOMO T3N3MO I11B 1-8
T4N3MO v 1
IIA T3N1IMO
TIN2MO v Any T, any N, M1
T2N2MO
T3N2MO

Staging is not relevant for occult carcinoma, designated
TxNOMO.



Radiological Evaluation of Intrathoracic Extension and Resectability of Non-Small Cell Lung Cancer 25

Table 2.4. Summary of staging of non-small cell lung cancer

Stage I
No nodal metastases and totally removable by lobectomy
or pneumonectomy. Divided into A or B based on tumour
size/involvement of major bronchi
Stage II
Adds hilar node involvement (ITA) or resectable chest
wall/resectable mediastinal involvement (IIB)
Stage IITA
Extensive but resectable disease (T3N1, TIN2, T2N2,
T3N2)
Stage IIIB
Irresectable disease by conventional criteria but still
confined to chest, so eligible for radical radiotherapy
Stage IV
Distant metastases

2.2
Surgical Management
of Non-Small Cell Lung Cancer

Surgery remains the most effective treatment for
non-small cell lung cancer (Bains 1991). Appropri-
ate selection of patients is critical, and the possibility
of cure depends on the complete removal of all ap-
parent disease. Surgery should be avoided when it
can be confidently predicted that the tumour is too
extensive to permit complete macroscopic clearance.
Surgery is also inappropriate in patients with physi-
ological contraindications, although decisions re-
garding operability (FRIEDMAN 1988) vary between
clinicians. In addition to the stage, assessment of
prognosis should take into account the histological
type and grade of tumour, individual patient factors
and local institutional experience.

Stage I tumours can be completely removed,
lobectomy being the procedure of choice (Bains
1991). Small peripheral tumours may be technically
suitable for wedge resection or segmentectomy in
patients with poor cardiorespiratory reserve.
Pneumonectomy becomes necessary if the tumour
crosses a fissure or extends to the main bronchus.
The resection is accompanied by mediastinal node
dissection, varying in degree from sampling of
suspect nodes to more meticulous mediastinal
lymphadenectomy. The latter approach is preferred
as it permits more accurate staging (BOLLEN et al.
1993; 1zBICKI et al. 1995). Five-year survival figures
of 55%-75% are reported (NARUKE et al. 1988a;
MOUNTAIN 1997) (Table 2.3).

Stage II tumours are also treated by resection. The
presence of ipsilateral hilar node metastases does not
preclude pneumonectomy, but the 5-year survival
is significantly reduced to 35%-55% (NARUKE et al.

1988a; MOUNTAIN 1997) (Table 2.3). There may be
roles for post-operative radiotherapy to improve
control of local recurrence and combination
chemotherapy to achieve survival benefit.

The presence of positive mediastinal (N2) nodes
converts the disease to stage IIIA. It is accepted that
a subgroup of patients with IIIA disease benefit
from surgery (Table 2.3), although the appropriate
selection of cases is debated. There is considerable
variation of prognosis within the N2 group depend-
ing on site and number of involved nodes,
extranodal spread, the size and histology of the
primary tumour.

Surgery is inappropriate in N2 disease presenting
with dysphagia or dysphonia, as this implies
extranodal spread, but the surgical management
of lesser degrees of N2 disease is controversial.
Conflicting published results are partly due to differ-
ences in selection criteria and data analysis. Pro-
gnosis correlates with the method by which N2
disease is established. Positive nodal disease dis-
covered preoperatively by mediastinal biopsy or CT,
with otherwise favourable surgical features, is as-
sociated with a worse outcome than when nodal
involvement is established only after mediastinal
dissection (PEARSON et al. 1982; CYBULSKY et al.
1992). In a study based on mediastinoscopy,
PEARSON et al. showed a 5-year survival of 9% vs
24% respectively for these two groups (PEARSON et
al. 1982). Two recent series have confirmed that a
reasonable survival dividend can be achieved in cer-
tain patient subsets, provided that complete removal
of tumour is possible. In the large series reported by
MOUNTAIN, 307 patients finally staged as N2 showed
a 5-year survival of 31% (MOUNTAIN 1994). Im-
proved outcome correlated with small primary
tumour (less than 3 ¢cm, T1), and was inversely corre-
lated with the number and extent of positive medias-
tinal nodes. Similarly, GoLpsTRAW et al. found that
improved survival was associated with single as op-
posed to multiple level mediastinal nodal involve-
ment (GOLDSTRAW et al. 1994). In addition, this
study noted more favourable outcome with squa-
mous carcinoma when compared with other cell
types, although there are conflicting reports in the
literature regarding the influence of histological
type on the prognosis of patients with N2 disease
(MARTINI et al. 1983; NARUKE et al. 1988Db).

The use of neoadjuvant chemoradiotherapy in N2
disease is an area of promising research (RuscH et al.
1993a). The intention is to render bulky nodal
disease technically resectable, and to improve prog-
nosis. The appropriate indications remain to be
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defined. Refinements to radiological staging may be
necessary to reflect changes in node appearance.

Involvement of contralateral mediastinal nodes,
or supraclavicular nodes on either side (N3), is a
manifestation of distant spread and these patients
are inoperable. They are included in the regional
nodal staging because of their suitability for radical
radiotherapy.

In terms of mediastinal invasion, the distinction
between T3 and T4 disease is critical, because for
most surgeons it reflects the dividing line between
surgical and non-surgical management. The results
of operation for T3 tumours affecting the mediasti-
num are poor (BURT et al. 1987; MARTINI et al. 1994),
even when complete clearance is possible (5%-10%
5-year survival). This may be improved with adju-
vant brachytherapy by implanting isotope sources
perioperatively (BURT et al. 1987). Subsets of pa-
tients have been identified with a better prognosis:
there are reports of 5-year survival of 30% if patients
with coexistent N2 disease are excluded (MARTINI
et al. 1994).

Some salvage can be achieved in highly selected
patients with T4 disease, provided complete resec-
tion can be achieved. Limited aortic arch, superior
vena cava or left atrial invasion can be resected, and
repaired or bypassed with prosthetic grafts, with
occasional 5-year survival (DARTEVELLE et al. 1987;
NakaHARA et al. 1989; TscHIUYA et al. 1994). Re-
cently the successful resection of tumours invading
thoracic vertebrae has been reported in highly
selected cases (GRUNENWALD et al. 1996). A course
of neoadjuvant chemotherapy is given initially to
“sterilise” the tumour. If repeat assessment is
favourable, vertebrectomy and bone grafting pro-
cedures are performed. Further work is needed to
determine long-term outcome. Usually, however,
such radical surgery is not justified.

Localised invasion of the chest wall (T3) is not
a contraindication to surgery (PIEHLER et al. 1982;
McCAUGHAN et al. 1985; ALLEN et al. 1991). Resec-
tion can be performed by extrapleural mobilisation if
the tumour appears limited to the parietal pleura,
or en bloc resection of tumour and skeletal struc-
tures with reconstruction of the chest wall defect
(McCauGHAN 1994). Although the spread of tumour
beyond the parietal pleura into the chest wall is an
adverse feature, the main determinant of outcome is
the coexistence of mediastinal nodal disease, rather
than the presence or depth of chest wall invasion.
Five-year survival figures of 25%-40% can be
achieved in patients with normal regional lymph
nodes (PIEHLER et al. 1982; McCCAUGHAN et al. 1985;
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ALLEN et al. 1991). The recently revised Interna-
tional Staging System now classifies T3 NO MO
tumours as Stage IIB disease to reflect this relatively
favourable outlook.

In contrast, diffuse pleural involvement by malig-
nant effusion or nodular seeding indicates tumour
dissemination and inoperable T4 disease.

Superior sulcus tumours (the so-called Pancoast’s
tumour) invade the adjacent chest wall and root of
neck, and can involve neural structures. Multidis-
ciplinary treatment may be effective, using pre-
operative radiotherapy, followed by en bloc chest
wall resection, with laminectomy or vertebrectomy
as necessary, and brachytherapy. Such an approach
can result in survival figures little worse than for
other sites of chest wall invasion (PAuLsoN 1979;
MILLER et al. 1979).

Because there are so-many factors affecting the
surgical resectability of non-small cell lung cancer,
the value of imaging is best judged by measuring
the accuracy with which radiology can determine the
final surgicopathological tumour stage of the Inter-
national Staging System. The overall aim is to permit
all suitable patients to undergo thoracotomy with
the hope of cure, whilst preventing unnecessary
debilitating surgery in those who will not benefit.

23
Staging Regional Nodal Disease

The position of hilar and mediastinal nodes should
be described according to the recently unified
American Thoracic Society (ATS) and American
Joint Committee on Cancer (AJCC) classification
(MouNTAIN and DRESLER 1997). This system uses
fixed anatomical landmarks to localise individual
nodal stations. The upper and lower paratracheal
stations are designated 2R/2L and 4R/4L respec-
tively. Aortopulmonary nodes (station 5) lie lateral
to the aortic arch and ligamentum arteriosum. Sta-
tion 6 nodes lie anterior to the aortic arch and great
vessels. No right/left distinction exists for subcarinal
nodes, at station 7, and therefore these always repre-
sent N2 disease. The paraoesophageal nodes (station
8) lie at least 3cm below the tracheal carina and
should include nodes within the inferior pulmonary
ligament as these cannot be distinguished radiolo-
gically (FRIEDMAN 1988). The significance of dia-
phragmatic nodes has been recognised and they are
included with mediastinal N2 nodes.

By definition, hilar nodes are intrapulmonary and
lie outside the mediastinal pleura. At surgery this
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position varies with the force of retraction of the
lung, and there may be some difficulty in distin-
guishing N1 from N2 nodes. The intrapulmonary
nodes (11R/11L) are designated N1 and can be
further classified into lobar and interlobar positions.
The differentiation of the 10R/10L tracheobronchial
nodes causes a problem, and Friedman suggests that
ipsilateral 10R nodes be designated N1, wheras 10L
nodes be classified as mediastinal because of the
relative ease of surgical exposure (FRIEDMAN 1988).
The presence of supraclavicular nodes (1R/IL)
reflects distant spread of disease, and involvement of
these nodes is classified N3.

Spread of tumour to hilar or mediastinal lymph
nodes is a common finding in patients presenting
with lung cancer. Non-sequential spread to mediasti-
nal nodes, bypassing hilar nodes, may occur in up to
one-third of cases (LIBSHITZ et al. 1986; TATEISHI et
al. 1994). The radiological detection of lymph node
metastases is generally based on the demonstration of
nodal enlargement, an approach which is fundamen-
tally flawed. Microscopic involvement may not cause
enlargement, and conversely nodal enlargement can
be due to benign diseases. The presence of micro-
scopically involved normal sized nodes has been in-
creasingly recognised by studies employing complete
mediastinal lymphadenectomy as a reference stan-
dard. In 1985, McKENNA et al. noted that 40% of
patients with mediastinal metastases had normal
sized nodes at CT (McKENNA et al. 1985). Other au-
thors have confirmed the high frequency of metas-
tases to normal sized nodes, although the figures
vary between patient populations (GrRoss et al. 1986;
KERR et al. 1992; DaLy et al. 1993). In a rigorous
studyby McLoup etal., 13% of nodes <1 cm diameter
contained tumour (McLoUD et al. 1992). However,
these comprised a sufficiently large proportion of the
total number of nodes dissected that almost half of
the nodal deposits were found in normal sized nodes.
Furthermore, a recent Japanese study has reported
similar size distributions for both benign and malig-
nant lymph nodes (Arira et al. 1996).

Nodal enlargement may be a benign process
due to reactive change initiated by the tumour or
distal infection, or coincidental occupational or
granulomatous lung disorders (LiBsuITZ and
McKENNA 1984). These latter factors are subject to
considerable geographic variation. McLouD’s study
found that 37% of substantially enlarged nodes
2-4cm in diameter were tumour free (McLouD
et al. 1992). The high prevalence of histoplasmosis in
certain parts of the United States exacerbates this
problem.

The choice of the upper limit for normal nodal
size is complex. Published limits vary according to
the position within the mediastinum, from 11 mm
in the paratracheal regions to 3mm in the hila
(ScuNYDER and Gamsu 1981; G.M. GLAZER et al.
1985; K1vyoNo et al. 1985; INGRAM et al. 1989; REmMY-
JARDIN et al. 1995). The maximum diameter of any
node varies with its orientation in the cross-sectional
imaging plane. Short axis diameter measurements
are therefore widely used to avoid this variation
(G.M. GLAZER et al. 1985). A common policy is to use
the convenient and reasonably accurate figure of
10mm as the upper limit for normal. This gives a
relatively high sensitivity for metastatic disease, but
requires the routine use of biopsy to maintain speci-
ficity (Fig. 2.1).

CT is the standard imaging modality for diagnos-
ing nodal enlargement (Fig. 2.2), and many studies
have been performed to measure its accuracy
(BARON et al. 1982; OsBORNE et al. 1982; DaLy et al.
1987; PATTERSON et al. 1987; IKEZOE et al. 1990;
DirLeEmMANs et al. 1994). Early work suggested that
CT would be sufficiently accurate to allow deci-
sions regarding thoracotomy without the need for
an invasive surgical staging procedure such as
mediastinoscopy. However, more recent studies

Fig. 2.1. False positive mediastinal lymphadenopathy, and
indeterminate chest wall invasion, shown by CT. The enlarged
paratracheal node (—) measures 1.5cm in short-axis diam-
eter. There is extensive contact between the primary tumour
and chest wall with no visible extrapleural fat plane. The pa-
tient initially underwent mediastinoscopy and sampling of the
enlarged paratracheal node, which revealed no evidence of
malignancy. At surgery the lymph node was removed and
shown to be clear of metastasis. The primary tumour could be
dissected off the chest wall, with histopathological extension
only to the parietal pleura
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Fig. 2.2. Mediastinal lymphadenopathy shown by CT. En-
larged right paratracheal lymph node in a patient with a left
upper lobe squamous cell carcinoma. This node was proven to
contain metastatic tumour (N3) by transthoracic CT guided
needle biopsy

using rigorous surgical/pathological correlation and
more complete lymph node dissection have given
less favourable results with sensitivities and specifici-
ties of the order of 60%-70% using a short axis diam-
eter of 10 mm as the upper limit of normal (LIBsHITZ
and McKENNA 1984; McLoup et al. 1992; STAPLES et
al. 1988; WEBB et al. 1991). It has been shown that
formal mediastinal lymphadenectomy can detect up
to twice the number of positive node stations found
by more limited sampling (IzBICKI et al. 1995).

Some of the apparent variation in published
results is accounted for by the discrepancy between
patient-based analyses and individual nodal station
analysis. If the enlarged node identified at CT does
not correspond to the positive node confirmed
pathologically, the CT is classified as false positive
even though the correct N stage has been predicted
(STAPLES et al. 1988). The considerable interob-
server variation in the interpretation of mediastinal
CT, even between experienced chest radiologists, has
been recently highlighted. The kappa statistic is used
to assess the degree of agreement between observers
that is not chance-related, with values >0.6 indicat-
ing reasonable agreement. A range of kappa values
have been reported for mediastinal node staging in
non-small cell lung cancer, between 0.24 and 0.46 for
all mediastinal nodes taken together, and generally
higher values of 0.58-0.68 for individual nodal sta-
tion analysis (WEBB et al. 1993; BOLLEN et al. 1994;
GUYATT et al. 1995). The left superior mediastinal
nodes are subject to the most marked interobserver
error.
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Analysis of the distribution of enlarged lymph
nodes has been proposed to improve specificity. A
European study from Buy et al. showed that if a node
within the draining territory of the tumour was both
enlarged (>10mm short axis diameter) and at least
5mm larger than other nodes, then the positive pre-
dictive value approached 95% (Buy et al. 1988).

Peripheral T1 tumours have a lower incidence of
mediastinal nodal metastases than T2 and T3
tumours, and some authors have suggested that CT
is not cost-effective in these cases, particularly for
tumours <2cm diameter, because of the relatively
high false positive rates and low yield (PEARLBERG
etal. 1985; DALY et al. 1987). However, other authors
argue in favour of staging CT, as more recent studies
suggest a higher incidence of N2 disease in TINOMO
lesions than previously recognised, and the detection
of additional important information (DUNCAN et al.
1993; SEELY et al. 1993).

Mediastinal node enlargement can also be imaged
with MRI using the same anatomical criteria as for
CT (MARTINI et al. 1985; WEBB et al. 1985; HEELAN
et al. 1985; MUSSET et al. 1986; PooN et al. 1987;
STIGLBAUER et al. 1991). Various scanning tech-
niques have been proposed. We have obtained the
best spatial and contrast resolution using multi-
planar spin echo T1-weighted sequences with ECG
gating. Advantages of MRI over CT are limited; the
most significant is the capability to image in any
plane (BATRA et al. 1988). There are circumstances
in which coronal or sagittal imaging is helpful to
more clearly visualise lymphadenopathy in the
aortopulmonary (station 5) and subcarinal (station
7) regions. CT is compromised by partial volume
averaging in these areas. Oblique sagittal scans
aligned along the left pulmonary artery may be use-
ful. A second advantage of MRI is the ease with
which small hilar lymph nodes can be detected with-
out the need for intravenous contrast medium
(MuUsSET et al. 1986; WEBB et al. 1984). This is due to
the striking contrast between fast flowing blood
in the hilar vessels producing signal voids. However,
the improved detection of hilar lymphadenopathy
has low clinical impact owing to the limited rel-
evance of N1 disease in surgical planning.

The increased contrast resolution of MRI has not
proved useful. There is little difference in signal
characteristics between benign and malignant nodes
(WEBB et al. 1985; MUSSET et al. 1986; G.M. GLAZER
et al. 1988). One small study using gadolinium-
enhanced breath-held gradient echo sequences has
suggested that nodal metastases from squamous cell
carcinoma can be distinguished from anthracotic
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nodes on the basis of dynamic enhancement pat-
terns, but further work is needed (La1ssy et al. 1994).
Indeed, MRI has several disadvantages. Cardiac and
respiratory motion artefact can result in blurring of
a cluster of small nodes to resemble pathological
enlargement (Fig. 2.3) (WEBB et al. 1984; MUSSET et
al. 1986). The presence of calcification within an en-
larged node is an important sign favouring a benign
process, but this is difficult to appreciate on MRI
(LEVITT et al. 1985).

Several studies have compared the accuracies of
CT and MRI for nodal staging, and have generally
shown little difference (GEORGIAN et al. 1990; MAYR
et al. 1992). Both techniques are subject to consider-
able interobserver variation (WEBB et al. 1993). The
most comprehensive comparison is the multi-centre
Radiologic Diagnostic Oncology Group (RDOG)
study which constructed receiver operating charac-
teristic curves for both modalities, and reported sen-
sitivities of 52% and 48%, and specificities of 69% and
64% for CT and MRI respectively (WEBB et al. 1991).

It is now established that the positive predictive
value of CT for the presence of enlarged mediastinal
nodes is too low to deny a patient surgery. Positive
findings should be confirmed histologically, the
prime role of CT or MRI being to target the
biopsy procedure. A variety of methods have been
used to sample mediastinal nodes, including a
transbronchial approach. Mediastinoscopy or ante-
rior mediastinotomy are performed by the surgeon
(GINSBERG 1994), but lower mediastinal stations are
inaccessible. Video assisted thoracoscopy allows
mediastinal staging by direct visualisation and
biopsy, and is well tolerated (LANDRENEAU et al.
1993; RENDIAN et al. 1994; RoviARO et al. 1995). CT
guided transthoracic biopsy is a further contribution
of radiology to the staging process (PrRoTOPAPAS
and WEestTcorT 1996). It is a reliable, minimaily
invasive procedure allowing most enlarged nodes to
be reached (Fig. 2.2).

The most important recent advance in lung
cancer imaging has been the development of
positron emission tomography (PET) using the
tracer fluorine-18 fluorodeoxygiucose (FDG). This
technique produces cross-sectional thoracic images
of metabolic activity for glucose, with neoplastic tis-
sues having high metabolic rates. Metastatic nodes
can be identified by virtue of abnormal function, an
additional diagnostic parameter. Several centres
have published results comparing CT and FDG PET
for the staging of mediastinal nodal disease in
non-small cell lung cancer (SCOTT et al. 1994; WaHL
et al. 1994; STEINERT et al. 1997; GUHLMANN et al.

Fig. 2.3. a Subcarinal node enlargement: false positive MRI.
Axial T1-weighted scan shows apparent subcarinal node en-
largement in a patient with a left upper lobe cancer, due to
blurring of the oesophagus and subcarinal tissues. b Enhanced
CT scan in the same patient shows normal subcarinal
anatomy. At thoracotomy the largest subcarinal node mea-
sured £10mm and was clear of tumour. (From HaNsoN and
ARMSTRONG 1997)

1997). These papers consistently show that FDG PET
is superior, with sensitivities/specificities of the or-
der of 80%-90%. WaHL et al. found that FDG PET
data combined with the anatomic information from
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CT (fusion images) gave the best results (WAHL
et al. 1994). There are limitations, however, includ-
ing restricted availability and cost considerations
(GAMBHIR et al. 1996). Larger series with unselected
patients may give less favourable results, and
the overall role of FDG PET in the staging
process remains to be determined (BRowN and
RuDpD 1995).

Several other approaches have been proposed to
counter the deficiencies of CT. Some groups have
used transoesophageal ultrasonography with en-
couraging results (KoNpo et al. 1990; HAWEs et al.
1994; POTEPAN et al. 1996). Internal architecture of a
node can be visualised, and criteria for malignant
infiltration include not only size, but also rounded
rather than oval shape, sharply demarcated border,
and inhomogeneous hypoechoic texture (POTEPAN
et al. 1996). Unfortunately some nodal stations
are poorly visualised, such as the right paratracheal
and hilar nodes, and considerable operator ex-
pertise is necessary. Perhaps the most promising
future application is sonographic guided aspiration
biopsy of otherwise inaccessible nodes using the
biopsy channel of the endoscope (WIERSEMA et al.
1994).

In some centres there is enthusiasm for single
photon emission computed tomography (SPECT)
radionuclide imaging of mediastinal nodes in
lung cancer. A variety of tracers have been ev-
aluated, with promising results achieved with
technetium-99 m-labelled monoclonal antibodies,
technetium-99 m-labelled sestamibi, and thallium-
201 (BREITZ et al. 1993; RuscH et al. 1993b; KRAMER
et al. 1994; Yokor et al. 1994; CHITI et al. 1996).
Further studies are needed to clarify the role
of these techniques in relation to CT and FDG
PET.

In practice, CT is widely used for mediastinal
nodal staging, but because of its inherent inac-
curacies the interpretation of findings requires
care. The negative predictive value, of the order
of 85%, is sufficiently high that appropriately
selected patients with normal mediastinal ap-
pearances on CT may proceed directly to
thoracotomy (LEwis et al. 1990; DALY et al. 1993).
However, patients with enlarged non-calcified medi-
astinal nodes should undergo biopsy for histological
confirmation before being denied the chance of
surgical cure. Occasionally, MRI may improve
visualisation of lymphadenopathy. Depending on
local expertise, availability and research pro-
grammes, there may be roles for FDG PET, SPECT
and endosonography.
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Staging the Primary Tumour

2.41
Maediastinal Extension

The resectability of the primary tumour is deter-
mined by the T stage. T2 tumours are confined to
the lung and visceral pleura. T3 tumours cross the
pleural space to transgress the parietal pleura. They
may extend further within the chest wall, or they may
penetrate the mediastinum. Once critical mediasti-
nal structures such as the great vessels, oesophagus,
trachea and carina are invaded, the tumour becomes
stage T4 and is conventionally irresectable (Fig. 2.4).
This distinction between T3 and T4 tumours serves
as the usual dividing line between surgical and
non-surgical management.

It may be difficult to distinguish the primary
tumour from surrounding collapsed or consolidated
lung, which can result in overestimation of tumour
size, and inaccurate assessment of the extent of
contact with mediastinum or chest wall. Helpful
signs that permit distinction between tumour and
surrounding opaque lung include: adjacent col-
lapsed lung may enhance more than central tumour
at CT (ON1TsSUKA et al. 1991); and bronchi may be
outlined by inspissated mucus, visible as tubular
structures of low density at CT (Fig. 2.5) or of high
signal intensity on T2-weighted MRI scans (TOBLER

Fig. 2.4. Tumour involving the carina (T4) shown by CT.
Right upper lobe squamous cell carcinoma involving the right
main bronchus and extending to the carina. At bronchoscopy
there was tumour posteriorly and laterally at the level of the
carina, which was therefore irresectable



Radiological Evaluation of Intrathoracic Extension and Resectability of Non-Small Cell Lung Cancer 31

et al. 1987). However, organising pneumonia or
atelectasis is indistinguishable from tumour on MRI
(BourGovuIN et al. 1991), and often only features
such as contour and position can be used to identify
the mass using either modality.

It is useful to predict whether lobectomy or
pneumonectomy will be needed, particularly in
patients with reduced lung function. This decision

Fig. 2.5. a Prediction of pneumonectomy vs lobectomy at CT.
Small squamous cell carcinoma showing endoluminal com-
ponent within left lower lobe bronchus (=), causing lobar
collapse. At bronchoscopy the tumour extended into the
left main bronchus. The tumour was therefore judged to be
inoperable, as the patient’s lung function was insufficient to
permit pneumnonectomy. b Collapsed left lower lobe distal to
the tumour. Non-enhancing tubular structures represent
fluid-filled bronchi, surrounded by enhancing lung and
vessels

can usually only be made intraoperatively as radiol-
ogy and particularly CT cannot show proximal intra-
bronchial extension or transgression of a fissure with
sufficient clarity (Fig. 2.5) (QUINT et al. 1987). High
resolution and spiral CT techniques may improve
this delineation.

