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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 controlled 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 10 000 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 
Hamburg 

LUTHER W. BRADY 

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 BOUTTE 
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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. SORENSEN, The Finsen Center, Department of Oncology, 
Copenhagen University Hospital, 9 Blegdamsvej, DK-2100 
Copenhagen 0, Denmark 
K. 0STERLIND, Department of Internal Medicine F, Hillerod 
County Hospital, DK-3400 Hillerod, 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) = Ho(t) x 

exp(zl~l + Z2~2 + Z3~3 + ... + zn~n) 

This model postulates that the death hazard H(t) for 
any patient is proportional to an imperical base line 
hazard Ho(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 (~), 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 ~ 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) (CIAMPI et al. 1988). 
RECP AM 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 RECP AM 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 

J.B. Sorensen and K. 0sterlind 

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 
(S0RENSEN 1994) revealed 20 studies (GAIL et al. 
1984; LIPFORD et al. 1984; CHASTANG et al. 1985; 
S0RENSEN 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; M0RKVE et al. 1993; HORro et al. 
1993; PENA et al. 1992; BATTIFORA et al. 1992; 
LIEWALD et al. 1992; TARTTER et al. 1984; 
ZIMMERMANN et al. 1987; ALAMA et al. 1990; v AN 
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; 
S0RENSEN et al. 1989; ALBAIN et al. 1991; SHINKAI et 
al. 1992; KOJIMA et al. 1991; KAWAHARA et al. 1991; 
BONOMI 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; MITSUDOMI 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 +1- radiotherapy Radiotherapy alone All stages 

Definite Possible Minor Definite Possible Minor Definite Possible Minor Definite Possible Minor 
importance importance importance importance 

Performance + + + + 
status 

Age + + + + 
Gender 
Stage 
Tostage 
Nostage 
Tumour size 
Weight loss 
Smoking index 
Operation type 
Limitedl 

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 
studies included in a recent review (S0RENSEN 1994), 
a further 22 studies have recently been published 
(BuHR et al. 1997; HIGASHIYAMA et al. 1997a,b; 
OGAWA 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; 
NISHIO et al. 1997; ApOLINARIO et al. 1997; 
PASTORINO et al. 1997; GASINSKA et al. 1997; P APPOT 
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 
(LITTLE et al. 1990; TARTTER et al. 1984) while it was 
not significant in a third study (KOLODZIEJSKI 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; KOLODZIEJSKI 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 (S0RENSEN 1994; BUHR et al. 
1997; CANGEMI 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-
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ing a total of 5875 patients in a recent review 
(S0RENSEN 1994), and subsequently also in a further 
4 studies (SCULIER et al. 1994; ESPINOSA et al. 1995; 
HESPANHOL 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. 
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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 (S0RENSEN 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 ofNSCLC 

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 
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 (M0RKVE et al. 1993; LIEWALD et al. 
1992; ZIMMERMANN et al. 1987; VAN BODEGOM et al. 
1989; ISCHINOSE et al. 1993; VISAKORPI et al. 1995; 
KOLODZIEJSKI et al. 1997). Three studies (KERN et al. 
1990; OGAWA 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; 
OGAWA et al. 1992) included patients with both 
NSCLC and SCLC tumours, while the latter study 
(KOLODZIEJSKI et al. 1997) included solely patients 

+ 

with squamous cell lung cancer. Another study by 
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-l 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. 
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Table 1.3. Biological variables evaluated for prognostic impact on survival in multivariate analysis in NSCLC 

Variables 

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 

CYPIAI 
GLUTl and GLUT3 

Markers of differentiation 
EGF-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-l (MRP-l/CD9) 

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

Also FUJINO 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 
HIGASHIYAMA 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 (HIGASHIYAMA 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; CHIBA 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; FUJINO et al. 
1995; LEE et al. 1995; HORIO et al. 1993; EBINA 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 IlIA, 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-p21-protein expression 
alone were significant predictors of survival. 

1.2.3.1.5 
OTHER GENES 

cyp lAl. The CYP 1A1 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 lAl 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). 

GLUT1 and GLUTJ. Increased glucose transport is a 
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, GLUTl and 
GLUT3 are responsible for basal glucose uptake. The 
rule of elevated glucose uptake in lung cancer was 
examined by OGAWA et al. (1997), who performed 
PCR amplification ofGLUTl and GLUT3 in 312 sur
gically resected NSCLC tumours. The survival of pa
tients whose tumour showed GLUTl amplification 
was significantly shorter than that of patients whose 
tumours did not (P < 0.001), and in multivariate 
analysis, GLUTl 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-erbBl 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. EGF-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 
(P ASTORINO 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, 
Cyfra 21-1 seems to be a marker ofNSCLC, 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 (PAl -1) and the 
urokinase plasminogen activator receptor (uPAR) 
have all been examined for prognostic information 
in NSCLC (P APPOT 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 uP AR 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 of228 NSCLC pa
tients of all major histological subtypes (squamous 
cell carcinoma 84 patients, pulmonary adeno
carcinoma 106 patients, and large cell carcinoma 38 
patients) (P APPOT et al. 1996). Multivariate analysis 
did not reveal any prognostic impact of uP A 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 oflocal production ofPMN-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 
IlIB versus stages I, II and IlIA (Y AMASHIT A 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 Hand H-related antigenes often increase 
reciprocally. The presence of blood group antigenes 
A, Band 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 ofthe 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. 

MIYAKE et al. (1992) evaluated the binding of the 
monoclonal antibody MIA-1S-S, 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-1S-S positive patients 
compared with MIA-1S-S negative patients and the 
difference was most pronounced in squamous cell 
carcinoma. Multivariate analysis indicated that 
among the variables tested MIA-1S-S positivity had 
the best correlation with S-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 <20 U/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 43-9 F. Expression of antigene 43-9 F, 
which is a tumour associated carbohydrate epitope, 
can be identified by a 43-9 F monoclonal antibody. 
Battifora et al. evaluated 231 resected lung cancer 
patients of all cell types and observed a significant 
impact of antigene 43-9 F on prognosis for patients 
with squamous cell carcinoma (BA TTIFORA et al. 
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1992). In multivariate analysis, 43-9 F 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-O or G-l 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-l). 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-l/CD-9, especially the adenocarcinoma type, 
have revealed a short overall survival. HIGASHIYAMA 
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-l/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-l/ 
CD-9 showed significantly worse prognosis and in 
multivariate analysis immunohistochemical MRP-l/ 
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. 



Prognostic Factors: From Clinical Parameters to New Biological Markers 11 

1.4 
Prognostic Factors in Small Cell Lung 
Cancer 

Every fifth to fourth lung cancer patient has small 
cell carcinoma (SCLC). This cell type differs biologi
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 
il2 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 III 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 
DALESIO 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 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 
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 
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; 
0STERLIND 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; 
J0RGENSEN 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) (SOUHAMI et al. 1985; 0STERLIND 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; SAG MAN 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) 
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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 (0STERLIND and ANDERSEN 1986; 
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Table 1.5. Clinical prognostic factors: results from multivariate analyses 1985-1991 

Factor Author So 0 C 
No ofpts. 371 874 407 

Performance status 
Extensive stage 
LDH or alkaline 

phosphatase 
Hyponatraemia 
Male gender ns ns 

V Sp D 
333 1521 411 

ns 
ns ns 
ns 

Alb 
2580 

s 
s 

s 

All 
411 

ns 
ns 

Sa 
614 

ns 
ns 

s, significant influence; ns, no significant influence; ?, not investigated. So, SOUHAMI et al. 1985; 0, 0STERLIND 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 
1960pts. 1310pts. 

Performance status s 
Extensive stage 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 (0STERLIND 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 
(SOUHAMI 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 (0STERLIND and ANDERSEN 1986). In another 
statistical method: the recursive partitioning and 
amalgamation method (RECPAM) (CIAMPI 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; SAG MAN et al. 
1991b). At amalgamation, however, patients from 
both stages may be mixed again. In a Canadian study 
(SAG MAN et al. 1991b), the two intermediate offour 
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 II 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 = 0 if PS < 2, 
P + 1 ifPS ~ 2, L = 0 if serum LDH is normal, L = 1 ifLDH 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 PETO (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 (0STERLIND 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 
(JOHNSON 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; J0rgensen 
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 TP A - 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) 
Creatinine kinase BB (CK-BB) 
Thymidine kinase (TK) 

Ak Ja j J0 Ha Jo Sz Dr 
Ja j 

GrGa 

Tissue polypeptide antigen (TP A) 
Chromogranin A (CgA) 
Pro-gastrin-releasing-peptide (proGRP) 
Carcinoembryonic antigen (CEA) 
Neural cell adhesion molecule (NCAM) 
Ganglioside fucosyl-GM j (FucGM j ) 

Cytokeratin fragment (CYFRA 21-1) 
Serum anti-p53 antibodies 

Ga 
Gr Pu 
Dr 
Dr 
Ja j 

Ja2 

Pu 

J0 Gr Jo 
Va 
Va 

Ro 

Ak, AKOUN et al. 1985: 43pts.; Ja j , JAQUES et al. 1988: 195pts.; Ja2, JAQUES 1993: 221pts.; J0, J0RGENSEN et al. 1988: 85pts.; Gr, 
GRONOWITZ et al. 1990: 125pts.; Ha, HARDING et al. 1990: 37pts.; Ga, VAN DER GAAST et al. 1991: 69pts.; Jo, JOHNSON et al. 1993: 
159pts.; Sz, SZTURMOWICZ et al. 1993: 92 pts.; Dr, DRIVSHOLM et al. 1994: 132 pts.; Va, VANGSTED et al. 1994a,b: 96pts.; 112 pts.; 
Pu, PUJOL et al. 1996: 91pts.; 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 PINSE 

0 44 9% 468 0% 19% 
1-2 168 34% 366 0% 16% 
3-6 221 44% 252 11% 5% 
7 67 13% 126 21 % 2% 

Score PILDH 

0 113 23% 428 0% 16% 
1 151 30% 333 4% 12% 
2 128 25% 258 7% 7% 
3 108 22% 145 21 % 1% 

Algorithms: PINSE = S + 2· P + NSE; PILDH = S + P + LDH; Scoring: S = 0 (stage: limited), S = 1 (stage: extensive); P = 0 (PS < 2), 
P + 1 (PS <': 2); NSE = 0 (:0;12.5 [!g/l); NSE = 1 (12.5-25 [!gJl); NSE = 2 (25-50 [!g/l; NSE = 3 (50-75 [!g/l); NSE = 4 (>75 [!g/l); 
LDH = 0 (normal); LDH = 1 (increased). 
'Data from cumulative series (J0RGENSEN et al. 1996). 

tween NSE and LDH has been investigated in a series 
from one institution (J0rgensen et al. 1988) and in 
a large multi-institutional series including 560 
patients (J0gensen et al. 1996). NSE was increased 
(> 12.5I!g/l) 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 III 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-u2-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 TGF~l 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 48 h, 
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 2 cm 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. 

Stage IIA tumours are the same as stage lA, but with 
ipsilateral hilar nodal metastasis. 

Stage lIB 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 2 cm of the carina but 
do not involve it, which may be resected with 
bronchoplastic techniques (BELLI et al. 1985). 

Stage IlIA comprises (a) T3 tumours in which the 
only spread is to hilar nodes or (b) T 1-T3 tumours 
without distant metastases which have spread to 
ipsilateral mediastinal and/or subcarinal nodes 
(N2). These patients may benefit from medias
tinal lymphadenectomy (GOLD STRAW 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 HIB disease. Further work is required, 
and definitive results may take years to evaluate. 

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

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 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. 
TO No evidence of primary tumour. 
Tis Carcinoma in situ 
Tl Tumour ~3 em 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). 
T2 Tumour with any of the following features of size or extent: >3 em in greatest dimension; involves main bronchus, 

~2 em 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. 

T3 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 <2 em distal to the carina, 
but without involvement of the carina; or associated atelectasis or obstructive pneumonitis of the entire lung. 

T 4 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 Regional lymph nodes cannot be assessed. 
NO No regional lymph node metastasis. 
Nl Metastasis to ipsilateral peribronchial and/or ipsilateral hilar lymph nodes, and intrapulmonary nodes involved by 

direct extension of the primary tumour. 
N2 Metastasis to ipsilateral mediastinal and/or subcarinallymph node(s). 
N3 Metastasis to contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular 

lymph node(s). 

Distant metastasis (M) 
Mx Presence of distant metastasis cannot be assessed. 
MO No distant metastasis. 
Ml Distant metastasis present' 

'The uncommon superficial tumour of any size with its invasive component limited to the bronchial wall, which may extend 
proximal to the main bronchus, is also classified TI. 
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 Tl, 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 MI. 

Table 2.2. Stage grouping by TNM subsets (From MOUNTAIN 
1997) 

Stage Definition Stage Definition 

IA TlNOMO IIIB T4NOMO 
IB T2NOMO T4NIMO 

T4N2MO 
IIA TlNIMO TlN3MO 
IIB T2NIMO T2N3MO 

T3NOMO T3N3MO 
T4N3MO 

IIIA T3NIMO 
TlN2MO IV Any T, any N, Ml 
T2N2MO 
T3N2MO 

Staging is not relevant for occult carcinoma, designated 
TxNOMO. 

Table 2.3. Five-year survival figures (%) according to stage 
(From MOUNTAIN 1997) 

Stage Clinical staging Pathological staging 

IA 61 67 
IB 38 57 
IIA 34 55 
IIB 22-24 38-39 
IIIA 9-13 23-25 
IIIB 1-8 
IV 
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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 (IIA) or resectable chest 
wall/resectable mediastinal involvement (lIB) 

Stage IlIA 
Extensive but resectable disease (T3Nl, TlN2, T2N2, 
T3N2) 

Stage I1IB 
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; IZBICKI 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 IlIA. It is accepted that 
a subgroup of patients with IlIA 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, II), and was inversely corre
lated with the number and extent of positive medias
tinal nodes. Similarly, GOLDSTRA w 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. 1988b). 

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 



26 

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 extra pleural 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 
(MCCA UGHAN 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; MCCAUGHAN 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 lIB 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. 

2.3 
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 3 cm 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 (llR/llL) 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 lOR 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 OR/1L) 
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 (GROSS et al. 1986; 
KERR et al. 1992; DALY et al. 1993). In a rigorous 
study by McLoUD et aI., 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 (ARITA 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 (LIBSHITZ and 
McKENNA 1984). These latter factors are subject to 
considerable geographic variation. McLoUD'S study 
found that 37% of substantially enlarged nodes 
2-4 cm 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 3 mm in the hila 
(SCHNYDER and GAMSU 1981; G.M. GLAZER et al. 
1985; KIYONO et al. 1985; INGRAM et al. 1989; REMY
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 
10 mm 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; 
DILLEMANS 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 (-7) 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 para tracheal 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; McLoUD 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 (> 10 mm short axis diameter) and at least 
5 mm larger than other nodes, then the positive pre
dictive value approached 95% (Buy et al. 1988). 

Peripheral Tl 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 <2 cm diameter, because of the relatively 
high false positive rates and low yield (PEARLBERG 
et al. 1985; DALY et al. 1987). However, other authors 
argue in favour of staging CT, as more recent studies 
suggest a higher incidence ofN2 disease in TlNOMO 
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 Tl-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 
(MUSSET 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 Nl 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 (LAISSY 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 (PROTO PAPAS 
and WESTCOTT 1996). It is a reliable, minimally 
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 fluorodeoxyglucose (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. 

a 
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Fig. 2.3. a Subcarinal node enlargement: false positive MRI. 
Axial Tl-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 :s; 10 mm 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 
RUDD 1995). 

Several other approaches have been proposed to 
counter the deficiencies of CT. Some groups have 
used transoesophageal ultrasonography with en
couraging results (KONDO 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; YOKOI et al. 1994; CHIT! 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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2.4 
Staging the Primary Tumour 

2.4.1 
Mediastinal 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 (ONITSUKA 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 
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et al. 1987). However, organising pneumonia or 
atelectasis is indistinguishable from tumour on MRI 
(BOURGOUIN 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 (-7), 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 pneumonectomy. 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) (McLoUD 
1989), and in GLAZER'S series, almost half the oper
able cancers showed more than 3 cm of mediastinal 
contact. Loss of fat plane is oflimited 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 T 4 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 multi planar 
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 (Mus SET 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 



Radiological Evaluation of Intrathoracic Extension and Resectability of Non-Small Cell Lung Cancer 33 

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 
Tl-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 I mm 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; 
MCCAUGHAN 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 radio nuclide 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 3 cm 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 (YOKOI et al. 1991). A recent study utilised spiral 
CT to generate 3D surface-shaded reformations 
(KURIYAMA 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 
extra pleural fat is perhaps more conspicuous as a 
bright white line on Ii-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 
(PADOVANI 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 (CASTAGNO 

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 
(SUZUKI 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.S 
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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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: PDG CBp-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 ISO-water and I3N-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 (RIGO 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-
SOOMBq (lO-lSmCi) FDG is administered, and 
after an uptake period the images are acquired. An 
interval of 60-90 min 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 10-2Scm 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 micro moles 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; HOH et al. 1993). The main 
advantage is the large size of covered area, i.e., 80-
150 cm, 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 5 mm have been 
detected with FDG-PET. As a rule of thumb, the 
attenuation corrected PET can detect lesions of 
about 1 cm and with the non attenuation corrected 
whole-body PET technique the lower limit is around 
l.Scm. 
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3.3 
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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cent ration in the lesion relative to the expected tracer 
distribution ifthe 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; MIYAUCHI 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 IlIA 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 III. 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 IlIA. Subsequent surgery con
firmed the absence of contra-lateral lymph node involvement 
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mesotheliomas, acute postoperative and radiation 
changes. 

3.4 
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. 

KUBOTA 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-ll 
(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; HUBNER 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 (DEW AN et al. 1993, 
1995; SCOTT et al. 1994; P A TZ et al. 1993; GUPT A 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 a1. 1987 Mixed 12 12/12 Cross sectional Tumor glucose consumption 
ABE et a1. 1990 Mixed 5 5/5 Cross sectional Therapy response 
KUBOTA et a1. 1990 Mixed 22 10/12 Cross sectional Characterization masses 
REGE et a1. 1993 Mixed 16 14/16 Whole body Lesion detection 
LEWIS et a1. 1994 NSCLC 34 34/34 Whole body Surgical management 
SLOSMAN et a1. 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 
SCOTT et al. 1994 62 Retrospective CT+biopsy 94 80 94 80 
DEWAN et al. 1995 33 Retrospective TTNA' 100 78 93 100 
PATZ 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 
LOWE 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 (P ATZ 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 I CP 
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 4 cm no tumor cells 
were detected with histopathology. Similar reports 
on the relative insensitivity of CT have come from 
Harvard (McLOUD 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; V ALK 
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. Results 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 V ALK 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 ofFDG-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. 

3.4.4 
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 OfPATZ et al. (1994), 
FRANK 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 
KUBOTA 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 
FMISO, 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. 
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1997). More studies are necessary to elucidate the 
scope of these tracers in clinical practice. 

3.S 
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. 
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4.1 
Rationale 

Ethical: 

Proven: 

Benefit: 

Risk: 

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 
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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 III 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 oflocal 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 
cTNM. 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 
(KONDO et al. 1993; BUHR et al. 1997). Such 
unexpected minimal disseminations detected at 
thoracotomy are classified stage III, with better prog
nosis than cT3 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: 

IlIA T3 N1 MO; any N2 MO 
IIlB 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 III 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 2 cm 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. 
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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 (V ANSTEENKISTE 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 (ROCMANS, 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. 
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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 
(KOMAKI 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 (30-40 Gy) 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 
(KONDO et al. 1993; BURR et al. 1997), is classified 
T 4b 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. 

4.3.4 
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 Ml) to be part of a loco regional concept, 
even if contralateral. 

4.4 
Potential Exclusive Surgery for 
Stage III NSCLC 

4.4.1 
Selection Criteria 

- Only very limited stage III disease 
- Only one factor for stage III disease (T3 or N2 or 

T4) 
- Potential complete resection (free margins, no 

residue) 
- No proven benefit from either neoadjuvant or 

postoperative adjuvant treatment 
- cN3 carefully excluded (CT, fine needle aspiration 

cytology, mediastinoscopy, mediastinotomy, 
thoracoscopy, prescalenic exploration, PET) 

4.4.2 
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 cT3 Nl stage IIIa 
as for T3 NO stage lIb) 

- 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 m 
other lobe 

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

- AnyN3 
- 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%) 
(d) 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 

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

Weare 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 (SPODICK 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. 
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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 
oflocal 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 cTNM 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 III 
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
cal relapses but had no impact on 5-year survival rate 
in nine randomised trials for resected N 1-N2 disease 
(VAN HOUTTE et al. 1998; PORT META-ANALYSIS 
TRIALISTS 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 

5.1.1 
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-l) 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; JOHNSON 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 micro metastases 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 II and phase III 
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 lIB (T3NO), IIIA(Nl) and 
IIIA(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; 
V ANSTEENKISTE 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 anyone 
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 III/stage IIB(T3NO) subsets ofNSCLC, 
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 
(V ANSTEENKISTE et al. 1998). It is also critical 

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

Disease burden 

Nonbulky or minimal 

Bulky 

Stage subsets 

• T3NO or Nl 
• Non-enlarged N2 nodes on CT scan 
• Microscopic N2 only with 

normal CT scan 

• Significant N2 enlargement on CT 
scan or chest X-ray 

• T4 (no effusion) 
• N3 disease 

RT, radiotherapy; CT, computerized tomography. 
Modified from ALBA IN (l997a). 

Standard of care 

Initial surgical resection 

ChemoRT 

Controversy 

Should preoperative 
chemotherapy ± RT be 
given routinely? 

Does subsequent resection 
improve survival? 
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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 IIIA(N2) disease were given 44Gy 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; ELIAS 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 

Group or 
study 

Reference Number Stage subsets 
of 

Biopsy- Treatment program 
proven N2 

patients (%) 

Dana Farber I SKARIN et al. 41 T3 or low-bulk 68 CAP x 2 --t RT --t 
1989 stage III (N2) surgery --t R T --t CAP x 3 

LCSG 831 EAGAN et al. 39 T3 or low-bulk 51 CAP x 3 with split RT --t 
1987 stage III (N2) surgery 

University of Chicago BITRAN et al. 21 Bulky T3 or T 4N2 100 VdEP x 2 --t surgery --t RT 
1986 or N3 

Dana Farber II ELIAS et al. 1994 54 Tl-3N2 (mixed bulk) 94 CAP x 4 ± RT --t surgery --t RT 
Perugia DARWISH et al. 42 Tl-3N2 (clinically 0 EP x 2-3 --t surgery --t 

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 n) 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 

'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 ofN2 disease. These studies are sum
marized in Table 5.4 (LAD et al. 1991; MARTINI et al. 

32 31%, 3-year 
11 8%, 2-year 
8 34%, I-year 

18 22%, 5-year 
24 24%, 3-year 

1993; PISTERS et al. 1993; BURKES et al. 1994; ELIAS et 
al. 1997; SUGARBAKER et al. 1995). However, tumors 
with a wide range of disease bulk were accrued across 
the trials. Furthermore, the R T 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 IlIA (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 l36 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 III ELIAS et al. 1997 34 Mixed bulk PFL Postoperative 

(continuous 
infusion) 

CALGB II 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 

Groupa or study Response rate (%) Complete resection 
rate (% initial n) 

Operative mortality (%) Median survival (months) 

LCSG 881 46 
Memorial 78 
Toronto 71 
Dana Farber III 65 
CALGB II 64b 

a References for studies given in Table 5.4. 
b Includes stable disease. 

68 
65 
51 
62 
62 

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

5.3.2 
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. 

17.0 
4.4 
8.0 
o 
3.1 

12 
19 
21 
18 
15 

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; ELIAS 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. 

5.4 
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; WElDEN 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 T4 or N3 (% ) RT chemotherapy 

or T4 required? (%) 

SWOG 8805 ALBAIN et al. 126 Yes 0/40 60 Continuous, EP 
1995 45Gy 

LCSG 852 WElDEN et al. 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 STRAUSS et al. 41 Yes 2010 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; STRAUSS 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 30 Gy to 59 Gy. 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 IIlA(N2) accounted for 47%-87% of 
patients per trial. Two studies included T3NO or 
T3Nl (21% and 20% in the Rush Presbyterian and 
CALGB studies, respectively), whereas all patients 
with stage lIlA disease in the SWOG 8805, LCSG 852 
and Tufts trials had N2 nodal involvement. Selected 
stage IIIB subsets ofT4 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 Fi02 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-l tumors and required pathologic 
staging were 15 and 13 months (ALBAIN et al. 1995; 
WElDEN 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; STRAUSS et al. 1992b; LAW et al. 
1997). Patterns of first recurrence were reported in 
the SWOG 8805 trial: 11 % were loco regional 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 92b 71 4 None 22 
CALGB I 64b 61 15 Chemo x 1 + RT 30Gy 16 
Tufts 69b 76 5 PE or carboplatin + paclitaxel 20 

• References for studies given in Table 5.6. 
b 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 offollow-up (LAW et al. 1997). 

5.4.3 
The Stage IIIB Subgroup 

Fewer data are available regarding outcome of in
duction therapy followed by surgery in selected stage 
lIIB subsets. All patients enrolled in the second gen
eration trials of induction chemotherapy had stage 
lIIA(N2) disease, whereas all but one of the 
chemoRT trials included patients with stage lIIB 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 lIlA and lIIB disease (BONOMI et al. 
1992; CURRAN and STAFFORD 1995). !twas 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 lIlA 
(MOUNT AIN 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 T 4 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 
(LA w 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 
IIIA(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-I subset had an outcome iden
tical to the TlN2 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 lIIB 
disease conducted by the SWOG (SWOG 9019), 
identical induction chemoRT was utilized as in 
SWOG 8805, but no surgery was 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-l 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 et al. 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 ofT3NO or Nl subsets, 
(c) whether or not pathologic documentation of N2 
disease was required and Cd) 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 
studya only? or N1 ofN2? 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---7 NO at resection; 

IIIB: 22%, 5-year T4NO or 1 
CALGB I No Yes No No 22%,7 (+) year No survival advantage for 

complete resection or 
pathologic CR 

CALGB II 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 

IIIB: 32%, 3-year 

Abbreviations: as given in Tables 5.2, 5.4, 5.6; CR, complete response. 
a 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 oflong-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 T3Nl disease, 
T4NO or Nl 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 down staging 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) CHOI et al. 1997 42 All biopsy- PVF x 2 concurrent 42 Gy split (1.5 
proven stage with RT b.i.d. x 7 ~ 
IIIA(N2), mixed bulk ~ surgery ~ PVF 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, EP x 1 with RT ~ b.i.d. over 3 weeks); 

advanced T3; 46, 2 or surgery PCI later in trial 
more N2 nodes; 42, 
IIIB (T4 or 
contralateral N3) 

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

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

Group' Resection rate 
(of initial n) 

Treatment-related Survival Predictors of favorable outcome 
mortality 

Boston (MGH) 93% 7% 57%, 5-year Five-year survival by stage at thoracotomy: 
Stage 0 or I 79% 
Stage II 42% 
Stage III 18% 

West German 
Cancer Center 

53% 
(60% IlIA, 
45% IIIB) 

6% 28%, 4-year 
(31% IlIA 
26% IIIB) 

N2/3 ~ NO in 80%, but no difference in survival if 
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 (CHor et al. 1997; EBERHARDT et 
al. 1997) Forty-two patients with mixed bulk, biopsy
proven stage IlI(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 IlIB (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 IlIA subset and 45% 
of the stage IlIB 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 
IlIA 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 
(CHOI 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 Nl 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 

5.7.1 
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 I1IB 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 

NCIb PAssetal. 28 IlIA(N2) by Bulky EP pre- and Postoperatively 21% 46% 0.12 
1992 biopsy postoperatively in no-ChT arm 

only 

Japan YONEDA 83 Clinical IlIA Bulky Vdp Concurrent 40% 37% NS 
et al. 1995 and IIIB preoperatively with CT 

M.D. ROTH 60 IIIA(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 IIIB 

Spain ROSELL 60 IIIA(N2) not Minimal PIM Postoperatively 0% 30% <0.05 
et al. 1994 required; node bulk 

biopsy not required 

Abbreviations: as in Tables 5.2, 5.4 and 5.6; I, ifosfamide; 
chemotherapy. 
'Modified from ALBAIN 1997a. 
b Study undated: H.I. 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 

preoperatively for both arms 

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 

I t 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. 

5.9 
Treatment-Related Morbidity 
and Mortality 
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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 oflarge 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. 

S.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 chemoR T 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 199.7, personal 
communication). 
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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 
ofRTwith 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 
study patients 

Brazil' FLECK 96 Stage IIIA(N2) Role ofRT in PF + RT vs MVP 
et al. 1994 and T 4 IIIB; N2 the induction? i 

nodes bulky on CT Surgery 
or biopsy-proven i 

RTvs MVP 
(if residual 
disease) 

NCI Canada PAYNE 31 Biopsy-proven Induction then PV ~ surgery 
et al. 1997 stage IIIA(N2) surgery vs RT? vs 

RT alone 

RTOG 89-01 INCULET 71 Biopsy-proven Postinduction MVP orVP 
et al. 1997 stage IIIA(N2) surgery vs R T? i 

Surgery vs RT 
i 

MVP orVP 

Abbreviations: as in Tables 5.2, 5.4, 5.6; RTOG, Radiation Therapy Oncology Group. 
'Update provided by J. FLECK 1997, personal communication. 

Outcome 

five-year survival 31 % 
vs 15% in favor of PF 
+ RT (P = 0.05) 

Closed early due to slow 
accrual; survival cuves 
superimposed at 2 years 

Closed early due to slow 
accrual; P = 0.62 
for overall survival; 
4-year: 13% for 
surgery vs 20% for RT 
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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 
CALGB had 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 
] apanese 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 (n = 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 
IIIA(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 III Trials in Stage III(N2) Disease 

There are three large randomized phase III trials on
going worldwide in patients with biopsy-proven stage 
IIIA(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 
(ALBA IN, 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 II 
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 
(DE PIERRE 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, Tl-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 

European Intergroup 480 

West German Consortium NA 

Abbreviations given in other tables; fx, fraction. 

EP x 2 + single fx RT, concurrent 

If'\, 
EP x 2 

+ 
Complete RT 
to 61 Gy with 
no break 

Any cisplatin-containing regimen 

If'\, 
Surgery Single fx RT 

Taxol + P -7 hyperfx RT + Taxol + P 

A 
Surgery Observation 

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 -7 surgery 
(postoperative RT in both arms if 
T3 or N2( +) at surgery) 

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

EORTC Randomized Phase II I, II, IIIA (NO) EP x 2 -7 surgery vs surgery alone Ongoing, accrual 
very slow 
Ongoing Netherlands Phase III T2NO, NI, T3NO EP x 2-4 (to maximum response) 

England Phase III "Early Stage" 
-7 surgery vs surgery alone 
Cisplatin-containing ChT x 3 -7 surgery 
vs surgery alone 

Ongoing 

Abbreviations as in other tables. 

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

S.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 IllB disease, for which 
chemoR T 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 19lO patients managed with definitive 
surgical treatment were analyzed. It was greater than 
65% for stage IA patients. For patients with stages IB, 
IIA and lIB disease, these rates ranged from 40% to 
55%. In selected stage IlIA patients, the rate fell to 
approximately 25% (MOUNTAIN 1997). This higher 
than expected survival rate for IlIA disease reflects 
the more favorable characteristics of stage IlIA 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 
IlIA disease in the same database did poorly, with a 
5-year survival of only l3%. 

5.5. LEONG, C.M.S. ROCHA LIMA, and M.R. GREEN, Hollings 
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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; 
MOERTEL 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-Guerin (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-IlIA disease 
(adapted from MOUNTAIN 1997) 

TNM staging Group staging Number of patients 

TlNOMO IA 511 
T2NOMO IE 549 
TlNIMO IIA 76 
T2NIMO 288 
T3NOMO lIB 87 
T3NIMO 55 
Tl-3N2MO lIlA 344 

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 oflevamisole as part of an adjuvant 
immunotherapy regimen for lung cancer was based 
on preliminary data. In a small randomized study by 
VAN HOUTTE et aI., 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 
aI., 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 (HERSKOVIC 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; T AKIT A 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 

Five-year survival rate 

67% 
57% 
55% 
39% 
38% 
25% 
23% 

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 (TAKITA et al. 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 30-60 Gy) 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 offailure, 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 
ASTUDILLO 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 Tl-2NI-2 NSCLC (STEPHENS et al. 
1996). The MRC trial used a radiation prescription 
of 40 Gy 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 I-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 

Investigators Design Stage 

KIRSH et al. 1971 Retrospective 

GREEN et al. 1975 Retrospective 

WEISENBURGER et al. Prospective II, III 
1986 randomized 

ASTUDILLO and Retrospective IlIA 
CONILL 1990 

STEPHENS et al. 1996 Prospective Tl-2, NI-2 
randomized 

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 lIlA 
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 
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No. Treatment Results 

36 30-50Gy Five-year survival 19.4% 
vs observation vs none 

219 50-60Gy Five-year survival 31 % 
vs observation vs 16% 

230 50Gy Decreased local 
vs observation recurrence 

146 45-50Gy Increased median survival and 
vs observation decreased local recurrence 

384 40Gy Decreased local 
vs observation recurrence 

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 (rAL T). 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 1-III A 
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. 
HIGGINS 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; SOUQUET 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 GAIL 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 para tracheal 
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 400 mg/m2

, doxorubicin 
40 mg/m2

, and cisplatin 40 mg/m2
• 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 (HOLMES and GAIL 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 III 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 20 Gy 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 (60mg/m2), 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/m2

) versus observation following complete re
section of mostly early stage NSCLC. One hundred 
and ten patients with TI-3NO 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 (11154). 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-III disease were randomized 
to either immediate postoperative radiation, 60 Gy 
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 I1I(N2 } 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 OHT A 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 
IlIA NSCLC was reported by PISTERS 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 1251 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 W ADA et aI., enrolled 323 completely 
resected patients with stage I-III disease between 
December 1985 and July 1988 (WADA 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 ofUFT 
(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 (TANAKA 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 

Investigators Design Stage 

NIRANEN et al. 1992 Prospective Tl-3NO 
randomized (90% stage I) 

FELD et al. 1993 Prospective I (T2NO, TlN!) 
(LCSG) randomized 

LAD et al. 1988 Prospective II, III 
(LCSG) randomized (incomplete 

resection, 
90% stage III) 

DAUTZENBERG et al. 1995 Prospective I-III 
randomized 

OHTA et al. 1993 Prospective III(T3 or N2) 
randomized 

PISTERS et al. 1994 Prospective III(N2) 
randomized 

STUDY GROUP OF Prospective I-III 
ADJUVANT randomized 
CHEMOTHERAPY FOR 
LUNG CANCER 1995 

WADA et al. 1996 Prospective I-III 
randomized 

5.5. 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 

No. Treatment Results 

110 CAP' Five-year survival 67% 
vs observation vs 56% 

232 CApb No benefit 
vs observation 

164 CAp'/concurrent Median survival 20 
RT vs RT months vs 13 months 

267 COPAC'/RT No benefit 
vs RT 

219 Vpd No overall benefit 
vs observation 

72 RT/VP' No benefit 
vs RT 

309 AP/UFT1 Five-year survival 61.8% 
vs observation vs 58.1% 

310 VP/UFTg Five-year survival 60.6% 
vs UFT vs 64.1% 
vs observation vs 49% 

'Cyclophosphamide 400 mg/m2, doxorubicin 40mg/m2, cisplatin 40 mg/m2 q4wks x 6 cycles. 
bCyclophosphamide 400mglm2

, doxorubicin 40 mg/m2
, cisplatin 60mg/m2 q3wks x 4 cycles. 

'Cycles 1 and 3: doxorubicin 40mg/mZ, vincristine 1.2mg/m2, cisplatin 75mg/m' on Dl, lomustine 80mg D3,4; cycle 2: 
cyclophosphamide 600 mg/m2

, vincristine 1.2 mg/m2, cisplatin 75 mg/m2 on D1. 
dVindesine 3mg/m' Dl,8, cisplatin 80mg/m' Dl q4wks x 3 cycles. 
'Vindesine 3mg/m' wkly x5 then 2-wkly x8, cisplatin 120 mg/m2 Dl, 29, 71,113. 
f One dose of doxorubicin 26 mg/m2, cisplatin 66 mg/m2, plus oral UFT 8 mg/kg/day for 6 months. 
gOne dose of cisplatin 50mg/m', vindesine 2-3 mg/m2 2-wkly x3 doses, plus oral UFT 400mg/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 IlIA 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-I0), a 
Canadian - United States collaboration led by NCIC, 
T2NO and Tl-2Nl 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 

Trial Accrual 

INT 0115' >450 
CALGB 9633 500 
BR 10 600 
ANITA 1 800 
ANITA 2 442 
ALP I 1240-1840 
BLT 4000 
BLT 2500 
IALT 3300 

• Completed accrual. 

Patient group 

II, IlIA 
lB (T2NO) 
lB, II (T2NO, II-2Nl) 
I-IlIA 
I-IlIA 
I-IlIA 
I-IlIA 
I-IlIA 
I-IlIA 
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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 (ALP!) Trial, originally started by 
Italian investigators but now with broader EORTC 
participation, is structured to accrue 1240-1840 
stage I-IlIA 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 ofNSCLC 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 (IAL T), projecting accrual of 3300 resected 
stage I-IlIA NSCLC patients, is now active world
wide. The randomization is to chemotherapy or 
observation. As noted earlier, each institution par
ticipating in IALT 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 

Treatment 

Etoposide/cisplatin + RT vs RT alone 
TaxoI!carboplatin vs observation 
Navelbine/cisplatin vs observation 
Navelbine/cisplatin vs observation 
Navelbine vs observation 
Mitomycin/vindesine/cisplatin vs observation (±RT) 
Cisplatin-based chemotherapy vs observation 
Cisplatin-based chemotherapy vs observation (after RT) 
Cisplatin-based chemotherapy vs observation (±RT) 

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 PECKHAM (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, 
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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 sub additive 
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 7000 cGy, 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 (l00mg/m2 on 
days 1 and 29) and vinblastine (5 mg/m2 weekly for 5 
weeks). Fifty days after the start of chemotherapy, 
radiation therapy was begun and a 60 Gy total dose 
was administered at 2.0 Gylfraction, 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 lOO-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 in flu-
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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 
cell kill 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) 

Table 7.1. Randomized (I)induction chemotherapy followed by 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) IVd 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 (l.5 mg/m2 on days 1 and 2), cyclophos-

ph amide (200 mg/m2 on days 2-4), cisplatin (lOa mgt 
m2 on day 2), and lomustine (75mg/m2 on day 3) 
followed by radiation therapy with a total dose of 
65 Gy at 2.5 Gy/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 69.6 Gy, 
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 KOMAKI 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 55 Gy 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-

mary and regional lymph nodes was given with a 
total dose of 45 Gy in 15 fractions,S fractions/week, 
for 3 weeks. This treatment was compared with the 
same radiation therapy followed by CAMP (cyclo
phosphamide 300 mg/m2 i.v. days 1 and 8; doxorubi
cin 20 mg/m2 i.v. days 1 and 8; methotrexate 15mg/ 
m2 i.v. days 1 and 8; procarbazine 100mg/m2 p.o. 
days 1-10) which was initiated 4 weeks after comple
tion of radiation therapy. Of the III 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 (T ANNOCK 
1996). An important study from the European Orga
nization for Research and Treatment of Cancer 
(EORTC) reported by SCHAAKE-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 55 Gy (3.0 Gy/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 = 0.009 
weekly 55 (sp) llO 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 (c) 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 2.5 Gy/fraction, 5 fractions/week for 2 
weeks) with the same radiation therapy and concur
rent cisplatin given once weekly at 30 mg/m2 or daily 
at 6 mg/m2. 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/m2, approximately 1 h 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. KOMAKI 

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 
(75 mg/m2) and standard radiation therapy (63 Gy in 
34 fractions: 45 Gy at 1.8 Gy/fraction for 5 weeks plus 
a boost of 18 Gy at 2.0 Gy/fraction). The other arm 
used cisplatin 75 mg/m2 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 1.2 Gy twice daily,S 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 
I-year survival rates were quite similar (15.5 months 
and 65% for induction followed by concurrent 
cisplatin vs 14.1 months and 58% for HFX/concur
rent chemotherapy) (KOMAKI et al. 1997a). 

A randomized comparative study of concurrent 
versus induction chemotherapylradiation therapy 
has been reported (FURUSE et al. 1997) in abstract 
form by the West Japan Lung Cancer Group (Table 
7.3). Mitomycin (8mg/m2 days 1 and 29), cisplatin 
(80 mg/m2 days 1 and 29), and vindesine (3 mg/m2 

days 1,8,29, and 36) were combined with radiation 
therapy. In the induction arm the chemotherapy was 
completed and then radiation therapy was given with 
a total dose of 56 Gy "in a conventional schema." In 
the concurrent arm, radiation therapy was started on 
day 2 of the MVP regimen and a split-course regimen 
was used with the same total dose (56Gy given as 
2.0 Gy times 14 followed by an interruption of 10 
days and then another 14 fractions of2.0Gy). Of314 
evaluable patients, the 158 enrolled in the sequential 
arm had a median survival of 13.3 months and 2-year 
and 3-year survival rates of 25.6% and 12.5% respec
tively. The 156 patients enrolled in the concurrent 
arm had a median survival of 16.5 months and 2- and 
3-year survival rates of 37% and 27% respectively. 

Table 7.3. Randomized concurrent vs induction chemotherapy and radiation therapy for inoperable NSCLC 

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

KOMAKI et al. (1997a) PoE + 69.6 (HFX-C) 82 14.4 34 NS 
VBL/DDP -7 RT 63 (c) + Pld 80 15.5 35 

FURUSE et al. (1997) MVP + RT 56 (sp) 156 16.5 37 P = 0.0473 
MVPx2 -7 RT 56 (sp) 158 13.3 25.6 

PoE, cisplatin and oral etoposide; Pld, low dose of cisplatin; MVP, mitomycin, vinblastine and cisplatin. 
C, continuous radiation therapy; sp, split course of radiation therapy. 
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There was greater hematological toxicity in the 
concurrent arm, but the median survival was sig
nificantly (P = 0.0473) longer. 

A phase III comparative trial has been completed 
by the RTOG (Protocol 94-10), but the results are not 
yet available. This study compared the induction 
chemotherapy and radiation therapy now consid
ered standard since the results of CALGB 8433 and 
RTOG 88-08/ECOG 4588 (KOMAKI et al. 1997b). A 
second arm uses the same chemotherapy but the ra
diation therapy is started on day 1 instead of day 50. 
The third arm is the HFX plus concurrent i.v. 
cisplatin/oral etoposide that was used in RTOG 92-04 
described above. Results of the study should be 
available in the year 2000. 

7.3.2.3 
Toxicity from Combined Chemotherapy 
and Radiation Therapy 

Whenever aggressive combined chemotherapy and 
radiation therapy are given to patients with inoper
able lung cancer, toxicity to the lung, esophagus, and 
bone marrow limit the dose of chemotherapy and 
radiation therapy as well as duration of treatment. 
Because of toxicity, dose often needs to be modified 
and/or patients need a break to complete the pre
scribed treatment. Delays in completing radiation 
have been documented to influence the outcome 
negatively (Cox et al. 1993). 

Toxicity to the lung from chemo- and radiation 
therapy manifests as acute pneumonitis, which is 
usually encountered toward the end of a course of 
radiation therapy or 1-3 months after completion of 
radiation therapy. Symptoms of acute pneumonitis 
are shortness of breath, dry cough, and low-grade 
fever. Late effects on the lung start around 6 months 
after radiation therapy and manifest as fibrosis; 
radiation doses higher than 25 Gy given in the con
ventional manner are the usual cause. 

Antitumor agents known to cause dose
dependent lung fibrosis are bleomycin, busulfan, 
and carmusine; methotrexate causes fibrosis in hy
persensitive people (MUGGIA et al. 1983). Cyclophos
phamide, vincristine, actinomycin D, Adriamycin, 
bleomycin, 5-fluorouracil, cisplatin and metho
trexate are non-antitumor agents to enhance the ra
diation effect, although 5-fluorouracil, cisplatin 
and methotrexate are considered as safe antitumor 
agents to be given with radiation (STEEL 1988; VAN 
DER MAASE et al. 1986; VAN DER MAASE 1986). The 
postulate of increased radiation toxicity to the lung 

by Adriamycin, actinomycin D, and bleomycin has 
been confirmed clinically (PHILLIPS and Fu 1976; 
SADEGHI 1988). According to several clinical trials, 
the Adriamycin-containing regimens such as 
cisplatin, Adriamycin and cyclophosphamide (CAP) 
for NSCLC have not increased lung toxicity as long as 
the regimen is induction (MATTSON and MAASILTA 
1989; TRovo et al. 1990). Concurrent cisplatin
radiation therapy regimens increase local control 
through radiosensitizing effects (SHAAKE-KoNIG et 
al. 1992). According to this study, radiation therapy 
alone caused a 31 % incidence of the lung damage, 
weekly cisplatin caused a 44% incidence, and 
daily cisplatin with concurrent radiation therapy 
caused a 35% incidence. Chest X-ray detected grade 
III and IV fibrosis (SHAAKE-KoNIG et al. 1992). 
The symptoms due to late damage of the lung are 
more related to lung volume than to dose. Acute 
pneumonitis is not always a predictor of late lung 
damage. 

Usually thoracic radiation therapy given to the 
proximal lesion or mediastinal lymph nodes causes 
acute esophagitis during or shortly after completion 
of radiation therapy, especially if such anti-tumor 
agents as cisplatin or Adriamycin were given simul
taneously. The late effects of radiation on the 
esophagus are manifest as stenosis several months 
after the completion of treatment or in more severe 
cases as necrosis leading to fistula formation. Necro
sis and fistula formation are very rare complications 
unless there is tumor progression or mechanical 
damage to the esophagus (such as that caused by 
dilatation of the esophagus). 

5-Fluorouracil (5-FU) and Adriamycin enhance 
radiation effects on the mucosa (PHILLIPS and Fu 
1976; STEEL 1988). LOKICH et al. (1989) reported se
vere esophagitis among patients who received con
tinuous 5-FU with concurrent radiation therapy; late 
stenosis resulted. U MSA W AD! et al. (1985) reported a 
higher incidence of severe esophagitis when CAP was 
given concurrently with thoracic radiation: the inci
dence was 80% in patients who received concurrent 
chemo- and radiation therapy compared to 27% in 
patients who received induction treatment. Also, 
according to his report, the incidence oflate stricture 
of the esophagus was 43% for concurrent vs 2% 
for the induction approach. SADEGHI et al. (1988) 
reported that 35% of patients who received radia
tion therapy alone had severe esophagitis compared 
to 57% of patients who received radiation with 
CAP. Vindesine with radiation therapy may also 
increase incidence of esophagitis according to 
COY (1970) and DILLMAN et al. (1990), although the 
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incidence might have been higher if they had given 
concurrent instead of induction chemotherapy. In 
the EORTC study, cisplatin was given as a sensitizer, 
which caused similar acute severe esophagitis 
rates by three different arms: 49% by weekly 
30 mg/m2 cisplatin alone, 49% by 6 mg/m2 daily 
cisplatin, and 46% by radiation alone. They did 
not report any late stricture of the esophagus by 
radiation alone or radiation with cisplatin (SHAAKE
KONIG et al. 1992). 

BYHARDT et al. (1997) reported five completed 
trials for stage II-III inoperable NSCLC patients who 
were treated by an induction regimen of chemo
therapy (cisplatin and vinblastine) followed by stan
dard radiation therapy, 60 Gy in 6 weeks (group I), by 
a combined induction (vinblastine and cisplatin) 
and concurrent regimen of cisplatin and standard 
radiation therapy, 60 Gy in 6 weeks (group II), or 
by a concurrent regimen of chemotherapy (oral 
etoposide and cisplatin) and hyperfractionated ra
diation therapy (69.6Gy in 6 weeks) (group III). All 
patients had good performance status, and two of 
five trials required less than 5% weight loss for eligi
bility. The acute (within 90 days from the start of 
radiation therapy) and late (after 90 days from the 

R. Komaki and J.D. Cox 

start of radiation therapy) toxicity were reported. 
Grade III or higher toxicity was defined as severe. 
Overall grade IV or V acute reactions were fairly 
similar between groups, but the incidence of severe 
nonhematologic acute toxicity was significantly dif
ferent among the three groups (P < 0.0001). Differ
ences in incidence of toxicity between groups I and 
II were not statistically significant. Group III had a 
significantly higher incidence of severe acute 
nonhematologic toxicity (55%) compared to group I 
(27%) or group II (34%) (P < 0.0001 and P = 0.0005, 
respectively). This difference was caused primarily 
by differences in the incidence of severe acute 
esophagitis, 34% in group III vs 1.3% in group I and 
6% in group II (P < 0.0001). Overall, grade IV or V 
late toxicity was not significantly different. Severe 
late pulmonary toxicity was more severe in group II 
(21 %) and group III (20%) than in group I (10%) (P 
= 0.035). However, the incidence of late esophageal 
toxicity did not differ significantly between the three 
groups (P = 0.077) (Tables 7.4, 7.5). According to 
the report, group I had a significantly lower overall 
response rate (63%) than either group II (77%) or 
group III (79%) (P = 0.03 and 0.003, respectively) 
(BYHARDT et al. 1998). 

Table 7.4. Comparison of acute toxicity according to treatment intensity grouping 

Type of acute toxicity Group 1 Group 2 Group 3 
Ind CT + Standard RT Ind/Conc CT/Std RT Conc CT/Hfx RT 
(88-08) (88-04,92-04 arm 1) (90-15,91-06,92-04 arm 2) 

Overall ~grade 4 77/152 (51 %) 57/109 (52%) 951200 (47.5%) 
Overall grade 5 41152 (3%) 11109 (1 %) 61200 (3%) 
Non-hematologic ~grade 3 411152 (27%) 37/109 (34%) llO/200 (55%) P < 0.0001 
Lung ~grade 3 9/152 (6%) 41109 (4%) 141200 (7%) 
Esophageal ~grade 3 2/152 (1.3%) 6/109 (6%) 681200 (34%) P < 0.0001 
Hematologic ~grade 3 1071152 (70%) 84/109 (77%) 1461200 (73%) 
Hematologic ~grade 4 711152 (47%) 56/109 (51 %) 921200 (46%) 
Hematologic ~grade 5 01152 (0%) 111 09 (1 %) 51200 (2.5%) 

Table 7.5. Comparison oflate toxicity according to treatment intensity grouping 

Type oflate toxicity Group 1 Group 2 Group 3 
Ind CT + Standard RT Ind/Conc CT/Std RT Conc CT/Hfx RT 
(88-08) (88-04, 92-04 arm 1) (90-15,91-06,92-04 arm 2) 

Overall ~grade 4 711136 (51 %) 5/82 (6%) 12/170 (7%) 
Overall grade 5 21136 (1%) 2/82 (2%) 31170 (2%) 
Non-hematologic ~grade 3 191136 (14%) 21182 (26%) 481170 (28%) P = 0.0098 
Lung ~grade 3 141136 (10%) 17/82 (21%) 35/170 (20%) P = 0.035 
Esophageal ~grade 3 31136 (2%) 3/82 (4%) 131170 (8%) P = 0.077 
Hematologic ~grade 3 71136 (5%) 5/82 (6%) 61170 (4%) 
Hematologic ~grade 4 3/136 (2%) 1/82 (1 %) 31170 (2%) 
Hematologic ~grade 5 11136 «1%) 1/82 (1 %) 01170 (0%) 
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7.4 References 
Discussion 

For patients who have inoperable or unresectable 
NSCLC with good performance status and a less than 
5% weight loss, recent data suggest that concurrent 
chemotherapy and radiation therapy improve local 
control and survival. Esophageal toxicity and late 
lung effects are the major treatment-related compli
cations of concurrent chemotherapy and radiation 
therapy, especially for the patients with large tumors. 
To reduce these complications, smaller radiation 
volumes that spare esophagus and lung as much as 
possible are needed. Solutions include 3D conformal 
treatment, the radioprotector amifostine, and chem
oprotectors of the esophagus, bone marrow, and kid
ney (TANNEHILL et al. 1997). McMILLAN and HART 
(1986) has demonstrated enhanced experimental 
met at as tic capacity of malignant cells when antican
cer drugs were given as induction treatment. 
They tested the effect of in vitro pretreatment of 
B16 murine melanoma cells with various antitumor 
agents on their subsequent experimental metastatic 
capacity. Methotrexate, cytosine arabinoside, 5-
azacytidine, and aphidicoline significantly increased 
the number of lung nodules following the intrave
nous injection of tumor cells. However, this effect 
was not seen with melphalan or 5-fluorouracil. The 
authors determined that antitumor drugs may in
duce mutations of malignant cells that accelerate 
metastasis to distant sites or shift cells into more 
active phases of the cell cycle. Nonetheless, there has 
been enough evidence that induction chemotherapy 
causes more mutations or resistant clonogens that 
future efforts to develop effective treatment should 
focus on concurrent chemo- and radiation therapy 
regimens. Induction (sequential) treatment may, 
however, become fruitful if we can develop systemic 
treatments that kill the last clonogens or overcome 
the accelerated proliferation of the clonogens typi
cally induced by present induction regimens; of 
course, bone marrow suppression, esophagitis, or 
lung toxicity must be minimal as well. 

In summary, concurrent chemotherapy and ra
diation therapy seems to be more efficacious to con
trol unresectable NSCLC but with more acute 
toxicity. The RTOG 94-10 protocol is testing the 
effectiveness of sequential treatment, concurrent 
treatment, and aggressive concurrent chemo- and 
hyperfractionated radiation therapy by a random
ized fashion. The protocol will be completed by April 
1998. Survival, locoregional control, and toxicity will 
be reported in the year 2000. 
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8.1 
Historical Background 

8.1.1 
Survival Without Treatment 

In order to evaluate the effect of radiation therapy on 
survival it is necessary to look at the natural course 
of the disease without treatment. Patients without 

H.-P. HEILMANN, F. WUERSCHMIDT, H. BUENEMANN, 

Hermann-Holthusen Institute of Radiotherapy, S1. George's 
Hospital, Lohmuehlenstr. 5, D-20099 Hamburg, Germany 

any treatment or with symptomatic therapy have 
a 5-year survival rate of 0%-1.3% (BIGNALL et al. 
1967; BUCHBERG et al. 1951; HYDE et al. 1965). 
Median survival of untreated patients varies between 
2.0 and 10.6 months (BECKER et al. 1957; LANZOTTI 
et al. 1977). Median survival is strongly correlated 
with the performance status of the patient and the 
histologic type of the tumor (HYDE et al. 1973). 
Patients with a performance status of 90% had an 
average survival of 22 weeks, decreasing to only 4.5 
weeks if the performance status was only 40% (Fig. 
8.1). Patients with adenocarcinomas lived 13 weeks, 
and patients with small cell lung cancer only 6.76 
weeks. Similar data on median survival in untreated 
patients were published by STANLEY (1980). Weight 
loss during the last 6 months is another factor 
influencing survival. In untreated patients with 
tumors confined to one side of the thorax, survival is 
about 4.3 months, and in patients with tumors 
beyond one-half of the chest only 2.1 months (HYDE 
et al. 1965). 

8.1.2 
Early Publications on Radiotherapy 
of Lung Cancer 

Radiation therapy oflung cancer has been a problem 
for radiation oncologists during all periods of de
velopment of radiotherapy. In 1940, LEDDY and 
MOERSCH showed a I-year survival of 20% and a 
5-year survival of 4% in patients treated with radia
tion while all patients without radiation therapy 
died; nevertheless with kilovoltage equipment only 
palliation or treatment of superficial metastases was 
possible. In advanced cases, interstitial radiation 
treatment was tried (ORMEROD 1937). The main 
treatment modality remained surgery. 

With the introduction of cobalt machines and 
the possibility of applying higher tumor doses in the 
1960s, there was much enthusiasm to overcome the 
problem. The possibility of destroying tumor 
cells with external radiation treatment was demon-
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strated by BROMLEY and SZUR (1955). In 40% of 
preoperatively irradiated patients no tumor was 
found during autopsy. BLOEDORN (1966) reported 
35% of patients without tumor after preoperative 
irradiation, RISSANEN and coworkers (1968) 30% 
EICHHORN and coworkers (1972) published an aver
age rate of 39% depending on fractionation and total 
doses. 

A radiological documented reduction of tumor 
(partial remission and complete remission) in 87% 
of patients in correlation with total doses was shown 
by PERESLEGIN et al. (1977) and RUBIN (1974). The 
reduction of tumor size was 70%-90% (SALAZAR et 
al. 1976). So, for some time radiotherapy with 
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Fig. S.l. Correlation between Karnofsky Index and median 
survival in untreated NSCLC patients. (From HYDE L, WOLF J, 
MCCRACKEN St, and YESNER R. Natural course of inoperable 
lung cancer. Chest 64:309-312, 1973) 
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megavolt therapy (cobalt machines) was thought to 
be an alternative to surgical treatment. Unfortu
nately, very soon the limits of the new radiation 
techniques were obvious and, on the other hand, 
a deterioration of treatment results by radiotherapy 
was supposed because of immune suppression 
(ISRAEL 1976). Consequently, there was a typical 
backlash: irradiation was said to be of no value in the 
treament of lung cancer. 

Trials - randomized or not - were designed to 
compare radiotherapy of lung cancer with no treat
ment. Neglecting all biological knowledge of the rela
tionship of tumor dose and tumor cell destruction 
published in the early 1930s (HOLTHUSEN 1936), 
radiotherapy was performed with total doses of 
about 4000 cGy, a dose which is too low to cure lung 
cancer. As a result, there was no difference in sur
vival between patients treated by radiotherapy with 
40 Gy or with no treatment at all (DURRANT et al. 
1971; BERRY et al. 1997; ROSWIT et al. 1968). So even 
in 1978, GROSS and KLEIN (1978) made a statement 
in the Deutsches Arzteblatt that only surgery gives a 
curative chance to lung cancer patients. 

In spite of this, in the late 1960s there were several 
publications on a small, but measurable effect of 
curative radiotherapy on survival of patients with 
non-small cell lung cancer (GUTTMANN 1971; SMART 
1966; SCHNEPPER and VIELBERG 1967). SHEHATA 
(1977) and COY (1978) published 5-year survival 
rates up to 10% with radiotherapy in non-small cell 
carcinoma. In 1976, HEILMANN and coworkers 
(1976) published a multicenter retrospective evalua
tion of the effect of radiotherapy on non-small cell 
lung cancer (17 radiotherapy departments in Ger
many and Austria participated). A total of 3662 pa
tients were treated with definitive radiotherapy, and 
follow-up was at least 5 years. The overall survival 
rate at 5 years was only 2% (Table 8.1), but in pa
tients with Tl-2NoMo tumors treated with higher 
doses a 5-year survival rate of 8.4% was seen (Table 
8.2). 

Table S.I. Survival rates after definitive radiation therapy of lung cancer: all stages 
(HEILMANN et al. 1976) 

Time after No. patients, Percentage No. patients, Percentage 
treatment central tumors survival peripheral tumors survival 

Treatment 3662 100.0 961 100.0 
1 year 1142 31.2 296 30.S 
2 years 394 10.8 94 9.8 
3 years 161 4.4 48 5.0 
4 years 91 2.5 24 2.5 
5 years 73 2.0 19 2.0 
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As in other publications, in this study there was 
a clear relationship between radiation dose and 
survival. Patients treated with radiation doses be
tween 5000 and 6000 cGy had higher survival rates 
than patients irradiated with lower doses. The rela
tionship between total dose and survival was men
tioned by PIERQUIN and coworkers even in 1965. The 
influence of an increasing biological dose on tumor 
reduction in X-rays of the lung was shown by 
SALAZAR (1979) (Fig. 8.2). 