Mediastinal invasion is poorly visualised on
the plain chest radiograph, although recent onset of
diaphragmatic elevation suggests phrenic nerve
invasion (T3). Ultrasonography can be used to study
diaphragmatic excursion, and by inference phrenic
nerve palsy. In one small staging study for lung
cancer, no patient with abnormal diaphragmatic
movement proved to be resectable, and the authors
pointed out the ease of combining this study with
liver ultrasound for hepatic metastases (HousTON
et al. 1995). Hemidiaphragm elevation at CT should
not be overlooked, and paralysis may be inferred
from the presence of asymmetrical respiratory deg-
radation of the contralateral lung images (HARKER
et al. 1994).

Mediastinal invasion is best imaged with CT or
MRI, which may show clear-cut extension of tumour
within the mediastinum (MARTINI et al. 1985;
MussET et al. 1986). Encasement of vital structures
such as the oesophagus, trachea, or great vessels,
or deep penetration of tissue planes, can be vis-
ualised (Fig. 2.6). However, differentiation between
extensive contact and actual invasion of critical
structures cannot be reliably performed by either
method.

Fig. 2.6. Definite mediastinal invasion (T4 tumour). En-
hanced CT scan showing carcinoma penetrating the aort-
opulmonary window, surrounding the ascending aorta over
an angle greater than 180° and distorting the trachea
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CT can predict resectability of T3 tumours with
reasonable accuracy. In an influential study, GLAZER
et al. identified three features of the tumour which
predicted surgically resectable tumour: (a) less than
3 cm of mediastinal contact, (b) maintained fat plane
of separation from the mediastinum, and (c) less
than 90° angle of circumferential aortic contact
(H.S. GLazER et al. 1989). The presence of at least
one of these signs was associated with successful
resection in 36/37 cases. Unfortunately, predicting
irresectability is more difficult (Fig. 2.7) (McLoup
1989), and in GLAZER’s series, almost half the oper-
able cancers showed more than 3cm of mediastinal
contact. Loss of fat plane is of limited significance, as
this may be produced by reactive inflammatory
change, fibrosis or motion artefact. Other studies
have evaluated similar criteria and have confirmed
the disappointing results (MARTINI et al. 1985;
MUSSET et al. 1986; ScoTT et al. 1988). WHITE et al.
reported the sensitivity of CT for inoperable medias-
tinal invasion to be only 27% (WHITE et al. 1994).
Another study found that even anatomical distortion
of mediastinal structures did not indicate invasion
of those structures approximately half the time
(HERMAN et al. 1994).

Attempts have been made to improve the detec-
tion of fixation of tumour. Dynamic studies using
electron beam CT with respiratory and cardiac gat-
ing can reveal movement between the mass and
mediastinal structures, implying lack of invasion
(MURATA et al. 1994). Similarly, CT performed

Fig. 2.7. False positive mediastinal invasion at CT. Right
lower lobe tumour showing extensive contact with the
oesophagus and indentation of the left atrium. However, at
surgery the tumour was easily dissected off the mediastinal
pleura and resected by right lower lobectomy. Histology
showed that the tumour had only invaded as far as the visceral
pleura. (From HANSON and ARMSTRONG 1997)
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following the induction of a pneumothorax can show
mobile, and therefore resectable, tumour (YokoI et
al. 1991). These small series describe useful methods
for excluding mediastinal invasion, but do not ad-
dress the problem of diagnosis of inoperable T4 dis-
ease, as benign adhesions may also result in tumour
fixation. The inconvenience of performing the
examination precludes widespread use.

Spiral CT is now widely available, and has theo-
retical advantages, including more optimal contrast
opacification of vascular structures, and reduced res-
piratory motion artefact. The reduction of partial
volume averaging by overlapping slice reconstruc-
tion, and high quality multiplanar reformations,
should improve assessment of regions such as
the tracheal carina and aortopulmonary window.
Visualisation of the bronchial tree using multiplanar
and 3D techniques and virtual bronchoscopy are
now established practices (REMY-JARDIN and REMY
1996). Formal studies of the utility of these new
techniques in staging non-small cell lung cancer
are awaited.

MRI in the axial plane displays the same anatomy
as CT, and can also be used to stage mediastinal
spread. In certain specific situations MRI may be
used to advantage (LEVITT et al. 1985; MARTINI et al.
1985; MUSSET et al. 1986; LAURENT et al. 1988; WEBB
et al. 1991). The routine use of ECG triggering to
limit cardiac motion artefact compensates for the
slightly reduced spatial resolution, and results in
images which may be subjectively superior to CT,
particularly in regions adjacent to cardiovascular
structures. There is no need for intravenous contrast
for vascular opacification (MAYR et al. 1992), and
endoluminal tumour spread along venous pathways
and within the atria can be elegantly shown. Pericar-
dial transgression can be discerned. A further advan-
tage of MRI is the availability of multiplanar imaging
(Fig. 2.8), optimised for the subcarinal, aortic arch
and aortopulmonary regions. However, MRI has the
same limitations as CT in regard to the diagnosis
of inoperable tumour invasion, since signal changes
within the mediastinal fat are produced by both
inflammatory and neoplastic processes (MUSSET et
al. 1986; STIGLBAUER et al. 1991; MAYR et al. 1992).

A number of studies have compared MRI and CT
for diagnosing mediastinal invasion, and show
no difference in overall accuracy (MARTINI et al.
1985; MusseT et al. 1986; LAURENT et al. 1988;
KAMEDA et al. 1988). In the Radiologic Diagnostic
Oncologic Group (RDOG) study, there was a non-
significant advantage for MRI in a small number of
patients (WEBB et al. 1991). However, the imaging
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modality of choice remains CT, because of practical
and economic factors in its favour, and the likely, but
as yet unproven, benefits of state-of-the-art spiral CT
techniques.

It is worth noting that some authors have high-
lighted the value of endoscopic ultrasonography
for evaluating the primary tumour within the media-
stinum, in addition to its role in nodal staging
(TaTsumuRa 1995). This technique permits real-
time visualisation of the tumour relationship with
moving cardiovascular structures, and may be the
imaging method of choice in occasional circum-
stances. Also, it may be used peroperatively.

Unfortunately, there are limitations with all ra-
diological studies of mediastinal invasion and,
therefore, a number of patients continue to undergo
inappropriate thoracotomy because it is not possible
to establish preoperatively that their disease is
beyond surgical cure.

Fig. 2,8. Assessment of mediastinal invasion by MRI. Coronal
T1-weighted image showing left upper lobe abscess distal
to an obstructing squamous cell carcinoma. A clear line of
mediastinal fat separates the tumour and collapsed lobe from
the pericardium and great vessels. The carcinoma was
resected by left upper lobectomy. Histology showed that the
lobe was diffusely infiltrated by tumour to within 1mm of
the visceral pleural surface pleura. (From Hanson and
ARMSTRONG 1997)

2.4.2
Chest Wall Invasion

Even though localised invasion of the ribs and
intercostal muscles by a peripheral tumour is
not a contraindication to surgery (PauLsoN 1979;
McCAaUuGHAN et al. 1985; ALLEN et al. 1991),
preoperative diagnosis is desirable as the balance of
operability is altered and modified surgical tech-
niques are required.

Advanced rib destruction may be evident on the
plain chest radiograph, but even moderate degrees of
chest wall invasion can be overlooked. Technetium-
99m diphosphonate radionuclide scans are a very
sensitive modality for bone involvement, and in the
appropriate setting and location positive findings
are fairly specific. Cortical bone erosion can be dem-
onstrated with CT, and can localise the destructive
process to rib (T3) or vertebral body (T4).

Although extensive tumour spread within the
chest wall soft tissues is well seen at CT (Fig. 2.9), or
MRI, the accuracy for detecting borderline invasion
of the parietal pleura is less good, and subject to the
same limitations as the assessment of mediastinal
invasion (H.S. GLAZER et al. 1985; PENNEs et al. 1985;
PEARLBERG et al. 1987; ScoTT et al. 1988). The CT
signs of parietal pleural transgression by tumour in-
clude obtuse angle of contact, obliteration of the
extrapleural fat plane, pleural thickening, and the
presence of extrapleural soft tissue. These signs,
particularly in combination, are sensitive but non-
specific for parietal pleural invasion (H.S. GLAZER

Fig. 2.9. Definite chest wall invasion by tumour. CT scan
showing left upper lobe tumour invading the chest wall, show-
ing rib destruction and extension of soft tissue beyond the line
of the ribs
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et al. 1985). Inflammatory change and fibrosis
excited by the cancer can be indistinguishable from
chest wall invasion by tumour. Local chest wall pain
may be a more specific finding. Conversely, lack of
chest wall extension is reliably predicted by the pres-
ence of acute angle and less than 3cm of tumour
contact. Preservation of the extrapleural fat line sug-
gests that the tumour has not extended beyond the
visceral pleura.

Dynamic CT methods, as previously discussed,
may also help with the assessment of tumours con-
tiguous with the chest wall, by studying relative
movement of the tumour and pleural surface. Lack
of fixation with respiration can be detected with con-
ventional or electron beam cine CT (MURATA et al.
1994; SHIRAKAWA et al. 1994). Similarly, tumours
which move away from the chest wall following
induction of a diagnostic pneumothorax are staged
T2 (Yokor et al. 1991). A recent study utilised spiral
CT to generate 3D surface-shaded reformations
(KurivamA et al. 1994). The authors were able to
distinguish visceral from parietal pleural invasion
with 80% accuracy by analysing pleural configura-
tion. The rationale for this approach was based on
the hypothesis that neoplastic disruption of the
visceral pleural elastic lamina would result in loss
of mechanical stability and therefore inward pucker-
ing of thickened pleura towards the tumour. The
presence of thin membranous tags between the
tumour and the pleural surface, in the absence of
pleural puckering, did not constitute pleural inva-
sion. However, larger studies are required to estab-
lish the value of these methods of imaging the
physical attachment of tumour to the chest wall, as
inflammatory adhesions may mimic many of the
findings.

Tumours at the lung apex and base are difficult to
evaluate by CT (PENNEs et al. 1985). Multiplanar
reformations generated with spiral data acquisition
may be of use at the lung base to show the relation-
ship to the diaphragm (BRINK et al. 1994). However,
the longitudinal spatial resolution of even these
image reformations will remain compromised by
partial volume averaging at the lung apex.

Pleural disease is often observed at CT. This usu-
ally takes the form of pleural fluid, which may not be
apparent on the plain chest radiograph. It generally
indicates tumour dissemination. Even in the rare
case where repeated cytological examinations of
the fluid are negative, the outlook is poor (DECKER
et al. 1978). Tiny pleural nodules and thickening of
the interlobar fissures may be easily overlooked, but
the presence of these signs has profound significance
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as they may indicate T4 disease (MURAYAMA et al.
1996).

MRI may also be used to stage chest wall ex-
tension, although initial enthusiasm has been tem-
pered (MUSSET et al. 1986; HAGGAR et al. 1987; MAYR
et al. 1992). The key observation of the thin line of
extrapleural fat is perhaps more conspicuous as a
bright white line on T1-weighted MRI than as a black
line at CT. In a recent study, the presence of lower
signal material extending within this high intensity
layer was 85% sensitive for chest wall invasion
(PapoOvANTI et al. 1993). However, there is overlap
between signal changes from neoplastic and benign
inflammatory tissues, and when prospectively com-
pared in the RDOG study, MRI and CT had similarly
disappointing accuracies (WEBB et al. 1991).

It is the familiar multiplanar capability of MRI
which has most to offer, particularly for cancers
at the lung apex and close to the diaphragm. When
aggressive multimodality treatment of superior
sulcus tumours is contemplated, MRI is the imaging
technique of choice (HEELAN et al. 1989; TAKASUGI
et al. 1989; McLouD et al. 1989). Extrapleural exten-
sion of tumour can be traced into the root of the neck
(Fig. 2.10). Neural and vascular structures are el-
egantly shown. STIR sequences, surface coils and
thin sections may be a helpful choice (CasTaGgNO

Fig. 2.10. MRI demonstration of superior sulcus tumour.
Coronal Tl-weighted scan shows right upper lobe
adenocarcinoma extending across the extrapleural fat into the
root of the neck and involving the brachial plexus
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and SHUMAN 1987; RapoPoRT et al. 1988; HEELAN et
al. 1989; McLouD et al. 1989).

There are reports from Japan regarding the
ultrasonographic assessment of chest wall invasion.
Using high frequency probes, the pleural surface
appears as a brightly echogenic interface. Disruption
of this line suggests parietal pleural invasion.
Fixation of the tumour during respiration can be
observed. One report found that ultrasound was su-
perior to CT for the diagnosis of chest wall invasion,
with more than 95% sensitivity and specificity
(SuzukiI et al. 1993). However, these results were not
confirmed by another study, which suggested that
ultrasound guided biopsy was required for more
reliable results (NAKANO et al. 1994).

Accurate preoperative assessment of the extent of
chest wall disease is helpful to the surgeon, but does
not have the same critical implications for manage-
ment as does the determination of inoperable T4
mediastinal invasion. This is because of the
flexibility of surgical procedures. The important
message is that radiology may overestimate chest
wall invasion, but should not label the patient as
inoperable. In the case of superior sulcus tumours,
however, the clear demonstration of tumour ex-
tension into the root of the neck by MRI will
influence management.

2,5
Summary: Staging Intrathoracic
Non-Small Cell Lung Cancer

Thoracic CT is widely used in the pre-operative re-
gional staging of non-small cell lung cancer. While
the overall value is believed to be considerable,
the limitations of CT should be clearly appreciated
(ARMSTRONG et al. 1995; HANSON and ARMSTRONG
1997). At best, both the sensitivity and specificity for
mediastinal nodal disease are of the order of
65%, and therefore biopsy confirmation should
be obtained before denying a patient surgery on
the basis of CT alone. Similarly, CT is poor at
identifying irresectable tumours contiguous with
the mediastinum or chest wall (sensitivity 25%-
40%), although it has good accuracy in predicting
resectability.

As yet MRI offers few established advantages
over CT, but can be used effectively as a problem
solving technique in specific situations. Other
modalities such as ultrasound, endosonography
and radionuclide imaging may find a role in resolv-
ing indeterminate CT and plain film findings.
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3.1
Introduction

Lung cancer is presently the most common cancer in
the United States and its incidence around the world
is increasing. Early detection and subsequent treat-
ment have led to an improved survival in certain
types of cancer, but major problems remain both
in detection and staging of disease. The type most
frequently seen is non-small cell cancer (NSCLC).
Anatomic imaging modalities such as computed
tomography (CT) and magnetic resonance imaging
(MRI) have superb resolution, but cannot always
reliably differentiate a benign from a malignant
lesion. Certain parameters such as lesion size and
absence of calcification may indicate a higher likeli-
hood of being malignant, but definite diagnosis still
relies on invasive procedures such as bronchoscopy
and percutaneous or open biopsy to provide tissue
specimens for histopathology.

As has been pointed out by various authors, the
sensitivity and specificity of staging with CT and
MRI is rather low (WEBB et al. 1991; DALEs et al.
1990; McLoUD et al. 1992; DILLEMANS et al. 1994). In
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the prospective NIH sponsored trial of the RDOC
(Radiological Diagnostic Oncology Group) in stag-
ing NSCLC, CT had a sensitivity of 52% and MRI
48%, and a somewhat higher specificity for both
modalities with 69% for CT and 64% for MRI (WEBB
et al. 1991). This is not too surprising given the size
criteria that are used in differentiating benign from
malignant tissue.

Positron emission tomography (PET) is also a
tomographic method, based on imaging of bio-
chemical processes in vivo, such as glucose or oxy-
gen metabolism or synthesis of proteins and nucleic
acids. The application of PET as a clinical tool has
expanded in recent years, and presently this sophis-
ticated technique is available in most of the major
university hospitals. Currently, there is an enormous
growth of PET centers in Europe. PET is unique since
it creates functional images by exploiting fundamen-
tal biochemical properties of tissues, and thus re-
veals differences between benign and malignant
disease. At the cellular level, Warburg observed in
1930 that increased glucose consumption was a
marker of the malignant state and “aerobic glycoly-
sis” was accelerated with increasing grades of tumor
(WARBURG 1930, 1956). More recently, elevated
numbers of glucose transporters have been identi-
fied in neoplastic tissue, responsible for the in-
creased uptake and metabolism. This is both at the
level of glucose membrane transporters and key
enzymes of the glycolytic pathway. Most of the ex-
perience in PET oncology has been using a tracer
which is a glucose analogue: FDG ('°F-fluoro-deoxy-
glucose). The images are of high quality and are easy
to interpret. Tumor tissue perfusion has also been
investigated and studies have been performed with
flow tracers such as “O-water and ’"N-ammonia. In
general, flow varies greatly between tumor types and
is not clearly associated with disease prognosis. The
oxygen metabolism experience is limited because
of the requirement of an on-site cyclotron and time
consuming data acquisition and processing. Studies
with amino acids such as methionine, tyrosine, and
leucine have been done with success, but the signal is
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weaker than with FDG. Thymidine, presumably, is
the best marker for tumor proliferation, but studies
so far are limited and the signal is even weaker than
that obtained with amino acids (HAwKINS et al.
1992). In this overview we will mainly deal with FDG
as the tumor tracer of choice for PET in oncology.

Recently, several reviews have been published on
the applicability of nuclear medicine techniques
in lung cancer (ABDEL-DAYEM et al. 1994), or the
emerging role of PET in oncology (R1Go et al. 1996;
HoH et al. 1997).

3.2
Imaging Method

The typical PET oncology protocol is usually per-
formed with a dedicated PET system, which includes
a positron camera, a fast computer, and sophisti-
cated hardware and software to reconstruct and
display the images.

The patient preparation consists of a prolonged
fast (>6h), preferably overnight, to decrease glucose
consumption of the normal tissues. A dose of 350-
500MBq (10-15mCi) FDG is administered, and
after an uptake period the images are acquired. An
interval of 60-90min after tracer administration is
usually sufficient to achieve increased uptake in
abnormal tissues relative to normal lung activity.
Images that are generated are discussed in the
following paragraphs.

3.2.1
Static Tomographic Imaging

Transverse slices of selected body areas are recon-
structed, from which coronal and sagittal planes can
be extracted and displayed as volumetric datasets
(Hawkins et al. 1992). The axial size of the images
is determined by the scanner, and is 10-25c¢m in
current systems. PET images can be acquired:

3.2.1.1
With Attenuation Correction

The images can be corrected for the loss of photons
traveling through the tissues. This is done by acqui-
sition of a separate transmission scan which has
to be performed before tracer administration in
older PET systems. In the newer generation PET
scanners this can be done after tracer injection,
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thereby allowing the tracer uptake period to be
done outside the scanner, which will enhance
patient throughput. This acquisition mode also
permits true quantitation of metabolic activity in
units of micromoles per minute per gram.

3.2.1.2
Without Attenuation Correction

These images only permit visual interpretation;
quantitative analysis is not possible.

3.2.2
Whole Body Imaging

This imaging mode was introduced in the late 1980s
by UCLA School of Medicine, and subsequently be-
came the standard for PET imaging in oncology
(HAwkins et al. 1992; Hou et al. 1993). The main
advantage is the large size of covered area, i.e., 80-
150cm, which greatly facilitates interpretation by
supplying body landmarks.

1. Planar projections are created, in which the total
activity distribution is viewed from different
angles around the patient. A rotating cine display
is subsequently used to inspect the data and to
focus on specific zones.

2. Tomographic slices (transverse, coronal and
sagittal) are reconstructed for volumetric review
of the whole body. This is the favorite mode for
diagnosing and staging of disease outside the lim-
ited primary field of view, i.e., thorax. In general,
these images are not corrected for attenuation,
since that would increase acquisition times
prohibitively. However, new techniques and
algorithms are being investigated to overcome
this problem.

The spatial resolution of a modern CT or MRI
system is much better than that of a PET system.
However, this is not the only determining factor
in detecting abnormalities. The ratio between
metabolic activity of the lesion and its surroundings
(tissue-to-background ratio) or the “contrast” reso-
lution helps determine the presence of disease. Thus,
very active metabolic lesions of 5mm have been
detected with FDG-PET. As a rule of thumb, the
attenuation corrected PET can detect lesions of
about 1cm and with the nonattenuation corrected
whole-body PET technique the lower limit is around
1.5cm.



Positron Emission Tomography

33
Image Interpretation

Besides visual interpretation of the images, in which
abnormally increased uptake is localized, various
quantitative methods have been developed. PET with
FDG is a true quantitative technique that provides
estimates of the glucose metabolism in micromoles
per minute per gram of selected lesions, but this re-
quires arterial blood sampling and dynamic imaging
over the entire tracer uptake period (NoLoP et al.
1987; MINN et al. 1995). Thus, the procedure is com-
plicated and performed mainly for research pur-
poses. In clinical practice, a simpler quantitative
approach is used such as the SUV (standardized
uptake value), which is the ratio of the tracer con-

Fig. 3.1. Coronal (top row) and sagittal images obtained with
FDG PET of a 39-year-old white woman. She presented with
bilateral joint swelling of both lower extremities. A routine
chest radiograph revealed a left upper lobe mass, not seen on
prior chest films. CT showed lymph adenopathy and was con-
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centration in the lesion relative to the expected tracer
distribution if the injected dose were distributed uni-
formly throughout the body. For a lung lesion, an
SUV of 2.5 or more indicates a 96% probability for
neoplasm, whereas a value of 2.0 or less is predictive
of a benign lesion or normal tissue (ZASADNY et al.
1996; MivaucHr and WAHL 1996; KNOPP et al. 1990).

In Fig. 3.1 a typical patient is presented in which
the work-up diagnosed stage III disease. The PET
was ordered and confirmed stage IIIA disease and
ruled out distant metastases (stage IV), for which
surgery is not an option.

False positive results have been reported, mainly
inflammatory in nature. In the thorax these include:
tuberculosis, fungal infections, sarcoidosis, nonspe-
cific granulomas, suture granulomas, benign fibrous

sidered stage II1. PET revealed the primary lesion (arrowhead)
and two affected lymph nodes (arrows on the left side of the
image, indicating level). There was no contralateral or distal
disease, rendering this stage IIIA. Subsequent surgery con-
firmed the absence of contra-lateral lymph node involvement



42

mesotheliomas, acute postoperative and radiation
changes.

34
Clinical Applications

In reviewing the literature, studies were selected that
met the criteria of being published in peer reviewed
journals. Abstracts were, therefore, not considered.
The papers have been subdivided into initial at-
tempts and feasibility studies of PET in lung cancer.
Subsequently, two well established indications,
reimbursed by most insurance companies, will be
discussed. Finally, the diagnosis of recurrent disease
and monitoring of therapy are dealt with.

A first problem encountered in this review pro-
cess was the publication of the same group of data
(or subsets) by different authors from the same insti-
tution. This was especially the case in the character-
ization of lung nodules. The most active in this
respect were the Duke and Creighton University
groups. Moreover, these data were also included in
the multicenter trial. Fortunately, in the staging of
lung cancer, a greater variety of institutions from
different countries reported results, with well de-
fined study groups, a prospective approach and
mainly NSCLC. The number of studies that have
evaluated therapy response is still limited.

3.4.1
Initial Studies

The first imaging attempts revealed increased FDG
uptake in lung tumors and shed light on the utility of
the technique. In 1987 the Hammersmith group
showed in vivo the applicability of PET in pulmonary
neoplasms (NoLop et al. 1987). The average tumor
uptake was sevenfold increased over normal lung
tissue.

In 1990, Knopp and colleagues from Heidelberg
reported a study on 80 patients at the annual meeting
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of the Radiological Society in Chicago. This was an
early prospective study which showed very high sen-
sitivity and specificity in detecting bronchogenic car-
cinoma. High FDG uptake in adenopathy revealed
tumor involvement at histology in all cases. PET
provided additional information to CT and MR,
and tumor stage was changed in 20% of patients.
Unfortunately, this study was never published in an
international journal.

Kusora and colleagues (1988, 1990, 1992, 1993)
have studied lung cancer with two different tracers:
FDG to evaluate the glucose metabolism and
methionine for the protein synthesis. They have
reported their results and favor methionine as the
tracer of choice. However, the short half-life of C-11
(20min) makes an on-site cyclotron necessary for
the production of the radiopharmaceutical, limiting
its use to those centers.

The first study using the whole body technique in
lung cancer was published by ReGE et al. from UCLA
(REGE et al. 1993). In 4/16 patients extrathoracic
metastases were detected. Several other centers at-
tempted to characterize chest masses with FDG. In
these studies a semiquantitative criterion of SUV
>2.5 was used to diagnose malignancy (LEwIs et al.
1994; HusNER et al. 1995; Sazon et al. 1996;
SLosMAN et al. 1993). Table 3.1 gives an overview of
early PET imaging studies and their indication.

3.4.2
Solitary Pulmonary Nodules

The first well-established application of PET in lung
cancer was the characterization of solitary pulmo-
nary nodules (size <4cm) and/or chest masses. CT
cannot reliably distinguish benign from malignant
nodules (KEOGAN et al. 1993). The utility of FDG-
PET in indeterminate lung nodules has been exten-
sively evaluated and yields sensitivities over 90% as
reported by various institutions (DEWAN et al. 1993,
1995; ScoTT et al. 1994; PATZ et al. 1993; GupTa et al.