SHERMAN and coworkers (1981) reported a recur
rence rate of 50% with doses <5000 cGy and only 5% 
with 5500-5900cGy. Cox et al. (1979) demonstrated 
the relationship between local control and survival 
and the effect of increasing biologic dose levels on 
survival (Fig. 8.3). 

In conclusion, the possibility of destroying non
small cell lung cancer (NSCLC) by radiotherapy was 
demonstrated by different authors. There was a clear 
relationship between total dose, extent of tumor re
duction and survival. Doses of at least 6000 cGy were 
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necessary to locally control NSCLC and achieve a 
curative effect of radiation. 

8.2 
Curative Radiotherapy 

8.2.1 
Arguments for Exclusive Radiotherapy 

At a time when combined modality techniques, like 
neoadjuvant chemotherapy, simultaneous chemo
radiotherapy and sequential chemoradio- or radio
chemotherapy, are discussed, what are the arguments 
for exclusive radiotherapy? 

- Radiotherapy alone is better tolerated than a com
bined modality. 

- Without chemotherapy higher doses of radiation 
can be applied, and only high total doses give 
curative chances. 

Table 8.2. Survival rates after definitive radiation therapy oflung cancer: Tl-2 No Mo 
cases (HEILMANN et al. 1976) 

Time after No. patients, Percentage No. patients, Percentage 
treatment central tumors survival peripheral tumors survival 

Treatment 203 100.0 47 
1 year 87 42.9 26 
2 years 42 20.7 13 
3 years 21 10.3 9 
4 years 20 9.9 6 
5 years 17 8.4 5 
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Fig. 8.2. Percent are regression of the pulmonary shadow 1 
month after completion of radiotherapy for squamous cell 
carcinoma in relation to increasing NSD doses within each 
fractionation schedule employed. (From SALAZAR et al. Can
cer 37:2636-2650, 1976. Copyright © (1976) American Cancer 
Society. Reprinted by permission of WILEY-LJSS, Inc., a sub
sidiary of JOHN WILEY & SONS, Inc.) 
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Fig. 8.3. Effect of increasing biological dose level in radiation 
therapy on survival in bronchopulmonary cancer. (From Cox 
et al. 1979) 
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- Last but not least, up until now it has not been 
proven that a combination of chemotherapy with 
radiotherapy gives better results than radio
therapy alone as long as high total doses are 
applied (KOMAKI et al. 1997a,b). 

8.2.2 
Patient Selection 

The majority of patients with lung cancer present 
with advanced tumors and/or distant metastases 
at the time of diagnosis. The sites of metastases via 
the lymphatic system (LUOMANEN and WATSON 
1968) are most frequent into the hilar nodes, 74% 
(502/676), mediastinal nodes, 62% (420/676), and 
supraclavicular nodes, 19% (129/676). Sites of 
hematogenous metastases are 44% (296/676) in 
the adrenal glands, 43% (289/676) in the liver, 
35% (234/676) in the bone and 19% (130/676) in the 
brain. In this entire series there were only 83/676 
single metastatic sites, 16/676 to the other lung, 
16/676 to the bone, 15/676 to the liver, 13/676 to 
the brain, 12/676 to the heart and 111676 to the 
adrenals. 

Curative treatment is only possible in a minority 
of about 30%-40% of all patients with lung cancer. 
Most of these are candidates for surgery. So, a rela
tively small part of the patient population is subject 
to the question whether curative radiotherapy is 
possible or not. 

In deciding which patients are candidates for 
curative radiotherapy, history is one of the most im
portant parts of the examination. Along with phys
ical examination it indicates evidence for poor 
prognostic factors or suggests lines of inquiry to 
develop evidence for poor prognostic factors. The 
poor prognostic factors are 

- Acute dyspnea, due to pneumonia 
- Weight loss >5% 
- Anorexia 
- Asthenia 
- Cough 
- Chest pain 
- Fever 
- Atelectasis 
- Recurrent pneumonia 

Patients with acute pneumonia, weight loss, anorexia 
and asthenia have a median survival of only 3 
months (GREEN et al. 1971). 

In the detection of occult metastatic disease bone 
scans, computed tomography and magnetic reso
nance imaging play an important role. Recently, the 
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value of the positron emission tomography (PET) 
has been repeatedly demonstrated (SCHIEPERS 1997; 
GUHLMANN et al. 1997; ERASMUS et al. 1997; 
STEINERT et al. 1997). 

In conclusion, candidates for curative radio
therapy are patients with: 

- No distant metastases 
- A Karnofsky Index:?: 70% 
- Tumors with limited tumor volume 

($;5 cm maximal diameter) 

8.2.3 
Differences Between Histologic Subtypes 

Whether there are differences in the outcome be
tween histologic subtypes is controversial. There is 
evidence that squamous cell carcinomas have a lower 
rate of distant metastases than adenocarcinomas and 
large cell carcinomas. In a series of 349 patients with 
adenocarcinomas and large cell carcinomas, one
third of patients with large cell carcinoma developed 
brain metastasis within 1 year, and patients with 
adenocarcinoma continued to develop brain metas
tasis even into the 5th year (Cox and KOMAKI 1986). 
On the other hand, patients with these histologic 
subtypes show better results with definitive radio
therapy than those with squamous cell carcinoma 
(Cox et al. 1986). 

From our own experience, the differences in 5-
year survival between the subtypes of NSCLC are 
not relevant. For indication of curative radiotherapy, 
we feel that histologic subtype is not an important 
prognostic parameter. 

8.2.4 
Superior Sulcus Tumors 

Superior sulcus tumors, with or without PANCOAST'S 
syndrome, are a special type of NSCLC. In contrast 
to other tumors, preoperative irradiation is 
common, and radiotherapy alone often is only 
palliative. 

8.3 
Radiation Therapy Techniques 

8.3.1 
Target Volumes 

Target volumes in curative radiotherapy of NSCLC 
are a topic of discussion and personal opinion. 
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Details are given in another chapter of this book. The 
standard recommendation is to include the tumor 
and the known lymph nodes with a safety margin of 
about 1 cm. The upper and middle mediastinum 
normally is included up to a total dose of 50 Gy, and 
in tumors of the lower lobes also the lower parts of 
the mediastinum. 

In contrast, KROL and coworkers (1996) from 
the Netherlands treated 108 medically inoperable 
patients with non-small cell lung cancer (Tl and 
peripheral T2) with a 60-Gy split course or 65 Gy 
continuous treatment. The target volume included 
the primary tumor only, without regional lymph 
nodes. Of patients in complete remission, only two 
had a regional recurrence as the only site of relapse; 
an additional two patients had a locoregional recur
rence. They came to the conclusion that the low 
regional relapse rate does not support the need for 
the use of large fields encompassing regional lymph 
nodes. Using small target volumes, higher doses 
could be given and better local control rates could be 
expected. 

On the other hand, CHOI and DOUCETTE (1981) 
observed improved survival rates in patients 
with unresectable non-small cell bronchogenic 
carcinoma by an innovative high-dose en bloc 
radiotherapeutic approach encompassing the 
tumor, the whole mediastinum and the sup
raclavicular nodes. 

In clinical practice, volume must be tailored 
individually depending on tumor location, tumor 
size, and involved lymph nodes. The dose-limiting 
factors are the volume of uninvolved lung included 
in the portals and the spinal cord tolerance. 

8.3.2 
Dose Distribution 

Dose distribution in curative radiotherapy of lung 
cancer should be different in sequential phases of 
the treatment. For the first weeks, normally up to a 
dose of 50 Gy, a larger volume should be treated. In 
order to spare the spinal cord and the lungs, two
or three-field techniques are adequate. High radia
tion doses should be restricted to the tumor and 
the involved mediastinal lymph nodes. Multileaf 
collimators or individually constructed metal shields 
should be used in order to irradiate as little lung 
tissue as possible. Three-dimensional treatment 
planning is thought to give better results (NESTLE 
et al. 1996), but up until now there has been little 
experience as to whether long term outcome really is 
improved. 
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8.3.3 
Total Doses 

As shown previously, there is much evidence that in 
NSCLC higher total doses give better remission rates 
and, as a consequence, better long term survival. In 
spite of this even today in many trials total dose is 
restricted to 50 or 60 Gy. It is obvious that a high 
percentage of lung tumors can only be destroyed 
with doses >60 Gy, approaching 70 Gy and more. Be
cause of the dose limiting factors, the application 
of high total doses is strongly correlated to a sophis
ticated treatment planning. 

8.3.4 
Fractionation 

In the literature, there is a variety of fractionation 
schemes and single doses. Standard fractionation 
is 5 times weekly 2.0 Gy = 10 Gy/week. The main 
variations are high single doses, interruptions of 
treatment (split course) and hyper-/accelerated 
fractionation. 

8.3.4.1 
Single Dose 

In the 1960s and 1970s, high single doses were used 
by several groups. SCHUMACHER (1976) treated pa
tients with NSCLC with high energy electrons of 
a betatron giving single doses of 500-1000 cGy. He 
published 5-year survival rates of about 6% with this 
technique. Because of the poor technical perfor
mance of dose distribution with electrons, normal 
tissue damage, especially to the lungs, was severe. 

EICHHORN (1981) compared standard fraction
ation with initial high doses controlled by autopsies. 
Radiation was given in daily, small fractions 
(200 cGy), large fractions (600 cGy) every 5th day, or 
a single high dose followed by daily low-dose treat
ment. The highest proportion of tumors free of vi
able cells was found in patients who had received 
small daily fractions in both operable and inoperable 
tumors. 

8.3.4.2 
Split-Course Radiotherapy 

Before the influence of repopulation and treatment 
time was known, planned interruptions of radio
therapy were recommended. The so-called split
course technique was better tolerated than standard 
fractionation schemes, as HOLSTI and coworkers 
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(1976) from Finland demonstrated. In the split
course treatment there was a 2-3 weeks' interruption 
after 25-30 Gy. This break was compensated by a 
10% increase in the total dose. With increasing 
radiobiological knowledge, this treatment policy was 
suspended. 

8.3.4.3 
Hyperfractionation and Accelerated 
Fractionation 

The rationale for hyperfractionation is sparing 
of late normal tissue effects. The dose per fraction 
is decreased below 1.8 Gy and the daily dose would 
not exceed 2-2.4Gy. An accelerated hyperfra
ctionated regimen would typically apply a dose per 
fraction of about 1.8-2.0 Gy twice daily or 1.4-1.5 Gy 
three times daily (CHART). As a consequence, 
the overall treatment time is about the same in 
hyperfractionated radiotherapy whereas it is de
creased in accelerated radiotherapy. However, as 
acute normal tissue effects are increased with accel
erated radiotherapy, treatment breaks have to be 
introduced in most cases after 2-3 weeks. Recently 
the possible advantages and critical issues on 
hyperfractionation have been discussed by BECK
BORNHOLDT et al. (1997). 

8.4 
Results of Exclusive Curative 
Radiotherapy 

8.4.1 
Results with Conventional Fractionation 

In 1981, CHOI and DOUCETTE treated 162 cases of 
NSCLC with two different treatment techniques. Pa
tients treated with small volumes and tumor doses of 
40-45 Gy had a 2-year survival of 10% and a 3-year 
survival of only 3%. With an en bloc approach and 
tumor doses of 60-64 Gy, 2-year survival was 36%, 3-
year survival 28%. Patients treated with >50Gy had 
a 5-year survival of 7.5%. SHERMAN and coworkers 
(1981) treated 348 cases. The 5-year survival rate 
of the whole group was 5.6%, and patients in stage I 
and II did better. In stage III there was a clear dose 
relationship: patients treated with less than 50 Gy 
had a recurrence rate of 50%; with higher doses 
recurrences were less frequent. 

A similar dose relationship was published by the 
RTOG (PEREZ et al. 1987). Local failure with 40 Gy 
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was 48%, with 50 Gy 38% and with 60 Gy 27%. Unfor
tunately, 75%-80% of all patients developed distant 
metastases. 

In 43 stage I, technically operable patients, 
HAFFTY et al. (1988) achieved a 3-year survival rate 
of 36% and a 5-year rate of 21 % with radiation doses 
of 5400-5900 cGy. As mentioned previously, the per
centage of patients for curative radiotherapy is small. 
Those 43 cases were part of 1646 patients referred. A 
Chinese group (ZHANG et al. 1989) treated 44 early 
cases with 55-70 Gy/6-7 weeks delivered by conven
tional fractionation. Survival rates at 1,3, and 5 years 
were 93%, 55%, and 32% respectively. The favorable 
factors in this series were: 

Patients without any intercurrent disease but 
refused operation 

- Tllesions 
- Complete regression of the lesion at the conclu-

sion of radiotherapy 
- Doses ranging from 69 to 70 Gy 

GAUD EN and coworkers from Australia (1995) 
reported the results of 347 patients with Tl and 
T2NOMO tumors treated at the Queensland Radium 
Institute during the period 1985-1992. The main rea
sons for not proceeding to surgery included poor 
performance status, old age, or refusal to submit to 
surgery. The median age for the group was 70 years, 
with the range being 34-90 years. The overall sur
vival rate was 27% at 5 years with a median survival 
of 27.9 months. There was a strong correlation of 
survival to tumor size. 

In a Greek series (KOUKOURAKIS et al. 1995), 
153 patients with inoperable NSCLC were treated 
with radiotherapy alone. A retrospective analysis 
showed a 5-year disease-free survival for Tl-2 NO-1 
and T3 NO-1 staged patients of 30% (7/23) and 25% 
(4/16) respectively when the tumor normalized total 
dose (NTD) (alpha/beta = lOGy) was 56-64Gy 
vs 12% (5/41) and 0% (0/10) when the NTD was 
48-55 Gy. This difference was statistically significant 
for the squamous cell histology group. The higher 
doses significantly altered the patterns of death 
in NO, 1 staged squamous cell carcinoma and adeno
carcinoma patients. Forty-five percent (22/55) and 
41 % (12129) of squamous cell and adenocar
cinoma patients, respectively, died from local relapse 
without evidence of distant metastases when 
NTD was less than 55 Gy vs 21% (9/42) and 13% 
(2/15) when the NTD delivered was 56-64Gy (P < 
0.05). 

As mentioned previously, KROL et al. (1996) 
treated 108 patients with early peripheral NSCLC 
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(stage I) with radiotherapy defined to the tumor 
without elective nodal irradiation. Three-year sur
vival was 31%, 5-year survival 15%. The question of 
elective nodal irradiation was also raised by 
KUPELIAN and coworkers (1996). They treated 71 
patients by radiation therapy alone (median total 
radiation dose 63.23 Gy) because of medical 
contradindications to surgery. Coverage of nodal 
drainage areas did not affect survival or local con
trol. Overall survival rates at 3 and 5 years were 19% 
and 12%, respectively. 

The importance of volume parameters for sur
vival of NSCLC was outlined by MAR TEL and 
coworkers (1997). Patients with tumor volumes 
<200 cm2 had a better survival than patients with 
bigger tumor volumes. Tumor volume was also one 
of five prognostic factors described by WIGREN 
(1997). The other four were disease extent, clinical 
symptom score by FEINSTEIN, performance status 
and hemoglobin level. Patients with three or more 
risk factors had a 2-year survival of less than 2%, 
whereas patients with no risk factors had a 2-year 
survival of 53%! 

Three-dimensional treatment planning is also 
used to improve results of radiotherapy of NSCLC 
(ROBERTSON et al. 1997; ARMSTRONG et al. 1997). 
Number of treated patients and follow-up time are 
not sufficient to give valid data on survival. 

8.4.2 
Results with Split-Course Radiotherapy 

In the Finnish series (HOLST! et al. 1976), for each 
tumor site local control and failure rates for the two 
treatment techniques - conventional fractionation 
and split-course therapy were similar. No significant 
differences in 5- and 10-year survivals were 
noted. Acute side effects were milder in all patients 
treated with the split course. The occurrence of late 
reactions was similar in both treatment groups. 

However, in 1993, the RTOG published the long
term results of three trials with 1244 cases. Interrup
tions of high dose radiation therapy decreased 
long-term survival of favorable patients with 
unresectable NSCLC (Cox et al. 1993). 

8.4.3 
Results with Hyperfractionation 
and Accelerated Fractionation 

In the RTOG trial 83-11 no significant differences in 
the risks of acute or late effects in normal tissues 
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were found among 848 patients analyzed in five arms 
with increasing radiation doses (Cox et al. 1990). 
Comparisons with results in similar patients treated 
with 60 Gy in 30 fractions of 2.0 Gy 5 days/week for 
6 weeks suggest a benefit from hyperfractionated 
radiation therapy with 69.6 Gy. 

The same treatment policy - 1.2 Gy twice daily to 
a total dose of 69.6Gy - was used by JEREMIC et al. 
(1997). Forty-nine patients in stage I NSCLC were 
treated with hyperfractionated radiotherapy. The 
median survival time was 33 months, and the 5-year 
survival rate was said to be 30%. 

In a pilot study, BRINDLE et al. (1993) treated 21 
evaluable patients with unresectable stage IlIA or B 
non-small cell lung cancer, using 6000 cGy in 40 frac
tions of 150cGy twice daily, 6h between fractions. 
Toxicity was relatively high, and results are not 
comparable because of the small number of patients. 

The best known study with accelerated fraction
ation is CHART. Because of the fact that human 
tumor cells can proliferate rapidly, and giving radio
therapy in many small fractions may reduce long
term normal-tissue morbidity, the CHART regimen 
(continuous hyperfractionated accelerated radio
therapy) was designed. Thirty-six small fractions 
of 1.5 Gy are given three times/day to a total dose of 
54 Gy in only 12 consecutive days. The long-term 
follow-up of a trial of CHART versus conventional 
radiotherapy in patients with locally advanced non
small cell lung cancer (NSCLC) has been published 
recently (SAUNDERS et a't 1997): 563 patients were 
entered by 13 centers between April 1990 and March 
1995. Included were patients with NSCLC localized 
to the chest with a performance status of 0 or 1 in 
whom radical radiotherapy was chosen as the defini
tive management. Patients were randomly allocated 
in a 3: 2 ratio to CHART or conventional radio
therapy. The latter was 30 fractions of 2 Gy to a total 
dose of 60 Gy in 6 weeks. The groups were well 
matched for possible prognostic factors. Overall 
there was a 24% reduction in the relative risk of 
death, which is equivalent to an absolute improve
ment in 2-year survival of 9% from 20% to 29% 
(P == 0.004, 95% CI 0.63-0.92). Subgroup analyses 
(predefined) suggest that the largest benefit occurred 
in patients with squamous cell carcinomas (82% of 
the cases), in whom there was a 34% reduction in the 
relative risk of death (an absolute improvement at 2 
years of 14% from 19% to 33%). During the first 3 
months, severe dysphagia occurred more often in the 
CHART group than in the group on conventional 
radiotherapy (19% vs 3%). Otherwise, there were no 
important differences in short-term or long-term 
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morbidity. In this series, CHART compared with 
conventional radiotherapy gave a significant 
improvement in survival of patients with NSCLC. 

8.4.4 
High-LET Radiation 

The results of a combined cobalt-neutron treatment 
were investigated in Berlin-Buch (EICHHORN and 
LEsSEL 1976). The difference in response of human 
tumors to high and low LET radiation has been 
investigated in a series of inoperable, histologically 
confirmed bronchial carcinomas. One hundred and 
forty-nine were treated with low LET radiation alone 
(

60Co gamma rays) and 108 with a combination of 
gamma-rays and fast neutrons of mean energy 
6MeV, one-fifth to one-third of the effective dose 
being from neutrons. The response was analyzed by 
histological examination of the autopsy specimens. 
Tumor cell destruction was found to be significantly 
greater in the neutron-treated series. The two series 
were not strictly randomized but were closely similar 
to terms of tumor volume, histological grade and 
total treatment time. The sequence of treatments 
with neutrons and gamma-rays (N-gamma, gamma
N, gamma-N-gamma) was found to have no 
influence on the results. 

8.S 
Results of Definitive Radiotherapy 
in Inoperable NSCLC Patients Treated 
Between 1976 and the End of 1996 at the 
Hermann-Holthusen Institute, Hamburg 

8.5.1 
Patients and Treatment Modalities 

Inoperable non-small cell lung cancer (NSCLC) pa
tients were treated with irradiation alone at the 
Hermann-Holthusen Institute for Radiotherapy, 
General Hospital St. Georg, Hamburg. The results of 
stage I-III patients were reported recently, demon
strating 5-year survival rates of 8% for all patients 
(WURSCHMIDT et al. 1994). Here we present an up
date of the data of 397 patients suffering from inop
erable NSCLC. All patients were irradiated with a 
total dose of 70 Gy at 2.0 Gy/fraction. The majority of 
patients were treated with 8-10MeV photons but 
occasionally 5 MeV photons or cobalt -60 gamma
rays were used. Treatment volumes included the pri-
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mary tumor with a safety margin of about 2 cm and 
ipsilateral hilar and mediastinal lymph nodes. The 
contralateral hilus and the supraclavicular fossae 
were not regularly irradiated. The total dose of the 
primary volume was 40-50 Gy. After a planned break 
with varying length (median 12 weeks), a restaging 
was performed excluding patients from further ra
diotherapy if distant metastases were documented, 
or if radiation-induced excessive normal toxicity, or 
no change or progress of tumor volume was ob
served. The boost volume comprised the primary 
tumor and all clinically involved lymph nodes. A 
boost dose of 20-30 Gy was applied. The spinal cord 
dose was kept below 40Gy. None of the patients 
received chemotherapy. 

8.5.2 
Results of Curative Treatment 

The overall survival was determined from start of 
irradiation to the date of death or last follow-up. 
If no information about the cause of death was 
achieved, death due to recurrent tumor was as
sumed. Estimates of survival were obtained by the 
product-limit method of Kaplan and Meier. In Fig. 
8.4 the updated results ofNSCLC stage I patients are 
shown. The 2- and 5-year survival rates were 32.6% 
and 9.6%. The median survival time (MST) was 18.5 
months. In Fig. 8.5 results of NSCLC stage II are 
shown. Stage lIA included TlNIMO cases and stage 
lIB T2NIMO and T3NOMO cases. The latter were for
merly classified as stage IlIA, but in the latest TNM 
classification are staged as lIB. The 2- and 5-year 
survival rates were 27% and 14% for stage IIA and 
39% and 11 % for lIB cases. The MST was 14.9 
months. 

In Fig. 8.6 results are given for stage III patients. 
Stage IlIA included T3NIMO and Tl-3N2MO cases. 
All T4 and all N3 cases were classified as stage IlIB 
disease. In stage IlIA, the 2- and 5-year survival rates 
were 26.9% and 6.7%; the MST was 14.3 months. The 
results of stage IlIB patients were frustrating even if 
they received 70Gy total dose. The 2-year survival 
probability was only 5% and no patient lived longer 
than 29 months. The MST was 8.5 months. There 
were only 22 patients with IIIB disease, reflecting our 
policy normally not to treat patients with this ad
vanced stage in a curative fashion. The disappointing 
results confirm our policy that there is no curative 
approach with radiotherapy alone in stage IIIB even 
if irradiated with high doses. We now therefore limit 
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NSCLC: Stage I 
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Fig. 8.4. Survival rates of inoperable NSCLC patients with 
stage I disease (means and SE). Actuarial survival estimates 
are shown from start of radiotherapy. All patients received 
radiotherapy alone with no addition of chemotherapy 
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Fig. 8.5. Survival rates of inoperable NSCLC patients with 
stage II disease (means and SE). Actuarial survival estimates 
are shown from start of radiotherapy. All patients received 
radiotherapy alone with no addition of chemotherapy. The 
solid line denotes stage IIA disease patients; the broken line 
stage liB. There is no significant difference between the two 
groups 

the total dose to 50 Gy as a palliative treatment op
tion in stage IIIB disease. A summary of the treat
ment results is given in Table 8.3. 

As most of our patients had a planned break after 
40 or 50 Gy for restaging procedures and decision 
about further treatment, it is interesting to look at 
the effect of the length of the break on treatment 
results. As there are accumulating reports in the lit
erature especially in head and neck cancer but also in 
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NSCLC:Stage III 
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Fig. 8.6. Survival rates of inoperable NSCLC patients with 
stage III disease (means and SE). Actuarial survival estimates 
are shown from start of radiotherapy. All patients received 
radiotherapy alone with no addition of chemotherapy. The 
solid line denotes stage IlIA disease, the broken line stage I1IB. 
The difference is statistically significant (log rank, P = 0.0013) 

lung cancer that extended overall treatment times 
can compromise results, it could be expected that 
survival rates decreased with increasing duration of 
the break. WILLERS et al. (1998) analyzed the data of 
our patients treated with 70 Gy. They found no dif
ference in outcome whether a planned break of 7 -11 
weeks, 12 weeks, or > 12 weeks was introduced after 
40 or 50 Gy. In univariate and multivariate analysis 
only complete response of the tumor and sex re
mained as significant prognosticators. Treatment 
duration and length of the break were not important 
for prognosis. 

8.5.3 
Normal Tissue Toxicity 

The high-dose radiotherapy was well tolerated. No 
treatment related death occurred. Moderate to se
vere pneumonitis requiring drug treatment was ob
served in 9%, esophagitis RTOG grade 3-4 in 11%, 
nausea and/or vomiting in 3% and chest pain in 2%. 

8.5.4 
Results of Palliative Treatment 

Palliative treatment in NSCLC patients with distant 
metastasis is given with the aim of symptom relief. 
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Table 8.3. Survival rates and median survival times in non-small cell lung cancer treated with radiotherapy alone at the 
Hermann-Holthusen Institute for Radiotherapy, Hamburg 

Stage Survival rates (%) ± SE 

N 1 year 2 years 3 years 4 years 5 years MST (months) 

I 86 73.3 ± 4.8 32.6 ± 5.1 21.5 ± 4.5 13.8 ± 3.8 9.6 ± 3.3 18.5 
IIA 49 63 ± 7 27 ± 6 14 ± 5 14 ± 5 14 ± 5 14.9 
lIB 30 73 ± 8 39 ± 9.0 18 ± 7 11 ± 6 11 ± 6 14.9 
IlIA 202 59.6 ± 3.5 26.9 ± 3.2 11.9±2.5 7.8 ± 2.2 6.7 ± 2.2 14.3 
I1IB 22 32 ± 10 5 ± 5 

Table 8.4. Patient characteristics in metastatic non-small cell 
lung cancer treated at the Hermann-Holthusen Institute for 
Radiotherapy, Hamburg 

Total: 562 n (%) 

Age (years) 
31-55 186 (33) 
56-64 155 (28) 
65-71 123 (22) 
72+ 98 (17) 

Sex 
Male 429 (76) 
Female 133 (24) 

Karnofsky performance status 
80-100 319 (57) 
60-70 175 (31) 
40-50 40 (7) 
20-30 1 
Unknown 27 (5) 

Metastatic site 
Brain 82 (15) 
Bone 203 (36) 
Liver 33 (6) 
Other 13 (2) 
Multiple sites 231 (41) 

Symptom relief' 
Complete/partial improvement 149 
No change/progressive disease 94 
Not stated 319 

'Symptom relief after palliative radiotherapy. 

At our institution we irradiate bone or brain 
metastases with 2.5 Gy/fraction four times weekly to 
40Gy. If the patient's general condition is very poor 
and his or her life expectancy short (weeks), the dose 
per fraction is increased to 3.0 Gy or occasionally to 
4.0Gy. Total doses are adjusted as well to about 
30 Gy. If the patient is in good general condition, has 
a single metastatic lesion, e.g., of the brain, or a large 
lymph node in the supraclavicular region, the total 
dose would be increased to 50 Gy at 2.0-Gy fractions 
five times weekly. Simple treatment techniques with 
parallel-opposing fields are preferred. Photon irra
diation with energies of 6-10 MV and an SSD of 
100cm were given in most cases; occasionally cobalt-
60 was used at an SSD of 80 cm. In other institutions, 
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Fig. 8.7. The median survival times (in days) are shown for 
stage IV NSCLC patients treated with palliative radiotherapy. 
The two groups shown are those with symptom relief at the 
end of radiotherapy (hatched bar) and without relief (crossed 
pattern). The error bars denote the 95% confidence interval 

even in palliative radiotherapy hyperfractionated 
treatment regimes are used (OKAWA et al. 1988). 

Characteristics of the patients are shown in Table 
8.3. Fifty-seven percent were in a good general con
dition with a Karnofsky performance index (KPI) of 
>=80%. Bone metastases were treated in 36%, brain 
metastases in 15% and multiple sites in 41 %. In 243 
of 562 patients information about symptom changes 
was recorded (Table 8.4). Ninety-four out of 243 
(40%) had no change or progressive symptoms and 
1491243 (60%) had complete or partial improvement 
of their symptoms. If symptom relief was achieved, 
patients had a significantly longer median survival 
time (MST) of about 110 days than patients with no 
symptom relief (MST about 40 days) as is shown in 
Fig. 8.7. 

In palliative irradiation ofNSCLC the influence of 
fractionation is of minor importance. Symptom re
lief may be better with high single doses and short 
treatment time (TEO et al. 1988; PAPA v ASILIOU et al. 
1987). 
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Fig.8.8. Survival rates of stage IV NSCLC patients (means and 
SE) are given. Overall survival estimates are shown from start 
of radiotherapy. All patients received palliative radiotherapy. 
The solid line denotes patients with a Karnofsky performance 
index at start of radiotherapy of at least 80%. The broken line 
denotes a Karnofsky performance index of 40%-70%. The 
difference between the two curves is highly significant (log 
rank, P < 0.0001) 

Fig.8.9. Survival rates of stage IV NSCLC patients (means and 
SE) are given. Overall survival estimates are shown from start 
of radiotherapy. All patients received palliative radiotherapy. 
The solid line denotes patients suffering from one or two dif
ferent metastatic sites; the broken line denotes 3 or more 
metastatic sites. The difference between the two curves is 
significant (log rank, P < 0.004) 

Table 8.5. Survival rates and median survival times in non-small cell lung cancer 
with distant metastasis treated at the Hermann-HoIthusen Institute for Radio
therapy, Hamburg 

6 months' 12 months' 

Age (years) 
31-55 38.0% 10.4% 

(30.8, 45.2) (5.8,15) 
56-64 44.0% 19.6% 

(36,52) (13.1,26.1) 
65-71 42.6% 10.0% 

(33.8,51.4) (6.6, 15.4) 
72+ 28.7% 8.0% 

(19.3,38.1) (2.3, 13.7) 
Sex 

Male 38.4% 12.1 % 
(33.7,43.1) (8.9, 15.3) 

Female 41.7% 13.6% 
(33.2, 50.2) (7.6, 19.6) 

KPS 
80-100 51.8% 18.9% 

(46.1,57.5) (14.4, 23.4) 
40-70 23.2% 3.9% 

(16.7,29) (1.2,6.6) 
Metastatic sitesb 

1-2 40.8% 13.3% 
(36.4,45.2) (10.2, 16.4) 

3+ 23.0% 4.2% 
(12.1,34.9) (0,9.9) 

'Survival rates (mean ± 95% confidence interval). 
bMedian survival time (95% confidence interval). 
'Generalized Wilcoxon test (Peto-Prentice). 
d Mantel-Cox test. 

MST (days)b 

149.5 (135, 176) 

157 (124, 189) n.S. 

137 (110, 184) 

121 (109, 144) 

139 (122, 160) 

160 (129, 183) n.s. 

185 (170, 207) 

104 (92, 114) <0.0001 

148.5 (135, 172) 0.0035d 

99 (82, 138) 0.007' 
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Table 8.6. Multivariate analysis. Non-small cell lung cancer with distant metastasis 
treated at the Hermann-Holthusen Institute for Radiotherapy, Hamburg 

Variable Risk Ratio 95% CI Chi-square P value 

KPS 
Metastatic sites 

1.6 
1.5 

1.4,1.9 
1.1,2.1 

33.174 
6.779 

<0.001 
0.009 

Covariates included in the model: Karnofsky performance status (80-100 vs 40-70), 
number of metastatic sites (1-2 vs 3+), age (31-55 vs 56-64 vs 65-71 vs 72+), and sex. 

In univariate analysis the KPI and the number of 
metastatic sites were of significant importance for 
the overall survival probability. In Fig. 8.8 results of 
patients with stage IV NSCLC are given stratified for 
their KPI. Patients with a KPI of at least 80% had 6-
and 12-month survival rates of 51.8% and 18.9% and 
an MST of 6.1 months. Patients with a KPI below 80% 
had 6- and 12-month survival rates of 23.20/0 and 
3.9% and an MST of 3.4 months. The difference is 
significant (P < 0.0001). In Fig. 8.9 survival probabil
ity and the number of metastatic sites is shown. Pa
tients with one or two involved sites had 6- and 
12-month survival rates of 40.8% and 13.3% and an 
MST of 4.9 months. Significantly lower (P = 0.0035) 
survival rates and MST were observed in patients 
with more than two sites involved. Their 6- and 
12-month survival rates were 23% and 4.2% and the 
MST was 3.3 months. A summary of the results is 
given in Table 8.5. In a multivariate analysis (Cox 
proportional hazards model) including KPI, number 
of involved metastatic sites, age and sex, only KPI 
and number of metastatic sites were significant pre
dictors for survival probability (Table 8.6). 

8.5.5 
Recommendations for Definitive Radiotherapy 
of NSCLC from the Experiences of the Hermann
Holthusen Institute, Hamburg 

Based on our experience and data from the literature 
(As co 1997), we recommend irradiating patients 
with inoperable NSCLC with a total dose of 70 Gy in 
stage I-IlIA disease if no additional concomitant 
chemotherapy is given. Stage IIIB disease has such a 
poor prognosis even after 70 Gy that we do not see an 
indication for curative radiotherapy. These patients 
should be treated with 45-50 Gy in 2.0- to 2.5-Gy 
fractions if irradiation is given as the sole modality. 
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9.1 
Introduction 

Surgery is considered the initial treatment of choice 
for any patient with operable/resectable lung cancer. 
Unfortunately, only a small percentage of patients 
are candidates for surgery and suitable for complete 
resection. Approximately 40% of patients present 
loco regional disease, for which radiotherapy has 
long been considered one of the primary treatment 
modalities. Recent randomized studies by DILLMAN 
et al. (1996), ARRIAGADA et al. (1991) and KOMAKI 
et al. (1997) suggest a small but definite benefit in 
favor of combined chemotherapy and radiotherapy 
over radiotherapy alone. Based on these data, com
bined chemoradiation is currently considered the 
treatment of choice for this group of patients. As 
pointed out by VAN HOUTTE (1997), there are two 
major problems with this consideration. First, these 
results are largely based on a select subset of patients 
with favorable prognostic factors (weight loss less 
than 5%, performance status above 70) and after 
careful staging procedures. Patients included in ran
domized trials represent a very small proportion of 
all lung cancer patients treated (1 %). Extending this 
approach to all patients may produce considerable 
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unnecessary toxicity and morbidity, jeopardizing the 
small possible benefits from combining drugs and 
radiation, especially in less healthy or less meticu
lously staged patients (V AN HOUTTE 1997). The sec
ond and probably more important problem with 
these studies is that even with combined modality 
treatment the local control rate remains unaccept
ably low. In a report by ARRIAGADA et al. (1991), 
combined chemotherapy (platinum based) and ra
diation therapy (65 Gy) produced only a 10% local 
control rate at 2 years. If we accept the fact that local 
tumor control at the primary site is a prerequisite for 
any chance of a significant improvement in survival 
and cure, a rethinking of our traditional approach to 
this disease is definitely required. 

Recent technological advances in the areas of 
computers, faster CT scans, and graphics during the 
last decade have given birth to three-dimensional 
conformal radiotherapy (3D CRT) (PURDY and 
EMAMI 1992, 1995; EMAMI et al. 1998). The enhanced 
capabilities 3D CRT in superior and more accurate 
delineation of target volumes and normal structures, 
along with advanced dose calculation algorithms, 
have allowed clinicians to increase the dose to the 
tumor and decrease the dose to the uninvolved 
normal structures. This process has created a new 
opportunity to search for an improved therapeutic 
outcome in radiotherapy oflung cancer. The specific 
goal of 3D CRT is to provide a mechanism for in
creasing the tumor dose as a means of a possible 
increase in tumor control. 

9.2 
Dose Response Relationship 
in Carcinoma of the Lung 

One of the many principles which govern the prac
tice of radiation oncology is the existence of a dose 
response relationship. The clinical dose response 
relationship in lung cancer is usually influenced by 
biological and physical factors. Analysis of theoreti
cal dose response curves based on biological prin-
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ciples (EMAMI 1996) is suggestive of inadequacy of 
the doses currently used in clinical practice. From 
this hypothetical analysis it is not unreasonable to 
assume that to achieve a tumor control of 50%-80% 
for lung cancer would require doses of 100 Gy or 
more. Due to the fact that many factors influence 
local control with radiation therapy, the slope of the 
curve and the dose for control of a given tumor may 
vary significantly. 

Although past studies, including the Radiation 
Therapy Oncology Group (RTOG) trials in the 1970s 
(PEREZ et al. 1987, 1993), have hinted at the existence 
of a clinical dose response relationship in lung 
cancer, there has been no convincing evidence to 
substantiate and unequivocally establish the rela
tionship between dose and local control in non-small 
cell lung cancer. The reported local control rates of 
50%-60% in early RTOG trials are not valid due to 
the inadequacy of assessment of tools for tumor 
control (EMAMI 1996). Hyperfractionated studies of 
RTOG during the 1980s also failed to show any sub
stantial dose response relationships (VAN HOUTTE 
1997). Recent studies using chemoradiotherapy with 
doses of 65 Gy and standard fractionation docu
mented that the true tumor control level was only 
10% at 2 years (ARRIAGADA et al. 1991). These re
sults are not surprising. From the original teachings 
of FLETCHER (1973), it is generally accepted that for 
epithelial tumors the dose for eradication of micro
scopic disease is 50-60 Gy and for gross disease 1-
3 cm in dimension it is approximately 75 Gy. On the 
other hand, a significant majority of patients seen 
with inoperable lung cancer in radiotherapy clinics 
have an average tumor size of 4-6 cm. Even with 
knowledge of the above information, it is a fact that 
in most centers patients with lung cancer, irrespec
tive of their tumor size, are treated with doses of 50-
60 Gy. There have been two proposed reasons for the 
utilization of these low doses: (1) tolerance of normal 
tissue and inability of the current two-dimensional 
technology to exceed these doses without unaccept
able complications and (2) all of these patients will 
die of distant metastasis and therefore local control 
is not important. The latter argument is unsubstanti
ated because none of the publications on the radio
therapy of inoperable/unresectable lung cancer to 
date have shown an acceptable rate of local tumor 
control from locoregional treatment. Therefore, one 
does not know whether or not these patients would 
die of distant metastasis if there was a high rate of 
locoregional control to begin with. Considering the 
first argument, it becomes clear that one of the rea
sons for treating patients to the "tolerance of normal 
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tissues" is for the irradiation oflarge volumes which 
encompass large volumes of uninvolved normal tis
sues (see below). 

The basic physical elements of radiotherapy of 
lung cancer which relate to local control include vol
ume and the technical accuracy with which the dose 
is delivered to the target volume. More precisely they 
involve the precision of target volume definition and 
of dose delivery, the dose given to the intended vol
ume, and the degree to which uninvolved normal 
tissues are excluded from the treatment volume 
(DuTRIEX 1984). 

9.3 
Issue of Volume 

Based on a high incidence of hilar and mediastinal 
nodal metastasis, traditional practice has been to 
irradiate large fields, not only encompassing the 
primary tumor but also the regional lymph nodes 
of hilum, mediastinum and supraclavical nodes, 
whether they are grossly involved or have the poten
tial to be involved (so-called subclinical disease). 
Although this practice appears to be sound, the 
therapeutic benefit of treating subclinical nodal in
volvement (potential disease) has never been dem
onstrated in radiotherapy oflung cancer. Irradiation 
of large volumes which encompass significant vol
umes of uninvolved normal tissues such as lung, 
heart, and spinal cord is the source of potential com
plications. Fear of these complications has largely 
been responsible for the nondelivery of the required 
tumoricidal dose to the primary tumors of lung 
cancer and thus resulting in an unacceptably poor 
local control rate and survival. 

The complex anatomy of the thorax with the prox
imity of the critical normal structures (e.g., spinal 
cord, heart, lungs) together with the practice of treat
ing large volumes of subclinical disease with its re
sultant potential for unacceptable complications has 
set a limit on the prescription dose to between 60 and 
70Gy (DILLMAN et al. 1996; ARRIAGADA et al. 1991; 
KOMAKI et al. 1997). 

Thus, the scenario for the current practice of 
radiotherapeutic treatment of lung cancer can be 
stated: We are unnecessarily irradiating large vol
umes which include significant volumes of normal 
tissues such as lung, esophagus, heart, and spinal 
cord, and the fact that we cannot exceed the toler
ance of doses of these structures with current tech
nology means we are not able to deliver the required 
tumoricidal dose to large size primary tumors. There 
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is a need to rethink the rationale for the treatment of 
such large volumes. 

Recent studies have shown that with 3D CRT it is 
possible to design a special dose distribution to con
form to the desired target volume while reducing 
the dose to normal tissues (FuKs et al. 1991). This 
approach, therefore, has the potential to decrease the 
possibility of normal tissue toxicity and permit dose 
escalation to the tumor with the hope of improving 
local control rate (PURDY and EMAMI 1995; EMAMI 
et al. 1988; FUKs et al. 1991). Moreover, since the 
advent and utilization of3D CRT in radiotherapeutic 
management of lung cancers, several investigators 
have questioned the value of inclusion of large vol
umes in radiotherapy of lung cancer and there are 
several recent prospective ongoing studies in which 
investigators have omitted "subclinical nodal meta
static regions" from their treatment volumes 
(GRAHAM et al. 1994, 1995; ARMSTRONG et al. 1993, 
1998; LEIBEL et al. 1996). 

9.4 
Local Control Versus Survival 

Current results on survival in patients with lung can
cer treated with radiation therapy are disappointing 
(VAN HOUTTE 1997). Although past clinical experi
ence suggests a relationship between dose/local 
control and survival, there has been no study to sub
stantiate and unequivocally establish the relation
ship between local control and survival in non-small 
cell lung cancer. The report of RTOG protocol 7301 
on 376 patients with carcinoma of the lung indicated 
a better 3-year survival with 60 Gy than with lower 
doses of radiation (PEREZ et al. 1987). In another 
analysis from the results of the same protocol, it was 
also suggested that there is a relationship between 
local control and survival (PEREZ et al. 1993). The 
problem with these analyses is that the assessment of 
local control has been based on radiographic evalua
tions (chest X-rays), which have proven to be unreal
istic and the eventual 5-year survival is still under 
10% (5%-9%) (PEREZ et al. 1987). RTOG studies of 
hyperfractionated regiments in the 1980s did not 
substantiate the above relationship either (Cox et al. 
1990). Among 519 patients, prognostic factors were 
favorable in 248 (performance status of 70-100 and 
weight loss <5%) and unfavorable in 271. There was 
no significant difference in survival in patients with 
unfavorable prognostic factors between the five 
arms. Although there was a suggestion of a benefit 
in survival up to a dose of 69.6 Gy in patients with 

favorable prognostic factors, higher doses failed to 
show any improvement. There was increased pulmo
nary toxicity, and it is thought that this may have 
negatively interacted and produced inferior survival. 
It is important to note that these patients were 
treated with conventional2D (large volume followed 
by small volume) radiotherapy technology. Several 
explanations have been put forward to try to justify 
the absence of a benefit in utilizing hyperfractiona
tion regiments. Discussion of this issue is beyond the 
scope of the current review. 

9.5 
Experience with Three-Dimensional 
Conformal Radiotherapy 

The move from the ID to the 2D technique in the 
1970s (EMAMI et al. 1978) was a major improvement. 
Nevertheless, even after 2 decades of using 2D tech
nology, there are also serious limitations to this 
technique, which are listed below: 

1. Lack of realistic appreciation target volumes 
2. Lack of appreciation of real volume of normal 

tissue/organs irradiated to various doses 
3. Deficiencies in the algorithms of the computing 

dose 
4. Failure to compute dose throughout the volume 

of interest 
5. Unavailability of tools to compare and judge rival 

plans 
6. Inadequate definition of geometric coverage of 

anatomic structures by external beams 
7. Failure to provide tools for specifying and verify-

ing the accuracy of treatment delivery 

As can be seen, with the current practice of radio
therapy (simulation film and possibly one slice of 
CT scan), it is impossible to accurately delineate the 
target volumes which are needed to be spared. 
Moreover, there is little information on the true vol
umes of normal tissue at risk which are radiated to 
various doses of radiation therapy and how these 
two relate to clinical complications. Another current 
deficiency of 2D radiotherapy is the limitation of 
beam arrangements to co-planar beams. Finally, 
judgement of the merits of rival plans of treatment is 
difficult, and is secondary to the lack of information 
supplied by 2D plans. For these reasons, three
dimensional radiotherapy becomes a unique tool 
for increasing tumor dose and decreasing normal 
tissue complications (PURDY and EMAMI 1992, 1995; 
EMAMI et al. 1998; FUKs et al. 1991; GRAHAM et al. 
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1994, 1995; ARMSTRONG et al. 1993, 1998; LEIBEL 
et al. 1996). 

In order to review the current status of 3D CRT in 
lung cancer, one has to take into consideration the 
various stages and procedures involved in 3D CRT 
(Table 9.1). It is important to note the various stages 
of this process utilize different tools and systems. 

In order to evaluate the level of utilization of vari
ous tools in 3D CRT systems and degree of "scientific 
sophistication," I have done an informal survey of 
several institutions with claimed 3D capabilities. 
Institutions within the 3D conformal group of NCI 
protocols (United States) were not included. It 
was assumed that they use full 3D CRT capabilities. 
The list below shows the various degrees of "3D 
conformality" by those institutions. 

Patient immobilization is usually done using an 
alpha cradle or thermoplast. There were a few insti
tutions who claimed to have 3D CRT but did not 
immobilize their patients. 

CT scanning is done either by specialized CT 
scans within radiotherapy departments or is carried 
out in diagnostic CT scans with some connections 
to treatment planning systems of the radiotherapy 
department. Scans are normally used for contouring 
of desired targets and normal tissue structures. 

Table 9.1. Three-dimensional radiation therapy planning and 
conformal radiotherapy 

I. Delineation of target volumes 
• Evaluation of patient, tumor (staging) and normal 

tissue/organs 
• Patient immobilization 
• CT scanning 
• Contouring of target volumes and normal organs 
• Volumetric CT data-transfer to RTP system 
• 3D dose calculations and display (DVH, dose surface, 

dose statistics) 
• Plan evaluation-optimization of 3D beam arrangement 

II. Pre-delivery preparation 
• Digitally reconstructed radiograph (DRR) 
• Block template 
• Verification of portals 
• Marking of patient 
• Radiographic verification 
• Blockmaking (Cerrobend) ~ block check 
• Multileaf collimation 

III. Treatment delivery 
IV. Treatment verification and documentation 

• Portal films 
• On line imaging 
• Verification systems 

RTP, radiation treatment planning; CT, computed 
tomography. 
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Contouring of target volumes and normal organs 
is done using one of the commercially available con
touring devices. For example, at Loyola University 
we have utilized AQSIM from Picker International, 
Ohio, United States. Again, I have found a variable 
degree of utilization of this tool. Some institutions 
contour only one target volume. Some institutions 
contour target volumes and a few but not all of the 
normal tissues as detailed in RTOG protocols. In 
contouring target volumes a few follow the ICRU-50 
recommendations and most do not. 

Virtual simulation and design of portals and ini
tial beam arrangements are either done using the 
same contouring device (i.e., AQSIM) or after trans
ferring data to 3D CRT systems. The survey showed 
varying degrees of "3D conformality" in the planning 
within institutions. In designing portals I have found 
some variability. Several community institutions 
outline a gross target volume only using available 
contouring systems. Subsequently a digitally recon
structed radiograph (DRR) is produced and portals 
are designed in a 2D beam arrangement format, 
namely AP-PA with margins as has been practiced 
in 2D radiotherapy. They basically use DRR with 
GTV on it instead of simulation film. Several institu
tions use the terminology of "bean-eye-view radio
therapy" and this is the extent of their involvement 
in 3D without full utilization 3D CRT tools. In my 
informal survey I have found this to be more preva
lent within community radiotherapy departments. 
Few institutions follow the above format but selected 
normal tissue volumes are also depicted on DRRs. 
ICRU recommendations for drawing clinical target 
volume (CTV) and planning target volume (PTV) 
are not followed in most of these institutions. Even 
when the ICRU recommendations are followed, 
there are significant variations in choice of margins 
both for CTV and PTV. 

Three-dimensional dose calculations, plan evalu
ations/optimization of the 3D beam arrangements 
using displayed tools such dose value histograms, 
dose cloud, and dose statistics are performed either 
through institutionally created or commercially 
available systems. For example, at Loyola University 
we have utilized a commercial device manufactured 
by CMS Corporation, St. Louis, Missouri, United 
States. Utilization of the full 3D CRT system is done 
only in selected large institutions and universities. 

The volume of radiation "irradiated volume" also 
shows significant variations from institution to insti
tution. The most commonly practiced routine is the 
inclusion of a primary tumor with an appropriate 
margin and potential nodal areas of mediastinum, 
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both hilar and supraclavicular with a l-cm margin. 
Although the gross tumor is usually contoured, the 
large volumes are usually not contoured. This vol
ume is usually designed on DRR (simulation film) 
per 2D routine, and is taken to a basic dose of around 
4000-4500. Subsequently, the contoured gross target 
volume with margins can be treated using beams
eye-view generated portals up to a desired dose of 
60/65 Gy. Other institutions have omitted the con
tralateral hilum and contralateral supraclavicular 
whereas they include the ipsilateral supraclavicular, 
hilum and entire mediastinum. At the other end of 
the spectrum, there are institutions that basically fol
low the recommendations of the RTOG 93-11 proto
col, in which the volume of radiation would include 
primary tumor with adequate margin, ipsilateral 
hilum, and the nodal regions of mediastinum 
whether grossly (radiographically) or biopsy proven. 

The tumor dose of radiation is usually varied be
tween 60 and 70 Gy. Most institutions utilize a 66-Gy 
tumor dose. 

From the above informal survey it appears that 
there is no uniform approach for dose, technique, or 
conformality in using 3D CRT. Therefore, the results 
can hardly be meaningful except for the fact that 
they represent an effort at implementation of some 
form of 3D CRT in the treatment of bronchogenic 
carcinoma. 

There are, however, some structured efforts in the 
utilization of 3D CRT in the treatment oflung cancer. 

GRAHAM et al. (1994) compared their traditional 
beam arrangements with 3D conformal treatment 
plans in ten patients with advanced bronchogenic 
carcinoma using full 3D technology. Evaluations 
were done by dose volume histograms (DVH), dose 
statistics, and dose surfaces. Analysis confirmed that 
the 3D technology produced better delineation of 
target volumes, better coverage of target volumes by 
the prescribed dose and significantly improved pro
tection of the critical structures from high doses of 
radiation therapy. It was found that commonly used 
beam arrangements for the treatment of non-small 
cell lung cancer were often inadequate to safely 
deliver tumor doses of greater than 70 Gy. Three
dimensional conformal treatment plans with mul
tiple beam arrangements allowed dose to gross 
tumor to be escalated to at least 80Gy while main
taining acceptable or improved doses to the normal 
surrounding tissues. The main dose limiting struc
ture for tumors of the lung is the surrounding lung 
tissue. Preliminary results were reported by 
ARMSTRONG et al. (1998) on 18 patients with non
small cell lung cancer treated with 3D technology, 

one grade III and one grade IV pulmonary toxicity. 
The lung volumes most correlated with these higher 
grade pulmonary toxicities were 49% of the lung vol
ume receiving >25 Gy. MARTEL et al. (1994) have 
also reported on mean lung doses on 40 lung cancer 
patients who were divided into groups that did or did 
not have pulmonary complications. She reported 
that the mean dose to the individual lungs and the 
total lung volume was on the average higher in those 
who developed pneumonitis (average 35 Gy and 
18 Gy, respectively) compared to those who did not 
develop complications (29 Gy and 18 Gy, respec
tively). 

MARTEL et al. (1994) also evaluated normal tissue 
complication probability (NTCP) model and dose 
volume histogram (DVH) analysis in the design 
and implementation of dose escalation protocols 
for lung cancers, and reported the ability to correlate 
the incidence of pneumonitis with normal tissue 
complication probability (NTCP) calculations. This 
correlation was able to separate out patients at low 
and high risk of complications, but the exact NTCP 
score was not an exact percentage of the incidence 
of pneumonitis. TEN HAKEN et al. (1993) have devel
oped and implemented a dose escalation protocol 
stratifying patients based on their effective volume 
C effective) as a parameter to assess the risk of the 
development of pneumonitis after treatment. While 
this protocol has escalated doses to patients up to 
at least 90 Gy (and it is expected to go even higher), 
the development of pneumonitis has been low and 
acceptable. 

MARTEL et al. (1997) analyzed the 3D plans of a 
consecutive series of 76 patients with inoperable lo
cally advanced unresectable non-small cell lung can
cer. Their objective was to study the effect of tumor 
volume and dose factors derived from 3D treatment 
planning of dose distribution on survival outcome. 
Their results indicate that, in addition to nodal stag
ing stage, the actual tumor volume determined by 3D 
treatment planning also had a significant bearing on 
survival. Patients with tumor volumes of <200 cm3 

and negative nodes had the best survival. From their 
analysis it appears that dose influences local control 
and survival when tumor volumes are taken into ac
count. The authors suggest that dose prescription for 
lung cancer treatment might be better written based 
on tumor volume size. 

OETZEL et al. (1995) also reported a retrospective 
analysis of 86 patients with lung and esophageal 
cancer and correlated this mean ipsilateral lung 
dose with NTCP calculations. They concurred with 
MARTEL et al. that there was a good correlation with 
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the incidence of pneumonitis and a high NTCP cal
culation. Like MARTEL, their data showed the best fit 
when ipsilateral single lung calculations were used. 

GRAHAM et al. (1997) evaluated 70 patients who 
had been treated with 3D treatment planning. 
Patients were stratified for the development of 
pneumonitis by the volume of the gross tumor (GTV 
in cc), the mean ipsilateral lung dose (in GY), the 
percentage of the ipsilateral lung receiving greater 
than 20 Gy, the percentage of the total lung volume 
receiving greater than 20 Gy and the effect volume 
("effective). Analysis of data for the development 
of ~grade II and ~grade III pneumonitis in the 70 
patients revealed that stratifying patients by GTV or 
mean dose to the ipsilateral lung failed to adequately 
stratify the patients for the development of 
pneumonitis. The percentage volume of either the 
ipsilateral or total lung volumes and/or the effective 
volume appear to equally stratify the patients ac
cording to risk. The skill and technology of various 
institutions in being able to calculate a veff was 
thought to be variable in the institutions that are 
expected to use this method for stratification. It was 
thought that the easier parameter to stratify for 
pneumonitis risk would be the percentage of total 
lung receiving a threshold dose of 20 Gy. 

The Radiation Therapy Oncology Group is pro
spectively conducting a multi-institutional dose es
calation trial in which patients are assigned one of 
the three treatment arms based on the dose to total 
lung volume as shown in Table 9.2. Within each 
group there is a gradual dose escalation schema. This 
schema is chosen to avoid an excessive rate of 
pneumonitis. This protocol is different in several 
ways from other collaborative studies in lung cancer: 

Table 9.2. Proposed RTOG Dose Escalation Trial for non
small cell lung cancer (modified from EmAmi 1996) 

Group l' 
<25% 

Group 2' 
25%-<37% 

Group 3' 
> = 37% 

Dose level 1: 70.9Gy/33fx/7-8wks 
Dose level 2: 77.4 Gy/36 fx!7-8wks 
Dose level 3: 83.8 Gy/39 fx/8-9 wks 
Dose level 4: 90.3 Gy/42fx/9-10wks 

Dose level 5: 70.9 Gy/33 fx!7 -8 wks 
Dose level 6: 77.4Gy/36fx!7-8wks 
Dose level 7: 83.8 Gy/39 fx/8-9 wks 

Dose level 8: 64.5 Gy/30 fx/6-7 wks 
Dose level 9: 70.9 Gy/33 fx!7 -8 wks 
Dose level 10: 77.4Gy/36fx/7-8wks 

'Initial stratification is based on percentage of the total lung 
volume receiving >20 Gy. Dose escalation is done within 
individual groups: group 1, low risk for pneumonitis; group 2, 
intermediate risk for pneumonitis; group 3, high risk for 
pneumonitis. 
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(1) immobilization is required, (2) the complete plan 
of the treatment has to be optimized and finalized 
before patient registration. It is the dose to 20% of 
the total lung volume that determines which treat
ment arm patient will be assigned. (3) Dose escala
tions are based on dose to normal tissue rather than 
dose to tumor. And, finally (4), institutions who wish 
to participate have to show their capability of per
forming 3D CRT by completing the prerequisite test 
as determined by the 3D QA Center in St. Louis, 
Missouri, USA. 

9.6 
Clinical Experience 

The potential advantages of 3D treatment planning 
for target volume coverage and normal tissue spar
ing over conventional techniques when applied to 
patients with lung cancer were initially identified by 
EMAMI et al. (1991). In their study DVHs and a vari
ety of dose statistics (i.e., minimum dose, maximum 
dose, mean dose, percentage of a specified volume 
receiving the prescribed dose) were identified as use
ful tools in evaluation and optimization of 3D plans. 
Three-dimensional target volumes and dose display 
were also important. Superiority of BEV-based ra
diation therapy in accurate delineation of treatment 
volumes and avoidance of geographic misses have 
been shown by VIJAYAKUMAR et al. (1991). 

Improved planning and dosimetric ability of 3D 
CRT to increase doses to lung cancer targets have 
been shown by several authors (GRAHAM et al. 1994; 
ARMSTRONG et al. 1993; TEN HAKEN et al. 1993). 

HAZUKA et al. (1993) reported on 88 patients with 
non-small cell lung cancer on whom BEV planning 
was used. From their retrospective analysis, they 
concluded that it was feasible to deliver uncorrected 
tumor doses up to 74 Gy with standard fractionation 
using BEV display (Table 9.3). 

ARMSTRONG et al. (1993) in a preliminary analysis 
of 3D CRT in nine patients with unresectable non
small cell lung cancer, suggested that 3D CRT may 
provide superior delivery of high-dose irradiation 
with reduced risk to normal tissue. In their analysis 
the veff (effective volume) and the percentage volume 
of the total lung volume exceeding 20 Gy (as a thresh
old dose) appeared to be the best parameters by 
which to stratify patients for risk of developing 
pneumonitis; both parameters indicated the strong 
volume dependence of the lungs to irradiation. Fur
ther study and a parameterization of the NTCP for
mula were recommended. 
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Table 9.3. Survival rates for non-small cell lung carcinoma: overall survival percentage 

No.ofpts. Stage 

HAZUKA et al. 1993 88 HI (19) 
III-B (69) 

LEIBEL et al. 1996 33 I-II (7) 
IIIA-B (28) 

GRAHAM et al. 1995 70 All stages I-II (19) 
IIIA-B (54) 

ARMSTRONG et al. 1997 45 I-II (6) 
IIIA-IIIB (39) 

'Cause-specific survival. 

LEIBEL et al. (1996) reported results with 3D CRT 
of non-small cell lung cancer and compared them 
with published data from conventional treatments 
reported by cooperative groups (Table 9.3). 