Table 3.1. Early reports on PET with FDG in the detection, assessment of extent and work-up of lung cancer

Author Year Tumor Patients True PET Objective

type positive technique
NoLop et al. 1987 Mixed 12 12/12 Cross sectional Tumor glucose consumption
ABE et al. 1990 Mixed 5 515 Cross sectional Therapy response
KusorTa et al. 1990 Mixed 22 10/12 Cross sectional Characterization masses
REGE et al. 1993 Mixed 16 14/16 Whole body Lesion detection
Lewis et al. 1994 NSCLC 34 34/34 Whole body Surgical management
SLOSMAN et al. 1993 Mixed 31 29/31 Cross sectional Pre-op. evaluation
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Table 3.2. Overview of sensitivity (Sens), specificity (Spec), positive and negative predictive value (PPV, NPV) PET in the
differentiation of solitary pulmonary nodules between benign and malignant, and study design

Author Year Patients Study Comparison Sens Spec PPV NPV
DEWAN et al. 1993 30 Prospective CT+biopsy 95 80 90 89
ScoTrT et al. 1994 62 Retrospective CT+biopsy 94 80 94 80
DEWAN et al. 1995 33 Retrospective TTNA® 100 78 93 100
PaTzZ et al. 1993 51 Prospective CT+biopsy 89 100

DUHAYLONGSOD et al. 1995b 100 Retrospective CT+biopsy 97 82

ICP 1993 237 Retrospective CT+biopsy 96 90

LoweE et al. 1997 197 Retrospective CT+biopsy 96 77 86 92

*Trans thoracic needle aspiration.

1992; DUHAYLONGSOD et al. 1995; LowE et al. 1994,
1997; see Table 3.2). In general, false positive PET
lesions can easily be assessed by conventional radio-
graphy. Thus, the FDG-PET scan was best suited
after conventional imaging to discriminate a suspi-
cious nodule of being benign or malignant.

The researchers from Duke University published
several papers on the classification of pulmonary
nodules, initiated the first multicenter trial, and
proposed an algorithm for screening which is cost
effective (PATz et al. 1993; GupTA et al. 1992;
DUHAYLONGSOD et al. 1995a; LowE et al. 1994). Au-
thors from different institutions have corroborated
these findings (HUBNER et al. 1995; SAzoN et al. 1996;
SLosMAN et al. 1993) and the Institute of Clinical
PET (ICP) presented the data of ten participating
centers in 1994. The pulmonary task force of the ICP
has developed algorithms for solitary pulmonary
nodules based on this multicenter study. This inves-
tigation has convincingly demonstrated that a reduc-
tion in costs can be obtained if PET were included
after the conventional work-up and before perform-
ing a CT of the chest.

The latest report from Lowe et al. (1997) on
197 patients in the Duke University series revealed
a lower specificity, which the authors attributed to a
“verification bias,” i.e., the referring physicians no
longer chose biopsy to verify “negative” PET studies.

DEwAN et al. (1995) have shown PET with FDG to
be highly accurate and as efficacious as transthoracic
needle aspiration without the morbidity of the latter.
PET is an attractive alternate non-invasive proce-
dure in the management of suspicious pulmonary
nodules.

3.4.3
Mediastinal Staging

The second major field of application in lung cancer
concerns the presurgical staging of nodes in the

mediastinum. The relevance of the mediastinum is
related to the close correspondence between disease
involvement and prognosis. Also, distant metastases
can be evaluated with PET, e.g., the presence of con-
tralateral metastases excludes surgery as a thera-
peutic option (see Fig. 3.1).

DALES et al. (1990) in their meta-analysis study of
1990 have argued that non-invasive detection of
lymph node metastasis must await an approach fun-
damentally different from the node size determina-
tion. In the prospective NIH sponsored trial of the
RDOC (WEBB et al. 1991), both CT and MR imaging
had a sensitivity around 50% and a somewhat higher
specificity around 65%. These results are not unex-
pected since node size is the criterion for diagnosing
cancer. On the other hand, in about one-third of
nodes with sizes between 2 and 4cm no tumor cells
were detected with histopathology. Similar reports
on the relative insensitivity of CT have come from
Harvard (McLoup et al. 1992) and Belgium
(DILLEMANS et al. 1994).

WaHL and associates (1994) have established that
metabolic imaging with FDG PET is considerably
more accurate than CT in staging mediastinal
involvement with non-small cell cancer. They em-
phasized that these findings are not totally unex-
pected given the tumor localizing properties of
FDG. MINN et al. (1995), also at the University of
Michigan, studied the reproducibility of quantitative
indices in lung cancer and obtained variations of
5%-6%. Subsequent studies (CHIN et al. 1995; VALK
et al. 1995) underscore the excellent results in assess-
ing disease involvement of the mediastinum.

The whole-body PET technique is not only able to
evaluate the primary lesion and mediastinum, but is
especially suited for detection of occult metastases
and/or disease involvement of lymphadenopathy.
Various studies are available in the literature reveal-
ing for PET a sensitivity of about 85% and a specific-
ity of 90%, which compares favorably to 60% and
80%, respectively, for CT in the same groups of
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Table 3.3. Resuits on sensitivity (Sens) and specificity (Spec) of CT and PET with FDG in lymph node assessment staging of the

mediastinum
Author Year Patients Histology CT PET
Sens Spec Sens Spec

WAHL et al. 1994 23 NSCLC 64 44 82 81
CHIN et al. 1995 30 NSCLC 56 86 78 81
VALK et al. 1995 76 NSCLC 63 73 83 94
SASAKI et al. 1996 29 NSCLC 65 87 76 98
BURY et al. 1996 50 NSCLC 72 81 90 86
GUHLMANN et al. 1997 46 NSCLC 50 75 80 100
STEINERT et al. 1997 47 NSCLC 57 94 89 99

patients (Table 3.3). To date, the largest series is
from VALK et al. (1995).

The findings of the aforementioned institutions
have now been corroborated in Japan by Sasaki
et al. (1996), in Belgium by Bury et al. (1996),
in Germany by GUHLMANN et al. (1997), and in
Switzerland by STEINERT et al. (1997). Table 3.3
gives an overview of lymph node staging of lung
cancer reported in peer reviewed journals.

GAMBHIR et al. (1996) have performed a study on
cost-effectiveness of FDG-PET in NSCLC staging and
management. By using rigorous decision tree analy-
sis, they were able to show that CT plus PET was
the most economical way to work up primary
lung cancer, with a marginal increase in patient
life expectancy when compared with staging by CT
alone.

Based on the evidence above, it is warranted to
conclude that PET has a place in pre-operative
staging of NSCLC.
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Diagnosis of Recurrence

A third application for PET in lung cancer is the
detection of recurrence, in other words re-staging
of the patient during the routine work-up. The
major contribution is the evaluation for distant
metastases, detection of occult disease, and staging
of the mediastinum. Thus, the certainty for select-
ing surgical candidates may be enhanced. This
may be considered as a special case of staging
as discussed under 3.4.3. Studies that specifically
addressed recurrence are those of PATZ et al. (1994),
FrRANK et al. (1995), INOUE et al. (1995), and KuBoTa
et al. (1992).

3.4.5
Therapy Monitoring

The fourth area where PET is a valuable adjunct
is assessment of response to treatment (ABE et al.
1990; HEBERT et al. 1996; HAMBERG et al. 1994;
DUHAYLONGSOD et al. 1995b). Usually, metabolic
indices change earlier than tumor size as detected
with morphological imaging modalities such as CT
and MRI. However, inflammatory changes may
cause false positive responses and need to be ex-
cluded. The effect of chemotherapy alone was stud-
ied by ABE et al. (1990), and of radiation therapy
by HEBERT et al. (1996). Results on combination
therapy were reported by HAMBERG et al. (1994) and
KuBorta et al. (1993).

In general, the changes due to radiation therapy
last longer than those of chemotherapy. Therefore,
repeat PET studies should be interspaced 4-8 weeks
after chemo- and 2-3 months after radiotherapy.
Further research is needed to clarify this.

3.4.6
Future Outlook

Different tracers can be utilized such as labeled
amino acids or peptides, but at present only a few
studies have been reported. An interesting tracer is
EMISO, which is a hypoxia binding radiopharm-
aceutical, and therefore well suited to evaluate the
effects of radiation therapy (RASEY et al. 1996). Also,
conventional nuclear medicine tracers such as
thallium-201 chloride and technetium-99m sest-
amibi have been used in lung cancer. Only one study
has directly compared the value of sestamibi to FDG-
PET in the same group of patients (WANG et al.



Positron Emission Tomography

1997). More studies are necessary to elucidate the
scope of these tracers in clinical practice.

3.5
Conclusions

Established indications for PET imaging in lung
cancer are the following:

1. Diagnosis: Differentiation of solitary or indeter-
minate lung nodules as benign or malignant.

2. Staging: In newly diagnosed patients, especially
for node involvement; to evaluate suspicious le-
sions seen on anatomic imaging modalities and
their extent; detection of distant disease.

At this moment there are limited data available to
suggest that PET is valuable for:

1. Restaging: Evaluation of recurrent tumor and
involved nodes. Detection of occult metastases.

2. Therapy monitoring: Evaluation of response to
surgery, radiation and/or chemotherapy. Tumor
glucose metabolism changes rapidly in patients
responding to treatment.

References

Abdel-Dayem HM, Scott A, Macapinlac H, Larson S (1994)
Tracer imaging in lung cancer. Eur J Nucl Med 21:57-81

Abe Y, Matzuzawa T, Fujiwara T et al (1990) Clinical assess-
ment of therapeutic effects on cancer using FDG and PET:
preliminary study of lung cancer. Int J Radiat Oncol Biol
Phys 19:1005-1010

Bury T, Dowlati A, Paulus P et al (1996) Staging of non-
small-cell lung cancer by whole-body fluorine-18
deoxyglucose positron emission tomography. Eur J Nucl
Med 23:204-206

Chin R Jr, Ward R, Keyes JW et al (1995) Mediastinal staging
of non-small-cell lung cancer with positron emission
tomography. Am J Respir Critic Care Med 152:2090-
2096

Dales RE, Stark RM, Raman § (1990) Computed tomography
to stage lung cancer: approaching a controversy using
meta-analysis. Am Rev Respir Dis 141:1096-1101

Dewan NA, Gupta NC, Redepenning LS et al (1993) Diagnostic
efficacy of PET-FDG in solitary pulmonary nodules. Chest
104:997-1002

Dewan NA, Reeb SD, Gupta NC, Gobar LS, Scott W] (1995)
PET-FDG imaging and trans-thoracic needle lung as-
piration biopsy in evaluation of pulmonary lesions: a
comparative risk-benefit analysis. Chest 108:441-446

Dillemans B, Deneffe G, Verschakelen J, Decramer M (1994)
Value of computed tomography and mediastinoscopy in
preoperative evaluation of mediastinal nodes in non-small
cell lung cancer. Eur J Cardio Thorac Surg 8:37-42

Duhaylongsod FG, Lowe V], Patz EF Jr et al (1995a) Detection
of primary and recurrent lung cancer by means of F-18

45

fluorodeoxyglucose positron emission tomography (FDG
PET). J Thor Cardiovasc Surg 110:130-140

Duhaylongsod FG, Lowe VJ, Patz EF Jr et al (1995b) Lung
tumor growth correlates with glucose metabolism
measured by fluoride-18 FDG-PET. Ann Thorac Surg
60:1348-1352

Frank A, Lefkowitz D, Jaeger S et al (1995) Decision logic for
retreatment of asymptomatic lung cancer recurrence
based on positron emission tomography findings. Int ] Rad
Oncol Biol Phys 32:1495-1512

Gambhir SS, Hoh CK, Phelps ME, Madar I, Maddahi J (1996)
Decision tree sensitivity analysis for cost-effectiveness
of FDG-PET in the staging and management of non-
small-cell lung carcinoma. J Nucl Med 37:1428-1436

Guhlmann A, Storck M, Kotzerke J et al (1997) Lymph node
staging in non-small cell lung cancer: evaluation by
["*FIEDG positron emission tomography (PET). Thorax
52:438-441

Gupta NG, Frank AR, Dewan NA et al (1992) Solitary pulmo-
nary nodules: detection of malignancy with PET with FDG.
Radiology 184:441-444

Hamberg LM, Hunter GJ, Alpert NM et al (1994) The dose
uptake ratio as an index of glucose metabolism: useful
parameter or oversimplification? J Nucl Med 35:1308-1312

Hawkins RA, Hoh CK, Glaspy et al (1992) The role of positron
emission tomography in oncology and other whole body
applications. Semin Nucl Med 22:268-284

Hebert ME, Lowe V], Hoffman JM, Patz EF, Anscher MS
(1996) Positron emission tomography in the pretreatment
evaluation and follow-up of non-small cell lung cancer
patients treated with radiotherapy: preliminary findings.
Am J Clin Oncol 19:416-421

Hoh CK, Hawkins RA, Glaspy JA et al (1993) Cancer detection
with whole-body PET using 2-['*F]fluoro-2-deoxy-D-
glucose. ] Comp Assist Tomogr 17:582-589

Hoh CK, Schiepers C, Seltzer MA et al (1997) PET in oncology:
will it replace the other modalities? Semin Nucl Med 27:94~
106

Hubner KF, Buonocore E, Singh SK et al (1995) Characteriza-
tion of chest masses by FDG PET. Clin Nucl Med 20:293~
298

ICP (1997) ICP Solitary Pulmonary Nodule Task Force (R.
Edward Coleman, Chair) Clinical application and
economic implications of PET in the assessment of solitary
pulmonary nodules: a retrospective study. For reprints
contact. Institute for Clinical PET, 11781 Lee Jackson
Memorial Highway, Suite 360, Fairfax, VA 22033, USA

Inoue T, Kim EE, Komaki R et al (1995) Detecting recurrent or
residual lung cancer with FDG-PET. | Nucl Med 36:788-
793

Keogan MT, Tung KT, Kaplan DK et al (1993) The significance
of pulmonary nodules detected on CT staging for lung
cancer. Clin Radiol 48:94-96

Knopp MV, Strauss LG, Haberkorn U et al (1990) PET of
the thorax: assessment of its clinical application in tumor
staging. Radiology 177:174

Kubota K, Matzuzawa TM, Fujiwara T et al (1988) Differential
diagnosis of solitary pulmonary nodules with PET using
C-11 methionine. ] Comput Assist Tomogr 12:794-796

Kubota K, Matzuzawa T, Fujiwara T et al (1990) Differential
diagnosis of lung tumor with positron emission
tomography: a prospective study. J] Nucl Med 31:1927-
1933

Kubota K, Yamada S, Ishiwata K, Ito M, Ido T (1992) Positron
emission tomography for treatment evaluation and
recurrence detection compared with CT in long-term



46

follow-up cases of lung cancer. Clin Nucl Med 17:877-
881

Kubota K, Yamada S, Ishiwata K et al (1993) Evaluation of the
treatment response of lung cancer with positron emission
tomography and L-[methyl-"'C]methionine: a preliminary
study. Eur ] Nucl Med 20:495-501

Lewis P, Griffin S, Marsden P et al (1994) Whole body FDG
PET in pre-operative evaluation of lung cancer. Lancet
344:1265-1266

Lowe V], Hoffman JM, DelLong DM et al (1994) Semi-
quantitative and visual analysis of FDG-PET images in
pulmonary abnormalities. ] Nucl Med 35:1771-1776

Lowe V], Duhaylongsod FG, Patz EF et al (1997) Pulmonary
abnormalities and PET data analysis: a retrospective study.
Radiology 202:435-439

McLoud TC, Bourgouin PM, Greenberg RW et al (1992)
Bronchogenic carcinoma: analysis of staging in the medi-
astinum with CT by correlative lymph node mapping and
sampling. Radiology 182:319-323

Minn H, Zasadny KR, Quint LE, Wahl RL (1995) Lung cancer:
reproducibility of quantitative measurements for evaluat-
ing 2-[F-18]-fluoro-2-deoxy-D-glucose uptake at PET.
Radiology 196:167-173

Miyauchi T, Wahl RL (1996) Regional 2-[‘*F]fluoro-2-
deoxy-D-glucose uptake varies in normal lung. Eur ] Nucl
Med 23:517-523

Nolop KB, Rhodes, Brudin LH et al (1987) Glucose utilization
in vivo by human pulmonary neoplasms. Cancer 60:2682—
2689

Patz EF, Lowe V], Hoffman JM et al (1993) Focal pulmonary
abnormalities: evaluation with F-18 fluorodeoxyglucose
PET scanning. Radiology 188:487-490

Patz EF, Lowe VJ, Hoffman JM et al (1994) Persistent
or recurrent bronchogenic carcinoma: detection with
PET and F-18 fluorodeoxyglucose. Radiology 191:379-
382

Rasey JS, Koh WJ, Evans ML et al (1996) Quantifying regional
hypoxia in human tumors with positron emission
tomography of [“F]fluoromisonidazole: a pre-therapy
study of 37 patients. Int ] Radiat Oncol Biol Phys 36:417-
428

Rege SD, Hoh CK, Glaspy JA et al (1993) Imaging of pulmo-
nary mass lesions with whole body PET and FDG. Cancer
72:82-90 ‘ .

C. Schiepers: Positron Emission Tomography

Rigo P, Paulus P, Kaschten BJ et al (1996) Oncological ap-
plications of positron emission tomography with fluorine-
18 fluorodeoxyglucose. Eur ] Nucl Med 23:1641-1674

Sasaki M, Ichiya Y, Kuwabara Y et al (1996) The usefulness of
FDG positron emission tomography for the detection of
mediastinal lymph node metastases in patients with non-
small cell lung cancer: a comparative study with X-ray
computed tomography. Eur ] Nucl Med 23:741-747

Sazon DA, Santiago SM, Soo Hoo GW et al (1996) FDG-PET in
the detection and staging of lung cancer. Am ] Respir Critic
Care Med 153:417-421

Scott WJ, Schwabe JL, Gupta NC et al (1994) PET of lung
tumors and mediastinal lymph nodes using FDG. Ann
Thorac Surg 58:698-703

Slosman DO, Spiliopoulos A, Couston F et al (1993) Satellite
PET and lung cancer: a prospective study in surgical
patients, Nucl Med Commun 14:955-961

Steinert HC, Hauser M, Allemann F et al (1997) Non-small cell
lung cancer: nodal staging with FDG PET versus CT with
correlative lymph node mapping and sampling. Radiology
202:441-446

Valk PE, Pounds, TR, Hopkins DM et al (1995) Staging lung
cancer by PET imaging. Ann Thor Surg 60:1573-1581

Wahl RL, Quint LE, Greenough RL et al (1994) Staging of
mediastinal non-small cell lung cancer with FDG PET, CT,
and fusion images: preliminary prospective evaluation.
Radiology 191:371-377

Wang H, Maurea S, Mainolfi C et al (1997) Tc-99m MIBI
scintigraphy in patients with lung cancer. Comparison
with CT and fluorine-18 FDG PET imaging. Clin Nucl Med
22:243-249

Warburg O (1930) The metabolism of tumors. Constable,
London

Warburg O (1956) On the origin of cancer cells. Science
123:309-314

Webb WR, Gatsonis C, Zeerhouni EA et al (1991) CT and MR
imaging in staging non-small cell bronchogenic carci-
noma: report of the Radiological Diagnostic Oncology
Group. Radiology 178:705-713

Zasadny KR, Kison PV, Quint LE, Wahl RL (1996) Untreated
lung cancer: quantification of systematic distortion of
tumor size and shape on non-attenuation-corrected
2-[fluorine-18]fluoro-2-deoxy-D-glucose ~ PET  scans.
Radiology 201:873-876



4 Exclusive Surgery for Stage lll Disease: Is It Still Ethical?

P. RocMANS, M. CAPPELLO, and P. DE FRANCQUEN

CONTENTS

4.1  Rationale 47
4.2 Resectability of Stage III NSCLC 47
4.3  Surgery for Stage IIl NSCLC 48

431 T3NIMO 48

4.3.2 N2: Dissemination in Homolateral Mediastinal
Lymph Nodes 48

4.3.3 T4: Tumours Invading Central, Vital
Structures 49

4.3.4 N3: Criteria of Nonresectability 49

44  Potential Exclusive Surgery for Stage III
NSCLC 49
Selection Criteria 49
4.4.2 Selected cTNM 49
4.4.3 Absolute Exclusion Criteria 50
4.5  Failure of Exclusive Surgery 50
4.6  Unresectable or Marginally Resectable
Tumours 50
4.7 Do Completely Resected Stage IIT Tumours Need
Further Postoperative Adjuvant Treatment? 50
4.8  Conclusions 51
References 51

4.4.1

4.1
Rationale

Ethical: Means a proven and clear-cut positive
benefit/risk ratio.

If phase II studies suggest a benefit, it
should be confirmed by further phase III
trials (or supported by meta-analysis).
Mainly prolonged survival, ideally free of
disease. Moreover, fewer/lesser symptoms,
better quality of life. Also minimal treat-
ment-related toxicity (pain, cardiorespira-
tory impairments, disability). Practically,
better survival than natural history of the
lung cancer (VRDOLJAK et al. 1994).
Thirty-day postoperative mortality should
be less than 5%. Quality of life should be
preserved or improved. Failure rate has to

Proven:

Benefit:

Risk:

P. RocMaNS, MD, M. CAPPELLO, MD, P. DE FRANCQUEN, MD,
Department of Thoracic Surgery, Hopital Erasme, Université
Libre de Bruxelles, 808 Route de Lennik, B-1070 Brussels,
Belgium

be assessed (relapse pattern, disease-free
interval, survival rate).

Ratio: The surgical decision is based on healing
probability, expected treatment-related
morbidity or mortality, possible alternative
therapies and the natural history of the
disease.

4.2

Resectability of Stage Ill NSCLC

Practically, surgery for stage III disease should
achieve local control of the disease with limited
morbidity. Resectability is still ill-defined: “capacity
to achieve a complete resection of tumour and
local extension with negative margins” (RocMaNs
et al. 1991). Criteria of resectability are surgeon-
dependent: experience, aggressiveness, multidis-
ciplinary support. Moreover, they vary in time with
the changing profile of every thoracic surgeon.

The degree of local extension of any tumour is still
clinically poorly assessed: the discrepancy between
preoperative cTNM and pTNM after initial surgery
reaches 30% in the best institutions (BULZEBRUCK
et al. 1992). Therapeutic decisions are taken on
¢TNM. Survival rates after surgery are reported by
pTNM classes. Unexpected peritumoral infiltration
or intrathoracic dissemination discovered at thora-
cotomy or on the final pathology report restage
the TNM upwards in 20-40% of cases. The best
locoregional preoperative staging relies on clinical
examination, computer tomography, magnetic reso-
nance imaging, positron emission tomography, fiber
bronchoscopy, mediastinoscopy, mediastinotomy,
percutaneous fine needle aspiration cytology and
thoracoscopy.

The rate of unexpected mediastinal lymph node
dissemination (N2) ranges from 40% without
preliminary mediastinoscopy to 16% in very selected
cases (GOLDSTRAW et al. 1994), even in small per-
ipheral tumours (KoIKE et al. 1998: 21%). Unex-
pected positive pleural cytology is discovered at
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thoracotomy in minimal pleural fluid or by lavage
(KoNpo et al. 1993; BuHR et al. 1997). Such
unexpected minimal disseminations detected at
thoracotomy are classified stage III, with better prog-
nosis than ¢T3 N1 or ¢cN2 cases. Tumour and exten-
sion are indeed resectable with margins free of
disease.

Stage III lung cancer: As defined by the new 1997
TNM classification, stage III covers:

IITA T3 N1 MO; any N2 MO
IIIB T4 or N3

Non resectable or marginally resectable tumours
are selected for radiochemotherapy, eventually as
a neoadjuvant procedure. Apparently resectable
tumours are candidate for initial surgery. Postopera-
tive adjuvant radiotherapy (or chemoradiotherapy)
is advised in incomplete resections (marginal resi-
dues). Such adjuvant therapy is optional after
apparently complete resection, knowing that distant
relapses occur in 2/3 of the patients (VAN HOUTTE
et al. 1998).

4.3
Surgery for Stage Il NSCLC

Practically, which stage III cases could benefit from
exclusive surgery?

4.3.1
T3 N1 MO

N1 disease is poorly assessed preoperatively (CT,
PET). N1 disease is mainly an indicator of potential
downstream dissemination. It has not been proven
to be a negative prognostic factor, and survival is not
improved by postoperative adjuvant therapy (PORT
META-ANALYSIS TRIALISTS GRoup 1998). Very
limited T3 disease clearly benefits from radical resec-
tion with free margins without adjuvant therapy.
Such a policy is valuable for most T3 positions: less
than 2cm from carina, invasion of parietal pleura,
pericardium, phrenic nerve, chest wall, diaphragm
or mediastinal fat, whole lung atelectasis or obstruc-
tive pneumopathy (T3a). Controversy exists regard-
ing superior sulcus tumours (usually marginally
resectable) and central tumours invading the ipsilat-
eral pulmonary artery, left subaortic space (exclud-
ing recurrent nerve) or right tracheobronchial area
including the azygos vein.

P. Rocmans et al.

For superior sulcus tumours, resectability re-
quires the initial assessment of lack of prescalenic
N3 dissemination and is related to the degree of
local invasion. Initial aggressive surgery is the best
choice if local extension is limited to the parietal
pleura, the intercostal space and the inner cortex of
the ribs. Resection is followed by adjuvant radio-
therapy, especially in case of positive margins
(KoMAKI et al. 1990; DARTEVELLE 1997; RoCMANS
1998).