ARMSTRONG et al. (1997), in an update of the Me
morial Hospital Experience, reported on the results 
of 45 patients with non-small cell lung cancer who 
were treated with 3D CRT. There were 6 stage I and II 
and 39 stage IlIA and B. There was a dose range from 
52.2 to 72 Gy with a median dose to gross tumor 
disease of 70.2 Gy. The results show a median sur
vival of 15.7 months and a 2-year survival rate of 
32%. A dose histogram analysis of 31 patients re
vealed a correlation between risk of pulmonary tox
icity and indices of dose to lung parenchyma. Of 
eight who developed grade 3 or higher pulmonary 
toxicity, three developed in patients with >30% of 
lung volume receiving over 25 Gy. Only 1123 patients 
(4%) with <30% lung receiving over 25 Gy developed 
pulmonary toxicity (P = 0.04). The authors conclude 
that despite adverse prognostic criteria, median sur
vival is encouraging and may be higher than some 
combined modality approaches. Dose volume histo
gram parameters would be useful to determine the 
maximum dose for individual patients and thereby 
permit avoidance of toxicity. 

ROBERTSON et al. (1997) reported on 48 non-small 
cell lung cancers treated with 3D CRT. Their doses 
ranged from 63 to 84 Gy. Their report noted no 
pneumonitis in the 30 patients currently available 
beyond 6 months time. The authors conclude that 
successful dose escalation in a volume-dependent 
organ can be performed using 3D CRT. Using 3D 
CRT they have been able to treat some patients to the 
total dose of radiation over 50% higher than tradi
tional doses. The important conclusion of this study 
is that there has been no negative effect due to exclu
sion of elective nodal radiation on the outcome. 

Dose (Gy) Median survival (mos.) 2 years (%) 

>60 26 62 
14 35 

64-72 16.5 33 

60-74 20 44 
90' 
55' 

52-72 15.7 32 

Table 9.3 is a summary of reported survivals 
for NSCLC patients treated with 3D CRT. These 
results compare favorably with the results of 
chemoradiotherapy trials, though they have not been 
tested in a randomized fashion. Also the results thus 
far reported have used modest doses (60-74 Gy). The 
results of dose escalation trials are necessary to 
confirm the anticipated benefit of 3D CRT for lung 
cancer. 

9.7 
Future Trends 

In addition to the above-mentioned ongoing clinical 
studies, there are other innovative efforts related to 
the 3D CRT oflung cancer which will have a signifi
cant impact on the future applications of this tech
nology in treating lung cancer. 

MARKS et al. (1995) have utilized perfusion scans 
for optimization of treatment planning and beam 
direction in radiotherapy of lung cancer. The au
thors conclude that lung perfusion scans provide 
functional information not provided by CT scans 
that can be useful in designing radiation treatment 
beams that minimize incidental radiation of the 
functional regions of the lung. One important out
come of their research is that three-dimensional 
functional data be used to generate functional dose 
volume histograms (DvfHs) that may be more pre
dictive of physiological consequences of the radia
tion than conventional DVHs. 

MARKS et al. (1997) have also used perfusion im
aging technology to understand and assist the radia
tion therapy induced regional lung dysfunction. The 
authors conclude that radiation therapy induced re
gionallung dysfunction occurs in a dose-dependent 
manner and develops within 3-6 months following 
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radiation. In contrast to classical "sigmoid" dose re
sponse curves, derived mainly from changes follow
ing whole lung radiation, their data suggest a more 
gradual relationship between regional dysfunction 
and radiotherapy dose. Their research will have an 
important impact on future studies of evaluation 
pulmonary complications in radiotherapy of lung 
cancer. 

Initial experimentation with Intensity Modulated 
Radiation Therapy (IMRT) and Gated Radiotherapy 
is underway in a few institutions (DERYCKE et al. 
1997; BALTER et al. 1996). Although both of the 
above ideas appear to be attractive, their potential 
utility in clinical practice is currently undetermined. 
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Introduction 
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Lung cancer carries a poor prognosis. If radical sur
gery remains the treatment of choice, it is feasible 
only in one out of four patients, the disease being 
diagnosed in the majority of cases in non-operable 
patients (general status) or at an advanced stage 
(stages III, IV). Thus external beam radiotherapy 
and/or chemotherapy is often the exclusive treat
ment. The poor clinical outcome is linked to limited 
thoracic local control «20% at 2 years) and to 
distant metastases (>50% 2 years). New therapeutic 
approaches need to be investigated, exploring 
systemic, loco regional and also purely local 
treatments. 

High-dose rate brachytherapy (HDR) is one of 
the local treatments (Speiser and Spratling 1993; 
Khanavkar et al. 1991; Bedwinek et al. 1992; Chang 
et al. 1994). It has been introduced recently in 
Europe and can be administered on an outpatient 
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basis for a variety of tumour sites (oesophagus, cer
vix, endometrium, head and neck, etc.). New tools 
have been developed in order to perform intr
aluminal treatments: high-activity miniaturised 
sources (iridium-l92, lOOC), afterloading machines 
with total radioprotection, software with 3D dose 
distribution and modern imaging techniques (echo
endoscopy, CT scan, MRI) for the definition of target 
volume. As with all the recently developed treat
ments, many considerations must be taken into ac
count before implementation into clinical practice. 

10.2 
The Dose Rate Effect 

The dose rate is one of the main factors governing 
the biological consequences of the dose delivered to 
tissues (Mazeron and Lartigau 1993). In general, 
the biological effect for a given dose decreases with a 
lowering of the dose rate and a longer overall treat
ment time. Two processes are responsible for this: 
the repair of sublethal damage and repopulation, 
which occurs in irradiated tissue. The therapeutic 
ratio (tumour control/late sequelae) will be very 
dependent on any modification of the dose rate 
and/or the dose per fraction. Low-dose rate (LDR) 
brachytherapy is performed with a temporary im
plant delivering a continuous dose rate over a few 
days. With HDR the radioactive source delivers a 
dose rate above 12 Gy/h (treatment time of a few 
minutes) (ROACH et al. 1990). Increasing the dose 
rate and the dose per fraction leads to a more el
evated rate of unrepaired lesions in normal tissue 
with a slower renewal rate than tumour. These differ
ent parameters must be taken into account in order 
to obtain a compromise between the practical imple
mentation of endobronchial brachytherapy and the 
radiobiological elements specific to HDR irradiation. 
In addition, the target volume should be calculated 
with a highly accurate margin so that only the 
tumour is treated and normal tissues are spared 
(BALDEYROU et al. 1995, 1996; USUDA et al. 1993). 
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10.3 
When Is HDR Brachytherapy Indicated? 

HDR brachytherapy can be used in bronchial 
cancers for palliation in case of tumour obstruction 
or recurrence after previous treatments (SUTEDJA et 
al. 1994). In curative treatment, HDR brachytherapy 
could be used alone for superficial lesion or com
bined with external radiotherapy for limited non
operable tumours (ROACH et al. 1990; HUBER et al. 
1997). Despite the large development of the tech
nique, some questions remain unanswered. The 
studies which are currently being performed should 
evaluate treatment dose, time interval, total number 
of sessions and treated volumes and the improve
ments in local control and survival together with 
the incidence of late complications. In addition, a 
further objective is to compare the results obtained 
in different centres. To achieve this goal, a common 
language is needed for all the comparison param
eters (evaluation of tumour volume, response in 
terms of reduction in volume but also physical or 
functional signs, how to express the dose during BT, 
complications during and after BT, etc.). 

10.4 
The Institut Gustave Roussy Experience 

In France, brachytherapy (or curietherapy) is a tradi
tional form of anticancer treatment. The progress 
achieved during the last 3 decades in LDR brachy
therapy, with miniaturised sources and computer
ised dosimetry, has considerably widened the scope 
of BT. HDR brachytherapy is under rapid develop
ment in France and preliminary results showexcel
lent tolerance and a high remission rate (TAuLELLE 
et al. 1996; TREDANIEL et al. 1994; PEROL et al. 1997; 
HENNEQUIN et al. 1997). 

The main purpose of our study was to define in 
which subgroups of patients endobronchial HDR 
brachytherapy improves local control and survival, 
and what were the best fractionation schedule and 
overall treatment time. 

10.4.1 
Population 

Between September 1992 and June 1996,34 patients 
were treated (32 males and 2 females), with a median 
age of 64 years (range 44-82 years). All patients were 
unfit for surgery or external beam radiotherapy after 
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evaluation by a multidisciplinary team (thoracic sur
geons, pneumologist, medical oncologists and radio
therapist) because of gross respiratory insufficiency 
(n = 23) and/or significantly compromised cardiac 
function (n = 8), a past history of previously treated 
lung cancer (n = 11) or a history of a non-pulmonary 
cancer [head and neck (n = 7), bladder (n = 2) and 
breast (n = 1)]. In three of these patients the poor 
prognosis associated with their previously treated 
cancer rendered them unfit for more aggressive 
treatment. The histologic diagnosis in 33 patients 
was squamous cell carcinoma (6 in situ) and one 
large-cell carcinoma. In 2 cases the tumours were 
located in the trachea, in 21 patients on the right side 
of the thorax and on the left in 11 patients. In 22 
cases the tumour was found at a bifurcation, in 26 
cases in the main or lobular bronchi and in 6 at the 
segmental or subsegmental level. Initial staging by 
CT scan confirmed the absence of local extension 
or lymph node involvement. The bronchoscopic 
description classified tumour shapes as either flat 
(n = 12), spherical (n = 1), villous (n = 17) or cylin
drical (n = 4), when the tumour was partially circum
ferential. The average tumour volume was 0.25 cm3 

(range 0.006-6.28 cm), calculated as a function of the 
median length (lOmm, range 2-40mm), median 
width (5 mm, range 2-20 mm) and median thickness 
(3mm, range 1-20mm). One patient received prior 
chemotherapy but tumour regression was not 
achieved and disease was found to be stable at 
bronchoscopic assessment. One patient presented 
with a carcinoma in situ which had been treated 2 
years earlier by photodynamic therapy. Tumours 
were visualised at bronchoscopy in all the patients. 
In two patients the presenting symptom was 
haemoptysis. Written informed consent was ob
tained for all patients. 

10.4.2 
Treatment Preparation 

Patients were treated on an outpatient basis. Local 
anaesthesia was used after preparation with codeine 
and hydroxidine. Catheter placement was done by 
the organ specialist. After defining the limits of the 
tumour, verifying the correct positioning of the 
application, its fixation and immobilisation, check 
films were taken for quality control. The treatment 
catheter was inserted under the control of an image 
intensifier to determine the most appropriate place
ment site. Dummy catheters were carefully posi
tioned to separate the treatment catheter from the 
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Fig. 10.1. Insertion of dummy catheters (arrow) between the 
posterior wall of the intermediate bronchus and the treatment 
catheters 

Fig. 10.2. CT scan of a treatment catheter without dummy 
catheters or applicator 

Fig. 10.3. CT scan of a treatment catheter in an applicator 
(arrow) 
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bronchial wall when necessary, and thus limiting 
overdosage of the mucosa by direct contact with the 
source. The number and position of the catheters 
were decided at the initial bronchoscopy, taking into 
account the site of the lesion (Fig. 1). These dummy 
catheters, introduced into the adjacent bronchi 
around the tumour, helped define the tumour site on 
the orthogonal films. A more recent innovation has 
been to use a greased silicone nasogastric tube that 
can be slid down over the treatment catheter in order 
to push away the bronchial side walls (Figs. 2, 3). 
This replaced the need for multiple dummy cath
eters, with the diameter of the tube (French 14, 16, 
18) chosen to create the desired space. A graduated 
guidewire was placed inside the treatment catheter 
for the orthogonal films and the determined target 
volume outlined. Endobronchial irradiation was per
formed using an iridium-192 source with an activity 
of 370Gbq (lOCi). After dosimetry planning (com
puterised system with 3D reconstruction), the pa
tient was connected to the machine. 

10.4.3 
Evaluation of the Tumour Source Relationship 

CT scan assessment was required in half of the cases, 
for superficial tumours, when uncertainty persisted 
regarding the distance between the source and 
the bronchial wall, or when the proximity of an 
important vascular structure could not be clearly 
determined. CT scan studies were only generally 
required for the first treatment application, except 
in two patients in whom the dose distribution was 
modified after the first CT. The distance between the 
tumour and the catheter was determined using three 
methods: (l) the space between the mucosa and the 
sources was measured by inserting dummy catheters 
between them. When several dummy catheters were 
used, they could be visually examined and their posi
tion controlled by bronchoscopy; (2) direct CT mea
surements; and (3) the diameter of the silicon sleeve 
slid along the treatment catheter. 

10.4.4 
Prescription 

The total dose delivered was 30 Gy in six weekly frac
tions of 5 Gy. The prescription point for treatment 
could vary according to the tumour volume, but it 
never exceeded a distance of lOmm from the cath
eter. The delivered dose specified at 10mm was 
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always measured and reported. As uncertainty 
persisted regarding the extent of the target volume, 
some safety margins may have been overestimated. 

10.4.5 
Follow-up and Results 

All patients had a clinical and bronchoscopic exami
nation at each follow-up visit along with chest 
X-rays, at 2 months post-treatment and then every 6 
months. CT scans were not performed routinely. 
A biopsy specimen was obtained from the original 
tumour site and analysed histologically at each 
control visit. Survival rates were estimated using 
Kaplan-Meier methods, and the 95% confidence in
tervals by the method described by Rothman (1978). 
Of the 34 patients, 27 completed the 6 planned appli
cations, 1 patient stopped treatment after 3 fractions 
and 6 had between 5 and 8 fractions in order to 
optimise the computerised treatment planning. The 
median time between applications was 7 days with 
a minimum of 2 and a maximum of 21 days. In 27 
patients, only 1 treatment catheter was used, 2 cath
eters were needed in 6 patients, and 3 in 1 case, to 
ensure adequate tumour coverage, especially when 
the tumour was at a bronchial bifurcation. In 68% of 
cases (n = 23) one or multiple dummy catheters or 
a silicon nasogastric tube was used to separate the 
treatment catheter from the bronchial wall. One 
catheter was used in 12 cases, 2 in 10 cases, and 3 on 
1 occasion. The silicon tube was used in the five most 
recent cases. The prescription point was 5 mm in 3 
patients, 6 mm in 2, 7 mm in 8, 8 mm in 3, 9 mm in 1 
and 10mm in 17 patients. This point was modified 
in nine patients during treatment. The median pre
scription point was 9.6mm (range 5-10) and the 
average 8.4 mm. The specified dose at 10 mm was 
calculated to be 4 Gy on the inside of the curve and 
3.8 Gy on the outside of the curve. The median vol
ume that received the prescribed dose was 12.3 cm3 

(2-20 cm3
). The median volume which received the 

highest dose, i.e., twice the prescribed dose, was 
3.9 cm3

• The median volume which received the 
specified dose was 14.1 cm3 (7-26cm3

) and the 
volume which received twice the specified dose was 
4.5 cm3 (2-8 cm3

). 

Treatment was well tolerated. One patient 
stopped his treatment after three fractions and is still 
in complete remission. A complete response, evalu
ated at bronchoscopy and at histology, was achieved 
in 32 of 34 patients at the first follow-up visit 2 
months post-treatment. At that time, two patients 
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had local progression. One of these early failures 
was attributable to an underestimation of the initial 
tumour volume. In the second case, the safety 
margins had been tight because of an anticipated risk 
of bronchial and vascular haemorrhage which was 
overestimated. 

The local relapse rate was 15% at 1 year (CI 6-
33%), and 27% at 3 years (CI 10-55%). Two of these 
patients had dose prescription points at 5 mm and 
10 mm, respectively. The third patient had a centrally 
located relapse with no signs of local recurrence. 
This new lesion was considered more likely to come 
from his previous T2Nliung cancer, which had been 
treated surgically 4 years earlier. A second primary 
was diagnosed in two patients. Both of these patients 
remain in complete remission after further definitive 
treatment by brachytherapy. 

No patients were lost to follow-up. One patient 
died suddenly at home from an unknown cause. All 
of the other causes of death were obtained from the 
family or the general practitioner. Of the 11 deaths, 4 
were considered to be due to non-related medical 
causes, one to a late complication (haemoptysiae), 3 
to second cancers and 3 to the primary bronchial 
cancer. Overall survival was 78% at 2 years (61-89% 
confidence interval), with a median follow-up of 29 
months (CI 5-50 months). 

10.4.6 
Complications 

One unexpected pneumothorax occurred and was 
the only adverse event with the 462 catheter inser
tions. The patient required transthoracic drainage 
for 2 days and no further problems were encoun
tered. One patient died ofhaemoptysis after a bron
chial biopsy performed 24 months after treatment, 
even though he was in complete remission and had 
no signs of necrosis. No acute ulceration of the bron
chus was seen and no debridement of an ulcer or 
insertion of a prosthesis was required. In six cases, 
the previously obstructed or stenosed lumen was re
opened as a result of brachytherapy. 

10.5 
Discussion 

The detection of small, centrally located bronchial 
cancers is not rare. Thirty-four percent of patients 
treated for stage I lung cancer will develop a second 
lung primary within 3 years (MARTINI et al. 1995). 
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Saito estimated that there was a risk of a third cancer 
in 47% of those already treated for two (SAITO et al. 
1994). Regular bronchial endoscopy may be useful in 
patients undergoing follow-up treatment for head 
and neck or oesophageal cancers. Many patients at 
high risk of developing lung cancer are suffering 
from cardiac or respiratory insufficiency. In our 
group of selected patients, the therapeutic alterna
tives are limited to other endoluminal techni
ques such as laser, cryotherapy and photodynamic 
therapy (CAVALIERE et al. 1996). Published data 
show 13 responses among 21 cases treated by 
cryotherapy (HOMASSON et al. 1986), and 13 com
plete responses among 18 laser treatments and 100% 
among cases of carcinoma in situ (BRUTINEL et al. 
1984). These studies are subject to criticism since the 
size, volume, shape and stage of the initial lesions 
were not described in detail, nor was precise infor
mation provided about follow-up. Only the in situ 
disease is likely to benefit from photodynamic 
therapy. Sutedja obtained 10 out of 11 remissions 
while treating stage 1 disease (SUTEDJA et al. 1992), 
and Edell reported 14 out of28 remissions for super
ficial tumours (EDELL and CORTESE 1992). Hayata 
reported from 72% to 77% of complete responses 
according to whether the mucosa was more nodular 
or superficial (HAYATA et al. 1993). 

All of these treatments are effective if the tumour 
is superficial, but they are unable to treat thick 
tumours. As it is practically impossible to be totally 
certain that a bronchial lesion is indeed an in 
situ carcinoma, brachytherapy offers an advantage 
since, in theory, it will reduce the likelihood of 
undertreatment. Patients with small cancers, which 
are detected early and considered as being operable, 
have a 5-year survival rate between 63% and 76% 
(FLEHINGER et al. 1992). However, in subjects with 
limited cardiorespiratory reserve, an operative pro
cedure may be hazardous given the central position 
of these lesions. Patients with small tumours treated 
exclusively by external beam radiation have a more 
dismal survival rate of 36-40% at 3 years and 38% at 
5 years depending on the tumour size (RAFTY et al. 
1988; NOORDJIK et al. 1988). 

The survival rate of the patients in our series was 
78% at 2 years and 43% at 3 years as other factors 
(age, general medical, second cancer, etc.) must be 
taken into consideration. The number of surviving 
patients is also too small to allow sufficient power for 
an analysis of survival at 3 years. Consequently this 
survival rate of 43% cannot be considered a true 
reflection of local control. Our patient population 
had favourable prognostic factors with small and 
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relatively superficial cancers. Usuda showed that 
tumours ofless than 1 cm had an insignificant risk of 
metastases, and that the risk rose to 9% for tumours 
measuring between 10 and 20 mm (CHOI et al. 1985). 
A well-circumscribed tumour which has not 
penetrated the bronchial wall, as depicted on CT 
scan and measuring less than 1 cm, is curable with 
brachytherapy, provided the dose prescription point 
is carefully chosen. If a spacer is used to maintain the 
treatment catheter as central as possible within the 
bronchus and avoid direct contact with the wall, and 
if its dimensions are defined precisely, then endo 
luminal brachytherapy can be established as a prac
tical effective and safe treatment. 

The optimal minimum dose appears to be 30 Gy. 
The fractionation schedule chosen in our study, de
livering weekly treatments of 5 Gy, is a compromise 
between practical, clinical, biological and ethical 
considerations. Our experience indicates that the 
two early failures can be due to the non-respect of 
adequate safety margins. The three local failures 
have also been examined retrospectively focusing on 
the tumour and the volume treated, including the 
safety margin. The tumour volume in the right 
bronchus was probably underestimated in one 
patient. The second relapse occurred in the patient 
who had also failed locally at the same site with pho
todynamic therapy. The third recurrence occurred 
just at the upper limit of the radiation field. In 
our opinion, the problems encountered with these 
patients are probably related to the difficulties of 
defining tumour volume and the distance between 
the source and the bronchial wall or the vessels. This 
may have led to an overestimation of the risk of 
necrosis, and thus to an excessively cautious choice 
of the prescription depth. This seems to be less prob
lematic with the new technique using the silicon 
sleeve, which may be particularly useful for tumours 
situated on the curve of the bronchus, the site of 
failure in two of our patients. Dummy catheters will 
not guarantee that the treatment catheter is abso
lutely parallel to the bronchial orifice at all times, 
particularly when there is a curvature. The data pub
lished on radical HDR brachytherapy are scanty and 
conflicting (TAuLELLE et al. 1996; TREDANIEL et al. 
1994; PEROL et al. 1997; HENNEQUIN et al. 1997; ONO 
1995; HERF et al. 1977; SPEISER 1993). In particular, a 
high rate of haemorrhage has been reported in many 
studies. This is almost certainly because the dose 
prescription point is systematically 10mm, with no 
attempts to protect the bronchial wall from direct 
contact with the radiation source. Improvements 
should be possible in the future for optimal dose 
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distribution. In Ono's series (1995), the population 
was not selected on the basis of cardiorespiratory 
criteria, the prescription point was not indicated and 
complications were not reported for this group of 
patients. 

The morbidity has been low in our study. Apart 
from one pneumothorax, which was directly related 
to the number of catheters used, no other cardiac or 
respiratory complications occurred. The most com
parable procedure is transbronchial biopsy, and ac
cording to the literature, the pneumothorax rate is 
5.5% when four to five parenchymal biopsy speci
mens are obtained (HERF et al. 1977). No radiation 
damage to the bronchial mucosa necessitated inter
ventions such as stenting in our study. This is 
in contrast with that reported by Speiser, who 
described a 9-13% chance of this happening in his 
series, according to the dose prescription point 
(SPEISER 1993), some of the patients, however, hav
ing also undergone external beam radiotherapy. 
Perol published his results on a more comparable 
group in which 10 out of 18 patients developed fi
brotic stenosis without external radiation. By careful 
technical evaluation, by avoiding direct mucosal 
contact and by prescribing doses per fraction <7 Gy, 
it is possible to treat limited bronchial tumours with 
a very low complication rate. Due to treatment 
tolerance and in order to decrease failure rate, a new 
study is starting with the same total dose prescribed, 
with a treatment schedule delivering twice weekly 
fractions for a total treatment time of 3 weeks. 

10.6 
Conclusion 

High-dose rate brachytherapy is a safe and effective 
treatment for small central bronchial tumours and is 
particularly useful in patients with poor general con
dition contraindicating classic definitive treatment. 
The two most important parameters are the depth of 
the dose prescription (treated volume) and avoiding 
direct contact with the normal surrounding mucosa. 
With such precautions and adequate source posi
tioning for optimal dose distribution, a good quality 
application can be achieved, with minimal long-term 
morbidity. 
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11.1 
Introduction 

Lung cancer currently afflicts about 180000 persons 
per year in the United States and, with present treat
ments, will be fatal to about 85% of them (PARKER 
et al. 1997). Small cell lung cancer (SCLC) makes up 
about 25% of these patients, of whom about 20%-
30% of these are staged as having "limited" disease 
at presentation. With the infrequent exception of the 
patients found following excision of an undiagnosed 
pulmonary nodule to have AJCC stage group I or II 
SCLC, the vast majority of patients with limited 
SCLC (L-SCLC) have stage III disease at presentation 
(SHEPHERD et al. 1993). It has been quite clear for 
several decades, learned from the rapid systemic 
progression of patients treated only with loco
regional therapies, that the "limited" in this system 
refers to bulk of disease rather than to its anatomic 
extent. Thus L-SCLC is rightly seen as a disease with 
two components, a detectable one in the chest (lung 
and mediastinum) and a present but not yet visible 
one elsewhere. (This model ignores for the moment 
the question of "sanctuary" systemic sites such as the 
CNS.) 

H. WAGNER, Thoracic Oncology Program & Division of 
Radiation Oncology, H. Lee Moffitt Cancer Center, 12902 
Magnolia Drive Tampa, FL 33612-9416, USA 

This bimodal distribution of disease as well as its 
observed responsiveness to ionizing radiation and 
chemotherapeutic agents have led to decades of 
clinical investigation of combined modality therapy 
for L-SCLC. It has been demonstrated time and time 
again that approaches which include both systemic 
chemotherapy and thoracic radiation therapy (TRT) 
have yielded survivals superior to those seen with 
either single modality (WARDE and PAYNE 1993; 
PIGNON et al. 1992). Yet it has been difficult to 
optimize these combinations, or in all cases to 
apply lessons learned in other malignancies such as 
breast cancer, malignant lymphomas, or pediatric 
tumors such as Wilms' tumor or Ewing's sarcoma. 
This may reflect the biologic behavior of SCLC but 
may also serve to remind us that differences in host 
populations may make it hard to generalize tumor 
biology. 

This chapter will address several current ques
tions in the optimal integration of radiation and 
chemotherapy for patients with L-SCLC, questions 
whose answers lead to distinct clinical actions with 
definable outcomes and costs. These questions per
tain to the traditional radiation therapy parameters 
of dose, fractionation, and volume, as well as the 
permutations of radiation and chemotherapy timing 
and sequencing. These "details" have historically 
been considered of marginal relevance and often 
settled more by oncopolitics than by careful clinical 
trial. The fact that we remain unable to provide these 
answers with great certainty measures the length that 
clinical research has to go in this disease. Lack of 
demonstration of differences in outcome as a func
tion of radiation dose or radiation-chemotherapy 
sequence based on non-randomized comparisons 
within large meta-analyses, or in small and under
powered phase III trials, or in trials where the par
ticular regimen used (e.g., doxorubicin containing 
chemotherapy) may bias against a particular treat
ment sequence (e.g., concurrent chemoradiation) 
should not confuse us into thinking that important 
and clinically useful differences do not exist. Some 
have speculated that advances in the molecular un-
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derstanding of cancer biology will soon lead to new 
therapies which will so supplant out current ones 
that such optimization will be irrelevant. Unless such 
therapies are absolutely non-toxic and independent 
of tumor burden, we should be cautious of such 
promises. We ought not rest hoping that the next 
therapeutic paradigm will entirely remove these 
questions. 

In addition to these considerations regarding the 
integration of thoracic radiation therapy and chemo
therapy, brief attention will be paid to the continuing 
question of prophylactic cranial irradiation, its indi
cations, results, and toxicity, and, finally, a proposal 
about a possible role for radiation therapy in the 
management of a subset of patients with extensive 
SCLC. 

11.2 
Chemotherapeutic Agents 
and Their Dose and Scheduling 

Many chemotherapeutic agents of differing mecha
nism of action have substantial single agent activity 
against SCLC (ELIAS 1997). The combination of 
these to produce effective treatment regimens has 
been constrained in part by common toxicities such 
as myelosuppression, overlapping resistance mecha
nisms such as those mediated by p-glycoprotein and 
multidrug resistance protein, as well as possible re
sistance to apoptosis by absent p53 function. Several 
highly active regimens have, however, been devel
oped. One group is based on cyclophosphamide and 
doxorubicin, with vincristine (Oncovin) (COD) or 
etoposide (CED) commonly used as an additional 
agent. The other group is based on cisplatin 
(or carboplatin) and etoposide (PE). These two regi
mens produce similar response rates and survival 
when compared in patients with limited or extensive 
disease. There is evidence for limited cross activity 
in relapsing patients, but early alternation of the two 
regimens has not shown convincing superiority to 
use of only one as initial therapy with the option 
of using the other at relapse (WAGNER 1994). 
Myelosuppression is more severe with COD or CED 
than with PE. Of greatest concern for treatment of 
patients with limited disease is the difficulty in com
bining thoracic radiation therapy with COD or CED. 
Both acute toxicities such as myelosuppression and 
esophagitis and late cardiac and pulmonary effects 
are more severe with CED or COD than combined 
with concurrent or closely alternated TRT than they 
are with similar combinations using PE as the che-
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motherapeutic regimen. When therapy is reduced or 
delayed to allow tolerable toxicity in these settings, 
the benefits of closely combining TRT and chemo
therapy may be compromised. 

There is no consistent evidence that increases in 
chemotherapy dose, certainly to doses requiring 
stem cell support, are beneficial in SCLC. Several 
prospective trials have failed to show any benefit 
overall, although they have not excluded a small ef
fect in patients with limited disease. As these trials in 
general did not integrate early TRT in the treatment 
plan for patients with limited disease, they may have 
not evaluated high-dose chemotherapy in an optimal 
setting. There are suggestions of survival benefit in 
selected patients receiving high dose chemotherapy 
and stem cell support after they have responded to 
induction chemotherapy (ELIAS 1997). These pa
tients subsequently also received TRT and prophy
lactic cranial irradiation (PCI), which would reduce 
the risk offailure in non-CNS systemic sites and thus 
increase the sensitivity of detecting a benefit from 
high-dose chemotherapy. Two trials have suggested 
benefit for a dose increase in the initial cycles of 
chemotherapy in patients with limited disease. There 
are also little data to suggest that prolongation of 
chemotherapy for more than four to six courses, 
the use of alternating non-cross resistant regimens, 
or dose intense weekly regimens are of benefit. All of 
these approaches had appeared promising in phase 
II studies, which were not verified in larger phase III 
trials (WAGNER 1994). 

11.3 
Radiation Dose and Fractionation 

Data on dose control in SCLC are relatively sparse 
and their interpretation is made difficult by the 
variation in chemotherapy regimens accompanying 
the radiation. Without effective chemotherapy, most 
patients die within 1 year, usually of systemic dis
ease, and may not live long enough for locoregional 
relapse to become manifest. Survival is poor, but 
local control may appear good. With more effective 
systemic therapy, survival and thus time at risk for 
local failure lengthen, and the observed frequency of 
locoregional relapse may increase unless the chemo
therapy controls local disease at least as well as 
systemic disease. However, if chemotherapy given 
concurrently with TRT acts as a radiation sensitizer 
(whether or not this is selective for tumor over nor
mal tissue), it may directly improve local control. 
The direct effects and indirect effects mediated by 
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observation time may be in opposite directions. 
ARRIAGADA has lucidly discussed the need for care
ful calculation of rates of relapse in local as well as 
systemic sites to better understand these relation
ships (ARRIAGADA et al. 1992). 

Recent series report that locoregional relapse oc
curs in about 50% of patients treated with tumor 
doses in the range of 40-50 Gy using conventional 
daily fractions of 1.8-2.5 Gy. It is not clear whether 
there is a disadvantage to split course irradiation as 
is usually the case in the absence of effective chemo
therapy. It is also not clear that dose escalation with 
single daily fractionation and thus lengthening of the 
overall treatment period is very effective in improv
ing control. CHOI et al. reported data from several 
sequential treatment regimens at the Massachusetts 
General Hospital and showed improvement in local 
control as doses increased from 30 Gy to 50 Gy (CHOI 
and CAREY 1989). He also noted that all local control 
rates were substantially less at 3 years than at 1 year. 
Even at this higher dose, local failure at 2 years was 
seen in 40% of patients. Data from the Gustav
Roussy Institute show similar local control for 45 Gy, 
55 Gy, and 65 Gy (all split course interdigitated with 
chemotherapy) (ARRIAGADA et al. 1991). The one 
trial which randomized patients to two dose levels 
was reported by COY et al. for the National Cancer 
Institute of Canada (NCIC) (COY et al. 1994). Patients 
were randomized between two relatively low dose 
arms, 25 Gy/l0 fractions and 37.5 Gy/15 fractions. 
The higher dose showed improved local control at 
early time points (2 years) but this decreased with 
time, indicating the inadequacy of both of these dose 
levels in producing durable local control. 

The convention of daily fractionation five times 
per week is clearly based more on sociology than 
radiation biology. Recognition of this has led to a 
wide variety of alternate fractionation regimens, 
whose scientific rationale is based in part on the 
rapid proliferative rate of untreated SCLC and the 
lack of a significant shoulder on its in vitro radiation 
cell survival curve (CARNEY et al. 1983, 1985). One 
appealing approach has been to deliver TR T in an 
accelerated fashion with modestly reduced fraction 
size, e.g., 1.5 Gy bj.d. After phase I-II trials showed 
that this regimen was tolerable and gave survival 
rates apparently superior to chemotherapy and con
current conventionally fractionated TRT to 45 Gy, 
the ECOG coordinated a US Intergroup trial which 
randomized patients with L-SCLC to two radiation 
fractionations, 45 Gy/25 fractions/S weeks (q.d. frac
tionation) or 45 Gy/30 fractions/3 weeks (b.i.d. frac
tionation). Radiation therapy began on the 1st day of 

chemotherapy, which consisted of four cycles of PE. 
Treatment was not to be interrupted for acute 
toxicities such as esophagitis or myelosuppression 
(unless complicated by sepsis). Between 1988 and 
1993417 patients were entered on the study. Mature 
results of this trial now demonstrate a statistically 
significant improvement in survival for the bj.d. 
arm, with a 5-year actual (not actuarial) survival of 
28% vs 21 % (P = 0.047). A component oflocal failure 
after complete response was seen in 75% of q.d. pa
tients and 42% ofb.i.d. patients (P = 0.006). Grade 3 
acute esophagitis was twice as common in the b.i.d. 
arm but other toxicities did not differ (JOHNSON et al. 
1996; TURRISI 1998). 

While this trial establishes the superiority of this 
bj.d. regimen to this q.d. regimen, it does not man
date that only b.i.d. irradiation be used in treating 
patients with L-SCLC. Rather it demonstrates that 
improvements in local control can translate to im
provements in survival, and encourages efforts to 
improve local control still further. The CALGB has 
attempted to increase total dose with both q.d. and 
b.i.d. fractionation, and, using a frequency of 33% 
grade 3 esophagitis as a limiting toxicity, established 
45 Gy when treating b.i.d. or 70 Gy when given with 
both induction and concurrent PEO, as maximal tol
erated doses (CHOI et al. 1995). There is presently 
consideration among several US cooperative groups 
to prospectively compare these two regimens, using 
PE chemotherapy and beginning TRT with cycle 1 
(Fig. 11.1). 

11.4 
Sequencing and Timing of Radiation 
and Chemotherapy 

When combining radiation and chemotherapy, these 
modalities may be given either in sequence, concur
rently, or in an alternating or interdigitated fashion. 
Radiation may also be given either early or at the end 
of a series of cycles of chemotherapy. These options 
give rise to a great number of permutations of se
quencing and timing, even for the same total radia
tion dose and the same chemotherapeutic regimen 
(Table ILl). 

Recognition of the systemic nature of SCLC has 
discouraged investigation of strategies in which RT 
is given first followed by chemotherapy. The major
ity of approaches have either given several cycles 
of chemotherapy followed by TRT or given TRT 
concurrently with chemotherapy from the outset. 
There has also been investigation of alternated or 
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Limited Stage SCLC 

Fig. 11.1. Proposed ECOGICALGB Intergroup Trial for 
Patients with Limited SCLC. An alternative proposal would 
give two cycles of initial chemotherapy with PE or another 

Table 11.1. Possible timing and sequencing of radiation and 
chemotherapy 

Sequential 
CT~RT 

RT~CT 

Concurrent 
For example, CT and RT given during the same time 

period and often on the same day. If concurrent 
treatment is given and the overall duration of RT is less 
than that of CT (which is almost always the case), 
several timing options are possible: 

Early CT/RT ~ CT ~ CT ~ CT 
Mid CT ~ CT ~ CT/RT ~ CT 
Late CT ~ CT ~ CT ~ CT/RT 

Alternating (Interdigitated) 
For example, CT ~ RT ~ CT ~ RT ~ CT ~ RT ~ CT 

interdigitated cycles of chemotherapy and TRT, 
based on results in animal model systems suggesting 
superior efficacy and less toxicity with this approach 
than either sequential or concurrent combinations 
(LOONEY and HOPKINS 1986). While logistically 
more complicated and less popular than either the 
sequential or concurrent approaches, this sequence 
has been investigated by several institutions, notably 
the Gustav-Roussy Institut, without suggestion that 
it was more effective or less toxic than concurrent 
approaches (ARRIAGADA et al. 1991,1994). In ECOG 
the combination of PE and 45 Gy/30 fractions 
(1.5 Gy/ fraction b.i.d.) was tested both concurrently 
and as an alternating combination with the TRT 
given as three courses of 15 GyllO fractions inter
spersed between the first four cycles of chemo
therapy (TURRISI et al. 1990; JOHNSON et al. 1993). 
Although these two phase II trials were not com
pared prospectively, they were conducted sequen
tially and had identical entry requirements and 
patient characteristics. Neither outcome (median or 
3 year survival) nor toxicity was different between 
the two arms. This would suggest that much of the 

45 Gy/30 fractions/3 weeks 
cisplatin/etoposide 4 cycles 

70 Gy/35 fractions/7 weeks 
cisplatin/etoposide 4 cycles 
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regimen and follow with concurrent chemoradiation, using 
the postchemotherapy target volume 

apparent benefit of concurrent chemoradiation 
may come from the early use of both modalities 
without delay of either rather than from specific 
radio sensitization. 

Several theoretical and practical factors are 
involved in the choice of timing and concurrence. 
Starting treatment with concurrent radiation and 
chemotherapy provides maximal treatment intensity 
both locally and systemically, and takes advantage of 
possible radiosensitization by the chemotherapeutic 
agents. But use of both modalities simultaneously 
increases acute toxicities, particularly esophagitis, 
and to some degree myelosuppression and possibly 
pneumonitis. This is less of a problem with chemo
therapeutic regimens now in common use such as PE 
compared with earlier ones such as COD, but can be 
an issue for some patients, particularly those of more 
advanced age, borderline performance status, or 
gastro-esophageal reflux. Unless the radiosen
sitzation produced by chemotherapeutic agents is 
selective for tumor cells, concurrent radiation and 
chemotherapy may be intolerably toxic. These con
siderations limit the use of active agents such as 
doxorubicin or gemcitabine concurrently with TRT. 
Starting radiation therapy after several cycles of 
chemotherapy may allow treating a smaller target 
volume if the tumor regresses substantially during 
chemotherapy, but poses the risk of allowing both 
proliferation and metastasis of tumor cells which 
may be radiation sensitive but drug resistant. 

Few published trials have addressed prospectively 
the issues of the timing and sequencing of radiation 
and chemotherapy in LSCLC. Those which have been 
reported vary in important details and it is not sur
prising that they reach different conclusions (Table 
11.2). 

The Cancer and Leukemia Group B (CALGB) con
ducted a three arm trial randomizing patients to che
motherapy alone or combined with TRT (50Gy/6 
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Table 11.2. Randomized trials of timing and fractionation of TRT in patients with limited SCLC 

Trial RT (Gy/Fr/week) CT MST % 2-year % 5-Year % local 
(months) survival survival failure 

CALGB 50125/6 dl COE/COD l3 15 6.6 ~50 

50125/6 d42 COE/COD 14.5 25 12.8 ~50 

NCIC 45 d22 PE/COD 20 40 20 
45 d106 PE/COD 15 34 11 

INT 0096 45125/5 dl PE x 4 18.6 40.1 21 75 
45/30/3 dl PE x 4 22.6 46.5 29 42 

SHULTZ 40/22/4.5 or 45/22 S dl PE/COD 10.7 
40/22/4.5 or 45/22 S d120 PE/COD 12.9 

TAKADA 45/30/3 dl PE 31.3 
45/30/3 d85 PE 20.8 

LEBEAU 50120/4 d22 CEO l3.5 
50120112 ALT CEO 14.2 

WORK 40-45120-2217 S dl PE/COD 10.5 20 11 72 
40-45120-2217 S d126 PE/COD 12 19 12 68 

GREGOR 50/20/4 d106 CEO 15 26 15 (3 year) 60 
50/20/12 ALT CEO 14 23 12 (3 year) 60 

JEREMIC 54128/4 dl CPE/PE 34 71 30 42 
54128/4 d42 PE/cPE/PE 26 53 15 63 

ALT, alternating with chemotherapy; S, split course; PE, cisplatin/etoposide; cPE, carboplatin/etoposide; COD, 
cyc1ophosphamide/vincristine/doxorubicin; CEO, cyc1ophosphamide/etoposide/doxorubicin. 

weeks) begun either on day 1 or day 64 of chemo
therapy and given concurrently with it (PERRY et al. 
1987) Both arms including TRT were superior to the 
chemotherapy only regimen for local control and 
survival, and there was a trend favoring the delayed 
TRT arm (2-year survival 25% vs 15%). At last up
date the 5-year survival continues to favor delayed 
TRT, 3% for chemotherapy alone, 6.6% for earlyTRT 
and 12.8% for delayed TRT (PERRY et al. 1996). In 
this trial the dose intensity of chemotherapy (using 
a non-cisplatin based regimen) was deliberately 
reduced in the early TRT arm, which may have 
adversely biased it. Two prospective trials have sug
gested that such early drug dose intensity is an im
portant determinant of survival in SCLC, at least for 
patients with limited disease. 

The NCIC randomized patients receiving alternat
ing cycles of COD and EP to receive TRT (40Gy/15 
fractions/3 weeks) concurrent with either the first or 
third cycle ofPE (MURRAY et al. 1993). Survival was 
significantly superior for patients receiving early 
TRT (median 21.2 vs 16 months, 4-year 25% vs 15%). 
Surprisingly, the main difference in patterns of re
lapse was in the incidence of CNS rather than control 
of intrathoracic disease. 

SHULTZ et al. treated patients with limited SCLC 
using alternating cycles ofEP and COD and random-

ized them between TRT (40Gy/22 fractions/4 1
/ 2 

weeks or 45 Gy/22 fractions by split course) starting 
on day lor day 120 (SHULTZ et al. 1988). There was 
a non-significant difference in median survival fa
voring delayed TRT (10.7 vs 12.9 months). Long term 
survival and local control have not been reported. 
Both arms of this trial used rather low total radiation 
doses. 

T AKADA reported preliminary results of a phase 
III trial conducted by the Japanese Clinical Oncology 
Group (JCOG) in which patients with L-SCLC were 
treated with four cycles of PE chemotherapy and 
randomized to receive TRT (45 Gy/30 fractions/3 
weeks) starting either concurrent with the first 
or following the fourth cycle of chemotherapy 
(TAKADA et al. 1996). With a median follow-up time 
of 18.6 months, median survival was 20.8 months for 
the late sequential TRT and 31.3 months for early 
concurrent TRT. It should be kept in mind that two 
comparisons were made in this trial, early vs late 
TRT and concurrent vs sequential chemoradiation 
and that neither question on its own will be unam
biguously answered. 

GREGOR has reported the results of an EORTC 
trial comparing alternating versus sequential che
moradiotherapy for patients with L-SCLC (GREGOR 
et al. 1997). Chemotherapy was with CED. Radiation 
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therapy was given either interspersed between cycles 
of chemotherapy (I 000 cGy/4 fractionsfl week) for 
four courses or at completion of all chemotherapy. 
Overall median survival was 15 months and 2-year 
survival 25%. There were no survival differences 
between the two treatment arms. There was sig
nificantly more hematologic (but not other acute) 
toxicity in the alternated arm which led to a reduced 
dose delivery of both chemotherapy and radio
therapy in this arm compared with the sequential 
arm. Local failure was a major problem in both arms, 
with local failure the site of first relapse in 60% of all 
patients. This trial exemplifies some of the difficul
ties of trying to answer questions about optimal ra
diation therapy scheduling outside the context of the 
chemotherapy used. The CDE regimen as used in this 
study is more myelosuppressive than PE and conclu
sions which apply to the combination of radiation 
therapy with one may not apply to the other. Work 
has reported results of a randomized prospective 
trial conducted in Denmark which was designed to 
compare early with late TRT. The actual treatment 
regimen used was rather unusual, with, in the early 
TRT arm, the first half of a split course radiotherapy 
regimen preceding any chemotherapy. The late TRT 
arm also used split course irradiation. In neither arm 
was TRT given concurrently with chemotherapy, 
which in both arms consisted of three cycles of PE 
and six cycles of COD. The timing ofTRT in this trial 
had no significant effect on 2-year survival or 2-year 
in-field recurrence rate. However, the 2-year surviv
als reported in this trial were 20% for early and 19% 
for late TRT, markedly inferior to what has been 
reported by several groups for early TRT concurrent 
with chemotherapy (WAGNER 1997a). Either the 
patients in this trial had more advanced disease or 
poorer performance status than those in recent 
North American and Japanese trials or the overall 
treatment was sufficiently inactive as to make the 
timing of TRT a moot point. 

LEBEAU et al. reported a randomized trial com
paring concurrent RT starting with the second cycle 
of chemotherapy (50 Gy!20 fractions) with alternat
ing treatment between cycles 2-3-4-5 (LEBEAU et al. 
1996). In the alternating regimen the radiation dose 
for the first two courses was 20 Gy/8 fractions and 
was 15 Gy/6 fractions for the third course. Chemo
therapy was CED in both arms. Median survival was 
407 days for the concurrent arm and 426 days for the 
alternating arm. More severe lung fibrosis was noted 
with concurrent therapy, and compliance with the 
schedule of radiotherapy was poor, particularly for 
the alternating treatment arm. 
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JEREMIC et al. conducted a phase III trial in which 
107 patients with L-SCLC were randomized to re
ceive TRT starting at week 1 or week 6 of therapy 
(JEREMIC et al. 1997). RT was given with 1.5Gy 
fractions bj.d. to a total dose of 54 Gy with concur
rent daily carboplatin/etoposide (cPE). A total of 
four cycles of PE were also given, either all following 
the concurrent chemoradiation or for one cycle prior 
to TRT and three cycles following. Median and 2-
year survivals for early and delayed TR T were 34 and 
26 months and 30% vs 15% respectively, which 
was significant on multivariate analysis. Local 
recurrence-free survival was also significantly better 
in the early TRT arm, 58% vs 37% at 5 years. 
M URRA Y has reported a meta -analysis of trials which 
have used both TRT and chemotherapy for L-SCLC, 
using 3-year disease free survival as an outcome 
measure as a function of the interval from the start of 
chemotherapy to the start of TRT (MURRAY et al. 
1993). Results were significantly better for those 
regimens beginning TRT not more than 6 weeks 
from the start of chemotherapy. With long delays (20 
weeks or more) results were little better than without 
TRT. 

11.5 
Volume 

The appropriate target volume for TRT has not been 
defined. Several separate questions may be raised: 

• What amount of elective nodal irradiation is 
appropriate? 

• What margins are required for ill-defined primary 
lesions with extensions into lung parenchyma and/ 
or atelectasis? 

• If several cycles or chemotherapy are given prior to 
TRT, should the target volume be based on pre- or 
postchemotherapy tumor volume? 

Prospective trials have not adequately addressed 
the issues of margins, ill-defined tumors, or elective 
nodal volume. Many older trials recommended that 
portals cover all known primary disease with 2-cm 
margins and include bilateral hilar, mediastinal, and 
supraclavicular nodes. While retrospective analysis 
of patients on a SECSG trial showed a higher rate 
oflocal failure (69 vs 32%) in those not adhering to 
these requirements than those who did, it was not 
stated that the excess failures occurred in the areas 
which would have been irradiated had the protocol 
been adhered to. It may simply be that the failure 
rates were higher in larger tumors and that these 
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portals were often kept "tight" to avoid excessive 
lung irradiation. This trial was also conducted prior 
to the use of CT -based treatment planning and target 
volumes were approximate at best. More recent trials 
in which routine irradiation of the contralateral 
hilum or any supraclavicular nodes were eliminated 
have not reported high failure rates in these sites and 
have excellent survivals (WILLIAMS and TURRISI 
1997). 

Deferring TRT until completion of all chemo
therapy, typically four to six cycles, is not an effective 
way to combine these modalities. One trial con
ducted by the SWOG which prospectively compared 
pre- vs. post-treatment tumor volumes as TRT target 
volumes used such an approach, and was limited to 
patients who had a partial rather than complete re
sponse to their initial chemotherapy. The lack of a 
difference in this trial is not convincing evidence 
of the adequacy of post-treatment volumes. More 
persuasive is the report from the Mayo Clinic 
where, over a period of several years, treatment 
philosophy shifted from treating pre-chemotherapy 
to postchemotherapy volumes after two or three 
cycles of chemotherapy. In an analysis by 
LIENGSW ANGSWONG, local failure rates were not dif
ferent in the two arms (LIENGSW ANGSWONG et al. 
(1994). Those local failures seen in the group treated 
to the post-chemotherapy volumes were central 
rather than peripheral, suggesting that they would 
not have been prevented with larger treatment 
volumes. 

If it is correct that postchemotherapy volumes are 
adequate, and also that a delay of two or three cycles 
before starting radiation (particularly if it is given 
concurrently with remaining cycles of chemo
therapy) is not harmful, two possible advantages 
may arise from the use of the smaller volumes: 

• Reduced toxicities if treating to the same total 
doses as presently used. 

• The ability to use higher total doses without neces
sarily increasing toxicity over present levels. While 
some normal tissue doses, such as that to the 
esophagus adjacent to bulky subcarinal nodes, 
will not likely be reduced by treating post
chemotherapy volumes, the length of esophagus 
treated to significant dose, as well as the volume 
of lung, should be significantly spared (KUMAR 
1997). 

Treatment volume may be an issue worth addressing 
prospectively. Such a trial would logically require 
three arms (early TRT to the initial tumor volume, 
delayed TRT to the initial tumor volume, and 

delayed TRT to the postchemotherapy volume) in 
order to resolve both the timing and volume issues, 
and a large sample size to detect or exclude small 
differences. 

11.6 
Prophylactic Cranial Irradiation 

Brain metastases are common in SCLC, both at 
initial presentation and as a site of progression 
following treatment. Treatment of patients with 
radiographically demonstrable CNS disease, whether 
initially symptomatic or not, is often successful on a 
short term basis, but long term disease control and 
survival is rare. It was initially believed that chemo
therapy was ineffective against established brain 
metastases and that radiation therapy was the only 
effective treatment, but more recent studies have 
shown that brain metastases can respond to a 
number of chemotherapeutic agents, such as VM-26 
(Vumon) and Topotecan (Hycamtin) with a fre
quency similar to that of extracranial metastatic 
disease, and with similar response frequency and 
duration to whole brain radiotherapy (BRAHMER 
and ETTINGER 1998; WAGNER 1997). Unfortunately, 
these response rates are modest and durations 
brief. 

It was proposed by HANSEN that we consider 
prophylactic treatment of the brain with radiation 
or chemotherapy in patients without evidence of 
disease in this site (HANSEN 1980). Reasoning by 
analogy with acute lymphoblastic leukemia, he pos
ited that there was a relatively intact blood-brain 
barrier (at least early in the development of brain 
metastases) so that although tumor cells could gain 
access to the brain, the tissue concentrations of most 
(non-lipophilic) chemotherapy agents was low and 
insufficient to eradicate disease. While the blood
brain barrier might be disrupted later in the growth 
of the tumor, as evidenced by the enhancement seen 
with CT or MRI contrast, its presence earlier in the 
course of disease rendered the CNS a "pharma
cologic sanctuary" for tumor cells. 

It became clear in the 1980s that prophylactic 
cranial irradiation (PCl) to modest doses, typically 
25-30Gy in 8-10 fractions, was markedly effective 
in reducing the CNS failure rate but did not have a 
dramatic effect (WAGNER 1997b). This lack of a de
monstrable survival gain plus reports of major 
neurotoxicity in some series led to a reaction against 
PCI by many oncologists (CATANE et al. 1981; LEE 
et al. 1986; JOHNSON et al. 1985, 1990; LISHNER et al. 
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1990). Although a number of randomized trials were 
conducted, several of these included patients not in 
systemic response, for whom it would not be ex
pected that PCI would give a survival gain. Even in 
those prospective trials limited to patients who had 
achieved a complete response (or very good partial 
response, with minor residual radiographic abnor
malities which might represent only fibrosis), the 
small benefits seen in several trials did not achieve 
statistical significance. In retrospect, all of these 
trials were underpowered statistically to detect the 
relatively small increment in long term survival 
which might be expected if truly isolated CNS failure 
occurred in 10%-15% of those patients achieving 
CR. Several larger randomized trials conducted in 
the late 1980s and 1990s which were restricted to 
patients achieving CR strongly suggested such a sur
vival benefit but did not individually reach statistical 
significance (ARRIAGADA et al. 1995; GREGOR et al. 
1996). When all randomized trials of PC I in complete 
responders were combined in a meta-analysis using 
individual patient data, however, the improvement 
in 3-year survival was highly significant, increasing 
from 15.3% in the control group to 20.7% in those 
patients receiving PCI (ARRIAGADA et al. 1998). The 
relative risk of death for patients receiving PCI was 
0.84 (95% CI 0.73-0.97). There was a trend to in
creasing benefit as the PCI dose was increased but 
this was not a randomized variable. The benefits of 
PCI were seen independent of patient age, perfor
mance status, disease extent or type of induction 
treatment. 

One past reason for the reluctance to recommend 
PCI was concern that neurologic function would be 
impaired by this treatment, leading to a poor quality 
of life for both cured patients and those dying of 
extracranial systemic metastases. It was noted in the 
early 1980s that some long term survivors of SCLC, 
most of whom had received PCI, developed deterio
ration of psychomotor function several years after 
completing treatment (CATANE et al. 1981; LEE et al. 
1986; JOHNSON et al. 1985, 1990; LISHNER et al. 1990). 
Both the frequency and severity of these symptoms 
varied considerably among series. In addition, there 
has been no standardization of reporting of these 
late effects, with some investigators reporting 
impairment in daily living, others abnormalities on 
detailed neuropsychiatric testing, and still others 
asymptomatic changes on MR imaging of the brain. 
While the picture was by no means clear, it served as 
a powerful counter-argument to those advocating 
PCI, especially if there was no benefit of PCI for long 
term survival. 

H. Wagner 

More careful analysis has suggested that these 
early alarms were both exaggerated and somewhat 
misdirected. First, several of the series reporting a 
high incidence of CNS dysfunction following PCI 
used large fractions (3-4Gy) often with concurrent 
or subsequent chemotherapy. In several series che
motherapeutic agents with known access to the CNS 
and known neurotoxicity, such as methotrexate and 
the nitrosoureas, were used. Such "dangerous liai
sons" may well have contributed to the high rates 
of toxicity seen (TURRISI 1990; CROSSEN et al. 1994). 
Second, the early studies were retrospective and 
lacked good baseline data on neurologic function of 
patients prior to PCl. More recent studies have tested 
patients before and after PCI and found little or no 
deterioration in overall neurological or psychologi
cal functioning following PCI to moderate dose (e.g., 
25-30Gy/l0-12 fractions) when this is given after 
most or all chemotherapy (ARRIAGADA et al. 1995; 
GREGOR et al. 1996). A somewhat surprising finding 
of several of these studies, however, was that a large 
proportion of patients with SCLC have significant 
baseline neuropsychiatric impairment prior to 
PCI (CULL et al. 1994; KOMAKI et al. 1995; v AN 
OSTERHOUT et al. 1996). Some of this may be due 
to chemotherapy but many patients are abnormal 
prior to any therapy, when compared with age- and 
sex-matched controls. Studies are currently under
way to compare patients with SCLC with those with 
NSCLC and squamous cell carcinoma of the head 
and neck. These should help to identify the relative 
roles of toxic exposures (e.g., tobacco, alcohol) and 
possible paraneoplastic syndromes specific to SCLC. 
Several such syndromes, such as Eaton Lambert syn
drome and optic neuropathy, are well characterized 
in SCLC, and it is possible that at least part of what 
was formerly considered radiation toxicity may 
instead be a manifestation of the disease process 
itself. 

11.7 
Should Patients with Extensive SCLC 
Receive Radiation Therapy as Part 
of Their Initial Treatment? 

When combined radiation and chemotherapy were 
first being explored in SCLC, several trials looked at 
this approach in patients with extensive as well as 
limited disease. These trials, now over a decade old, 
generally used cyclophosphamide and nitrosourea 
based chemotherapy, and radiation therapy to 
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modest doses (40-40 Gy) now recognized to be 
inadequate to obtain local control. That these trials 
uniformly failed to show any survival benefit for 
radiation to the thorax and other sites of disease 
in these patients should come as no surprise 
(WAGNER 1994). More recently, the group in 
Vancouver has included thoracic radiation in their 
treatment of patients with extensive chemother
apy with an intense weekly chemotherapy regi
men called CODE (cisplatin/Oncovin/doxorubicinl 
etoposide). Patients having good response of their 
extrathoracic disease received thoracic radiation 
therapy after completion of the 12-week course of 
induction chemotherapy. Dose was 25 Gy in 10 
fractions. The reported survival of these patients 
appeared quite favorable, with suggestion of a pla
teau oflong-term survivors, and local failure seemed 
reduced even with this modest dose of radiation. 
Unfortunately, attempts to confirm these encour
aging results in a prospective trial by the NCIC and 
SWOG were stopped because of excessive toxicity 
with this regimen, with about 10% treatment related 
deaths compared with 3% in a more conventional 
chemotherapy alone regimen of alternating PE and 
CED. 

These negative trials may have suffered from 
poor systemic regimens and poor selection of 
patients. It is unlikely that modest doses of radiation 
therapy (30 Gy) will be useful in controlling SCLC at 
sites of initially bulky extrathoracic disease, even 
after a good response to chemotherapy. The experi
ence in treating intrathoracic disease would argue 
against this approach. On the other hand, there 
exists a subset of patients with extensive SCLC 
whose extra thoracic disease is limited to a single 
detectable site which can be irradiated to reasonably 
high dose (45 Gy or more), e.g., those with disease 
limited to the brain, or solitary bone or adrenal 
metastases. The prognosis of these patients, parti
cularly those with only metastases to the brain, is 
more favorable than that of other patients with 
extensive disease (GIANNONE et al. 1987; KOCHHAR 
et al. 1997). It would seem logical in these patients to 
consider a treatment regimen of initial chemo
therapy for two cycles, then, in responders, two 
further cycles of chemotherapy with concurrent 
radiation therapy to sites of thoracic and extratho
racie disease. Radiation to the brain might be 
withheld until after completion of chemotherapy 
to reduce neurotoxicity. Whether this approach 
would be superior to chemotherapy alone will 
require prospective trials, which are currently being 
planned. 

11.8 
Conclusions and Future Directions 

This is not a time to conclude that one of our current 
ways of combining radiation and chemotherapy for 
L-SCLC is "good enough," pick your favorite, and 
retreat to the endless horizon of "rationally targeted" 
therapies as the sole hope for therapeutic progress. 
The last decade has shown that modest changes in 
dose and sequencing of radiation and chemotherapy 
can have modest but significant impacts on long 
term survival in this disease. For the moment, it 
appears that the best results are obtained when both 
radiation and chemotherapy are given early, usually 
concurrently, although the reason(s) for the benefit 
of concurrent treatment (sensitization rather 
than lack of delay) are not clear. The use of agents 
whieh will reduce acute toxicity (myelosuppression, 
esophagitis) will make such aggressive treatment 
more tolerable, while, with improved long term sur
vival, more attention will have to be paid to late 
complications and the development of second 
primary tumors. PCI has been shown to be effective 
in reducing CNS relapse and improving survival, but 
the most effective dose has not been defined. While 
we work to better understand the molecular pecu
liarities of SCLC and exploit these therapeutically, 
further fine tuning of radiation and chemotherapy 
should further improve the therapeutic outcome for 
our patients. 
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12.1 
Introduction 

Small cell lung cancer (SCLC) represents a common 
and serious burden of disease and accounts for about 
20% of all the histological subtypes of lung cancer 
(JENSON et al. 1990). SCLC has many biological and 
clinical characteristics which make it distinct from 
other histological varieties of bronchial carcinoma. 
Amongst them is a high propensity to brain 
metastases. The frequency of brain involvement in 
SCLC rises with time. About 20% of SCLC patients 
present with brain metastases at the time of diagno
sis and despite good systemic tumour control up to 
50% will fail in the brain by 2 years of follow-up 
(BUNN and ROSEN 1985). Postmortem evidence of 
tumour involvement of the brain can be seen in more 
than 80% of patients. In more than half of all these 
patients the brain will be the first and often the only 
site of failure (PEDERSON 1986). 