4.3.2
N2: Dissemination in Homolateral
Mediastinal Lymph Nodes

Minimal N2 disease (intranodal, one level, normal
size) is usually unexpected, detected at thoracotomy,
identified by frozen section. Minimal N2 disease re-
quires radical mediastinal dissection with free mar-
gins and downstream lymph nodes free of disease.
Adjuvant radiation decreases the rate of mediastinal
recurrence but has no impact on the survival rate
(PORT META-ANALYsIS TRIALISTS GROUP 1998). All
other forms of N2 dissemination, preselected or not
by mediastinoscopy, require very aggressive radical
mediastinal dissection in selected cases: the 5-year
survival rate is less than 20%, and more than two-
thirds of patients develop distant metastases as first
recurrence.

Clinical N2 disease or mediastinoscopy-proven
multilevel N2 disease have been resected with less
than 10% 5-year survival rate and increased postop-
erative morbidity (VANSTEENKISTE et al. 1998a).
Many upper N2 disseminations have indeed spread
to infraclinical, supraclavicular N3 metastases (LEE
and GINSBERG 1996).

In conclusion, exclusive surgery is limited to un-
expected minimal N2 disease and requires radical
mediastinal dissection. Enlarged mediastinal peri-
tracheal lymph node detected on the chest CT should
be explored by cervical mediastinoscopy to confirm
or eliminate N2-N3 disease and assess resectability.
For left upper lobe tumour with enlarged lymph
node(s) in the left anterior mediastinal chain, left
prescalenic exploration is advocated to eliminate
N3 and authorizes further left upper lobectomy with
radical mediastinal dissection (RocMANSs, unpub-
lished data). Left parasternal mediastinoscopy is
advisable for invasive, multilevel lymph nodes of
the left anterior mediastinal chain, precluding
thoracotomy if metastasis is demonstrated.



Exclusive Surgery for Stage III Disease: Is It Still Ethical?

4.3.3
T4: Tumours Invading Central, Vital Structures

Very limited T4 tumours at the level of the carina
(T4b), proximal pulmonary artery, superior vena
cava, left atrium and recurrent nerve are often
completely resectable. Exclusive surgery may ensure
20-40% 5-year survival rate if mediastinal lymph
nodes are free of disease (VAN RAEMDONCK et al.
1992). Proven aortic or oesophageal wall infiltration
is in most institutions a criterion of nonresectability.

Superior sulcus tumours are mostly staged T3 but
are T4 if they invade subclavian vessels, vertebral
bodies, spinal cord or lower branches of the brachial
plexus (C8, C7, C6). Aggressive, meticulous sur-
gery may achieve apparently complete resection
(Komackai et al. 1990; DARTEVELLE 1997), but is usu-
ally followed by adjuvant radiotherapy. The accepted
policy in most groups for the past 30 years has been
to apply preoperative radiation (30-40Gy) in se-
lected non-N2 (negative mediastinoscopy), non-N3
(negative prescalenic biopsies) cases followed by en
bloc resection with upper lobectomy (RocMANs
1998).

Unexpected positive cytology at thoracotomy, in
pleural lavage or minimal pleural fluid residue
(KonNDoO et al. 1993; BUHR et al. 1997), is classified
T4b and does not contraindicate resection. It has,
however, been shown to be a negative prognostic

factor, even if pleural relapses are poorly
documented.
Any ipsilateral malignant nodule (satellite

nodule) discovered in another lobe is classified pT4
(unless a different cell type suggests a second simul-
taneous tumour). Complete resection without
adjuvant treatment is the common strategy easily
achieved.

43.4
N3: Criteria of Nonresectability

Contralateral mediastinal lymph node dissemination
(mediastinal N3a) - in some cases previously de-
tected, in others found on thoracotomy - has been
resected if unexpected or on purpose (FUNATSU et al.
1992). Aggressive radical mediastinal dissection is
feasible at thoracotomy or by further median
sternotomy for left-sided tumours (HaTa et al.
1990). Exceptional survivors have been observed at 2
years. Most patients received mediastinal irradiation
to reduce the risk of local relapse.
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Contralateral hilar lymph node dissemination
(identically classified N3a) precludes surgery.

Supraclavicular, prescalenic lymph node dissemi-
nation (prescalenic N3b) may be expected in supe-
rior sulcus tumours and upper lobe tumours
extending to the apex. Infraclinical dissemination
is probable in the presence of upper mediastinal
N2 or N3 disease (LEE and GINSBERG 1997). The
prescalenic N3 classification was introduced in 1985
(previously M1) to be part of a locoregional concept,
even if contralateral.

4.4
Potential Exclusive Surgery for
Stage 111 NSCLC

4.4.1
Selection Criteria

- Only very limited stage III disease

- Only one factor for stage 111 disease (T3 or N2 or
T4)

- Potential complete resection (free margins, no
residue)

- No proven benefit from either neoadjuvant or
postoperative adjuvant treatment

- ¢N3 carefully excluded (CT, fine needle aspiration
cytology, mediastinoscopy, mediastinotomy,
thoracoscopy, prescalenic exploration, PET)

442
Selected cTNM

- T3: Main stem bronchus, parietal pleura, pericar-
dium, phrenic nerve, chest wall, diaphragm, medi-
astinal fat, whole lung atelectasis or obstructive
pneumopathy (same policy for ¢T3 N1 stage Illa
as for T3 NO stage IIb)

- T3: Limited superior sulcus tumour (non-N2,
non-N3, non-T4)

- N2: Minimal N2 disease (unexpected or
mediastinoscopy proven) and very limited N2
disease

- T4: Carina, proximal pulmonary artery, superior

vena cava, left atrium, recurrent nerve, infra-

clinical pleural cytology, ipsilateral nodule in
other lobe

T4: Limited superior sulcus non-N2, non-T3
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4.4.3
Absolute Exclusion Criteria

- Any N3

- Massive T3 infiltration (potential need for
neoadjuvant treatment)

- T3 N2 (need for neoadjuvant and/or postoperative
adjuvant therapy)

- Multilevel or bulky N2

- Any T4 infiltration into aorta or oesophagus

- Deep T4 invasion

- Clinical, cytologically positive pleural effusion
(T4)

Such criteria, balanced by the individual experi-
ence of every thoracic surgeon, are part of the
multidisciplinary surgical decision procedure. Sev-
eral parameters reflect the staging performance of
every institution or cooperative groups:

(a) The cTNM/pTNM discrepancy

(b) The rate of exploratory thoracotomies without
possible resection (ideally less than 2%)

(c) The rate of incomplete resections requiring fur-

ther adjuvant therapy (ideally less than 8%)

The local disease-free interval and rate of local

relapse as first recurrence

(e) The distant disease-free interval and rate of dis-
tant metastases as first recurrence

(d)

Such data are often absent from congress presenta-
tions and published reports.

We are aware that some thoracic surgeons base
their policy mainly on exceptional long-term sur-
vivors attending the outpatient department. They
sometimes cannot even report on global data includ-
ing early postoperative deaths (Spopick 1975). Such
lack of objectivity has been also demonstrated in
some multidisciplinary teams for assessment of
N2 or response to chemo(radio)therapy, leading to
incorrect selection, misleading conclusions and
further ill-founded strategies. Such a non-Cartesian
approach is fortunately exceptional.

Within the limits stressed above, exclusive sur-
gery is still indicated in many early stage III diseases.
In large series involving advanced stage III cases, it
may not appear to be a valuable option. More early
stage III could be detected by routine annual screen-
ing of all smokers. Accelerated investigation proce-
dure and early consultation of a thoracic surgeon
may increase the successful surgical resection rate
(LAROCHE et al. 1998). Staging should be based on
pathological specimens whenever possible, limiting
false-positive and false-negative assessments to a
minimum.

P. Rocmans et al.

4.5
Failure of Exclusive Surgery

Nonresectability of stage III tumour necessitates ad-
juvant therapy:

- For unresectable tumours discovered at explora-
tory thoracotomy, chemoradiotherapy is advised,
possibly in a neoadjuvant setting.

- Incomplete resections with macroscopically or
microscopically visible residual tumour may ben-
efit from adjuvant treatment. Irradiation of medi-
astinum or other residual sites decreases the rate
of local relapse but has not been shown to increase
the survival rate (VAN HOUTTE et al. 1998). In-
deed, the concept of incomplete resection prob-
ably needs to be reassessed (LAcAssE et al. 1998).
As two-thirds of resected stage III tumours relapse
at distant sites, adjuvant chemotherapy has been
proposed, with some benefits but many failures
(LAD 1994).

4.6
Unresectable or Marginally
Resectable Tumours

Neoadjuvant treatment has been achieved and feasi-
bility is confirmed. Results have been reported in
24 phase II and 3 small-size randomised trials
(VANSTEENKISTE et al. 1998b). The survival benefit
is limited to the best responders among the 60%
response rate group: improved resectability, more
chance of complete resection (60%), 10-15% com-
plete pathological response.

Limiting factors are the ill-defined criteria of
resectability, the discrepancy between ¢TNM and
pTNM, the 40% nonresponse rate and the significant
treatment-related toxicity, including surgical mor-
bidity after radiation and/or chemotherapy.

Analysis of the data collected during the recent
over-enthusiastic period led to wise, better selected
strategies (see Chap. 5).

4.7

Do Completely Resected Stage Il
Tumours Need Further Postoperative
Adjuvant Treatment?

The relapse pattern after such surgery is 10-40%
local and 20-70% distant metastases. A two-thirds
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rate of distant recurrence is commonly observed.
Postoperative irradiation may reduce the rate of lo-
calrelapses but had no impact on 5-year survival rate
in nine randomised trials for resected N1-N2 disease
(VAN HouTTtE et al. 1998; PORT META-ANALYSIS
TriaListTs Group 1998); moreover, it appears
detrimental in resected stage I and II (PORT
META-ANALYSIS TRIALISTS GROUP 1998). The po-
tential role of chemotherapy, eliminating infraclini-
cal micrometastases or delaying the emergence of
distant metastasis, is supported by a few reports
(NSCLC CoLLABORATIVE Group 1995). Ongoing
phase III trials may provide some answers (Inter-
group Trial 0115, IALT, ALPI-EORTC, ANITA, Big
Lung Trial).

4.8
Conclusions

1. Exclusive surgery is perfectly ethical in very lim-
ited stage III disease with expected complete
resection.

2. Marginal residues imply postsurgical adjuvant
treatment, selected in agreement with phase III
trial data.

3. Complete resection may benefit from adjuvant
therapy, still part of ongoing phase III prospective
trials.

4. If nonresectable, clinically or after exploratory
thoracotomy, stage III tumour may benefit from
chemo- and/or radiotherapy, whether in a
neoadjuvant setting or with curative intent.

The most difficult step is still to assess accurately
the cTNM and to quantify the degree of local exten-
sion of the tumour, with further appreciation of
resectability.
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5.1

Induction Therapy Before Surgery: An
Ongoing Controversy

5141
A Paradigm Shift

There is great debate regarding the proper applica-
tion of chemotherapy with or without radiotherapy
(RT) as induction therapy prior to surgical resection
in stage IIB (T3NO-1) and stage III non-small cell
lung cancer (NSCLC). Nearly as many reviews and
position papers have been written on this subject as
there are clinical trials (STRAUSS et al. 1992a; RuscH
and BENFIELD 1993; GREEN et al. 1994; JouNsoN and
PiaNTADOSI 1994; EDELMAN et al. 1996; ALBAIN
1997a; PERRY et al. 1997). As these reviewers point
out, initially the paradigm was to view the
“neoadjuvant” or induction modality(ies) as the
means to render unresectable disease resectable.
However, with the recognition that early eradication
of systemic micrometastases was critical to the suc-
cess of any local approach, the paradigm shifted: the
goal in current studies is to provide initial control of
both bulk disease and distant micrometastases with
induction therapy, and then employ surgical resec-
tion for definitive local control.

Under this new paradigm, the advantages of a suc-
cessful induction program include optimal and con-
current cytoreduction of distant and local disease,
improvement of odds of resectability in technically
difficult cases, the possibility of sparing more
normal lung tissue, and an “in vivo” test of chemo-
sensitivity. These advantages must be weighed
against concerns regarding increased morbidity and
mortality from combined modality induction regi-
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mens, in particular, greater incidence of postopera-
tive pulmonary complications and deaths; greater
technical challenges at operation in the face of radia-
tion fibrosis; and the small but real possibility of
progression of disease during induction.

5.1.2
The Current Debate in Two Subsets

In the course of this paradigm shift, numerous small
trials, and more recently larger phase I and phase II1
studies, were conducted that yielded a broad spec-
trum of outcomes that fueled the current contro-
versy. As shown in Table 5.1, this debate can be
separated into two major questions based upon the
amount of disease burden. First, there is the group
with nonbulky or minimal disease. These stage sub-
sets include selected IIB (T3NO0), IIIA(N1) and
[ITA(N2), with either non-enlarged N2 nodes on
computerized tomography (CT) scan, or micro-
scopic N2 nodal involvement with a normal CT scan
of the mediastinum. Initial surgical resection has
long been the standard of care for this group and the
bulk of mediastinal disease is critical in determining
potential for cure after the surgical resection (MAR-
TINI et al. 1983; MARTINI and FLEHINGER 1987;
VANSTEENKISTE et al. 1998). Despite a complete sur-
gical resection, however, the majority of these
patients die of metastatic disease. Thus, the debate in
this group is whether induction chemotherapy + RT
(chemoRT) definitively improves survival over
surgery alone.

The second group for which there is controversy
regarding the role of the three treatment modalities
contains the stage subsets that have bulky disease on
presentation (Table 5.1). These tumors include bulky
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N2 disease on CT scan or chest radiograph, T4 (no
effusion) primaries, or N3 disease. The standard of
care, as reviewed elsewhere (STRAUSS et al. 1992a;
EDELMAN et al. 1996) and in this volume, is any one
of several published chemoRT programs that dem-
onstrated significant benefit over RT alone. The de-
bate in this group is whether surgical resection after
induction chemoRT improves outcome over
chemoRT alone.

This controversy regarding optimal management
within both types of disease burdens exists in large
part because the published pilot studies, and now
several small randomized trials, addressed a wide
range of stage I1I/stage IIB(T3NO0) subsets of NSCLC,
not only across trials but also within each study. In
many of the early studies, there was inconsistent
pathologic documentation of nodal status and vari-
able staging criteria were utilized. Thus, the interpre-
tation of bi- and trimodality trials that include
surgery requires close attention to the definition of
stage subsets and method of documentation of such
(radiograph only versus biopsy-proof of N2, N3 or
T4 status).

Furthermore, these trials varied in the definition
of “bulky” disease, such as variable CT size criteria
for nodes, number of positive nodes, extranodal ex-
tension of tumor and various combinations of these
criteria. The published studies utilized different cri-
teria for resection after induction therapy (resection
of stable disease or just the responding tumors) as
well the definition of complete resection (most
required resection of gross disease, whereas a few
mandated negative margins or negative highest
node). Other factors that may influence survival were
variably available in these reports: the presence of
single intranodal N2 disease, involvement of nodal
stations N5 or N6 only, and positive N7 nodes
(VANSTEENKISTE et al. 1998). It is also critical

Table 5.1. Induction therapy prior to surgery: two subsets and controversies

Disease burden Stage subsets

Standard of care Controversy

Nonbulky or minimal + T3NO or N1

Microscopic N2 only with
normal CT scan

Bulky « Significant N2 enlargement on CT
scan or chest X-ray
T4 (no effusion)

+ N3 disease

Non-enlarged N2 nodes on CT scan

Initial surgical resection Should preoperative
chemotherapy + RT be

given routinely?

ChemoRT Does subsequent resection

improve survival?

RT, radiotherapy; CT, computerized tomography.
Modified from ALBAIN (1997a).
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that resection rates and overall survival are pre-
sented of the entire denominator, not just for those
patients taken to thoracotomy. Other important
data sporadically available are local and distant
relapse rates, cause of death, and predictors of long
term survival that optimally are addressed in multi-
variate models.

5.1.3
Objectives of this Review

The objectives of this chapter are to provide a per-
spective on these two critical questions (Table 5.1) in
the context of a review of early studies, second and
third generation trials and ongoing approaches.
Wherever possible, the disease bulk and stage sub-
sets contained within a given study along with the
other factors outlined above will be stated. Through-
out, stage classifications will be those employed at
the time of the particular study, but with the current
modifications of the International Staging System
mentioned where appropriate (usually a change in
classification of the T3NO subset from stage IIIA to
IIB) (MouNTAIN 1988, 1997). The conclusion of the
chapter will consider if data are sufficient to recom-
mend new standards of care for these two groups,
that is, whether the answer to the two questions
posed in Table 5.1 should be “yes.” Along the way to
this conclusion, several other aspects of the debate
will be addressed: Is there an optimal induction regi-
men? Is RT required in the induction program?
Should RT be sequenced or given concurrent with
chemotherapy? And, is there a defined role yet
for the newer agents with or without RT prior to
surgery?

5.2
The First Generation Studies

5.2.1
Induction RT Alone

The earliest induction trials used preoperative RT
alone in an attempt to convert unresectable disease
to resectable (BROMLEY and Szur 1955; BLOEDORN
et al. 1961; SHIELDs et al. 1970; WARRAM 1975).
These initial trials were conducted in the 1950s,
1960s and early 1970s, often without the benefit of
modern staging technologies. The first results were

provocative. Pathologic complete remissions were
reported in up to 15% patients, but operative com-
plications increased with doses of RT greater than
40 Gy. The consensus was that the resections were
technically easier, although most cases were prob-
ably initially resectable in terms of bulk and extent
by modern standards. However, this early enthusi-
asm for preoperative RT alone waned when random-
ized trials showed no survival benefit (PAYNE 1991).
The most recent study was one arm of a randomized
phase II trial of the Lung Cancer Study Group, LCSG
881 (LAD et al. 1991). Patients who had pathologic
stage IITA(N2) disease were given 44 Gy before sur-
gery. There was only one pathologic complete remis-
sion and the median survival was 12 months. Thus,
preoperative radiotherapy is no longer recom-
mended as the sole induction modality.

5.2.2
Early Trials of Induction Chemotherapy with
or without RT

The next group of studies, generally conducted in the
1980s, were the first to test first generation cisplatin-
based chemotherapy with or without sequential RT
prior to surgery (SKARIN et al. 1989; EAGAN et al.
1987; BITRAN et al. 1986; EL1AS et al. 1994; DARWISH
et al. 1994). As shown in Table 5.2, the studies were
small, accrued a wide mix of stage subsets and had
broad variability in both the amount of minimal ver-
sus bulky disease and in the percentage of biopsy-
proven N2 disease. Three trials employed the CAP
regimen (cyclophosphamide, doxorubicin and low
dose cisplatin), whereas two studies were cisplatin-
and etoposide-based, as depicted in Table 5.2. Re-
sponse rates from the induction therapy were 39%-
82%, resection rates (percent of original number
accrued) were 14%-88% and the survivals were
highly variable (Table 5.3). Although the stage and
bulk mix within these trials preclude conclusions re-
garding outcome, these were pivotal studies in that
they demonstrated the general safety of surgery after
induction therapy and, in certain cases, provided in-
triguing survival data.

Therefore, based on provocative findings and
safety data from these first generation trials, impetus
existed for the second generation trials. These stud-
ies were larger, many of which had more selected
stage subsets and most documented disease patho-
logically. The next three sections review two catego-
ries of second generation studies and long-term
survival from selected trials.
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Table 5.2. First-generation induction trial designs

K.S. Albain

Group or Reference Number Stage subsets Biopsy- Treatment program
study of proven N2
patients (%)
Dana Farber I SKARIN et al. 41 T3 or low-bulk 68 CAP x2 —>RT -
1989 stage III (N2) surgery = RT — CAP x 3
LCSG 831 EAGAN et al. 39 T3 or low-bulk 51 CAP x 3 with split RT —
1987 stage III (N2) surgery
University of Chicago  BITRAN et al. 21 Bulky T3 or T4N2 100 VdEP x 2 — surgery — RT
1986 or N3
Dana Farber II ELias et al. 1994 54 T1-3N2 (mixed bulk) 94 CAP X 4 + RT — surgery — RT
Perugia DaARrRwIsH et al. 42 T1-3N2 (clinically 0 EP X 2-3 — surgery —
1994 bulky) variable RT

LCSG, Lung Cancer Study Group; C, cyclophosphamide; A, doxorubicin; P, cisplatin; RT, radiotherapy; Vd, Vindesine;

E, etoposide.

Table 5.3. Outcome of first generation induction trials

Group® or study Response rate (%)

Resection rate (% original #)

Median survival (months) Long-term survival

Dana Farber I 43 88
LCSG 831 51 33
University of Chicago 70 14
Dana Farber II 39 56
Perugia 82 72

32 31%, 3-year
11 8%, 2-year
8 34%, 1-year
18 22%, 5-year
24 24%, 3-year

*References for studies given in Table 5.2.

5.3
Second Generation Trials of Induction
Chemotherapy

5.3.1
Description of Studies

All five second generation induction trials of preo-
perative chemotherapy alone required pathologic
documentation of N2 disease. These studies are sum-
marized in Table 5.4 (LAD et al. 1991; MARTINI et al.

1993; PISTERS et al. 1993; BURKES et al. 1994; EL1AS et
al. 1997; SUGARBAKER et al. 1995). However, tumors
with a wide range of disease bulk were accrued across
the trials. Furthermore, the RT was variably given
(intraoperative, postoperative, or not at all) and in-
formation regarding why RT was either given or with-
held was not provided in detail for some of the
studies. Thus, lack of concordance on these variables
makes comparison of outcomes among the studies
difficult. Four of the studies utilized preoperative
vinblastine and cisplatin with or without mitomycin

Table 5.4. Second generation trials of induction chemotherapy of pathologic stage IIIA (N2) disease

Group or study  Reference No. patients  Disease bulk Chemotherapy  Radiotherapy

LCSG 881 LAD et al. 1991 28 Most bulky MVP None

Memorial MARTINI et al. 1993 136 Most only one MVP Variable, either intra-

PISTERS et al. 1993 nodal station or postoperative
positive; mixed bulk

Toronto BURKES et al. 1994 55 Mixed bulk MVP Postoperative

Dana Farber Il Evr1as et al. 1997 34 Mixed bulk PFL Postoperative
(continuous
infusion)

CALGBII SUGARBAKER et al. 1995 74 Most bulky VP Postoperative

Abbreviations: as given in Table 5.2; V, vinblastine; M, mitomycin C; F, 5-fluorouracil; L, leucovoran; CALGB, Cancer and

Leukemia Group B.
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Table 5.5. Outcome of second generation induction chemotherapy trials

Group®or study Response rate (%)

rate (% initial n)

Complete resection

Operative mortality (%) Median survival (months)

LCSG 881 46 68
Memorial 78 65
Toronto 71 51
Dana Farber III 65 62
CALGB II 64° 62

17.0 12
4.4 19
8.0 21
0 18
3.1 15

* References for studies given in Table 5.4.
®Includes stable disease.

C (MVP, VP) and the fifth trial tested continuous
infusion cisplatin and 5-fluorouracil with leucovorin
rescue.

53.2
Outcomes

The outcomes reported in these five studies are
shown in Table 5.5. The response rates were 46%-
78% and resection rates (of the entire denominator)
were 51%-68%. Operative mortalities were 0%-17%
and were predominantly pulmonary or cardiopul-
monary events. Significant pulmonary morbidity
was observed in these studies, usually in the postop-
erative time period. For example, 13% of patients
treated with MVP in the Memorial Sloan Kettering
Cancer Center study and 12% of those who received
VP in the CALGB trial experienced major pulmonary
events (MARTINI et al. 1993; SUGARBAKER et al.
1995). It was difficult to give full dose RT in the
“posterior” or postoperative time period. For in-
stance, completion of the planned treatment (all RT
given postoperatively) was possible for only 42% of
patients in the CALGB study.

The median survivals (Table 5.5) were 12-21
months in these five studies of induction chemo-
therapy. Sites of first failure were included in three of
these reports: local-regional disease as the only site
of first relapse occurred in 26%, 24%, and 25% of
patients, respectively (MARTINI et al. 1993; EL1As et
al. 1997; SUGARBAKER et al. 1995). All of these local-
only recurrences occurred in the subgroup with re-
sidual disease at surgery in the Memorial Sloan
Kettering Cancer Center trial. The Dana Farber in-
vestigators noted that 15% of first relapses were in
the brain only.

54
Second Generation Trials of
Induction Chemoradiotherapy

5.4.1
Description of Studies

The other type of second generation study utilized
concurrent chemoRT in which the RT began on day
1 of the chemotherapy, as outlined in Table 5.6
(ALBAIN et al. 1995; WEIDEN et al. 1991; FABER et al.

Table 5.6. Second generation trials of induction chemoradiotherapy (standard fractionation) followed by surgery

Group or References No. Biopsy of T3NO-1/  IIIA (N2) Induction Induction
study patients mediastinal node T4or N3 (%) RT chemotherapy
or T4 required? (%)
SWOG 8805 ALBAIN etal. 126 Yes 0/40 60 Continuous, EP
1995 45Gy
LCSG 852 WEIDEN etal. 85 Yes 0/13 87 Continuous, PF
1991 30Gy
Rush-Presbyterian ~ FABER et al. 85 Yes 21/6 73 Split, 40Gy ~ PF/PEF
CALGB I STrRAUSS etal. 41 Yes 20/0 80 Continuous, PVF
1992b 30Gy
Tufts Law et al. 55 No 0/53 47 Continuous, EP
1997 59Gy

Abbreviations: as given in Tables 5.2 and 5.4; SWOG, Southwest Oncology Group.
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1989; STrRAUSS et al. 1992b; Law et al. 1997). Al-
though the RT was started on day 1 in each of the five
studies, it varied across trials from continuous to
split course and from 30Gy to 59Gy. All induction
chemotherapy was cisplatin-based, with either
etoposide, 5-fluorouracil, vinblastine or some com-
bination of these drugs (Table 5.6).

Eligibility for these five trials was more variable
than for the studies of induction chemotherapy
alone, in that biopsy documentation of mediastinal
nodal disease or T4 status was not always required.
Furthermore, a wider range of stage subsets were
included: stage IITA(N2) accounted for 47%-87% of
patients per trial. Two studies included T3NO or
T3N1 (21% and 20% in the Rush Presbyterian and
CALGB studies, respectively), whereas all patients
with stage IIIA disease in the SWOG 8805, LCSG 852
and Tufts trials had N2 nodal involvement. Selected
stage IT1IB subsets of T4 and/or N3 were allowed in all
but the CALGB study and accounted for 6%-53% of
patients per trial (Table 5.6). The SWOG 8805 and
Tufts trials were designed only for bulky disease,
whereas the others allowed a mix of minimal bulk
and bulky presentations.

5.4.2
Outcomes

Outcome of the chemoRT induction trials is summa-
rized in Table 5.7. Response or “response plus
stable” rates were 56%-92% and resection rates were
52%-76% of patients accrued to each study. The
operative mortalities were 4%-15% and, as was ob-
served in the induction chemotherapy trials, these
events were predominantly pulmonary-related, of-
ten very similar to the adult respiratory distress syn-
drome (ARDS). The Tufts trial was unique in that no
postoperative ARDS events were observed, despite
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the high total dose of induction RT (Law et al. 1997).
A rigid protocol to minimize fluids, transfusions and
the FiO, was employed in this study. The treatment
rendered after surgical resection was highly variable
among these five studies. There was no further
therapy in the Rush Presbyterian and LCSG 852 tri-
als, two cycles of additional chemotherapy plus 14 Gy
were given in the SWOG 8805 study (if residual dis-
ease or mediastinal node positivity) and one cycle
plus 30 Gy was used in the CALGB trial (all patients).
The Tufts investigators initially gave etoposide plus
cisplatin postoperatively, but later in the trial al-
lowed use of the carboplatin plus paclitaxel regimen.
In general across trials, it is uncertain whether this
“posterior” treatment, in particular the additional
relatively small doses of RT, added to the efficacy of
the program versus contributed more morbidity.
However, the SWOG investigators reported no dif-
ference in the toxicity profile between the induction
and postsurgical phases.

The median survivals for the two studies that ex-
cluded T3NO-1 tumors and required pathologic
staging were 15 and 13 months (ALBAIN et al. 1995;
WEIDEN et al. 1991). Whereas, in the other three
trials that included this better prognostic group and
did not require biopsy proof of the T and N substages
the median survivals were 22, 16 and 20 months
(FABER et al. 1989; STrRAUSS et al. 1992b; Law et al.
1997). Patterns of first recurrence were reported in
the SWOG 8805 trial: 11% were locoregional only,
whereas 61% were distant alone (ALBAIN et al. 1995).
There was no difference in the sites of relapse be-
tween those patients with negative mediastinal
nodes at the time of operation (but originally posi-
tive) versus those who had persistent involvement of
the mediastinal nodes. A significant proportion of
the isolated distant first relapses (and in many cases,
the only relapse or the sole cause of mortality)
occurred in the brain only. The Tufts investigators

Table 5.7. Outcome of second generation induction chemoradiotherapy trials

Group or study® Response  Complete resection  Operative Postoperative treatment Median survival
rate (%) rate (% initial n) mortality (%) (months)

SWOG 8805 59 71 8 Chemo x 2 + RT 14Gy if 15

positive nodes or margins

or if unresectable
LCSG 852 56 52 7 None 13
Rush-Presbyterian ~ 92° 71 4 None 22
CALGB1 64" 61 15 Chemo x 1 + RT 30Gy 16
Tufts 69° 76 5 PE or carboplatin + paclitaxel 20

*References for studies given in Table 5.6.
"Includes stable disease.
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also reported a very high rate of isolated brain
metastases, all of which occurred within the first 32
months of follow-up (Law et al. 1997).

5.4.3
The Stage IlIB Subgroup

Fewer data are available regarding outcome of in-
duction therapy followed by surgery in selected stage
IIIB subsets. All patients enrolled in the second gen-
eration trials of induction chemotherapy had stage
IITA(N2) disease, whereas all but one of the
chemoRT trials included patients with stage IIIB tu-
mors. The LCSG 852 trial and the Rush Presbyterian
study (Table 5.6) included 13% “minimal T4” and
6% “selected T4” lesions (clinically staged), respec-
tively. Separate survival data for this subset were not
provided. Two groups reported equivalence in out-
come in combined modality trials (no surgery) for
clinical stage IITA and IIIB disease (BoNomMI et al.
1992; CURRAN and STAFFORD 1995). It was suggested
that the T4NO subset may have a better outcome and
perhaps should be removed from the IIIB category,
just as the T3NO subset was recently reassigned to the
IIB subset instead of its former designation of IITA
(MouNTAIN 1997). This question was explored in the
SWOG 8805 study, since it was designed prospec-
tively to include a sufficient sample of stage IIIB
presentations.

The SWOG 8805 trial is unique among the other
chemoRT trials that included stage IIIB disease in
that pathologically documented T4 or N3 disease was
required and outcome was analyzed separately for
this subset (ALBAIN et al. 1995; RUscH et al. 1994).
The Tufts investigators also reported outcome sepa-
rately for the IIIB group, but the staging require-
ments were radiographic rather than pathologic
(LAw et al. 1997). The resection rates in these two
studies for stage IIIA(N2) were 76% and 76%, respec-
tively, and for stage IIIB, 63% and 50%. The median,
2-year and 3-year survivals were identical for the
ITIIA(N2) versus the IIIB group in the SWOG 8805
study, and the 3-year survivals were 73% and 32%,
respectively, in the Tufts trial. Of note, in the SWOG
8805 study, the T4NO-1 subset had an outcome iden-
tical to the TIN2 substage and achieved a 2-year
survival of 64%. In fact, this substage variable was
the only independent predictor of favorable outcome
from the time of registration to the study. Explor-
atory survival analyses were conducted within the
N3 subset, of which 27 patients were accrued. The 2-
year survival of the contralateral nodal N3 subgroup

was zero, whereas it was 35% for the supraclavicular
N3 subset. The resectability rate in this latter group
was only 39%.

In the follow-up trial for pathologic stage IIIB
disease conducted by the SWOG (SWOG 9019},
identical induction chemoRT was utilized as in
SWOG 8805, but no surgerywas given; instead, the RT
was continued without a break to 61 Gy and two addi-
tional cycles of EP were given (ALBAIN et al. 1997).
The overall survival in this study was identical to that
observed for the stage IIIB group in SWOG 8805,
hinting that in an identically staged patient popula-
tion, additional chemoRT may achieve the same ben-
efit as surgical resection after induction chemoRT.
However, in SWOG 9019, the recent study without
surgery, the 2-year survival was only 33% for the
T4NO-1 subset, compared to 64% in the surgical
study, SWOG 8805. This historical comparison of
consecutive trials in pathologically staged IIIB dis-
ease suggests that surgery might be beneficial in this
select group, but a prospective randomized study is
required to validate this observation (ALBAIN 1997b).

5.5
Long-Term Survival and Predictors
of Outcome

5.5.1
Trials with Mature Follow-up

Long-term survival and its predictors were provided
in several of the trials of induction chemotherapy
and induction chemoRT that were reviewed in the
preceding two sections. Selected studies with a mini-
mum of 3 years of long-term survival data are sum-
marized in Table 5.8 (MARTINI et al. 1993; PISTERS
et al. 1993; BURKES et al. 1994; ALBAIN et al. 1995;
ALBAIN 1997b; STrAUSS et al. 1992b; STrAUSS 1997;
SUGARBAKER etal. 1995; FABER et al. 1989; Law et al.
1997). Note that the SWOG 8805 trial follow-up is
updated for this chapter (ALBAIN and CROWLEY
1998, personal communication), as is the Toronto
study (BURKEs 1996, personal communication).
These studies with available long-term follow-up
(Table 5.8) differed in several critical aspects: (a)
disease bulk, (b) the inclusion of T3NO or N1 subsets,
(c) whether or not pathologic documentation of N2
disease was required and (d) the inclusion of IIIB
subsets. These disease bulk and stage subset varia-
tions and potential inaccurate staging on clinical
grounds may to a major degree explain the wide
range of 3-7 year survivals shown in Table 5.8.
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Table 5.8. Selected studies of induction therapy followed by surgery: long-term survival and predictors of outcome

Group or Bulky disease T3NO Biopsy proof  Selected Long-term Predictors of
study® only? or N1 of N2? IIIB included?  survival favorable outcome
included?

Memorial No No Yes No 17%, 5-year Pathologic CR

Toronto No No Yes No 34%, 5-year Complete resection

SWOG 8805 Yes No Yes Yes N2:21%, 5-year ~ N2/3— NO at resection;

II1B: 22%, 5-year T4NO or 1

CALGB1 No Yes No No 22%, 7 (+) year  No survival advantage for
complete resection or
pathologic CR

CALGBII Yes No Yes No 23%, 3-year Complete resection

Rush- No Yes No Yes 31%, 3-year T3NO or T3N1

Presbyterian
Tufts Yes No No Yes N2:73%, 3-year ~ Complete response

111B: 32%, 3-year

Abbreviations: as given in Tables 5.2, 5.4, 5.6; CR, complete response.
*References for studies given in Tables 5.2, 5.4 and 5.6; updates for SWOG 8805: ALBAIN 1997b, K.S. ALBAIN and J.J. CROWLEY
1998, personal communication; update for CALGB I. STraUss 1997. Update for the Toronto trial: RL, Burkes 1966, personal

communication.

Long-term follow-up of several trials suggested
that a plateau emerged on the tails of the survival
curves. As shown in Table 5.8, 5-7 year survivals of
17%-34% were recently reported. The SWOG 8805
study suggested a plateau between years 4 and 6, the
Toronto study between years 3 and 5, and the
CALGB I study from years 5-7(+). However, indefi-
nite plateaus are not expected due to competing
causes of death in a patient population with a high
rate of comorbid diseases. The SWOG 8805 investi-
gators made an attempt to categorize the reasons for
death, rather than assume all were cancer-related.
Although cancer accounted for 64% of all deaths,
20% were due to late pneumonia long after the end
of treatment, myocardial infarction, pulmonary
embolus, cerebrovascular accidents, trauma, ulcer or
second primaries (ALBAIN et al. 1995).

5.5.2
Predictors of Favorable Outcome

The seven studies of induction chemotherapy or
chemoRT shown in Table 5.8 reported analyses of
predictors of long-term survival, Methods of analysis
varied: univariate versus multivariate and either pre-
dictors of overall survival from registration or from
time of thoracotomy. Overall, the various predictors
included pathologic complete response (occurred in
approximately 20% of specimens collectively across
trials), complete resection, T3NO or T3N1 disease,
T4NO or N1 disease, and pathologic clearance of
mediastinal disease (nodal downstaging). These pre-

dictors varied across trials such that when significant
in one study, the same variable was not predictive in
the other. This variance was especially true for com-
plete pathologic response and complete resection.
For example, neither the CALGB I nor the SWOG
8805 trial found a predictive survival advantage to
either complete resection or pathologic complete
response, whereas one or the other of these factors
was an important favorable factor in the Memorial,
Toronto and CALGB II studies.

The observation regarding the favorable prognos-
tic impact of nodal downstaging is of interest, given
it was the only significant factor in a multivariate
model that included complete resection rate,
pathologic complete response and multiple other
factors in the SWOG 8805 study (ALBAIN et al. 1995).
The survival 3 years after thoracotomy for those with
uninvolved nodes at surgery was 41% versus only
11% if there was persistent mediastinal disease. This
variable of nodal downstaging was not assessed in
any of the other reports. Implications of this finding
were that clearance of disease in the mediastinum
may be a surrogate marker for eradication of distant
chemotherapy-sensitive micrometastases, such that
these patients may be the optimal candidates for ad-
ditional postoperative chemotherapy. And, persis-
tent N2 or N3 disease may predict the presence of
distant resistant disease. These implications raised
the question: Was surgery necessary if induction
cleared the mediastinal disease - or - were these
patients the best candidates for optimal local con-
trol? Whether molecular correlates (for example,
K-Ras, p53, proliferative rate) obtained on biopsy
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Table 5.9. Third generation trials of induction chemotherapy plus concurrent hyperfractionated radiotherapy followed by

surgery
Group References No. patients ~ Stage subset Chemotherapy Radiotherapy
Boston (MGH) CHoretal 1997 42 All biopsy- PVF X 2 concurrent 42 Gy split (1.5
proven stage with RT bid x7—
IIIA(N2), mixed bulk  — surgery - PVE x 1 10 day rest —
concurrent with RT 1.5 b.i.d. x 7);
postoperative
12-18 Gy (1.5 b.i.d.)
West German EBERHARDT et al. 94 All, mediastinoscopy ~ EP X 3 — reduced dose 45 Gy (1-5 Gy

Cancer Center 1997

and bulky: 6,
advanced T3; 46, 2 or
more N2 nodes; 42,
IIIB (T4 or

EP x 1 with RT -
surgery

b.i.d. over 3 weeks);
PCI later in trial

contralateral N3)

Abbreviations: as given in Tables 5.2 and 5.4; PCI, prophylactic cranial irradiation.

Table 5.10. Qutcome of third generation trials of induction chemotherapy plus concurrent hyperfractionated radiotherapy

Group® Resection rate  Treatment-related  Survival Predictors of favorable outcome
(of initial n) mortality
Boston (MGH)  93% 7% 57%, 5-year  Five-year survival by stage at thoracotomy:
StageOorI 79%
Stage 1I 42%
Stage III 18%
West German 53% 6% 28%, 4-year ~ N2/3 — NO in 80%, but no difference in survival if

(60% IIIA,
45% IIIB)

Cancer Center

(31% IIIA
26% IIIB)

pathologic CR or not; PCI decreased brain
metastases

CR, complete remission; PCI, prophylactic cranial irradiation.
*References for studies given in Table 5.9.

material pre- and/or post-induction might improve
identification of the optimal patients for surgical re-
section await the results of ongoing ancillary studies
within several of these trials.

5.6

Third Generation Trials: Induction
Chemotherapy plus Concurrent
Hyperfractionated Radiotherapy

5.6.1
Eligibility and Trial Design

Mature results of two important pilot studies of in-
duction chemoRT, in which the RT was given in
twice daily fractions, were reported in 1997, and are
detailed in Table 5.9 (CHoI et al. 1997; EBERHARDT et
al. 1997) Forty-two patients with mixed bulk, biopsy-
proven stage III(N2) disease were treated on the
Massachusetts General Hospital (MGH) trial and 94
patients were enrolled on the West German Cancer

Center (WGCC) study. The latter trial required
mediastinoscopy and all patients had advanced dis-
ease: either bulky T3 (six patients), two or more posi-
tive N2 nodes (n = 46) or stage IIIB (n = 42, either
T4 or contralateral N3 nodes). The concurrent
chemotherapy plus hyperfractionated RT protocols
are outlined in Table 5.9. The MGH group used
split course RT, split before the surgery as well
as after (with one additional cycle of chemotherapy),
whereas the WGCC trial gave continuous hyperfrac-
tionated RT and all treatment was completed before
the surgery. Stable disease was not resected.

5.6.2
Outcome and Predictors of Survival

The results of these two studies are summarized in
Table 5.10. The resection rates differed, in that 93%
of patients had a complete resection in the MGH
study, whereas 60% of the stage ITIIA subset and 45%
of the stage ITIB group in the WGCC study were
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completely resected. This difference in large part
may be due to a significant percentage of cases with
non-bulky disease in the MGH study. Treatment-
related mortality was no greater than reported in
trials that tested either induction chemotherapy
alone or induction chemoRT with standard single
daily fractionation of RT. Sixty percent of patients in
the MGH trial were able to complete the “posterior”
chemoRT given after the surgery.

Sites of initial failure in the MGH study were re-
ported in detail. Only local-regional relapse occurred
in 15% of those with a recurrence, only brain in 30%,
other distant site only in 45% and both local and
systemic in 10%. The WGCC investigators also re-
ported a high rate of initial brain relapses that
occurred relatively early in the follow-up period.
Prophylactic cranial irradiation was mandated in the
latter half of the trial and significantly decreased
these brain events.

Long-term survival outcomes were provocative in
both studies (Table 5.10). Yet, the 5-year survival of
37% in the MGH trial was identical to that reported
in the Toronto trial of induction chemotherapy alone
(Table 5.8). It is not possible to determine if the
hyperfractionated RT resulted in greater benefit, be-
cause both of these studies accrued patients with a
mixture of bulky and minimal N2 disease and it is
not clear if the percentage with high disease bulk was
greater in the MGH trial than in the Toronto study.
The WGCC trial clearly accrued more patients with
bulky disease, which in part explains the slightly
lower survival (38% overall at 4 years, with 31% of
IIIA and 26% of I1IB alive at 4 years). Therefore, the
intriguing results of the MGH and WGCC trials sug-
gest that a randomized study that tests single versus
twice-daily fractionation in the induction regimen is
needed in identically staged patients with uniform
disease bulk.

The analysis of predictors of survival in the MGH
trial provides independent validation of the SWOG
finding that mediastinal nodal downstaging is a criti-
cal favorable determinant for long-term survival
(CHor et al. 1997; ALBAIN et al. 1995). Patients with
stage 0 or I tumors at surgery had a 79% 5-year
survival after thoracotomy in the MGH trial, and
those with NO or N1 downstaging had a 41% 3-year
survival in SWOG 8805. Nodal downstaging was
noted in 80% of the subset with N2 or N3 disease in
the WGCS study, but there was no difference in sur-
vival if pathologic complete remission was achieved
or not (EBERHARDT et al. 1997). An independent
analysis of the impact of mediastinal nodal clearance
is planned, but stable disease was not resected.
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5.7
Randomized Trials of Induction Therapy
in Resectable Disease

5.71
Study Population and Trial Design

Four small randomized trials in resectable non-small
cell lung cancer were conducted in each of which the
control arm of surgery alone, was compared with
induction chemotherapy, with or without variably-
timed RT (Pass et al. 1992; H.I. Pass 1996, personal
communication; YONEDA et al. 1995; ROTH et al. 1994;
ROSELL et al. 1994). These programs are described in
Table 5.11. The first two studies are rarely discussed,
whereas the latter two are debated frequently. These
trials differ from many of those described in the pre-
vious sections, above, in that all four required oper-
able disease; that is, surgery alone was deemed the
acceptable standard for the control arm. However,
the bulk of disease varied across the four studies.
Patients with bulky disease were enrolled in the NCI
(multiple N2 nodes on mediastinoscopy) and Japa-
nese (clinically bulky) trials. The NCI trial was the
most homogeneous in the stage subsets accrued.
However, the M.D. Anderson and Spanish studies did
not require N2 disease and mediastinal node biopsy
was not mandated if the CT scan was negative. Of
note, in the surgical control arm of the M.D. Ander-
son trial, 40% of cases were actually stage ITIB or IV at
time of operation. Thus, the treatment groups of the
small M.D. Anderson and Spanish studies were quite
heterogeneous regarding stage subsets.

The induction chemotherapy regimens were
cisplatin-based and were also variably given after
surgery depending on the study (see Table 5.11).
The use of RT was also different in each trial: either
postoperatively only in the non-chemotherapy
arm, concurrent with the induction chemotherapy,
postoperatively only if residual disease, or post-
operatively for all patients.

5.7.2
Outcome of the Four Randomized Trials

Three of the four trials closed prematurely. The
NCI trial was stopped early due to slow accrual,
whereas the M.D. Anderson and Spanish studies
were halted due to survival differences (Table 5.11).
In the NCI study, although there was no statistical
difference between the two arms, the P value has
continued to decrease with longer follow-up, in favor
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Table 5.11. Randomized trials of surgery with or without induction therapy in resectable non-small cell lung cancer®
Group References No. Stage Disease = Chemotherapy RT 2-3 year suvival
patients subset(s) burden
No ChT ChT Pvalue
NCI Passetal. 28 IITIA(N2) by Bulky EP pre- and Postoperatively 21% 46% 0.12
1992 biopsy postoperatively in no-ChT arm
only
Japan YoNEDA 83 Clinical IIIA Bulky Vdp Concurrent 40% 37% NS
et al. 1995 and IIIB preoperatively  with CT
M.D. RoTH 60 IITA(N2) not Minimal CEP pre- and  Postoperatively 15% 56% <0.05
Anderson et al. 1994 required; node bulk postoperatively only if residual
biopsy not disease
required; some I1IB
Spain ROSELL 60 IIIA(N2) not Minimal PIM Postoperatively 0% 30% <0.05
et al. 1994 required; node bulk preoperatively  for both arms

biopsy not required

Abbreviations: as in Tables 5.2, 5.4 and 5.6; I, ifosfamide;
chemotherapy.

*Modified from ALBAIN 1997a.

®Study undated: H.L. Pass 1996, personal communication.

of the chemotherapy arm (Pass 1996, personal
communication). There were differences in recur-
rence patterns by arm in the NCI trial: less distant
but more local disease was observed in the induction
chemotherapy group. The group with preoperative
chemoRT had a survival identical to the surgeryal-
one arm in the Japanese study (YoNEDA et al.
1995).

The other two randomized trials (M.D. Anderson,
Spain) were closed early due to their strongly posi-
tive results in favor of the induction chemotherapy
arms, as shown in Table 5.11 (RoTH et al. 1994;
RoseLL et al. 1994). Longer follow-up data were
shown for both studies at the Eighth World Lung
Cancer Conference, as of this writing not yet pub-
lished (RoTH 1997, meeting presentation). At a
median follow-up of 81 months, 32% of patients
were alive in the induction chemotherapy group
versus 16% in the surgery-alone arm (P = 0.06) in the
M.D. Anderson study. The P value became signifi-
cant if only deaths due to cancer were considered. In
the Spanish trial, no patients survived in the surgery
group, versus there were 16% long-term survivors in
the induction chemotherapy arm.

The M.D. Anderson and Spanish trials continue
to generate much discussion and debate. The con-
sensus is that these results are provocative, but they
are not definitive. There are various aspects of the
design and outcome of the studies that call for con-
firmatory trials. As mentioned above, the major con-
cern is that of marked substage heterogeneity within
these two trials. It is not clear that the early stopping

NS, not significant; NCI, National Cancer Institute; ChT,

rules for these very small trials accounted for the
strong potential influence of even slight substage or
molecular prognostic factor imbalances between
the two arms. Minor shifts between arms of these
factors would have a major impact on the survival
differences. Furthermore, the surgical control arms
fared poorly, possibly due to substage imbalance
(e.g., high rate of stage IIIB/IV in the M.D. Anderson
control arm). However, in the Spanish trial the
surgery-alone arm had 37% patients with NO or
N1 disease. But, more patients in the control arm
had tumors with K-RAS mutations and aneuploid
DNA, both potential adverse prognostic factors.
Small differences in unstratified prognostic factors
such as K-RAS could potentially affect the results.
It is hoped that the larger ongoing and planned
randomized trials that control for these factors
will confirm the promising results of these small
trials.

5.8
Surgical Considerations

It is beyond the scope of this chapter to review all the
critical surgical issues involved in the conduct of and
observed within the analyses of these studies. Never-
theless, several summary points should be made.
First and foremost, a multidisciplinary team ap-
proach is mandatory from the time of diagnosis.
This team should include a thoracic surgeon with
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expertise in the technical demands of post-induction
surgery and postoperative care, medical and radia-
tion oncologists, a pulmonologist and a radiologist.
This same multidisciplinary involvement is neces-
sary at the re-evaluation point after induction. At
this time, re-staging tests should be reviewed and the
optimal time for surgery decided (usually 3-5 weeks
after completion of the induction before the develop-
ment of fibrosis).

Although some trials were designed to offer post-
induction resection only to those with a complete or
partial response, it may be more important to docu-
ment lack of progression. Patients with stable disease
on CT scans of the chest after the induction are often
found to have either minimal or no tumor in the
pathology specimen and should also be offered re-
section. For example, in the SWOG 8805 study, there
were 37 patients who had stable disease after induc-
tion. Thirty of these underwent thoracotomy, of
whom 26 were resected. Of these, 12 (46%) had no
residual tumor or only rare microscopic foci
(ALBAIN et al. 1995).

A more difficult and theoretical question is what
should define a complete resection. Should the mar-
gins for resection encompass the original extent of
disease, or must these margins be dictated by the
amount of residual tumor? How extensive should
search for contralateral nodal disease be conducted?
These issues move from the theoretical to the practi-
cal as more experience is gained among the
multidisciplinary teams and as the induction regi-
mens become more innovative. In part, the answers
to these questions will be dictated by the role surgery
is eventually defined to play: a local control modality
versus critical for long-term survival.