Brain metastases cause significant clinical and 
psychosocial morbidity and have a profound nega
tive impact on quality of life (FELLETTI et al. 1985). 
Patients relapsing in the brain are likely to spend a 
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greater proportion of their remaining lives in hospi
tal than patients relapsing elsewhere, e.g. in the liver 
(FELLETTI et al. 1985). Treatment of established 
brain metastases is far from satisfactory and only 
half of these patients will achieve satisfactory 
palliation by either radiotherapy (LUCAS et al. 
1986; CARMICHAEL et al. 1988) or chemotherapy 
(POSTMUS et al. 1989). 

Experience from other clinical settings in which 
prevention of CNS involvement by prophylactic 
irradiation conferred significant survival benefits 
(BLEYER and POPLACK 1985) has led to the introduc
tion of prophylactic cranial irradiation (PCl) into 
this clinical setting. PCI has now been used sporadi
cally for more than 2 decades. Satisfactory data for 
meaningful evaluation of its benefits and side effects 
have only been accrued more recently. 

12.2 
History of PCI 

The first wave of clinical trials testing the concept of 
PCI in SCLC was completed in the late 1970s and 
early 1980s. The majority of these studies were posi
tive and confirmed that low dose PCI significantly 
decreases the rate of occurrence of brain metastases 
(Table 12.1). This local effect was not translated into 
demonstrable survival benefit. 

There was a variable distribution, within and be
tween the individual studies, of crucial factors such 
as disease extent and response to induction chemo
therapy. As any survival advantage which could have 
been offered by PCI was likely to be numerically very 
small, it could have been diluted by these much more 
powerful determinants of outcome. The ability to 
detect small survival differences would have been 
further impaired by small sample size in all of these 
studies. The patient numbers in individual trials var
ied from 30 to 250 and only 3 studies had more than 
100 randomised patients. 

The safety of PCI was also questioned at this time 
largely based on CT abnormalities seen in children 
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receiving PCI and chemotherapy for acute lympho
cytic leukaemia (BLEYER and POP LACK 1985). To 
clarify the significance of these findings for PCI in 
the management of SCLC, CATANE et al. (1981) ex
amined a series of 16 long term survivors of SCLC. 
They found CT abnormalities in 9 of the 13 patients 
who had had PCI and in 2 of the 3 patients who had 
not. In the absence of clinically significant changes 
associated with these findings they concluded there 
was no contraindication to the use of PCI in adults 
with SCLC. 

There followed throughout the 1980s a stream of 
retrospective evaluations of SCLC patients which 
reported evidence of serious neurotoxicity which 
was attributed to PCI (ELLISON et al. 1982; LOOPER 
et al. 1984; JOHNSON et al. 1985; LEE et al. 1986; 
TWINJSTRA et al. 1987; LAUKANNEN et al. 1988). 

These studies have been reviewed in greater detail 
elsewhere (CROSSEN et al. 1994; GREGOR et al. 1996). 
The studies varied in the neurological functions 
tested, in the methods of assessment used and in the 
timing of the assessments. There were also crucial 
differences in treatment parameters (e.g. neurotoxic 
chemotherapy, radiation schedule, timing of PCI 
relative to chemotherapy). Not surprisingly then, 
these early studies varied widely in the prevalence 
and severity of the abnormalities reported. Typically 
the investigators had access to only small numbers of 
long term survivors - the largest sample size was 38 

Table 12.1. Early trials of PCI in SCLC 

Sample Radiation dose % brain relapse Reference 
size (n) 

PCI+ PCI-

45 20 Gy/5Fr 17 20 Cox et al. 
(1978) 

217 30 Gy/lO Fr 5 22 SEYDEL et al. 
(1985) 

54 24Gy/8Fr 0 16 BIELER et al. 
(1979) 

163 30 Gy/lO Fr 4 18 MAURER et al. 
(1980) 

110 40 Gy120 Fr 9 12 HANSEN et al. 
(1980) 

30 36 Gy/l0Fr 13 73 EAGAN et al. 
(1981) 

35 40Gy/l0Fr 12 44 KATENSIS et al. 
(1982) 

29 30 Gy/lO Fr 0 27 JACKSON et al. 
(1983) 

51 40 Gy/20Fr 0 27 NIIRANEN et al. 
(1989) 
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(LEE et al. 1986) - the majority of whom had received 
PCI. PEDERSON et al. (1988) summarised the data 
from 8 studies with a total of 123 patients of whom 
102 had received PCI. They concluded 45% had se
vere clinical side effects the clinical features of which 
were cognitive impairment and ataxic gait. 

The failure to demonstrate improved survival 
with PCI and these growing concerns about its toxic
ity proved powerful arguments against its use and 
PCI was abandoned as a treatment approach in many 
centres. However, the continuing controversy was 
epitomised in 1990 by the simultaneous publication 
of two retrospective reviews drawing diametrically 
opposed conclusions. FLECK et al. (1990) reported 
the outcome for 58 SCLC patients achieving com
plete response to induction therapy in Indiana. 
Eleven of the 38 patients treated with PCI survived 
>30 months but 7 of them were reported to have 
clinically significant neurotoxicity although the ex
act nature of this was not specified. Set against this, 
the incidence of CNS relapse was low among those 
not exposed to PCI, leading the authors to challenge 
the value of PCI. 

LISHNER et al. (1990) reported the Toronto expe
rience based on the case note review of 58 long term 
survivors of SCLC (>2 years). CNS metastases oc
curred significantly less often among the 48 patients 
who had had PCI. Although nine of them had neuro
logical problems the authors attributed the majority 
of these to side effects of chemotherapy or other 
comorbidity. They concluded that PCI had an ad
verse effect on the daily life of only a small minority 
of patients and argued for the use of PCI in the man
agement of patients with SCLC. 

The clinical problem of brain metastases persisted 
despite improvements in the effectiveness of sys
temic chemotherapy and the introduction of a com
bined modality approach in which the addition of 
thoracic irradiation produced significant survival 
benefit (PIGNON et al. 1992). With longer median 
survival and larger numbers of patient surviving 2 or 
more years from diagnosis there was a substantial 
increase in the absolute numbers of patients at risk 
from brain relapse. The true magnitude of this prob
lem is better appreciated by using actuarial rather 
than absolute calculations of risk. Using this ap
proach the observation period can be taken into ac
count reflecting more truly the clinical significance 
of the risk. 

It was clear then that the risks and benefits of PCI 
needed to be assessed in a prospective randomised 
trial and this view was echoed in the retrospective 
reviews which continued to appear from around the 
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world in the early 1990s (ROSENSTEIN et al. 1992; 
OHONOSHI et al. 1993; SHAW et al. 1994). 

12.3 
Recent Evidence 

The methodological shortcomings of the early re
ports and growing concern about the continuing 
clinical dilemma over the cost vs benefits of PCI 
led to the design and launch of a new wave of 
randomised trials in the early 1990s. These have now 
been completed and together have recruited over 
1000 patients (OHONOSHI et al. 1993; WAGNER et al. 
1996; ARRIAGADA et al. 1995a,b; GREGOR et al. 1997). 
Patient eligibility criteria reflected the aim of select
ing patients with good prospects of long term sur
vival and included as the main determinant 
"complete" response to induction chemotherapy 
(Table 12.2). The stage of disease at diagnosis was felt 
to be less important and only one trial limited entry 
to patients with no clinical evidence of extra thoracic 
spread (GREGOR et al. 1997). As detection of small 
volume metastatic disease closely reflects the staging 
methodology used, it may be a less important prog
nostic factor in practice. 

Patients were randomised and PCI delivered at 
the time of achieving clinical remission. This proce
dure allowed the selection of appropriate patients for 
entry to the trial and avoided prolonged periods of 

Table 12.2. Randomised trials of PCI in patients achieving 
complete response to induction chemotherapy 

n Stage 

32 LD+ED 

54 LD+ED 

46 LD+ED 

32 LD+ED 

300 LD+ED 

211 LD+ED 

314 LD 

Induction 

CT 

CT 

CT 

CT+RT 

CT+RT 

CT+RT 

CT+-RT 

PCI dose 

30 Gyl10 Fr 

24Gy/8Fr 

24 Gy/8Fr 

25 Gy/IO Fr 

24Gy/8Fr 

24-30Gy/ 
8-lOFr 

8-36Gy/ 
1-18Fr 

Reference 

ARONEY et al. 
(1983) 

HANSEN 
(personal 
communication) 

OHONOSHI et al. 
(1993) 

WAGNER et al. 
(1996) 

ARRIAGADA et al. 
(1995a) 

ARRIAGADA et al. 
(1995b) 

GREGOR et al. 
(1997) 

LD, limited disease; ED, extensive disease; CT, chemotherapy; 
RT, radiotherapy. 

postradiation chemotherapy, which is thought to 
potentiate neurotoxicity. The PCI doses were be
tween 20 and 36 Gy in 2-3 Gy fractions. The three 
large studies (approximately 300 patients each) have 
reported remarkably consistent results (ARRIAGADA 
et al. 1995a,b; GREGOR et al. 1997). Two of these 
incorporated prospective neurological or neuro
functional assessment in their design CPH 
(ARRIAGADA et al. 1995a) and UK02 (GREGOR et al. 
1997). 

The two French studies CPH = PCI 85 
(ARRIAGADA et al. 1995a) and PCI 88 (ARRIAGADA 
et al. 1995b) ran in parallel. Both randomised PCI 
against control. PCI 85 had a prescribed dose of 
24 Gy in eight fractions, PCI 88 had allowed a choice 
of radiation schedules but the majority of patients 
received either the PCI 85 schedule or 30 Gy in ten 
fractions (Table 12.2). Both trials have shown a 
highly significant reduction in brain metastases rate 
- overall from 59% to 40% (P < 0.0001) and isolated 
from 57% to 39% (P < 0.0001) in favour of the arm 
receiving radiation (ARRIAGADA et al. 1995a,b). The 
prospective radiological and neurological evaluation 
of the PCI 85 trial demonstrated a low and clinically 
insignificant rate of radiological abnormalities on 
CT, and no evidence of dementia or serious clinical 
CNS morbidity (ARRIAGADA et al. 1995a). 

The UK02 (GREGOR et al. 1997) trial was initially 
designed as a three arm randomisation between con
trol and two dose levels of PCI (24 Gy and 36 Gy in 
2 Gy fractions). In the first 3 years it recruited only 
100 patients and was therefore re-Iaunched as a two 
arm study allowing institutional choice of PCI from a 
selection of schedules. This trial incorporated pro
spective neuropsychometric assessment for all the 
patients recruited in three of the participating in
stitutions. The trial closed in 1995 exceeding its 
planned target with 314 randomised patients. The 
eligibility criteria remained the same throughout 
and only patients with limited disease (LTD) and 
achieving remission following induction chemo
therapy were included. A number of different induc
tion regimens were used in this international 
multicentre study, but all patients had to be 
randomised within 4 weeks of response assessment. 
No planned concurrent or post PCI chemotherapy 
was allowed although concurrent chest irradiation 
could be given with PCl. 

The trial confirmed the effectiveness of PCI in re
ducing the rate of brain metastases (Fig. 12.1). At 2 
years postrandomisation 52% of controls and 29% 
of PCI patients relapsed in the brain: hazard ratio 
(HR) = 0.44 (95% CI: 0.27-0.70; P = 0.0002). Interest-
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ingly in the first 100 patients randomised in a three 
arm study, the significant advantage of PCI was seen 
only in the higher dose level (HR = 0.16; 95% CI: 
0.07-0.36). The low dose PCI (24Gy in 12 fractions; 
2 Gy per fraction) behaved like the control, i.e. HR = 
0.71 (95% CI: 0.36-1.43). The total dose of 24Gy in 
the PCI 85 trial, which was significantly better than 
control (HR = 0.45), was delivered in 8, rather than 
the 12, fractions. It is possible that larger individual 
fraction size may increase the effectiveness of radia
tion schedules with low total doses. This supposition 
has not been tested and may have the disadvantage 
of increasing long term morbidity levels. One institu
tional cohort of patients in the UK02 trial was treated 
with 8 Gy in a single fraction and did not appear to 
suffer an increase in late morbidity, although the 
numbers were too small for a definitive assessment. 

The relationship between risk of brain relapse and 
the different PCI schedules in the UK02 trial can be 
seen in Fig. 12.2. The radiation schedules have been 
converted into a biologically equivalent dose (BED) 
at 2 Gy using a linear quadratic coefficient for acutely 
reacting tissues or tumour (FOWLER 1989). The con
fidence intervals of some of the schedules RR are 
large, as only a few patients received them. For the 
randomised comparisons (24 Gy in 12 and 36 Gy in 
18 fractions) and the large number of patients who 

9 3 
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were treated with 30 Gy in 10 fractions, the relation
ship appears linear. 

This demonstration of radiation dose response is 
one of the few clinical examples in SCLC and is a 
useful contribution to the overall body of evidence 
governing the use of radiation in this disease. It is 
also the first time that a relationship between radia
tion dose and local control could be seen in the set
ting of brain metastases. The practical implications 
of this finding need to be confirmed in a larger trial 
testing formally the question of radiation dose. This 
is now in preparation. 

12.4 
Toxicity of Cranial Irradiation 
and Its Functional Relevance 

The effects of therapeutic levels of ionising irradia
tion on the brain have been well described (SHELINE 
et al. 1980; LEIBEL and SHELINE 1987; GREGOR et al. 
1996). Factors that contribute to the severity and 
frequency of clinically detectable abnormalities, i.e. 
radiation dose, fraction size and the volume of brain 
irradiated, are well recognised. The side effects of 
brain irradiation with their characteristically delayed 
time course have been most frequently studied in 
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long term survivors of brain tumours (GREGOR et al. 
1996; LISHNER et al. 1990) particularly children 
(ELLENBERG et al. 1987). The additional insults that 
chemotherapy can impose on the CNS whether given 
systemically or intrathecally and with or without cra
nial irradiation are also well known (ALLEN et al. 
1980; KAPLAN and WIEMICK 1982; JELLINGER 1983; 
LEFF et al. 1988). 

Subclinical abnormalities in intellectual function
ing can occur following very low doses of cranial 
irradiation (MULHERN et al. 1988) as has been seen 
in randomised studies of CNS prophylaxis in 
paediatric ALL. 

Thus the scene was set for potentially serious 
morbidity when PCI was introduced often without 
any consideration for these effects in the elderly 
population of patients with SCLC. They were often 
treated with concurrent and postirradiation chemo
therapy and large individual radiation fractions even 
in the face of coexisting vascular morbidity. 

Early reports of CNS toxicity in long term survi
vors of SCLC (CATANE et al. 1981; ELLISON et al. 
1982; LOOPER et al. 1984; JOHNSON et al. 1985; LEE et 
al. 1986; TWIJNSTRA et al. 1987) have described the 
well known and characteristic clinical and radiologi
cal features of radiation leucoencephalopathy. These 
were often reports of institutional or intergroup 
experiences collected over long periods of time, 
without any indications of levels of pre-morbid or 
pre-treatment neurological status. Most of these 
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30 35 40 

Fig. 12.2. PCI schedules and 
risk of brain metastases 

early patients received PCI as a part of their induc
tion process. 

12.4.1 
Neuropsychological Morbidity 

Clearly the impact of PCI on the higher mental func
tion of long term survivors has remained a matter of 
major clinical concern. Obtaining adequate assess
ments of the extent and degree of neuropsycholo
gical morbidity following PCI has been problematic. 

Clinical examination of mental state is not reliably 
carried out or systematically documented in routine 
oncology practice and uncontrolled clinical observa
tions are clearly inadequate as a the sole basis for 
evaluating neuropsychological morbidity following 
PCI. Available neurotoxicity rating systems tend to 
focus on peripheral and sensory functions and pro
vide inadequate coverage of higher mental functions 
(CASTELLANOS and FLELDS 1986). Cognitive screen
ing instruments, e.g. the Mini Mental State Examina
tion (FOLSTEIN et al. 1975), typically have a high false 
negative rate (NELSON et al. 1986) and are not sensi
tive enough to be useful in this research setting. 

Objective testing using standardised neuropsy
chometric assessment procedures offers a non
invasive and sensitive method of obtaining 
information about higher mental function. 
Neuropsychological assessment has increasingly 
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been seen as an important adjuvant to clinical and 
imaging data in the outcome evaluation of PCl. 

Three of the early reports included neuropsy
chometric testing as an outcome measure (JOHNSON 
et al. 1985; TWI]NSTRA et al. 1987; LAUKKANEN et al. 
1988). Among other limitations, these retrospective 
studies were all restricted in sample size. The larger 
samples needed could be derived by multi centre col
laboration but this poses the problem of the feasibil
ity of administering neuropsychological measures in 
centres where no psychologist is available. 

This problem was addressed in an international 
collaboration to review the outcome for 64 SCLC 
patients, surviving for ~2 years after their induction 
treatment (CULL et al. 1994). A trained psychologist 
prepared detailed instructions for the use of four 
standard neuropsychological tests which were then 
administered by non-psychologists in the clinic 
setting. The assessment methods chosen proved ac
ceptable to patients and feasible for clinic staff 
to administer. Testing, which took about 20min, 
proved sensitive to otherwise undetected deficits of 
cognitive function and 54% of the sample were found 
to be impaired on two or more of the tests used. 

Neuropsychological testing was also included 
in a study of the outcome for long term survivors 
(>2 years) of SCLC in the Netherlands (VAN 
OOSTERHOUT et al. 1996). The cognitive functioning 
of three groups of patients was assessed: those who 
had (a) no PCI, (b) PCI after chemotherapy or (c) 
PCI concurrent with/sandwiched by chemotherapy; 
and compared with a control group of healthy 
subjects matched for age and educational level. A 
comprehensive assessment battery was used, admin
istered by a psychologist. All the patient groups per
formed significantly worse than the controls but no 
significant differences were found between the three 
patient groups, i.e. there was no evidence for addi
tional neurotoxicity of treatment with PCl. No other 
treatment variables relating to the chemotherapy or 
radiation schedules were shown to have an effect on 
individual cognitive function. The authors con
cluded their findings were disease related rather than 
treatment related, although they offered no positive 
evidence for this. 

The obvious and acknowledged limitations of 
these studies which lack a baseline (pre-PCl) assess
ment were further reinforced by data suggesting that 
a high proportion of SCLC patients have cognitive 
dysfunction prior to PCI (KOMAKI et al. 1995; 
MEYERS et al. 1995). This group used a comprehen
sive battery of neuropsychological measures to as
sess 30 patients with limited SCLC, before and after 
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PCl. Of 21 patients with no prior history of neuro
logical disorder or substance abuse, 20 showed com
parable levels of impairment to the remaining 9 
patients who did have such a prior history. Deficits in 
verbal memory were the most commonly occurring 
impairment followed by frontal lobe dysfunction 
and fine motor in-coordination. The short term 
(6-20 months) follow-up data available after PCI 
showed no significant deterioration in patients' 
performance from pre-PCI levels. 

A further study from the same group (MEYERS et 
al. 1995) attempted to assess whether these deficits 
were related to chemoradiation treatment. The 
authors compared the performance of newly diag
nosed, untreated patients with that of patients who 
had achieved a complete response to induction 
therapy assessed before PCl. They found no signifi
cant difference between the groups on any of the 
neuropsychological tests used and suggested further 
studies should focus on characterising the aetiology 
of these deficits. Rejecting the role of chemotherapy, 
microscopic brain metastases and mood disturbance 
in the cognitive impairment they observed, MEYERS 
et al. (1995) proposed that paraneoplastic phenom
ena should be studied further in this context. 

The first randomised trial of PCI to include 
prospective assessment of neurological morbidity 
(ARRIAGADA et al. 1995a) reported 59% (of 229 pa
tients) showed some abnormality at baseline. The 
data were not reported in detail and the abnormali
ties which were specifically referred to (i.e. in taste, 
smell and hearing) were attributed to chemotherapy. 
Within the first 5 years of follow-up no significant 
differences in neuropsychological function were 
found between those who had and those who had not 
had PCl. 

The UK02 trial (GREGOR et al. 1997) was the first 
to include a prospective formal evaluation of pa
tients' neuropsychological functioning. At baseline, 
i.e. pre-PCI, 78% of patients (n = 125) showed im
pairment on ~ 1 of the 4 tests used. Although there 
was some evidence of new impairment on retest at 6 
months and 1 year, the sample size was limited in 
these follow-up assessments. There was no evidence 
of sustained deterioration over time and no signifi
cant difference between the PCI and no PCI groups 
at these relatively early follow-up points. 

Although neuropsychological assessment offers 
the most sensitive means of calibrating impairment 
in higher mental function, there are some practical 
and organisational difficulties in employing this ap
proach in multicentre trials in this setting, particu
larly in an international context. 
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It is characteristic of psychometric assessment 
that the procedures to be followed in administering 
performance tests are standardised. However, inter
national trials require that the tests used have been 
validated in translation in the appropriate languages 
for the participating centres. This may limit the 
choice of suitable measures. It has been demon
strated that some assessment tools are suitable for 
cross-cultural use and can be satisfactorily adminis
tered by non-psychologists in the clinic (CULL et al. 
1994). Some centres may nonetheless be unable to 
identify personnel to take on this extra work. 
Computer-administered assessment systems are 
available for neuropsychometric testing but they are 
expensive and may not be a priority in the clinical 
setting in which SCLC patients are treated. Where 
outcome data are derived from only a proportion of 
centres participating in a trial, there is always the 
danger that the data will be seriously biased in some 
way, particularly if the selection of that subset of 
contributing centres is non-random. 

Experience of published studies to date suggest 
that many centres have the capacity to organise a 
single neuropsychological assessment whether for a 
single follow-up oflong term survivors of PC I (CULL 
et al. 1994) or a pre-treatment baseline (GREGOR et 
al. 1997). What is problematic is obtaining good 
quality data over repeated time points. High levels of 
attrition are to be expected as patients become too ill 
to be assessed or die. With small numbers of survi
vors these assessment procedures do not become 
routine for the participating centres. Furthermore, 
clinical follow-up may occur at a different location 
from the pre-treatment assessment. It has proved 
difficult in longitudinal studies to ensure that the 
staff who have been trained to do the neuro
psychological assessments are available when the 
long term survivors present for follow-up. Thus 
further data are commonly lost through system 
failures. 

Future large scale studies may find it more practi
cal to evaluate the outcome of PCI in terms of its 
impact on patients' capacity to function in their 
everyday lives. 

12.4.2 
Quality of Life Assessment 

There are several advantages to including quality of 
life (QL) assessment in the outcome of evaluation of 
PCI. By definition health related QL is a multidimen
sional concept requiring subjective evaluation. The 

patient self-report instruments which have been de
veloped to measure QL typically include aspects of 
patients' experience that would otherwise be ignored 
yet which may be highly relevant to their cognitive 
efficiency. For example, fatigue and sleeping difficul
ties are commonly reported by newly diagnosed lung 
cancer patients (SILBERFARB et al. 1993; HOPWOOD 
et al. 1995) and long term survivors of SCLC (CULL 
et al. 1994). Similarly it may be relevant to screen for 
anxiety and depression. Using a standard screening 
questionnaire - the Hospital Anxiety and Depression 
Scale - HOPWOOD and THATCHER (1990) found 36% 
of their sample of 283 cancer patients scored as prob
able cases of anxiety and depression. Among cancer 
patients generally those who report concentration 
and memory difficulties have been found to have 
significantly higher scores on measures of anxiety 
depression and fatigue (CULL et al. 1996). 

The value of quality of life data as an outcome 
measure is increasingly recognised in lung cancer 
clinical trials. There are undoubted advantages in 
collecting such data in having an assessment strategy 
which allows some commonality of measurement 
across trials and hence a means of comparing or 
combining data. Quality of life measurement initi
ated at the start of induction chemotherapy could 
then continue, using essentially the same approach, 
for monitoring the progress of patients proceeding 
to PCI. Supplementary questions, specific to each 
treatment setting, could be added to this generic core 
database as required. 

There are currently two quality oflife instruments 
which offer this approach - the EORTC QLQ-C30 
(AARONSON et al. 1993) and the Functional Assess
ment of Cancer Therapy - FACT (CELLA et al. 1993). 
Both of these are multidimensional quality of life 
questionnaires designed for generic use with cancer 
patients and both have supplementary modules for 
lung cancer patients (CELLA 1992; BERGMAN et al. 
1994). Validated translations of these instruments 
are available in a wide range of languages. As yet no 
supplementary questionnaire has been validated to 
assess the specific side effects which may arise from 
PCI. The ad hoc questionnaire developed by 
LISHNER et al. (1990) may be a useful starting point, 
but the best developed is probably the module de
signed to supplement the EORTC QLQ-C30 in evalu
ating the outcome of treatment for brain cancer 
(OSOBA et al. 1996). The EORTC QLQ-C30 has a two 
item scale assessing concentration/memory. The 
brain cancer module assesses disturbances in visual 
and motor functions and in communication together 
with a number of other relevant symptoms but it 
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does not ask supplementary questions about higher 
mental function. Although questionnaires have been 
developed to assess memory failures in everyday life 
(e.g. BROADBENT et al. 1981; SUNDERLAND et al. 
1984), there is clearly a problem in seeking a reliable 
valid account of memory failure by patient self
report alone. Self-report data have generally been 
found to correlate poorly with performance on ob
jective testing (CULL et al. 1996). 

Whether neuropsychological morbidity following 
PCI is objectively tested or subjectively reported, the 
clinically important issue is to assess the impact of 
those side effects on the patient's capacity to func
tion in everyday life. Only two studies of PCI out
comes have attempted to include systematic quality 
of life assessment (CULL et al. 1994; GREGOR et al. 
1997). Both these studies experienced system failures 
in data collection in some centres. In both, the as
sessment strategy included both QL assessment and 
neuropsychological testing. It may be more realistic 
in future to think of restricting outcome evaluation 
to QL assessment. There is well documented evi
dence from the NCI - Canada that where clinicians 
are motivated to participate in QL studies excellent 
quality data can be collected in multicentre trials 
even from patients with advanced disease (SADURA 
et al. 1992). 

12.5 
Summary and Practical 
Recommendations 

1. PCI is effective in significantly reducing brain 
metastases with no significant evidence of serious 
morbidity for the majority of patients treated. 

2. The benefit of a significant reduction in the rate 
of appearance of brain metastases appears to be 
greatest in patients achieving good response to in
duction chemotherapy. Patients with limited and 
extensive disease can benefit, but the advantage is 
larger for those surviving longest. 

3. All three of the large recent trials (ARRIAGADA 
et al. 1995a,b; GREGOR et al. 1995) have shown a 
small but consistent survival benefit which is being 
quantified in a meta-analysis. The largest benefit is 
likely to be seen in patients with good and durable 
systemic disease control. 

4. The optimal radiation dose has not been deter
mined, but on the current evidence 36 Gy in 18 frac
tions appears to be most effective. Doses below 30 Gy 
in 2-Gy fractions are probably suboptimal, but their 
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effectiveness could be increased by larger fraction 
size. Regimens such as 24 Gy in eight fractions or 
30 Gy in ten fractions have been most commonly 
used in practice. 

5. In addition to dose and fractionation in a radia
tion schedule, the timing of the administration of 
PCI is a key variable. The wish is to introduce PCI as 
early as possible in the course of treatment, having 
established chemotherapy response to aid the selec
tion of appropriate patients. It is also important to 
avoid concurrent administration (and to lesser de
gree subsequent prolonged courses) of chemo
therapy. It is those two features which have 
characterised some of the earlier treatment regimens 
associated with serious neurotoxicity (CATANE et al. 
1981; JOHNSON et al. 1985). 

Brain irradiation disrupts the blood brain barrier 
and thus can potentiate serious toxicity by allowing 
chemotherapy access to otherwise protected areas of 
the brain (DAVELLA et al. 1992). Delaying adminis
tration of PCI beyond 6 months from diagnosis ap
pears to compromise its effectiveness although no 
randomised comparisons of timing of PCI are avail
able. A pragmatic and practical solution consistent 
with the current approach of aiming to intensify and 
shorten the overall treatment duration in SCLC will 
be to introduce PCI at the end of induction therapy, 
within the window of the first 3-5 months from diag
nosis and start of treatment. 

6. Objective testing remains the method of 
choice for assessing neuropsychometric morbidity. 
It is vital that baseline assessment, pre PCI, is un
dertaken and further research is needed to under
stand the aetiology of cognitive impairment in 
patients with SCLC from their first presentation. 
There is a continuing need for longer periods of fol
low-up in larger samples of long term survivors to 
provide a clearer evaluation of the prevalence and 
extent of neuropsychological morbidity for SCLC 
patients receiving PCI according to contemporary 
protocols. 

7. The current research agenda requires large 
scale international multicentre collaboration. In 
practice, neuropsychological assessment is unlikely 
to be feasible in all the centres which could par
ticipate in the next generation of PCI trials. 
A pragmatic clinically valuable solution would 
be to concentrate instead on obtaining good data 
on QL outcomes using an instrument such as 
the EORTC QLQ-C30, which has been well va
lidated for use in international clinical trials in 
oncology. 
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12.6 
Future Developments 

The challenge is to determine the optimal radiation 
schedule. The first test will be a straightforward dose 
escalation which can be performed easily in a 
multicentre and international multigroup setting. 
This will set out to confirm the dose response 
findings of previous trials (GREGOR et al. 1995) and 
test a new set of functional and QL measures. The 
endpoints will be brain metastases free survival and 
QL. 