The type of surgical resection required is to a large
degree determined by the initial extent and bulk of
disease. At least for those trials in which patients
with marginally resectable or unresectable disease
were accrued, more complex operations are neces-
sary and technical experience of the thoracic surgeon
in postinduction surgery is critical (RuscH and
BENFIELD 1993). Of the resections performed in the
SWOG 8805 trimodality trial, 43% were standard
lobectomies, 15% complex lobectomies (extra-
pleural, spine, chest wall or sleeve resections), 13%
pneumonectomies and 29% intrapericardial pneu-
monectomies (ALBAIN et al. 1995; RuscH et al. 1994).
The acute surgical morbidities appear to be similar
regardless of the type of induction, unless too much
time is allowed to elapse in those patients who
received RT as part of the induction and extensive
fibrosis is therefore encountered.
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5.9
Treatment-Related Morbidity
and Mortality

The morbidity from induction chemotherapy or
induction chemoRT followed by surgery is not insig-
nificant. The most common side effects are the
expected myelosuppression from chemotherapy and
esophagitis, more often observed after chemoRT.
Both of these toxicities are usually manageable on an
outpatient basis. However, pulmonary complica-
tions, especially those observed in the postoperative
period, are the greatest concern, as discussed
above. This toxicity manifests as either an extensive
pneumonitis, usually culture-negative, or ARDS-like
picture, the latter of which has a high mortality rate.
Pulmonary morbidity and mortality were reported
in most studies of combined modality therapy at
rates higher than expected from RT or surgery alone.
It occurs after all types of induction chemotherapy
regimens, with or without RT, usually in those
patients who required a pneumonectomy. These
pulmonary complications result from multifactorial
causes (ZELDIN et al. 1984; MATHRU et al. 1990;
FOwLER et al. 1993; RoacH et al. 1995). Although
high dose radiation above 45 Gy has been implicated
(FOwLER et al. 1993), the occurrence of this severe
problem in trials with no induction RT and the lack
of an excess rate in other trials with high-dose RT
(Law et al. 1997; CHoI et al. 1997; EBERHARDT et al.
1997) underscore that lymphatic sump disruption
and post-pneumonectomy shunts may be less well
tolerated after induction chemotherapy. The pre-
operative DLCO may be the most important screen
for this problem, which is being studied prospec-
tively in the current North American Intergroup
phase III trial in N2 disease.

The other major morbidity experienced by many
patients after induction therapy followed by surgery
is a post-treatment constitutional syndrome. This
consists of a constellation of symptoms including
thoracotomy pain, malaise, anorexia and poor pul-
monary reserve. This syndrome probably occurs at
a greater frequency than with radiation or surgery
alone and its rate is under-reported. It often resolves
within a year after treatment, but its lingering pres-
ence is clearly discouraging to the patient and
caregiver. Prospective quality of life analyses and
active rehabilitation protocols for this population
are sorely needed.

Finally, it must be emphasized that these com-
bined modality programs were tested in the “fittest”
patients who were fully ambulatory and had general
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medical conditions that permitted the rigors of this
therapy. Eligibility criteria were of necessity quite
strict in these trials and it may be dangerous to offer
this type of treatment outside of a clinical trial, espe-
cially to patients who have a poor performance
status and/or major co-morbidities. Clinical trials
geared to the large group of patients ineligible for
these aggressive approaches are fortunately expand-
ing, with first reports expected shortly.

5.10
Has an Optimal Treatment Program
Emerged?

It is clear that no induction program has emerged as
superior to the others to date. The major reasons for
no current consensus are: (a) lack of large random-
ized trials that address a single question in a homo-
geneously staged group of patients; (b) marked
variability in study populations, staging methods
and disease bulk across the trials reviewed in the
preceding sections; and (c) difficulty in defining
what constitutes a “resectable” versus an “un-
resectable” tumor. Thus, it is difficult to put these
variations aside to strictly consider the questions of
optimal chemotherapy, RT, and combinations of
these modalities in the published studies. Neverthe-
less, some evidence is presented by a few trials,
although clear answers to these questions must await
ongoing and planned randomized studies.

5.10.1
Chemotherapy: Old Versus New Agents

There is no chemotherapy induction regimen that
currently can be recommended as superior and no
randomized trials exist that asked (or are asking)
this question. All programs with published safety
data and long-term follow-up employed second-gen-
eration cisplatin combinations, either alone as in-
duction therapy or in sequence or concurrent with
RT. Pilot studies of induction chemotherapy or
chemoRT that used one of the taxanes, gemcitabine,
vinorelbine or other newer agents in combination
with cisplatin or carboplatin prior to surgery have
been initiated and reported in meeting summaries or
in abstract form. However, it is too early to deter-
mine if these approaches will be at least as safe and
hopefully superior to the studies reviewed in this
chapter. Prior to establishing their safety as pre-
surgery induction programs, the feasibility and su-

periority of adding new agents within a chemoRT
approach (with no surgery) in locally advanced dis-
ease should first be proven.

There are data from the chemoRT trials in
unresectable stage III disease (without subsequent
surgery) that provide reassurance regarding the
value of continuing studies that employ second
generation chemotherapy in induction regimens
prior to surgery. Specifically, the role of etoposide has
been questioned. In two successive phase II trials
in identically staged patients conducted by the
Avignon, France group, superior 3-year survival was
achieved with concurrent cisplatin, etoposide and RT
compared with cisplatin and RT: 38% versus 16%, P <
0.003 (REBOUL 1996, meeting presentation). The ad-
dition of etoposide was an independent favorable
predictor of survival in a multivariate analysis.

Furthermore, some have suggested that current
standard of care should require replacement of the
older with new agents in the induction chemo-
therapy or chemoRT. However, this recommenda-
tion is premature. Numerous phase II pilot studies of
a platin plus a taxane, usually paclitaxel, in combina-
tion with RT but without subsequent surgery, were
recently reported with encouraging early results
(CHOY et al. 1994; FrascL et al. 1997). However,
none of these newer programs tested in carefully
staged subsets have yet reported superiority in long-
term follow-up. In a recent update, response rates in
four successive trials of paclitaxel and RT *
carboplatin were 73%-77%, very similar to the re-
sponse rates of the second and third generation
induction programs reviewed herein (CHOY 1997).
The 3-year survivals of 15.5% and 19%, available in
two of these trials, and the 2-year survival of 40% in
a third study are comparable to those reported in
the past for chemoRT without surgery. For example,
the 2- and 3-year survivals after the combination of
cisplatin, etoposide and concurrent RT without sur-
gical resection in the SWOG 9019 stage IIIB study
were 33% and 26%, respectively (ALBAIN et al. 1997).
Therefore, completion of ongoing randomized stud-
ies that employ second-generation chemotherapy
in combination with RT prior to surgery can be
justified.

Meanwhile, the outcomes of important random-
ized studies that are testing the safety and efficacy
of various new agents in combination with RT (but
without surgery) are eagerly awaited. These studies
should be completed with a full safety analysis before
surgical resection is added to the program. As these
new trials mature, it will be critical to monitor
the stage subset mix and substage documentation
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methods in order to determine if the anticipated
reports of superiority may be solely attributed to
the change in chemotherapy.

5.10.2
Is Radiotherapy Necessary in
the Induction Regimen?

A Brazilian study stands alone as the only random-
ized trial to date that addressed the need for RT in
the induction regimen (FLECK et al. 1994). As shown
in Table 5.12, 96 patients with clinically bulky or
biopsy-proven stage IIIA(N2) and T4 IIIB disease
were randomized between chemoRT followed by
surgery versus chemotherapy alone followed by sur-
gery. Two programs commonly employed at the time
were tested: cisplatin and 5-fluorouracil plus RT
versus the MVP regimen. In the initial (and only
published) report at the 1994 American Society of
Clinical Oncology meeting, survival was significantly
better for chemoRT than for pre- and postoperative
chemotherapy in these patients with mixed stage III
disease. Significantly more neutropenia and neuro-
logic toxicity were observed in the MVP arm,
whereas there was a higher rate of mucositis in the
chemoRT group. Recently, updated results were
made available but are not yet published: the 5-year
survival is 31% in the chemoRT arm versus 15%
in the MVP arm (P = 0.05) (FLECK 1997, personal
communication).

K.S. Albain

Confirmatory studies in a homogeneously staged
population are needed to validate this result, but one
other hint regarding the necessity of RT came from a
Japanese trial that did not include surgery (KuBoTa
et al. 1994). Patients with stage III disease without
progression after two cycles of cisplatin-containing
chemotherapy were randomized to 60 Gy (2 Gy/day)
or observation. The 3-year survival was 29% versus
3% in favor of the addition of RT.

The safety and efficacy of preoperative
hyperfractionated RT combined with chemotherapy
followed by surgery were defined in two recent trials
(Sect. 5.6). A randomized study of single versus
twice-daily fractionation combined with chemo-
therapy (but with no subsequent surgery) is ongoing
by the RTOG, but no trial testing the type of induc-
tion fractionation with the addition of surgery is in
progress at this writing.

5.10.3
Timing of Radiotherapy in Induction Trials
with Surgery

Controversy also exists regarding the optimal timing
of RT with respect to chemotherapy and surgery. The
debate was that concurrent induction chemoRT was
more toxic than sequential and that no data existed to
support its use over RT alone in unresectable disease.
A review of the toxicity profiles in the studies re-
viewed herein suggested they are actually quite simi-

Table 5.12. Other randomized trials that address role of various modalities within induction programs for non-small cell lung

cancer
Group or References  No. Stage subset Question Design Outcome
study patients
Brazil® FLECK 96 Stage IITA(N2) Role of RTin  PF + RT vs MVP five-year survival 31%
et al. 1994 and T4 IIIB; N2 the induction? |2 vs 15% in favor of PF
nodes bulky on CT Surgery + RT (P = 0.05)
or biopsy-proven J
RT vs MVP
(if residual
disease)
NCI Canada  PaYNE 31 Biopsy-proven Induction then PV — surgery Closed early due to slow
et al. 1997 stage ITTA(N2) surgery vs RT? Vs accrual; survival cuves
RT alone superimposed at 2 years
RTOG 89-01  INCULET 71 Biopsy-proven Postinduction =~ MVP or VP Closed early due to slow
et al. 1997 stage ITTA(N2) surgery vs RT? \: accrual; P = 0.62
Surgery vs RT for overall survival;
4-year: 13% for
MVP or VP surgery vs 20% for RT

Abbreviations: as in Tables 5.2, 5.4, 5.6; RTOG, Radiation Therapy Oncology Group.

“Update provided by J. FLECK 1997, personal communication.
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lar, regardless of when the RT was given, although
concurrent chemoRT regimens may have a higher
rate of esophagitis or mucositis. But, operative mor-
tality rates were no different, even if hyperfrac-
tionated RT regimens were employed. Of note, the
CALGBhad great difficulty completing the RT when it
was given “posterior” to the surgery (SUGARBAKER et
al. 1995). Furthermore, the North Central Cancer
Treatment Group (NCCTG) reported that concurrent
chemroRT significantly increased time to progres-
sion and lowered systemic failure rates compared to
RT alone (no surgery was attempted) (McGINNIS et
al. 1995). This study was terminated early due to
publication of reports of superiority of chemoRT over
RT alone in unresectable disease.

While no trials have been conducted with
postinduction surgery to address the concurrent
versus sequential chemoRT question, an important
Japanese study was recently reported in unresectable,
stage III disease (FURUSE et al. 1997). There was a
significant long-term survival advantage to the con-
current over the sequenced regimen. An ongoing
RTOG trial directly tests this question in locally ad-
vanced disease (but without surgical resection).

5.10.4
After Induction Chemotherapy:
Is Surgery Necessary?

Another question raised by the trials reported to date
is whether surgery is superior to RT after induction
chemotherapy. As reviewed in Sect. 5.5.2, several
studies reported no prognostic impact of complete
resection. For example, the CALGB I study update
showed that many of the long-term survivors did not
undergo a complete resection (STRAUSS 1997).
Therefore, two randomized studies were designed to
address this question, one by the NCI Canada (n =
31) and the other by the RTOG (1 =71) (PAYNE et al.
1997; INcuLUT et al. 1997). These trials are described
in Table 5.12, both of which gave induction chemo-
therapy followed by surgical resection in one arm
versus either definitive RT alone or induction
chemotherapy followed by RT in a meticulously
staged, homogeneous population with stage
ITTA(N2) disease. Both of these trials closed prema-
turely due to impaired accrual, but were recently
reported for the first time. The survival curves over-
lap in both studies. The 4-year survival was 13% in
the surgery arm and 20% for the RT group in the
RTOG study. Ongoing studies are designed to defini-
tively answer this question (see Sect. 5.11.1).

5.11
Ongoing Trials

5.11.1
Phase lll Trials in Stage Ill(N2) Disease

There are three large randomized phase III trials on-
going worldwide in patients with biopsy-proven stage
IITA(N2) disease. The study designs are shown in
Table 5.13. The current High Priority North American
Intergroup Trial (RTOG, SWOG, ECOG, CALGB,
NCCTG and NCI Canada) tests the trimodality pro-
gram developed by the SWOG (ALBAIN et al. 1995)
versus the same induction chemoRT but no surgery
with full dose RT in pathologically documented,
bulky N2 disease. Accrual has increased and ongoing
analyses of toxicity by the Data and Safety Monitoring
Committee permit continuation of this study. No
unexpected toxicities or excess postoperative mortal-
ity were observed in the first 170 patients accrued
(ALBAIN, RuscH, TurrisI and ScoTT 1998, personal

‘communication). The European Intergroup trial asks

whether surgical resection or RT is optimal after three
cycles of induction chemotherapy (SPLINTER et al.
1997a). At the point of accrual of 179 patients, an
interim analysis showed a resection rate of 89%, 3
treatment-related deaths and downstaging in 42%.
Patients were able to complete the postchemotherapy
RT. The third trial is a follow-up study of the phase I
West German Cancer Center trial (EBERHARDT et al.
1997). This study will test the impact of surgery
after induction chemotherapy followed by more che-
motherapy plus concurrent, hyperfractionated RT
versus observation.

5.11.2
Ongoing Trials in Early Stage
or Minimal Bulk Disease

Ongoing randomized phase II or phase III studies in
early stage disease ask if preoperative chemotherapy
adds to surgical resection alone. These studies, sum-
marized in Table 5.14, all test a cisplatin-containing
regimen in variable stage subsets, excluding N2 dis-
ease. The French trial met its accrual goal in March
1997 and results are awaited at this writing
(DEPIERRE et al. 1994). The EORTC trial is accruing
slowly and may not reach its accrual goal (SPLINTER
et al. 1997b) and the other studies are very early in
accrual. A phase II pilot study of carboplatin plus
paclitaxel prior to resection in patients with stage
T2NO, T1-2N2 or T3NO-1 disease is in progress and a
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Table 5.13. Ongoing randomized phase III trials that ask if surgery is necessary in biopsy-proven stage IIIA (N2) NSCLC

Group Projected number of patients Design
North American Intergroup 510 EP x 2 + single fx RT, concurrent
EP x 2 Suriery
+
Complete RT EP x 2
to 61 Gy with
no break
European Intergroup 480 Any cisplatin-containing regimen
Surgery Single fx RT
West German Consortium NA Taxol + P — hyperfx RT + Taxol + P

VAN

Surgery  Observation

Abbreviations given in other tables; fx, fraction.

Table 5.14. Ongoing randomized phase II or phase III trials that ask if induction chemotherapy is necessary

Group Stage

Design

Status

French Phase II T2NO, II, IIIA

Surgery vs PIM — surgery
(postoperative RT in both arms if

Met accrual goal
(n = 372) on 3/1/97

T3 or N2(+) at surgery)

EORTC Randomized Phase II I, II, ITIA (NO)

Netherlands Phase III T2NO, N1, T3NO

EP X 2 — surgery vs surgery alone

Ongoing, accrual

very slow
EP x 2-4 (to maximum response) Ongoing
— surgery vs surgery alone
Cisplatin-containing ChT x 3 — surgery Ongoing

England Phase III “Early Stage”

vs surgery alone

Abbreviations as in other tables.

randomized follow-up trial is under consideration
(P1sTERS et al. 1997).

5.12
The Two Induction Therapy
Controversies: Is There a Consensus?

After considering the worldwide data reviewed
herein on induction therapy followed by surgery,
one can revisit the questions posed in Sect. 5.1 and
Table 5.1. Should post-induction surgery become the
standard of care in advanced stage III disease and,
if so, for which subsets? Should surgical candidates
with initially resectable disease always receive
preoperative chemotherapy and, if so, which stage

subgroups? Many practitioners, especially in North
America, have concluded yes to both questions and
routinely prescribe such treatments outside a clinical
trials for many stage subsets. However, the majority
Consensus Statement of the International Associa-
tion for the Study of Lung Cancer (IASLC) empha-
sized that the data argue that it is premature to reach
these conclusions in either disease group (PERRY
et al. 1997).

First, the IASLC Consensus Statement pointed
out that while feasibility and safety were demon-
strated and that some provocative outcome data
were reported, post-induction surgery has not yet
been proven to be superior to chemoRT or chemo-
therapy alone. Thus, this approach should not be
routinely applied to unresectable or marginally
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resectable bulky N2 or stage IIIB disease, for which
chemoRT remains the standard of care. Second,
the Consensus Statement concluded that surgery
alone is still the standard (versus preoperative
chemoRT or chemotherapy) for the minimal bulk,
“up front” resectable subsets. This issue remains
unsettled because of the small numbers and stage
subset biases in the two randomized trials with
positive results (RoTH et al. 1994; ROSELL et al.
1994) and the superimposition of survival curves
in the two (albeit incomplete) trials that tested a
non-surgery arm (PAYNE et al. 1997; INCULET et al.
1997).

Fortunately, ongoing and planned randomized
trials (Tables 5.13, 5.14) should provide definitive
answers to these two questions. Yet, there are grow-
ing trends to attempt resection of disease in all
patients following chemo * RT, and/or to add new
agents to induction RT ahead of published pilot
safety and efficacy data in clearly defined subsets,
and/or to routinely give third-generation chemo-
therapy prior to resection in those patients with early
stage disease. These practice trends may jeopardize
the worldwide accrual to the randomized trials and,
if so, this debate will remain the most controversial
area in the management of NSCLC. It is hoped that
oncologists and thoracic surgeons will support
these studies and thus allow answers to these critical
questions.
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6.1
Introduction

Complete resection of tumor is a critical component
of curative treatment for patients with non-small cell
lung cancer (NSCLC). This holds true for patients
with early stage disease as well as more advanced
local tumor (WATANABE et al. 1991; McCAUGHAN
et al. 1985; GREEN and LILENBAUM 1994). However,
despite “curative resection,” the long term survival
of these patients is less than satisfactory. They are
still at risk for local and distant relapse and the risk
for disease recurrence increases with more advanced
disease. Based on the 1997 revision of the Interna-
tional Staging System for lung cancer, the 5-year sur-
vival rates of 1910 patients managed with definitive
surgical treatment were analyzed. It was greater than
65% for stage IA patients. For patients with stages IB,
IIA and IIB disease, these rates ranged from 40% to
55%. In selected stage IIIA patients, the rate fell to
approximately 25% (MoOUNTAIN 1997). This higher
than expected survival rate for IITA disease reflects
the more favorable characteristics of stage IIIA pa-
tients who were selected for immediate surgery and
found amenable to complete resection of disease
(Table 6.1). Patients who had clinically evident stage
ITIA disease in the same database did poorly, with a
5-year survival of only 13%.

S.S. LEONG, C.M.S. RocHA LiMa, and M.R. GREEN, Hollings
Cancer Center, Medical University of South Carolina, 171
Ashley Avenue, Charleston, SC 29425-2225, USA

Immense time and effort have been put into ex-
ploring the role of adjuvant therapy in an attempt
to improve survival outcome in patients with com-
pletely resected non-small cell lung cancer. Unlike
breast cancer (BONADONNA et al. 1976, 1995;
STEWART 1987) or colon cancer (LAURIE et al. 1989;
MoOERTEL et al. 1995), where adjuvant treatment
postsurgery has clearly established its role in im-
proving both disease free and overall survival,
similar data in lung cancer are at present suggestive
but not convincing enough to advocate adjuvant
therapy as standard of care.

6.2
Immunotherapy

Early attempts at adjuvant treatment targeted the
immune system. In 1976, McKNEALLY and col-
leagues (1976) reported preliminary results in 60
patients randomized to instillation of intrapleural
bacille Calmette-Guérin (BCG) or observation post-
surgery. At a median follow-up time of 1 year, none
of the 17 stage I patients given intrapleural BCG
has relapsed while 9 out of 22 stage I patients in the
control group developed recurrent disease. The
mature results reported 4 years later, now with 169
patients on study, still showed benefit in stage I
patients but not in stage II and III patients. The re-
currence rate at 3 years was 33% in the BCG-treated
group and 62% in the control group (MCKNEALLY et
al. 1981). This small but provocative trial demanded
further investigation. At the same time, the enthusi-
asm for adjuvant therapy in breast cancer fueled fur-
ther interest in adjuvant treatment of other common
malignancies including lung cancer.

In this environment, the United States National
Cancer Institute funded the Lung Cancer Study
Group (LCSG), a coalition of North American aca-
demic institutions committed to investigating adju-
vant therapy strategies in patients with lung cancer.
The first trial of the LCSG, 771, was designed to retest
the BCG observations of MCKNEALLY et al. on a
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Table 6.1. Five-year survival rates of patients with pathological stage I-II1A disease

(adapted from MouNTAIN 1997)

TNM staging Group staging Number of patients Five-year survival rate
TINOMO 1A 511 67%
T2NOMO 1B 549 57%
TINIMO IIA 76 55%
T2N1MO 288 39%
T3NOMO 1IB 87 38%
T3NIMO 55 25%
T1-3N2MO IITA 344 23%

larger scale. Four hundred and seventy-three pa-
tients with completely resected TINO, T2NO or
TIN1 NSCLC were randomized to receive either
intrapleural BCG along with oral isoniazid 300 mg/
day for a total of 12 weeks or intrapleural saline plus
an oral placebo. Accrual began in August 1977 and
ended in October 1980. Final analysis revealed no
benefit in either time to recurrence or survival
(MounTAIN and GaiL 1981; GaiL 1994). However,
these data were not available to LCSG investigators
until 1981 at the earliest. Beginning in 1977, while
study 771 was still ongoing, they used intrapleural
BCG and oral isoniazid, along with the additional
oral agent levamisole, as the “control arm” of LCSG
772, their first trial of adjuvant chemotherapy in
resected patients with NSCLC.

The inclusion of levamisole as part of an adjuvant
immunotherapy regimen for lung cancer was based
on preliminary data. In a small randomized study by
VAN HouTTE et al., 2 years of levamisole treatment
following surgery and mediastinal irradiation sug-
gested a possible benefit for patients with early stage
disease (TINO and T2NO) with a trend towards im-
proved disease free survival (VAN HouTTE et al.
1980). However, subsequent work by ANTHONY et
al., using levamisole both pre-operatively as well as
in the early postoperative period, demonstrated in-
creased postoperative mortality in the levamisole
treated patients, postulated to be immune-mediated
(ANTHONY et al. 1979). A subsequent randomized
trial of adjuvant levamisole failed to show either
benefit or harm (HERSKoOVIC et al. 1988).

Various other adjuvant immunotherapeutic ap-
proaches have been reported in patients with
resected NSCLC. These have included the use of
intrapleural OK-432, systemic therapies with inter-
feron and lymphokines, and active immunotherapy
(LEE et al. 1994; TAKITA et al. 1991). While no solid
data are available to support routine use of adjuvant
immunotherapy, additional work is continuing.
TakiTa et al. (1991) reported a median survival

of 106 months in resected NSCLC patients treated
with active immunotherapy of a carcinoma-as-
sociated antigen and complete Freund’s adjuvant
mixture. Patients given complete Freund’s adjuvant
alone reportedly experienced a median survival of
71 months. The median survival was 38 months
for the control group (TaxkiTa etal. 1991). Confirma-
tory trials of Takita’s work, done by other investiga-
tors, are not available. While ongoing studies of
vaccine therapies are being pursued in a variety
of malignancies, these approaches remain clearly
experimental. Adjuvant immunotherapy has no
current role in patients with resected non-small cell
lung cancer.

6.3
Radiation Therapy

Early approaches to curative treatment for patients
with NSCLC were hampered by inadequate staging
techniques and a lesser appreciation of early sys-
temic spread than is available today. This led to at-
tempts at resection in patients with locally advanced
disease who would not be current candidates for
primary surgical management. Whether or not fully
resected, these patients were often referred post-
operatively to radiation oncologists for consolidative
radiation therapy. Several retrospective series from
this period reported improved survival for patients
treated with postoperative adjuvant radiotherapy. In
1971 KirscH et al. noted that 7 out of 36 resected
lung cancer patients who received postoperative
radiotherapy (range 30-60Gy) survived 5 years
(19.4%) while none of 12 patients who did not
receive radiotherapy survived that long. There was
apparently no difference in the two groups with re-
spect to demographics and extent of tumor. In a
larger, widely cited retrospective review of 219 pa-
tients who underwent resection of lung cancer,
GREEN et al. (1975) reported 31% (39/125) of patients
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treated by surgery and postoperative irradiation of
50-60 Gy survived 5 years compared to 16% (15/34)
of patients treated by surgery alone. The apparent
effect of radiation was more pronounced for patients
with hilar or mediastinal lymph node involvement:
with 5-year survivals of 35% (23/66) and 3% (1/30)
for patients with and without postoperative radio-
therapy respectively. These retrospective data estab-
lished postoperative irradiation as a relatively
routine standard of care in node-positive patients
with resected NSCLC.

Prospective evaluation of the role of postoperative
irradiation began with study 773 of the Lung Cancer
Study Group. In this trial, patients with stage II or
III squamous cell carcinoma who had undergone
complete resection were randomized to receive
postoperative adjuvant radiotherapy, postoperative
radiation plus levamisole, or no adjuvant treatment
(WEISENBURGER 1986). The levamisole arm was
dropped due to low accrual, but a nearly contempo-
rary study of the Radiation Therapy Oncology Group
testing postoperative irradiation alone versus post-
operative irradiation plus levamisole failed to show
any benefit from the added immunotherapy adju-
vant (HERSKOVIC et al. 1988). LCSG 773 involved 230
randomized patients. There was a dramatic decrease
in local recurrence as the first site of failure, 41% in
the controls versus 3% (1/32 failures at a mean analy-
sis time of 3.5 years) among the radiated patients.
While the overall hazard ratio for recurrence was 1.4,
favoring the treated group, this difference was not
statistically significant (P = 0.188, log-rank test).
There was no evidence that radiotherapy improved
survival. On subset analysis, overall recurrence rates
were significantly reduced (P = 0.03) in 44 patients
with N2 disease. However, even in this subset, there
was no significant survival benefit. As already sug-
gested by the retrospective data, postoperative ra-
diotherapy seemed to have more overall impact in
patients with higher nodal status.

Retrospective evaluation of postoperative irra-
diation in stage IIIA patients was performed by
AstupiLLo and ConiLL (1990). They reviewed 146
stage IIIA (T3 or N2) NSCLC patients who had un-
dergone surgical resection to determine if post-
operative radiation therapy improved survival and
decreased disease recurrence. Eighty-six patients re-
ceived radiotherapy (45-50 Gy) and 60 did not. There
was no overall improvement in survival with post-
operative radiotherapy. For patients with N2 disease,
however, the median survival in patients who re-
ceived postoperative radiotherapy was 15 months,
compared to 6 months for those who did not. Local
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recurrence rates were lower in patients with N2
disease given radiotherapy postresection (12.6% vs
20%). Interestingly, patients with T3NO and T3N1
disease who received radiotherapy appeared to have
worse median survival times than their surgery-only
counterparts. This probably reflected the unfavor-
able nature of the local disease in patients who were
offered postoperative radiotherapy in this non-
randomized retrospective series. But it may in part
reflect a higher morbidity and mortality associated
with adjuvant radiotherapy treatment. The causes of
death were not described in detail.

Between July 1986 and October 1993, the Medical
Research Council (MRC) Lung Cancer Working
Party in the United Kingdom conducted a larger
randomized trial to compare surgery alone with
surgery plus postoperative radiotherapy in patients
with pathological T1-2N1-2 NSCLC (STEPHENS et al.
1996). The MRC trial used a radiation prescription
of 40Gy in 15 fractions over 3 weeks compared to
the LCSG’s use of 50Gy in 5 weeks. LCSG 773 was
restricted to patients with squamous cell carcinoma.
All non-small cell histologies were included in the
MRC trial. Three hundred and eight patients were
accrued, 154 to each group. The incidence of definite
local failure (17.5% for the radiotherapy group and
29% in the controls) was decreased in the radio-
therapy group and the time to local failure was pro-
longed. Yet there was no overall benefit in survival
for the patients receiving adjuvant radiotherapy. In a
subset analysis of the 106 patients with N2 disease,
29% (15/52) of patients who received radiotherapy
developed local recurrence compared to 41%
(22/54) in the control group. Interestingly, distant
metastases were also reduced in the radiotherapy
group, 46% (24/52), compared to 70% (38/54) in the
control group. Conversely, in the N1 group, the short
term outcome seemed possibly worse after adjuvant
radiation, with 1-year survival of 60% in the radio-
therapy group vs 71% in controls, and median sur-
vival of 16.3 months in the radiotherapy group vs
20.5 months in controls. By 2 years, the survival
curves had come together. These results were remi-
niscent of the retrospective observations reported by
Astudillo (Table 6.2).

Current data suggest that adjuvant postoperative
radiotherapy alone does not significantly improve
overall survival but decreases the rate of local recur-
rence as the first site of failure. There appears to be
greater absolute benefit in patients with higher nodal
status, consistent with the theoretically increased
risk of significant local and regional microscopic re-
sidual disease in patients with pathologic evidence of
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Table 6.2. Adjuvant radiotherapy after surgery
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Investigators Design Stage No. Treatment Results
KIrsH et al. 1971 Retrospective - 36 30-50Gy Five-year survival 19.4%
vs observation Vs none
GREEN et al. 1975 Retrospective - 219 50-60Gy Five-year survival 31%
vs observation vs 16%
WEISENBURGER et al. Prospective 11, 111 230 50Gy Decreased local
1986 randomized vs observation recurrence
AstupILLo and Retrospective IITA 146 45-50 Gy Increased median survival and
ConiLL 1990 vs observation decreased local recurrence
STEPHENS et al. 1996 Prospective T1-2, N1-2 384 40Gy Decreased local
randomized vs observation recurrence

increased nodal involvement. The impact of adju-
vant radiation on fully resected patients with earlier
stages of NSCLC appears insignificant or potentially
even deleterious.

These data do not exclude the possibility that ad-
juvant radiotherapy may have an important role in
the context of multimodality adjuvant therapy. Re-
duction of local failure is unlikely to have a major
survival impact in disease settings where distant
failure predominates. This has been elegantly dem-
onstrated in breast cancer studies. Numerous studies
of adjuvant chest wall radiation, without the use of
a systemic adjuvant as well, demonstrated a decrease
in chest wall failure but no impact on overall sur-
vival. More recently, studies of adjuvant breast or
chest wall radiation combined with systemic adju-
vant therapy have shown improvements in survival
compared to systemic adjuvant therapy alone
(OVERGAARD et al. 1997; RAGaz et al. 1997). This
finding supports the concern that there may be a
significant residual submicroscopic tumor burden in
the surgical bed and that this residual tumor remains
a potential source of recurrence. Perhaps due to the
relatively large number of remaining cells or as the
result of changes associated with surgery and wound
healing, these locoregional sites may be relative
sanctuaries from the effects of systemic adjuvant
therapy. If the systemic regimens decrease distant
metastases, the additional benefit of local control
provided by post-operative irradiation may combine
to further improve outcome. This possibility is about
to be tested in lung cancer in an intergroup study in
the United States. Patients with resected stage IIIA
NSCLC will all receive adjuvant chemotherapy with
taxol and carboplatin. Following completion of drug
therapy, patients who have not recurred will be ran-
domly assigned to observation or thoracic radiation.
A total of 360 patients will be entered and 240 are

anticipated to be randomized. The trial should begin
in late 1998.

Another broader but less specific test of adjuvant
irradiation is already ongoing as part of the Interna-
tional Adjuvant Lung Trial (IALT). As discussed in
detail later, this trial will randomize over 3000
resected stages I-III NSCLC patients to observation
or cisplatin-based chemotherapy. At each institu-
tion, the investigators will decide whether or not to
use thoracic radiation as part of their adjuvant
therapy approach. Two rules apply: all patients at a
given institution must either get radiation or not get
it. This must be decided by the institutional investi-
gators when they join the trial. Whether or not to use
radiation cannot be decided on a case by case basis.
If radiation is used, the timing of radiation in the
patients randomized to chemotherapy is defined as
following completion of drug treatment. For patients
assigned to no chemotherapy, the radiation is initi-
ated within 3-6 weeks following surgery. Analysis of
this trial may provide additional information about
the impact of adjuvant radiation with and without
coordinated chemotherapy in patients with resected
NSCLC.

6.4
Chemotherapy

Following complete resections of stages I-IIIA
NSCLC, the large majority of first relapses are sys-
temic, with the brain often the first metastatic site
to be recognized (FELD et al. 1984; MARTINI and
FLEHINGER 1987). For example, in stage I and II pa-
tients entered on LCSG 771, 70% of first relapses
were extrathoracic, including 23% in the central
nervous system (GAIL 1994). In a carefully moni-
tored group of 108 patients with fully resected
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stages II and III squamous carcinoma, 41% of first
failures were local. Fifty-nine percent were sys-
temic, including 12% of patients with brain only
first recurrences (WEISENBURGER 1986). These and
other similar data define the patterns of failure in
patients with NSCLC after complete resection. They
suggest the need for an effective systemic adjuvant
approach as the critical component to further im-
proved survival in patients with completely resected
NSCLC.

The potential benefit of adjuvant systemic therapy
after resection of an intrathoracic primary tumor has
been recognized for decades. In the pre-cisplatin era,
between the late 1950s and the mid 1970s, studies of
adjuvant chemotherapy frequently evaluated single
agents. These were most often alkylating agents with
at best marginal activity in advanced lung cancer.
HiGaINs et al. (1969) randomized 1035 patients to
receive intravenous cyclophosphamide or placebo
postresection, while MILLER (1971) used oral cyclo-
phosphamide as the systemic intervention in a trial
of over 500 patients. No survival benefit was seen in
the treated patients in either study. SHIELDs et al.
randomized 417 men with fully resected lung cancer
to one of three arms: either prolonged intermittent
intravenous cyclophosphamide alternating with in-
travenous methotrexate, intravenous cyclophospha-
mide alone, or an observation control. There was no
improvement in outcome, compared to observation,
for either of the treatment groups (SHIELDs et al.
1977). In an early Medical Research Council trial,
GIRLING et al. (1985) assessed prolonged treatment
with oral busulfan or cyclophosphamide compared
to placebo in 726 patients. With 15 years of follow-
up, 8% of patients given busulfan, 9% of patients
treated with cyclophosphamide, and 10% of placebo
patients remained alive.

Recently an international collaborative group of
lung cancer trialists completed a meta-analysis of
the role of adjuvant chemotherapy in patients with
NSCLC (1995). Among 2145 patients in 5 studies
which compared alkylating therapy to observation
or placebo, there was a 15% increased risk of death
among the alkylating agent treated patients. This
translated into an absolute 5% decrement in survival
at 5 years for those patients given adjuvant alkylating
agent therapy. Whether these results were due to an
increased rate of toxic death, an enhanced risk of
second malignancy, or other causes is unclear. They
clearly should raise a cautionary flag to remind all
current investigators that adjuvant treatment ap-
proaches are not without risks and reinforce the
maxim that therapies of marginal efficacy in the
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advanced disease setting are unlikely to be of sub-
stantial utility as adjuvant treatment.

Since first appearing in the mid 1970s, cisplatin-
based chemotherapy has had a modest but signifi-
cant positive impact on outcome for patients with
advanced NSCLC. Several individual trials and two
meta-analyses (NSCLC 1995; SouqQUET et al. 1993)
have demonstrated a statistically significant im-
provement in overall survival for advanced disease
patients receiving chemotherapy compared to best
supportive care. The efficacy of cisplatin-based
regimens in advanced disease patients provides a
stronger rationale for testing these combination
chemotherapy regimens in the adjuvant setting for
patients with completely resected NSCLC.

In the late 1970s, the LCSG embarked on two
randomized trials to ascertain the impact of post-
operative adjuvant cisplatin-based chemotherapy in
patients with stage II (T2N1) and stage III (any T3
or any N2) NSCLC. Beginning in 1977, LCSG 772
enrolled patients with “completely resected” adeno-
or large cell carcinomas and pathologic confirmation
of hilar and/or mediastinal nodal involvement
(HoLMEs and GaAIL 1986). Patients with the highest
mediastinal node involved with tumor were ex-
cluded as were individuals with exudative pleural
effusions demonstrated at surgery. Two years later,
an additional trial, LCSG 791, was initiated for pa-
tients with incompletely resected tumors (positive
margins or involvement of highest paratracheal
lymph node resected) of all cell types (LAD et al.
1988). In both trials, the adjuvant chemotherapy
tested was CAP (cyclophosphamide, doxorubicin
and cisplatin), repeated every 4 weeks for a total of
six cycles. Drug doses were modest by today’s stan-
dards: cyclophosphamide 400mg/m’, doxorubicin
40 mg/m’, and cisplatin 40 mg/m’. This regimen had
been shown to produce partial responses in nearly
one-fourth of patients with advanced lung cancer,
certainly suggesting superiority to single alkylating
agents (RUCKDESCHEL et al. 1985).

Following careful intraoperative staging and com-
plete resection, patients entered on LCSG 772 were
randomized to receive either adjuvant CAP chemo-
therapy or immunotherapy with intrapleural BCG,
oral isoniazid and levamisole, as discussed earlier.
One hundred and forty-one patients were accrued
with 130 eligible for analysis. Median disease free
survival was significantly prolonged in the group re-
ceiving chemotherapy, 15 months, vs 9 months in the
immunotherapy group. Overall disease free survival
was also significantly improved in the CAP treated
patients (P = 0.032, log-rank test). Patients treated
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with CAP also had a numerical improvement of 7
months in median survival: 22 months in the chemo-
therapy group vs 15 months in the immunotherapy
group. However, the overall survival curves for the
two treatment groups were not statistically signifi-
cantly different (P = 0.113). While this small, initial
adjuvant chemotherapy trial of the LCSG produced
suggestive but not definitive data, it generated sub-
stantial interest and some controversy. Some saw
it as a proof of principle (HoLMESs and GarIL 1986;
HoLMEs 1994). Most considered the data insufficient
to warrant the use of adjuvant CAP as standard
therapy for patients with completely resected stages
II and I1I NSCLC.

In LCSG 791 (LAD et al. 1988), “incompletely
resected” patients presumably at increased risk for
local recurrence as well as distant metastatic disease
were randomized to receive either split course radia-
tion (20 Gy in five fractions followed by 3 weeks rest
and then another course of 20Gy in five fractions)
alone or the same radiation plus CAP chemotherapy.
For patients randomized to both chemotherapy and
radiation, the first two courses of CAP were given
concurrently with the two 5-day courses of radia-
tion. The patients subsequently received four addi-
tional cycles of the CAP regimen. One hundred and
seventy-two patients were accrued to LCSG 791 with
164 eligible for analysis. Approximately 90% of the
patients had stage III disease. Again in this trial, ad-
ministration of CAP chemotherapy was associated
with a significant improvement in median disease
free survival (14 months in the chemotherapy/
radiotherapy group vs 8 months in the radiotherapy
group) and a notable numerical improvement in
median survival (20 months in the chemotherapy/
radiotherapy group vs 13 months in the radiotherapy
group) but with no statistically significant improve-
ment in overall survival. The survival data from the
772 and 791 trials were quite similar despite the
more advanced stage of disease in the 791 patients.
Whether the use of radiation, the inclusion of
patients with squamous cell carcinoma, improved
systemic staging in the 791 patients, some combina-
tion of factors, or chance alone is responsible for this
observation remains unknown.

In 1980 the LCSG initiated a third adjuvant CAP
trial in NSCLC patients with completely resected
T2NO or TINI patients (considered stage I at the
time of study). Eighty-four percent of patients had
T2NO disease. This trial used four cycles of CAP, but
employed a higher dose of cisplatin (60 mg/m®), and
a shortened 3-week cycle time. Treatment with CAP
was compared with an observation control (LCSG
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801) (FELD et al. 1993). Two hundred and thirty-two
eligible patients were randomized to chemotherapy
(n = 122) or standard observation (n = 110). There
were no differences in time to recurrence and time to
death between treated and untreated patients. The
survival curves were essentially overlapping. Enthu-
siasts of adjuvant chemotherapy have emphasized
that there was poor compliance in the treatment
group. Only 53% of patients received all four cycles
of chemotherapy and only 57% of those patients re-
ceived treatment on time. Nonetheless, the absence
of any effect of adjuvant CAP chemotherapy in
patients with what, in theory, should represent the
lowest overall burden of micrometastatic disease,
had a chilling impact on developing use of adjuvant
chemotherapy in patients with NSCLC.

Several years following the initiation of the LCSG
trials, Finnish investigators also evaluated six cycles
of adjuvant CAP chemotherapy (with cisplatin
40 mg/m’) versus observation following complete re-
section of mostly early stage NSCLC. One hundred
and ten patients with T1-3N0 NSCLC were accrued
(NIRRANEN et al. 1992). Ninety-nine patients (90%)
had stage I disease. The 5-year survival rate was 67%
in the chemotherapy group versus 56% in the control
group (P = 0.05) and this significant survival benefit
persisted at 10 years (61% vs 48%, P = 0.05).
However, the randomized treatment groups were
unbalanced relative to at least one critical prognostic
feature: there were more patients who underwent
pneumonectomy in the control group (22/56) than
in the treatment group (11/54). Unplanned subset
analysis showed no difference in survival between
the two arms among pneumonectomy patients.
About 72.7% from each group had died at 5 years.
For patients with smaller operations, those who had
chemotherapy had a 5-year survival rate of 73.5%
compared to 63.7% in the control group. This differ-
ence was not statistically significant.

A somewhat larger trial testing multi-agent adju-
vant chemotherapy in a heterogeneous population
of resected NSCLC was reported in 1995 by
DAUTZENBERG for a group of French investigators.
Two hundred and sixty-seven patients with com-
pletely resected stage I-111 disease were randomized
to either immediate postoperative radiation, 60Gy
over 6 weeks (n = 129), alone, or to have three
courses of postoperative chemotherapy with cyclo-
phosphamide, doxorubicin, cisplatin, vincristine,
and lomustine followed by the same radiation
(n = 138). There were no differences in overall sur-
vival between the patients getting sequential chemo-
therapy followed by radiation and those getting
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radiation alone. In this study, distant metastasis
occurred more frequently as first site of relapse in
the radiotherapy group (P = 0.09), suggesting that
chemotherapy had some activity against dissemi-
nated micrometastasis. Local recurrences were
slightly more frequent in the chemotherapy with the
delayed radiation group (26%) compared to those
who received immediate radiotherapy only (19%).
The disease free interval for the group randomized
to chemotherapy was 16.5 months compared to 13.3
months in the arm getting radiation alone, a dif-
ference that did not reach statistical significance
(P = 0.47, log-rank test). A subset analysis of the 137
patients who had N2 disease did demonstrate a sig-
nificant benefit in overall survival (P = 0.003) as well
as disease free survival (P = 0.02) favoring the
chemotherapy/radiotherapy group (15.3 months vs
8.6 months). These subset data must be interpreted
cautiously. They are consistent, however, with other
data in stage III(N,) patients showing that induction
chemotherapy improves survival when used as part
of a combined modality approach. These findings
also further support the thesis, discussed earlier, that
a combination of an effective systemic adjuvant plus
consolidative local radiation may be the most effec-
tive eventual approach to adjuvant therapy for more
advanced subsets of patients with resected NSCLC.

In a Canadian randomized trial, the combination
of vindesine and cisplatin was shown to be superior
to CAP chemotherapy in response rate and survival
for treatment of patients with advanced NSCLC
(RADD et al. 1988). These data suggested that the
vindesine/cisplatin combination might also be supe-
rior to CAP as adjuvant therapy in patients with
resected NSCLC. Therefore OHTA et al. randomized
209 completely resected stage III patients with T3 or
N2 disease to receive postoperative vindesine and
cisplatin or no further treatment (OHTA et al. 1993).
OHTA’s group was unable to demonstrate any differ-
ence in disease free and overall survivals between
patients given adjuvant chemotherapy and the
control group at a mean follow-up time of 2.6 years.
Compliance was problematic. Only 41% of patients
in the treatment group received all three cycles of
chemotherapy.

A smaller trial of adjuvant vindesine and cisplatin
plus radiation versus radiation alone for resected
patients with histologically documented N2, stage
IIIA NSCLC was reported by PI1STERS et al. (1994)
from Memorial Sloan Kettering. Seventy-two pa-
tients were entered. Forty-four were completely
resected. Twenty-eight were incompletely resected
but treated intraoperatively with '*I seed implants.
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All patients received 40 Gy external beam radiation
postoperatively. They were then randomized to ob-
servation or 4 months of intensive vindesine and
cisplatin chemotherapy. With very mature follow-
up, there was no suggestion of a favorable impact of
the adjuvant chemotherapy on time to progression
or survival.

The 1995 meta-analysis assessed the impact of
cisplatin-based adjuvant chemotherapy in 1394 pa-
tients treated on 8 separate randomized trials includ-
ing the three LCSG CAP trials and 3 vindesine and
cisplatin-based studies. There was an overall 13%
reduction in the risk of death (hazard ratio 0.87;
P = 0.08) in the cisplatin combination treated pa-
tients. This level of risk reduction was consistent
with between a 1% decrement and a 10% improve-
ment in 5-year survival among patients who were
given the adjuvant chemotherapy. As in some of the
individual studies using adjuvant cisplatin combina-
tions, these data were provocative but not definitive.
Additional, potentially larger scale trials remained
necessary in order to clarify the role of adjuvant
chemotherapy.

Oral UFT, a specific molar ratio combination of
tegafur and uracil, has been used in patients with
advanced lung cancer for more than 10 years. As a
single agent it produces modest toxicity and it can be
easily administered over long periods of time. In
1986, SHIMIZU et al. reported on a small study of
daily UFT for 4 weeks or more in 13 NSCLC patients.
The main toxicity was anorexia (31%). Only one pa-
tient demonstrated a partial response. However, the
duration of treatment was very short. A subsequent
phase II trial using UFT and cisplatin in patients
with advanced NSCLC demonstrated a 35% response
rate (ICHINOSE et al. 1995). Two randomized adju-
vant chemotherapy studies by Japanese investigators
using oral UFT were reported in 1995. The first
trial randomized 309 completely resected patients
with stage I-III NSCLC to either postoperative
chemotherapy with cisplatin, doxorubicin and
UFT or observation (STUDY GROUP OF ADJUVANT
CHEMOTHERAPY FOR LUNG CANCER 1995). Five-
year disease free and overall survival data were
slightly better in the treatment group. The difference
did not reach statistical significance. When the data
were adjusted for prognostic variables, statistical
significance was achieved. The second study, a three-
arm trial by Wabpa et al., enrolled 323 completely
resected patients with stage I-1II disease between
December 1985 and July 1988 (Wabpa et al. 1996).
Three hundred and ten randomized patients were
eligible for analysis. Two hundred and twenty-eight
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had no disease. The three arms were: one cycle of
cisplatin/vindesine plus oral UFT for 1 year; oral
UFT alone for 1 year; or observation. The 5-year
survival rates were 60.6%, 64.1% and 49%, respec-
tively, for the three arms. A log-rank analysis of the
three arms revealed a borderline overall difference
(P = 0.053). A subset comparison of UFT alone
versus the observation control arm showed a signifi-
cant benefit for postoperative administration of UFT
(P = 0.022 log-rank test) (Table 6.3).

In a retrospective analysis of 532 postresection
patients, 132 were given tegafur without uracil as
postoperative adjuvant therapy. A significantly
higher 5-year survival was found in tegafur-treated
patients with stage I disease (TANaKaA et al. 1996).
The Japan Lung Cancer Research Group on Post-
surgical Adjuvant Chemotherapy is now conducting
a comparative study of surgery versus surgery
and UFT in patients with pathologic stage I
adenocarcinoma.

Table 6.3. Adjuvant chemotherapy after surgery

S.S. Leong et al.

6.4.1
Limitations of Available Data

Twenty-three randomized trials of adjuvant chemo-
therapy for patients with resected NSCLC were
evaluated as part of the 1995 meta-analysis. Few of
the individual studies were positive and the aggre-
gate findings of the meta-analysis suggested addi-
tional randomized studies were necessary. Review of
the meta-analysis database highlights the small size
of individual trials and the stage-based heterogeneity
of the patients treated. In earlier studies, compliance
was often poor and doses of adjuvant therapy actu-
ally administered were well below those prescribed.
The recent UFT studies are of interest but need con-
firmation before defining a new standard of care.
Additional, larger scale randomized trials, modeled
on recent studies in breast and colon cancer, will be
necessary to carefully and convincingly test the po-
tential efficacy of adjuvant chemotherapy in patients

Investigators Design Stage No. Treatment Results

NIRANEN et al. 1992 Prospective T1-3NO 110 CAP* Five-year survival 67%
randomized (90% stage I) vs observation vs 56%

FELD et al. 1993 Prospective 1 (T2NO, TIN1) 232 CAP® No benefit

(LCSG) randomized vs observation

LAD et al. 1988 Prospective 11, 111 164 CAP*/concurrent Median survival 20

(LCSG) randomized (incomplete RT vs RT months vs 13 months

resection,
90% stage III)

DAUTZENBERG et al. 1995 Prospective I-111 267 COPACYRT No benefit
randomized vs RT

OnrTa et al. 1993 Prospective II1(T3 or N2) 219 vp? No overall benefit
randomized vs observation

PISTERS et al. 1994 Prospective 1II(N2) 72 RT/VP® No benefit
randomized vs RT

STUDY GROUP OF Prospective I-1II 309 AP/UFT' Five-year survival 61.8%

ADJUVANT randomized vs observation vs 58.1%

CHEMOTHERAPY FOR

LuNG CANCER 1995

WaDa et al. 1996 Prospective I-111 310 VP/UFT® Five-year survival 60.6%
randomized vs UFT vs 64.1%

vs observation

vs 49%

*Cyclophosphamide 400 mg/m’, doxorubicin 40 mg/m’, cisplatin 40 mg/m’ q4 wks x 6 cycles.
®Cyclophosphamide 400 mg/m’, doxorubicin 40 mg/m’, cisplatin 60 mg/m’ q3 wks x 4 cycles.
“Cycles 1 and 3: doxorubicin 40 mg/m’, vincristine 1.2mg/m’, cisplatin 75 mg/m* on D1, lomustine 80 mg D3,4; cycle 2:

cyclophosphamide 600 mg/m’, vincristine 1.2mg/m’, cisplatin 75 mg/m’ on D1.

?Vindesine 3 mg/m* D1,8, cisplatin 80 mg/m’ D1 q4wks X 3 cycles.
‘Vindesine 3 mg/m” wkly x5 then 2-wkly x8, cisplatin 120 mg/m’ D1, 29, 71, 113.

‘One dose of doxorubicin 26 mg/m’, cisplatin 66 mg/m’, plus oral UFT 8 mg/kg/day for 6 months.

¢0One dose of cisplatin 50 mg/m’, vindesine 2-3 mg/m’ 2-wkly x3 doses, plus oral UFT 400 mg/day for 12 months vs UFT alone

for 12 months vs observation.
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with completely resected NSCLC. Several new
agents, including vinorelbine, the taxanes, gem-
citabine, and CPT-11, with increased single agent
activity against advanced NSCLC have become avail-
able over the last several years. Inclusion of these
agents in adjuvant chemotherapy regimens may
facilitate a clearer demonstration of efficacy for
adjuvant chemotherapy in patients with resected
NSCLC.

6.4.2
Ongoing Trials

Numerous larger scale, randomized, multicenter
adjuvant chemotherapy trials are now underway.
In North America, an Intergroup trial comparing
postoperative radiotherapy combined with cisplatin
and etoposide versus thoracic radiotherapy alone
in stage II and IITA patients recently completed its
accrual of over 450 patients. Two additional North
American Intergroup trials are ongoing. In one trial
(CALGB 9633), stage IB T2NO patients are random-
ized to observation or four cycles of paclitaxel and
carboplatin. The accrual target for this select sub-
group is 500 patients. In the second trial (BR-10), a
Canadian - United States collaboration led by NCIC,
T2NO and T1-2N1 patients are randomized to obser-
vation or 16 doses of weekly vinorelbine and 4
equally spaced doses of cisplatin. The overall accrual
target is 600.

Several large scale, often multinational, adjuvant
trials are ongoing under the auspices of European
investigators. Two adjuvant trials randomizing
patients to vinorelbine alone or vinorelbine plus
cisplatin versus observation postresection (ANITA 1
+ 2) are being coordinated by French investigators.

Table 6.4. Current adjuvant trials
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The total planned accrual will be 1222 (800 for
vinorelbine/cisplatin versus control and 442 for
vinorelbine alone versus observation). The Adjuvant
Lung Project Italy (ALPI) Trial, originally started by
Italian investigators but now with broader EORTC
participation, is structured to accrue 1240-1840
stage I-IIIA patients. Randomization choices are
three cycles of postoperative adjuvant mitomycin,
vindesine, and cisplatin or no adjuvant chemo-
therapy. Radiation may be utilized at the discretion
of individual investigators. The British Thoracic
Society is assessing either preoperative or postopera-
tive cisplatin-based chemotherapy versus observa-
tion in several groups of NSCLC patients (BLT). Four
thousand patients will be randomized postresection
to either observation or chemotherapy. In patients
randomized to chemotherapy, investigators may
select three cycles of either cisplatin, vindesine or
cisplatin, ifosfamide and mitomycin. In a parallel
trial, another 2500 resected patients given post-
operative radiation will be randomly assigned to also
receive three cycles of chemotherapy or no addi-
tional therapy. The International Adjuvant Lung
Trial (IALT), projecting accrual of 3300 resected
stage I-IITA NSCLC patients, is now active world-
wide. The randomization is to chemotherapy or
observation. As noted earlier, each institution par-
ticipating in JALT must commit to consistent use of
radiation or avoidance of radiation as part of the
locoregional therapy for all patients treated at their
site. Physicians may choose from among four 2-
drug, cisplatin-based, chemotherapy options (Table
6.4). These last two trials, BLT and IALT, are classic
large simple trials. Large numbers of patients are
accrued. Small differences are sought. Data acquisi-
tion is kept to a minimum. Treatment options, such
as different chemotherapy regimens, are offered

Trial Accrual Patient group Treatment

INT 0115* >450 II, IITA Etoposide/cisplatin + RT vs RT alone

CALGB 9633 500 1B (T2N0) Taxol/carboplatin vs observation

BR 10 600 1B, II (T2NO, T1-2N1) Navelbine/cisplatin vs observation

ANITA 1 800 I-1ITA Navelbine/cisplatin vs observation

ANITA 2 442 I-TITA Navelbine vs observation

ALPI 1240-1840 I-IIIA Mitomycin/vindesine/cisplatin vs observation (£RT)
BLT 4000 I-1ITA Cisplatin-based chemotherapy vs observation

BLT 2500 I-IITA Cisplatin-based chemotherapy vs observation (after RT)
IALT 3300 I-IITA Cisplatin-based chemotherapy vs observation (+RT)

*Completed accrual.

ANITA, Adjuvant Navelbine International Trialist Association; ALPI, Adjuvant Lung Project Italy; BLT, The Big Lung Trial;

IALT, International Adjuvant Lung Trial.
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within the context of randomization. This approach
may be the basis for future criticism of these trials if
there is no evidence of an overall benefit of the adju-
vant therapy. However, the impact of the relatively
similar chemotherapy regimens is likely to be quite
similar. The flexibility should facilitate accrual. With
the large number of patients expected to be accrued
to these studies both individually and collectively, a
much stronger foundation for judgment about adju-
vant chemotherapy for patients with resected NSCLC
should be available within the next several years.

6.5
Conclusion

Available data concerning the use of adjuvant
radiotherapy and/or chemotherapy in patients with
completely resected NSCLC are insufficient to rec-
ommend either as standard care. Adjuvant radio-
therapy decreases local recurrence but has not been
shown prospectively to improve overall survival. For
patients with N2 disease, retrospective data and
subset analyses of randomized trials suggest benefit.
A new prospectively randomized trial of chemo-
therapy with or without consolidative radiation for
patients with N2 disease may clarify the role of adju-
vant radiation.

In some studies adjuvant chemotherapy improves
disease free but not overall survival. Other studies
suggest a true survival benefit. There may be a differ-
ential effect based on stage of disease. In the meta-
analysis, cisplatin-based chemotherapy produced
a 13% decrease in the risk of recurrence, with a
possible survival benefit of up to 10% at 5 years.
However, the difference favoring cisplatin was insuf-
ficient to reach the traditional 0.05 level of signifi-
cance. Oral UFT data are provocative and additional
studies with this agent are underway. Fortunately,
several very large scale adjuvant chemotherapy trials
are currently accruing resected NSCLC patients.
These trials should provide us with definitive infor-
mation about the role of adjuvant therapies for pa-
tients with completely resected non-small cell lung
cancer.
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7.1
Introduction

Thoracic radiation therapy was considered to be the
standard care for patients with inoperable non-small
cell lung cancer (NSCLC) in the United States for
many years. Although the long-term results of such
treatment were far from satisfactory (a large number
of investigators reported approximately 1 patient of
20 treated survived 5 years), it was the only modality
that offered any possibility of cure for patients
with unresectable tumors. Over the past few years,
combined chemotherapy and thoracic radiation
therapy (TRT) have become standard treatment
for patients with unresectable NSCLC if they have
good performance status and minimal or no weight
loss (SHAAKE-KONIG et al. 1992; DiLLMAN et al.
1990; LECHEVALIER et al. 1991; SAUSE et al. 1995).
However, the timing of chemotherapy in relation
to the TRT that produces the least toxicity and the
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best survival is still to be determined. Although the
many new cytotoxic agents that are emerging will
likely change what is considered to be the best che-
motherapy, one of the most fundamental strategic
questions is the value of induction chemotherapy
followed by TRT compared with concurrent chemo-
therapy with TRT. In this chapter, induction (or
neoadjuvant) chemotherapy means that anticancer
drugs are given several days or more likely several
weeks before radiation therapy and concurrent
therapy means that anticancer drugs are given
simultaneously, usually within 24~72h of initiation
of radiation therapy and then usually repeated at
intervals or given continuously through the entire
radiation therapy course.

7.2

Rationale and Mechanisms
of Induction or Concurrent
Chemotherapy and Radiation
Therapy

7.2.1
Induction Chemotherapy
and Radiation Therapy

When radiation therapy is applied to the primary
tumor and regional lymph nodes of the NSCLC, it is
assumed that tumor will be eradicated within the
treatment volume but that failure may occur outside
of the radiation therapy ports. The more precise the
treatment plan and the higher the dose of radiation
therapy, the more certain the tumor control will be.
If regional or distant metastasis occurs, the tumor
is thought to have seeded before local radiation
therapy was given. The fundamental observations
relevant to combinations of chemotherapy and
radiation therapy are certainly not new. In a classic
description, STEEL and PeckHaMm (1979) put forth
a list of four potential strategies to improve the
therapeutic outcome: (1) toxicity independence, (2)
protection of normal tissues, (3) spatial cooperation,



86

and (4) enhancement of tumor response. The latter
two strategies are most relevant to the discussion
of the relative values of induction versus concurrent
chemotherapy and radiation therapy. Spatial coop-
eration is the most obvious and the most thoroughly
evaluated. It relies upon chemotherapy to eradicate
subclinical spread of the disease and on radiation
therapy to eradicate the locoregional tumor that
is evident from physical examination and imaging
studies. Although spatial cooperation means that
radiation therapy would be effective for the loco-
regional tumor and chemotherapy needs to be
effective for the micro-metastasis, there is no way
to anticipate whether spatial cooperation can best
be established by sequential or concurrent chemo-
therapy and radiation therapy. For spatial coop-
eration, it is not necessary to see interaction between
radiation therapy and chemotherapy, although
different toxicities characterize the two modalities.
Improvement of the therapeutic ratio by spatial
cooperation has been convincingly demonstrated
for breast cancer (EARLY BREAST CANCER TRIALS
COLLABORATIVE GROUP 1992). There is beginning to
be evidence that systemic chemotherapy can eradi-
cate subclinical NSCLC metastasis (Cox et al. 1997).

To improve the outcome by combining chemo-
therapy and radiation therapy in a manner that en-
hances tumor response, but with acceptable effects
on normal tissues, is the challenge that faces medical
and radiation oncologists. For NSCLC, complete
toxicity independence is an impossible goal since
both chemotherapy and radiation therapy must be
applied both to the tumor and normal tissues. On
the other hand, it is not necessary to achieve true
supra-additivity to find benefit in the radiation and
chemotherapy combination. As noted by STEEL and
PEckHAM (1979), favorable effects on the tumor
population could be achieved by additive or even
subadditive effects. The authors prefer the term
“supra-additivity” rather than “synergism,” since
the use of “synergism” does not leave room for an
interaction between chemotherapy and radiation
that is to the left of the edge of the envelope of addi-
tivity (Fig. 7.1). When a response would be greater
than would be expected from a simple sum of
the chemotherapy and radiation therapy results, the
term “supra-additive” will be used (a point to the
left of the envelope of additivity) (Fig. 7.1). A point
to the right of the envelope indicates a subadditive
response, i.e., inhibition or antagonism. Between
sub- and supra-additive there is an envelope of
additivity to indicate enhancement of the effect
from either one modality. The broken lines in Fig. 7.1
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Fig. 7.1. An isobologram is an isoeffect plot of the doses of
two agents that together give a fixed biological effect. If dose-
response curves are nonlinear, there is a region of uncertainty
about the existence of “additivity.” (Reproduced by per-
mission from STEEL and PECKHAM 1979)

indicate that chemotherapy or radiation therapy al-
lowed radiotherapy to be given more than its single
dose level for the iso-effect; thus this broken line
implies protection.

One key to improving the therapeutic index is to
minimize resistance to radiation and anti-cancer
drugs. Whenever radiation or an anticancer drug is
applied sequentially, subpopulations that remain vi-
able may start to proliferate and so cause treatment
failure (Fig. 7.2) (TuBiaNa et al. 1968). This
phenomenon of repopulation during a course of
treatment is well appreciated and underlies the
requirement that the cycles of chemotherapy be
given at the shortest intervals permitted by
hematological recovery. It also underlies choice of a
course of fractionated radiation therapy. Accelerated
repopulation, especially accelerated tumor cell pro-
liferation (WITHERS et al. 1988), leads to regimens in
which a greater number of radiation treatments are
given within certain time periods, especially for car-
cinomas of the head and neck and lung. Accelerated
proliferation is less fully appreciated in the chemo-
therapy literature as evidenced by the consistent
advocacy of induction chemotherapy prior to
local treatments. However, accelerated regrowth of
surviving tumor cells may have great relevance to
sequential versus concurrent treatments for NSCLC.

7.2.2
Concurrent Chemotherapy
and Radiation Therapy

The development of the resistance of malignant
cells might be reduced more effectively by the simul-
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Fig. 7.2. The evolution of the size of an irradiated tumor is
caused by two phenomena: the removal of nonviable cells and
the proliferation of surviving cells. After 7000cGy;, all the cells
are killed and the evolution of the volume of the tumor indi-
cates the rate of elimination of dead cells. (Reproduced by
permission from TUBIANA et al. 1968)

taneous use of radiation and anti-cancer drugs since
repopulation time is restricted. Radiation damage
depends on the formation of free radicals and
fixation of the DNA damage caused by these free
radicals. Oxygen is also required for free radical-
induced damage to occur. Therefore, hypoxia in the
tumor is one of the important factors determining
resistance to radiation. The mechanisms of resis-
tance to radiation and anti-cancer drugs are: (1) in-
creased DNA repair, (2) binding of free radicals by
glutathione and other sulfhydrils, (3) increased lev-
els of glutathione/s transferase and other enzymes
that eliminate free radicals, and (4) increased expres-
sion of Bcl-2 or other genes leading to decreased
ability to undergo apoptosis (TANNOCK 1996).
Another important way to improve therapeutic
index is to inhibit cell proliferation of malignant cells
and not suppress those in the normal tissue. Stan-
dard radiation therapy for human beings has been
fractionated radiation therapy to prevent normal
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tissue damage. However, fractionated radiation
therapy inflicts sublethal damage to the malignant
and normal cells, with the assumption that the nor-
mal tissue will have a greater capacity to repair and
repopulate (Fig. 7.3A,B) (TANNOCK 1996). When in-
duction chemotherapy is given before radiation
therapy, there is some cell killing and shrinkage of
the tumor, which may improve blood supply and
delivery of nutrients to the tumor, which in turn
would most likely lead to higher rates of cell prolif-
eration at the time of initiation of radiation therapy
(Fig. 7.3A). When anti-cancer drugs are used concur-
rently, there is a reduction in the repopulation that
otherwise occurs between fractions, and this re
duction might be sufficient to overcome the disad-
vantage of more rapidly repopulating cells (Fig.
7.3B). It is difficult to measure cell proliferation
precisely, although BrdUrd uptake in the biopsy
specimen or surgical specimen may reveal the rate of
proliferation (BEGG et al. 1990).

7.3
Results of Clinical Trials in NSCLC

7.3.1
Induction Chemotherapy Followed
by Radiation Therapy

The first positive randomized trial of induction che-
motherapy and radiation therapy for inoperable
NSCLC was conducted by the Cancer and Leukemia
Group B (CALGB 8433) (DiLLMAN et al. 1990, 1996)
(Table 7.1). In this study of induction chemotherapy,
180 patients with stage III NSCLC, good performance
status, and no more than 5% weight loss were ran-
domly assigned to receive cisplatin (100mg/m’ on
days 1 and 29) and vinblastine (5 mg/m’ weekly for 5
weeks). Fifty days after the start of chemotherapy,
radiation therapy was begun and a 60Gy total dose
was administered at 2.0 Gy/fraction, 5 days/week for
6 weeks. The comparison was with the same radia-
tion therapy given alone, starting on day 1. This trial
was stopped before the planned enrollment when an
interim analysis revealed that the induction chemo-
therapy arm was so superior to the radiation therapy
alone arm that it met their early-stopping rules.
Long-term follow-up showed that the survival ben-
efit of induction chemotherapy persisted. Data have
not been available regarding local tumor control or
failure patterns.

The second trial to show a survival benefit from
induction chemotherapy was reported from France
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Fig. 7.3. a Schematic cell survival curves illustrate possible
effects of neoadjuvant chemotherapy (dashed line). In this
theoretical example, chemotherapy leads to tumor response
so that there are 100-fold less viable cells at the initiation of
radiotherapy. Tumor shrinkage may lead to improved nutri-
tion of surviving cells such that their repopulation during
fractionated radiotherapy is faster. This effect can lead to loss
of the initial therapeutic benefit as shown schematically by the
convergence of the two curves. (Reproduced by permission
from TaNNoCK 1996.) b Schematic diagram illustrates influ-

Table 7.1. Randomized (I)induction chemotherapy followed by

Treatments with Radiation b

ence of repopulation of surviving cells between radiation
treatments on overall survival of a cell population (e.g., a
tumor or normal tissue) treated by fractionated radiation. The
celt kilt per fraction is assumed to be equal for the two curves,
but repopulation is faster for the dashed curve than for the
solid curve. Concurrent use of chemotherapy might inhibit
repopulation, leading to greater cell kill, thus converting the
survival curve from the dashed to the solid line. (Reproduced
by permission from TANNOCK 1996)

radiation therapy for inoperable NSCLC

Trials (year) Chemotherapy RT (Gy) No. pts. MS (m) 2 years Difference
analyzed (%)

MATTSON et al. (1988) CAPx8 55 (sp) 119 10.6 19 NS
- 55 (sp) 119 10.2 17

DILLMAN et al. (1990) VBL/DDPx2 60 (c) 78 13.8 26 P =0.007
- 60 (c) 77 9.7 13

LECHAVALIER et al. (1992) VCPCx6 65 (c) 176 12 21 P =0.02
- 65 (c) 177 10 14

WoLF et al. (1994) vd 50 (sp) 37 13.7 24 P =0.016
- 50 (sp) 41 9 12

SAUSE et al. (1995) VBL/DDPx2 60 (c) 152 13.6 31 P=0.03
- 60 (c) 152 11.4 21

69.6 (HFX) 154 12.2 24

CAP, cyclophosphamide, Adriamycin, platinum; VBL, vinblastine; DDP, cisplatin; VCPC, vindesine, cyclophosphamide,

cisplatin, CCNU; IVd, ifosfamide, vindesine.

(ARRIAGADA et al. 1991; LECHEVALIER et al. 1991,
1992). This multi-institutional cooperative trial en-
rolled 353 patients in a study of 3 monthly cycles of
vindesine (1.5mg/m’ on days 1 and 2), cyclophos-

phamide (200 mg/m” on days 2-4), cisplatin (100 mg/
m’ on day 2), and lomustine (75mg/m’ on day 3)
followed by radiation therapy with a total dose of
65Gy at 2.5Gy/fraction, 4 days/week) beginning
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approximately 11 weeks after the start of chemo-
therapy compared with the same radiation therapy
alone beginning on day 1. In addition to an improve-
ment in survival with induction chemotherapy,
they found a statistically significant reduction in
the incidence of distant metastasis. They docu-
mented clearly through the systematic use of
fiberoptic bronchoscopy and biopsy at the site of the
original lesions 3 months after the start of treat-
ment that there was no improvement in local tumor
control. In fact, the rates of local persistence at the
original disease sites exceeded 80% in both arms of
the study.

The third trial to support the value of induction
chemotherapy was conducted by the Radiation
Therapy Oncology Group (RTOG 88-08) in collabo-
ration with the Eastern Cooperative Oncology Group
(ECOG 4588) (SAUSE et al. 1995). It had the same two
arms as CALGB 8433 and a third arm of hyper-
fractionated radiation therapy (total dose 69.6Gy,
1.2 Gy/fraction twice each day, 5 days/week for 6
weeks). A failure pattern analysis of this study
(RTOG 88-08/ECOG 4588) by Komaxi et al. (1997b)
found no effect on local tumor control from the
induction chemotherapy.

Two other randomized trials of induction
cisplatin-based chemotherapy and radiation therapy
showed no improvement in survival. MATTSON et al.
(1988) reported a study of 238 patients randomized
to induction chemotherapy followed by split-course
radiation therapy with a total dose of 55Gy com-
pared with the same radiation therapy and found
no difference in median or 2-year survival. Another
randomized comparative trial (MORTON et al. 1991)
that did not include cisplatin in the induction
regimen also failed to show benefit from induction
chemotherapy.

Trovo et al. (1990) reported a trial in which the
sequence was reversed. Radiation therapy to the pri-
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mary and regional lymph nodes was given with a
total dose of 45Gy in 15 fractions, 5 fractions/week,
for 3 weeks. This treatment was compared with the
same radiation therapy followed by CAMP (cyclo-
phosphamide 300 mg/m”i.v. days 1 and 8; doxorubi-
cin 20mg/m’ i.v. days 1 and 8; methotrexate 15mg/
m’ i.v. days 1 and 8; procarbazine 100 mg/m’ p.o.
days 1-10) which was initiated 4 weeks after comple-
tion of radiation therapy. Of the 111 patients ran-
domized, 62 were enrolled in the radiation arm and
49 were enrolled in the radiation therapy plus CAMP
arm. There were no differences in time to progres-
sion, survival, or failure patterns between the two
arms. It is appropriate to note that a meta-analysis
of clinical trials comparing radiation therapy alone
with radiation therapy plus chemotherapy has sug-
gested that only cisplatin-based regimens have been
associated with improved results (NON-SMALL CELL
LNUNG CANCER COLLABORATIVE GROUP 1995).

7.3.2
Concurrent Chemotherapy
and Radiation Therapy

7.3.2.1
Single-Agent Chemotherapy
and Radiation Therapy

As noted above, the potential benefit from the use of
concurrent chemotherapy and radiation therapy is
the improvement in local tumor control (TANNOCK
1996). An important study from the European Orga-
nization for Research and Treatment of Cancer
(EORTC) reported by ScCHAAKE-KONING et al. (1992)
supports the hypothesis that increased local tumor
control can be achieved by concurrent treatments
(Table 7.2). They compared radiation therapy alone
with a total dose of 55Gy (3.0Gy/fraction, 5 frac-

Table 7.2. Randomized concurrent (+) chemotherapy and radiation therapy for inoperable NSCLC

Concurrent trials (year) Chemotherapy RT (Gy) No. pts. MS (m) 2 year Difference
analyzed (%) P value
ScHAAKE-KONIG et al. (1992) DDP daily 55 (sp) 107 10.8 26 P =10.009
weekly 55 (sp) 110 10.2 19
- 55 (sp) 114 9.8 13 P =0.36
TrovO et al. (1992) DDP 45/3W (c) 84 9.97 14 NS
- 45/3W (¢) 83 10.3 14
BLANKE (1995) DDP 60 (c) 107 10 15 NS
- 60 (c) 108 9 9
JEREMIC et al. (1996) CBDCA/E 69.6 (HFX) (c) 65 22 43 P =0.021
- 69.6 66 14 26

CBDCA/E, carboplatin and etoposide.
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tions/week for 2 weeks, an interruption of 3-4 weeks,
followed by 2.5Gy/fraction, 5 fractions/week for 2
weeks) with the same radiation therapy and concur-
rent cisplatin given once weekly at 30 mg/m’ or daily
at 6mg/m’. More than 100 patients were enrolled
in each of the three arms of this study, and both
concurrent cisplatin/irradiation arms had signifi-
cantly higher local control rates compared with
radiation therapy alone; the survival rates in the two
cisplatin arms were modestly improved. This trial
made two important contributions: it confirmed the
radiation-sensitizing effects of cisplatin and it sup-
ported the importance of local tumor control in
survival in inoperable NSCLC. However, TROVO et
al. (1992) reported a cooperative trial from Italy ad-
dressing the same hypothesis, with different results.
They compared radiation therapy with a total dose of
45 Gy in 15 fractions in 3 weeks to the same radiation
therapy preceded each day with an i.v. injection of
cisplatin, 6 mg/m’, approximately 1h before treat-
ment. A total of 173 patients were randomized. They
found no differences in time to progression, survival,
or failure patterns between the two arms.

7.3.2.2
Multiagent Chemotherapy
and Radiation Therapy

The most intensive approach to combining chemo-
therapy and radiation therapy is the concurrent use
of multiagent combinations with either standard or
accelerated irradiation. This approach has the po-
tential to increase local control, decrease distant
metastasis, and thus to improve survival. It also has
the greatest potential for acute toxicity.

The results of many single-arm pilot studies have
been published, but few studies to date have com-
pared the experimental arm with standard or even
with other combined modality regimens. KomaKI1
et al. (1997a) reported the results of RTOG Protocol
92-04. This was a randomized comparison of two
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regimens that had been piloted in earlier RTOG tri-
als. One arm consisted of an induction cisplatin/
vinblastine regimen similar to that found to be supe-
rior to radiation therapy alone in CALGB 8433 and
RTOG 88-08/ECOG 4588, then concurrent cisplatin
(75mg/m®) and standard radiation therapy (63 Gy in
34 fractions: 45 Gy at 1.8 Gy/fraction for 5 weeks plus
a boost of 18Gy at 2.0 Gy/fraction). The other arm
used cisplatin 75mg/m’ i.v. on days 1 and 29 and
etoposide 50mg p.o. on days 1-5, 8-12, 29-33, and
36-40 concurrent with hyperfractionated radiation
therapy (HFX) with a total dose of 69.6Gy given
as 1.2Gy twice daily, 5 days/week for 6 weeks begin-
ning on day 1. The results showed a lower risk of
nonhematological toxicity with the induction regi-
men, but the HFX/chemotherapy arm had a lower in-
field progression rate. The median survivals and
1-year