The issue of timing of PCI administration does 
not lend itself easily to such a global setting and may 
need to be taken up by smaller research networks 
willing to use a single chemotherapy induction regi
men and prescriptive combined modality treatment 
schedules. The use of hyperfractionated radiation 
schedules is interesting for the potential to reduce 
CNS toxicity. Acceleration would allow shorter treat
ment times with increased therapeutic intensity. 
These may need to wait for a third generation of PCI 
trials. As the relationships between benefit and toxic
ity become even more complex, it is important that 
any moves from classical schedules are conducted in 
carefully controlled and evaluated settings. Other
wise we risk once again creating a pool of patients 
with potentially devastating late morbidity. 

We must assess the contribution that PCI could 
make to palliation of patients with poor prognosis 
SCLC. Their rate of brain metastases is similar. Pre
vention by using a simple schedule of irradiation at 
the time of chemotherapy response may be helpful. 
This would need a randomised comparison between 
PCI and control with a suitable endpoint such as 
functional independence. 

As concern grows about the need to find a rational 
basis for resource allocation in health care, there is 
likely to be an increased effort made to develop and 
refine methods of combining quality of life and sur
vival time into a simple index to facilitate evaluation. 
The Q-Twist, (GELBER et al. 1993), which considers 
quality adjusted time without symptoms or toxicity, 
may be one such promising approach which could be 
adapted for use in this setting. 

In the balance that determines the overall indica
tions for, and benefit of, any therapeutic intervention 
it is necessary to critically evaluate the evidence criti
cally, to identify its shortcomings and gaps and be 
prepared to move forward step by step building the 
picture for clinical use. The story of PCI is an ex
ample of what is possible by adopting this approach. 
Future studies will address the unknowns in a sys-

tematic and collaborative manner speeding up the 
process of assessment and bringing practical benefits 
as well as increasing our understanding of this dis
ease and its various treatments. 
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13.1 
Introduction 

Non-small cell lung cancer remains the commonest 
cause of cancer death in men, and the second in 
women. Disease often presents late, with inoperable 
tumour in the chest and a high chance of occult 
distant metastases. Despite radical treatment with 
radiotherapy and chemotherapy, it is estimated 
that over 80% of patients die with disease in their 
chest (Cox 1991) As control of the primary tumour 
is a pre-requisite for long term survival, radiation 
oncologists have concentrated on novel fraction
ation schedules as a method of altering the biological 
effect of the irradiation given, attempting to improve 
local tumour control with reduced long term 
side-effects. 

Throughout Europe and southern England, radi
cal radiotherapy in non-small cell lung cancer in
volves the use of daily fractionated radiotherapy, 
given Monday to Friday, over 6-7 weeks; 2 Gy is 
given per day to a total dose of 60-70 Gy. In Canada 
and in northern England, routine radical radio
therapy employs a different schedule: once again 
daily fractionation is given Monday to Friday, but 
the overall time is shortened to 3-4 weeks, the dose 
per fraction raised to enable a total dose of 50-55 Gy 
to be achieved. 

When modifying fractionation schedules, the ulti
mate goal is to improve local tumour control, reduce 
morbidity and thus have the possibility of improving 
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overall survival. Two strategies will be discussed: (1) 
hyperfractionation and (2) accelerated fractionation 
- both of these approaches aim to increase the bio
logical effect of the radiotherapy, the first by modify
ing its effect on normal tissues, and the second by 
attempting to control tumour cell proliferation more 
effectively than previously. These studies highlight 
the interfraction interval as an important modifier of 
the effect of radiation. As will be seen, some of the 
aspects of hyperfractionation are incorporated into 
accelerated fractionation schedules. 

13.2 
Hyperfractionation 

In treating non-small cell lung cancer, many normal 
tissues are encompassed in the field of irradiation: 
the early reacting tissues include the skin and mu
cosa of the aero-digestive tract; the late reacting 
tissues, lung, spinal cord and soft tissues of the me
diastinum. In the early 1970s, it was postulated that 
there was a difference in response to changes in dose 
per fraction between early and late responding tis
sues: the early responding tissues react to an increase 
in dose per fraction in a linear fashion (the alpha 
effect e<), as does tumour, but late responding tissues 
react differently with a greater increase in cell kill as 
the dose per fraction was raised (the quadratic or 
beta effect ~) (Fig. 13.1). These hypotheses were em
bodied in the linear quadratic formula, championed 
by BARENDSEN and FOWLER, E = nd (1 + d/e</~) 
(where E = effect, n = number of fractions, d = dose 
given per fraction and e< and ~ are the linear and 
quadratic coefficients) (BARENDSEN 1982; FOWLER 
1984a, 1989). If, therefore, the dose per fraction is 
decreased, and the total dose maintained, there 
should be a reduction in late morbidity. This gave a 
therapeutic window whereby the total dose could be 
raised to give equal late morbidity with the possibil
ity of an increase in local tumour control. Thus in 
hyperfractionated schedules, the dose per fraction is 
less than 1.8-2.0Gy, more than one fraction is given 
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a Dose per fraction (Gy) ______ 

b Dose per fraction (Gy) ______ 

Fig. 13.1 a,b. Relationship of cell kill to dose per fraction. 
a Early reacting tissues and tumour IX and b late reacting 
tissues ~ 

per day {a necessity to achieve the total dose}, the 
overall time is kept relatively constant and the total 
dose is raised. 

When giving more than one fraction per day, the 
interfraction interval has to be carefully considered 
to allow for as much repair of sublethal injury as 
possible in normal tissues. The proportion of recov
erable damage is less in tumours and acutely re
sponding tissues than in the late responding tissues 
{FOWLER 1984; THAMES 1985}. Moreover, the time 
for repair of sublethal injury also varies from tissue 
to tissue and in each, more than one process 
with differing time courses may be involved. The half 
times of repair were thought generally to be in 
the range of 30-l20 min. In a compromise between 
gaining the maximum amount of repair and the 
practical considerations of organisation within a de
partment, interfraction intervals of 4h were often 
employed. 

The RTOG carried out extensive studies of 
hyperfractionation. In the late 1970s, a pilot study 
designed to identify the appropriate fraction size in 
twice daily treatment in squamous cell carcinoma of 
the head and neck revealed that 1.5 Gy per fraction, 
twice daily, produced acute severe mucositis requir
ing treatment interruption, whereas 1.25 Gy twice 
per day was tolerated to 60 Gy without a break 
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{MARKS et al. 1978}. In 1983, phase I and II trials 
were instituted in locally advanced non-small cell 
lung cancer. Based on the pilot studies in head and 
neck cancer, a dose of 1.2 Gy twice per day with a 4-
8 h interfraction interval was selected. A randomised 
dose escalation trial was designed to allow the 
dose limiting effects of normal tissues to be taken 
into account during the study. Concurrent rand
omisation to the initial three dose arms of 60 Gy, 
64.8 Gy and 69.6 Gy gave acceptable toxicity and the 
dose was raised to 7404Gy and 79.2Gy. Treatment 
was given 5 days/week: 5004 Gy was given to the pri
mary tumour and regional lymphatics after which 
known tumour only was boosted to the total dose 
assigned at randomisation. All pre-treatment char
acteristics were well balanced amongst the five dose 
groups. There was no significant difference in the 
incidence of acute or late toxicity despite a 30% dif
ference in total dose. The response rates were not 
assessed and all deaths were recorded as treatment 
failures. Despite the increase in dose, there was no 
difference in survival with dose escalation {Cox et al. 
1990} {Fig. 13.2}. This result could mean that maxi
mum local control was achieved with 69.6 Gy or that 
treatment related toxicity mimicking tumour pro
gression may have been scored as tumour related 
deaths and not toxicity {BYHARDT 1995}. 

At the time of publication of these results, the 
Cancer and Leukaemia Group B {CALGB} published 
their results of a randomised controlled trial of con
ventional radiotherapy versus conventional radio
therapy with chemotherapy, which gave a survival 
advantage to the chemotherapy arm {DILLMAN et al. 
1990}. The RTOG re-analysed their data and found 
that if they used the same selection criteria as the 
CALGB, namely good performance status, stage III 
patients with <5% weight loss, then the 12- and 24-
month survival rates were higher with the 69.6-Gy 
dose than with the lower doses {P = 0.02}, with no 
survival differences between the two highest doses. 
Moreover, the 1- and 2-year survivals of this group 
were equivalent to that of the chemotherapy study: 
56% and 29% for hyperfractionation to 69.6 Gy, com
pared with 55% and 24% for the combined modality 
treatment respectively {Cox et al. 1990}. 

These results established 69.6 Gy as the most de
sirable dose to achieve in the treatment of non-small 
cell lung cancer with hyperfractionated radio
therapy. Subsequently the RTOG has focused on the 
addition of chemotherapy to hyperfractionated and 
conventional treatment. The combined regimes were 
tolerable and indeed gave results comparable to that 
of conventional radiotherapy with chemotherapy 
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(BYHARDT et al. 1995). In Europe, JEREMIC and his 
colleagues instituted a randomised study of hyper
fractionated radiotherapy 1.2 Gy twice daily to a total 
dose of 69.6Gy with or without chemotherapy con
sisting of carboplatin and etoposide given daily. The 
study showed the combination of hyperfractionated 
radiotherapy and low dose chemotherapy was toler
able and improved the survival of patients with stage 
III non-small cell lung cancer as a result of improved 
local tumour control (JEREMIC et al. 1996). 

Thus future research is now focusing on the 
scheduling of chemotherapy to hyperfractionated 
radiotherapy without any further developments of 
these radiation schedules. 

13.3 
Accelerated Radiotherapy 

Volume doubling times of tumours are slow and 
have been estimated for non-small cell lung cancer to 
extend over many months (STEEL 1977). When, how
ever, the cell kinetics of individual tumour cells was 
studied, it was demonstrated that they were in fact 
dividing rapidly (WILSON et al. 1988). Bromodeoxy
uridine (BrdUrd) is a chemotherapeutic drug which 
is incorporated into the S phase (Ts) of the cell cycle. 
If a low dose of BrdUrd is given to a patient, and a 
biopsy performed immediately, the number of cells 
in S phase, that is the labelling index (LI), can be 
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estimated. If a gap of 4-6 h is allowed to pass between 
injection and biopsy, then using flow cytometry and 
immunohistochemistry, the passage of BrdUrd la
belled cells through the cell cycle can be followed and 
the time ofS phase (Ts) estimated (BEGG et al. 1985). 
From this the potential doubling time (Tpot) can be 
calculated from the formula Tpot = a LIlTs. The 
mean Tpot for non-small cell lung cancer is 7.3 days. 
Rapid potential doubling times were also found in 
other tumours - head and neck, cervix, oesophagus 
and bowel - and led to the hypothesis that tumours 
could repopulate during a course of radiotherapy 
(BENNETT et al. 1992). 

In an unperturbed tumour, 90% of the progeny of 
each cell division dies, giving a high cell loss factor 
which accounts for the difference between the 
volume doubling time and potential doubling time 
of human tumours (DENEKAMP 1982). This high cell 
loss factor is thought to be due to the tumour cells 
being deprived of oxygen and nutrients as the size of 
the tumour increases. When, however, an effective 
treatment is given and a large number of tumour 
cells are killed, blood supply to the tumour is re
stored and the progeny of each cell division could 
survive, reducing the cell loss factor and leading to 
an effective repopulation of the tumour during the 
treatment course. 

To overcome this repopulation, shortened or ac
celerated forms of radiotherapy were devised. When 
treatment is accelerated, multiple doses are given on 
some (concomitant boost) or all treatment days. 
The dose per fraction may remain at 1.8-2.0Gy 
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(pure accelerated radiotherapy), or be reduced 
(hyperfractionated, accelerated radiotherapy). In all 
situations, the dose intensity of irradiation is in
creased and acute reactions will be more severe and 
dose limiting. Indeed, in some accelerated schedules 
the total dose has been reduced. If radiotherapy 
is hyperfractionated, decreased late morbidity may 
be expected particularly if the total dose is also 
reduced and the interfraction interval kept as long as 
possible. 

1. Pure accelerated radiotherapy. BALL et al. car
ried out a study of pure accelerated radiotherapy, 
with or without chemotherapy, in locally advanced 
non-small cell lung cancer (BALL et al. 1995). Sixty 
gray was given in 2-Gy fractions over 6 weeks and 
was compared to 60 Gy given in 2-Gy fractions twice 
per day over 3 weeks with an interfraction interval 
of 6h. Chemotherapy using concurrent low dose 
carboplatin was added to both arms of the study, 
giving a four arm trial. This study gave no benefit 
to the accelerated arm but did show benefit to the 
addition of chemotherapy (BALL et al. 1996). 

As expected the number of patients who devel
oped oesophagitis grade 3/4 and the length of time 
of oesophagitis was significantly increased. If all 
patients treated with accelerated or conventional 
radiotherapy with or without chemotherapy were 
analysed, there was a statistically significant increase 
in the time to relief of oesophagitis, P = <0.0001 (Fig. 
13.3). Nevertheless, consequential necrosis was not 
reported although in follow-up seven patients devel
oped an oesophageal stricture requiring dilatation, 

Accelerated AT 
49 piS 

Conventional AT 
47 PiS 

a 4 8 12 16 20 24 28 

Fig. 13.3. Duration of 
oesophagi tis in 96 patients 
randomised to conventional 
radiotherapy or accelerated 
radiotherapy (P < 0.0001, 
Mantel-Cox log rank test). 
Four patients who received 
little or no radiotherapy were 
excluded. (BALL el al. 1995) 

MONTHS OF ESOPHAGITIS 

Number not yet resolved 
Accelerated 48 18 6 4 2 o 

Conventional 41 2 0 
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six out of seven being in the accelerated radiotherapy 
arm. There was no reported increase in pulmonary 
or spinal cord toxicity. 

2. The concomitant boost - with this technique 
the planning methods were used to advantage. In 
normal circumstances, the large volume is irradiated 
to encompass the tumour and mediastinum and then 
a small volume to include the tumour only to a high 
dose. The large and small volumes follow each other 
sequentially but in the concomitant boost, the small 
volume is interdigitated as a second fraction during 
the large volume treatment and thus the overall time 
is reduced by almost 2 weeks with maintenance of 
the total dose. Once again, the interfraction interval 
is important and was usually 4-6 h. 

The concomitant boost was extensively studied by 
the RTOG, 350 patients being entered into a study in 
which three fractionation schedules were investi
gated. The large field received 1.8Gy, followed 4-6h 
later by 1.8 Gy 2-3 times weekly to the small volume 
boost fields. The first 61 patients received a total of 
63 Gy in 5 weeks - 45 Gy to the large field and 18 Gy 
to the boost field; morbidity was acceptable and the 
next 180 patients received a total dose of 70.2 Gy in 
51/2 weeks - 50AGy to the large field and 19.8Gy to 
the boost. Once again, toxicity was acceptable and 
the last 114 patients received 70.2 Gy in 5 weeks -
45 Gy to the large field and 25.2 Gy to the boost. Acute 
toxicity was somewhat increased in the group receiv
ing 70.2 Gy in 5 weeks but there was no difference in 
late toxicity among the three groups. There was also 
no difference in overall survival, 2-year survivals 
ranging from 16% (63Gy) to 21% (70.2Gy). It was 
concluded that further phase I/II testing was neces
sary before the concomitant boost could be taken 
into phase III trials (BYHARDT et al. 1993). 

3. Accelerated, hyperfractionated radiotherapy. 
Continuous, hyperfractionated, accelerated radio
therapy (CHART) is the most accelerated form of 
radiotherapy. The overall duration of treatment is 
reduced from 42 days to 12 days, by giving three 
fractions of 1.5 Gy/day for 12 consecutive days inclu
sive of Saturdays and Sundays, to a total dose of 
54 Gy. The interfraction interval is 6 h during the day 
and 12h overnight. With this schedule, it was hoped 
to improve local tumour control by reducing the 
time during which tumour proliferation could take 
place and to reduce late morbidity by using a low 
dose per fraction and lower than usual total dose 
(DISCHE and SAUNDERS 1990). 

Initial pilot studies in non-small cell lung cancer 
were carried out at Mount Vernon Hospital between 
1985 and 1990 and gave evidence for improved local 
tumour control and survival (SAUNDERS et al. 1991, 
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1993). In the light of these promising pilot studies, 
the CHART Steering Committee was set up under the 
auspices of the Medical Research Council to organise 
multicentre randomised controlled trials comparing 
CHART to conventional radiotherapy to a total dose 
of 60Gy. 

The randomised controlled trials commenced in 
April 1990 and were completed in March 1995. Thir
teen co-operating centres entered 563 patients with 
non-small cell lung cancer, confined to the chest, 
performance status 0 or 1, where the definitive treat
ment was to be by radiotherapy. The end-points of 
the study were survival, local tumour control and 
morbidity. At completion of the trials an interim 
report was published showing an increase in survival 
to the CHART arm (SAUNDERS et al. 1996). The data
base was updated in February 1997 and a further 
report published (SAUNDERS et al. 1997), which 
showed a significant survival advantage to the 
CHART arm of 9% at 2 years (from 20% to 29%, 
P = 0.004) Fig. l3Aa and a significant improvement 
in local tumour control of 8% (P = 0.027). Consider
ing the 82% of patients who had squamous cell carci
noma of the lung, the improvement in survival at 2 
years was 14% (19%-33%, P = 0.0002) (Fig. l3Ab). 
This was achieved by a significant improvement in 
local tumour control and a reduction in distant 
metastases at 2 years of 11 % (P = 0.006) and 9% 
(P = 0.02) respectively. 

Acute and late morbidity were carefully moni
tored in the study. The acute side-effects due to treat
ment were confined to the oesophagus, where 
dysphagia occurred sooner and was more severe in 
the CHART arm. However, in both arms, the symp
tom of dysphagia settled satisfactorily, with only 9% 
of the CHART patients and 7% of the conventional 
cases reporting some persistent dysphagia at 12 
weeks. In all patients, the radiation oesophagitis 
settled and there was no incidence of consequential 
necrosis. The frequency and severity of radiation 
pneumonitis as assessed by chest X-ray at 3 months 
was marginally greater in the conventionally treated 
cases, which was also reflected in a slightly higher 
incidence of symptomatic radiation pneumonitis 
(19% compared to 10% respectively). 

Lhermitte's sign occurred in eight patients, all 
treated with CHART. The Lhermitte's sign occurred 
3-16 months after treatment, with a mean time of 
occurrence of 9.1 months. In later follow-up the 
symptoms settled and there was no incidence of 
radiation myelitis. 

Late morbidity was assessed in terms of pulmo
nary fibrosis, radiation myelitis and oesophageal 
strictures. In all assessments the incidence of late 
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morbidity was low and there was no difference 
between the two arms of the study. 

In conclusion, the CHART trial gave increased 
local tumour control and survival with equal 
morbidity. 

The RTOG has tested an Americanised version of 
CHART in 25 patients: the schedule was modified 
so that the three times a day radiotherapy could be 
accomplished within an 8-h day, 5-day week. Here 
1.1 Gy three times per day with a 4-h interfraction 
interval was given to a total of 79.2 Gy. Acute 
reactions have been reported as less than that of 
conventional radiotherapy and early responses are 
favourable (HERSKOVIC et al. 1991). 

In an attempt to dose escalate the CHART regi
men, and in addition to make it more acceptable 
to a larger number of departments, CHARTWEL 
(CHART-Week-End-Less) has been piloted. With 
this, 1.5 Gy/fraction, three times per day has been 
given on 5 working days of the week. A total of 54 Gy 
was achieved in 16 days and the dose has been esca
lated to 60 Gy by increasing the number of fractions 
without any significant increase in acute morbidity. 
CHARTWEL to 60 Gy has been taken into ran
domised controlled trial in Germany comparing it to 
conventional radiotherapy. 

In the United States a true CHARTWEL regime 
has been piloted by WAGNER, where 57.6 Gy is given 
in 36 fractions, over 16 days, by giving l.5 Gy in the 
morning and evening and 1.8 Gy at midday when the 
small volume is treated. This regime has proved tol
erable and is now being taken forward by the Euro
pean Cancer Oncology Group into randomised 
controlled trial with the addition of neoadjuvant 
chemotherapy with carboplatin and Taxol (MEHTA 
et al. 1997). The results of this study are eagerly 
awaited. 

13.4 
Interfraction Interval 

As clinical experience was gained in the treatment of 
tumours of the upper aero-digestive tract with more 
than one fraction per day, it became apparent that 
the interfraction interval was extremely important. 
In the CHART studies an interfraction interval of6h 
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was chosen. Despite this, radiation myelitis was re
corded in five patients with head and neck cancer at 
doses between 44 and 49Gy (DISCHE and SAUNDERS 
1989). This was an unexpected finding at the low 
dose per fraction, which should have given an oppor
tunity for dose escalation. Subsequent animal stud
ies showed that the increased morbidity was due to a 
slow component of half-time of repair in neuro
logical tissues (ANG et al. 1992; LANDUYT et al. 1997; 
GUTTENBERGER et al. 1992; RUIFROK et al. 1992). 
Care must therefore be taken when devising regimes, 
such that the interfraction interval is as long as is 
practically possible and the dose to the spinal cord is 
limited. 

During the CHART randomised controlled trials 
in which 559 patients with head and neck cancer, in 
addition to 338 with NSCLC, received CHART, there 
has been no incidence of radiation myelitis but the 
dose to the spinal cord in the CHART arm was 
limited to 40 Gy in normal circumstances, with a 
maximum of 44 Gy. 

In the RTOG study of twice daily treatments, it 
was noted that those cases in which the interfraction 
interval was less than 4.5 h showed a higher late mor
bidity than those in which it was longer (MARCIAL et 
al. 1987). These findings were confirmed in a further 
review of the data reported by Cox, when once again 
late morbidity was increased in those in whom the 
interfraction interval was less than 4.5 h (Cox et al. 
1991). 

On the other hand, JEREMIC et al. reported on 
the interfraction interval as regards local tumour 
control and survival. He analysed the effects of the 
interfraction interval in the study of hyperfrac
tionated radiotherapy with or without concurrent 
chemotherapy in stage III non-small cell lung cancer. 
He showed that patients treated with shorter 
interfraction intervals (4.5-5 h) had a better progno
sis than those treated with longer intervals (5.5-6 h), 
giving median survivals of22 vs 7 months and 5-year 
survival rates of 27% vs 0%. Considering all the prog
nostic factors, multivariate analysis showed that the 
interfraction interval was an independent prognostic 
factor and he concluded that further prospective 
randomised controlled trials are warranted to fur
ther investigate these effects (JEREMIC and 
SHIBAMOTO 1996). 

Fig. 13.4 a,b. Kaplan-Meier curves: a overall survival and b overall survival by treatment allocated to the 461 patients with 
squamous cell carcinous by treatment allocated for all 563 patients randomised into the CHART trial in NSCLC. (SAUNDERS 
et al. 1997) 
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13.5 
Overall Time 

It was WITHERS and MACIEJEWSKI who first re
ported the effect of overall time on the outcome in 
terms of local tumour control in patients with head 
and neck cancer (WITHERS et al. 1988). They showed 
that after a lag period of 2-21/2 weeks the dose had to 
be increased with increasing time if local tumour 
control was to be maintained. The lag period of 21/2 
weeks was subsequently challenged by BENTZEN in a 
review of the literature but the fact that tumour 
repopulation may lead to decreased control with in
creasing overall times has not been challenged 
(BENTZEN and THAMES 1991). 

A review of data at many sites has confirmed this 
finding. Cox et al. reviewed the effect of interrup
tions in radical radiotherapy in favourable patients 
with non-small cell lung cancer. They also found that 
prolongation of overall time adversely affects long 
term survival, which was associated with delays 
to completion of the planned total dose (Cox et al. 
1993). In many of these studies, poor general condi
tion, advanced tumours or unexpected acute mor
bidity could have led to the increase in overall time 
and poor survival, rather than the overall time alone. 
If one, however, considers studies of split course 
treatment, particularly if they were randomised, then 
the results are more reliable. In Denmark and the 
United States, conventional and split course radio
therapy in head and neck was compared and gave 
evidence for a reduction in local tumour control with 
prolonged overall time (OVERGAARD et al. 1988; 
PARSONS et al. 1980). 

These findings have implications for the manage
ment of patients with non-small cell lung cancer. 
FOWLER et al. have estimated that a week's increase 
in overall time can lead to a reduction in control of 
14% (FOWLER and LINDSTROM 1992). This must lead 
us to re-evaluate not only altered fractionation 
schemes but also conventional radiotherapy and re
consider the increase in overall time caused by bank 
holidays and machine servicing. At my own institu
tion, treatment is given over such holidays, if the 
overall time is to be increased by more than 2-3 days. 

13.6 
Conclusion 

The clinical regimes described have been devised in 
an effort to improve the therapeutic benefit in the 
radiotherapy of non-small cell lung cancer. The 
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studies have shown that a low dose per fraction pref
erentially spares late reacting tissues and that cellu
lar proliferation is an important cause of failure of 
local tumour control. Data has been presented to 
show that the interfraction interval and overall time 
are important in outcome and supports the fact 
that in devising future research protocols, gaps in 
treatment - whether that be between surgery, radio
therapy or chemotherapy - should be kept to a mini
mum. Care will need to be taken when combining 
chemotherapy with radiotherapy concurrently, as it 
is anticipated that there will be an increase in normal 
reactions and this must be kept within reasonable 
levels whilst completing all treatment in the shortest 
possible time. 
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Lung cancer is one of the leading causes of cancer 
mortality in the world. While surgery can produce 
up to 40%-50% cure rates in patients with stage I 
and II non-small cell lung cancers (NSCLC) 
(SCHOTTENFELD et al. 1996), a majority of patients 
present with stage III or IV disease. Of these, stage 
IlIa and IlIb, or locally advanced disease, represent 
40%-50% of all cases. In this important category, 
surgery alone has a very limited role and radiation 
therapy alone produces only about 5% long term 
survival. Platinum-based chemotherapy, when com
bined with radiotherapy, increases the survival but 
the overall gain is still quite modest (MIRIMANOFF 
1994). Even if a majority of patients treated with 
radiotherapy succumb from distant metastases, it 
has been consistently demonstrated that the local 
control in locally advanced cases is quite low, 
somewhere between 20% and 50%. It seems that 
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combination chemotherapy given prior to, or after 
radiotherapy, little alters the local failure rate 
(LECHEv ALlER et al. 1991). It is also recognized now 
that in small cell lung cancer (SCLC), a disease cat
egory in which almost all patients will develop 
haematological metastases, there is still a significant 
percentage of patients who will die with uncontrolled 
intrathoracic disease, in spite of the fact that radio
therapy has an impact on local control and even on 
survival (PIGNON et al. 1992). It appears then that to 
improve the local control of lung cancer, and thus 
hopefully its survival, radiotherapy should be ren
dered more efficacious. 

A number of means exist to ameliorate the effects 
of radiotherapy. These include dose escalation via 
conformal radiotherapy, en do luminal brachyther
apy, intraoperative radiotherapy, increment of dose 
by unconventionally fractionated schedules, the 
combination of radiotherapy with newer and hope
fully more efficient chemotherapies, and radiation 
modifiers. The former are described in other parts of 
the book, and the current chapter will focus on the 
latter. 

14.2 
Definition of Modifiers 

For lung cancer as for many human cancers treated 
with curative intent, the radiation dose is limited by 
the tolerance of normal critical tissues in close prox
imity to the tumor (TANNEHILL and METHA 1996). 
The distance between the well known sigmoid
shaped radiation dose-response curves of tumor and 
normal tissues represents the therapeutic index. Un
fortunately in NSCLC the therapeutic index is not 
very favorable, since a dose required to obtain a 
probability of, say, 90% of tumor control would 
result, with current methods and most of the time, in 
unacceptable normal tissue toxicity. Separating the 
two dose-response curves using a radiation modifier 
is one particular means of improving the therapeutic 
index. 
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Chemical or biological modifiers of radiation 
comprise radiation sensitizers and radiation protec
tors. By definition, modifiers should not have an 
intrinsic therapeutic value but should be clinically 
active only when used in combination with irradia
tion. When administered alone, a true sensitizer 
should have no effect whatsoever on tumor cells and 
a true protector no effect on normal tissue. Further
more, an ideal radiation sensitizer should not in
crease the damage of radiation to normal tissues, and 
conversely an ideal protector should not protect the 
tumor from irradiation. 

Radiation sensitizers can be divided into several 
categories, including hypoxic cell sensitizers and 
non-hypoxic cell sensitizers. The latter family can 
be further subdivided into biochemical and biologi
cal sensitizers, such as the interferons. This distinc
tion between the various categories of radiation 
sensitizers is practical but not always so clear-cut, 
since, for example, some compounds can sometimes 
act both as hypoxic cell sensitizers and as cytotoxic 
agents. 

14.2.1 
Hypoxic Cell Sensitizers 

Hypoxia is only one of the many conditions related 
to microenvironmental alterations which occur in 
most cancers. Interestingly, the key paper by 
THOMLINSON and GRAY over 40 years ago, in which 
these authors described a steep fall in oxygen tension 
at a distance from tumor capillaries, was made fol
lowing a study of the histological pattern seen in 
bronchial carcinomas (THOMLINSON and GRAY 
1955). 

Since these observations were made, a large body 
of animal and human data have demonstrated that 
hypoxia is present in many tumors (ROJAS 1991; 
VAUPEL et al. 1991; HacKEL et al. 1991; NORDSMARK 
et al. 1994). 

VAUPEL et aI., using the Eppendorf oxygen elec
trode system, have assessed the oxygenation ofvari
ous human cancers and their surrounding tissues 
(VAUPEL et al. 1991; HacKEL et al. 1991; VAUPEL 
1994) and have shown a very wide range of oxygen 
content values, which were on average lower in 
tumors than in their normal tissue counterpart. 
GATENBY, using similar techniques, correlated the 
degree of hypoxia with the treatment outcome, 
which was significantly worse in tumors with the 
lowest intratumoral oxygen content (GATENBY et al. 
1988). 

R.O. Mirimanoff 

In order to understand the main strategies used to 
counteract radioresistance due to tumor hypoxia, a 
few basic related mechanisms are briefly mentioned 
here. There are two particular situations in which 
tumor cells can become hypoxic. The first, chronic 
hypoxia, is due to a limitation of the capacity of 
oxygen to diffuse beyond about 150J.1m from a 
tumor capillary, caused by the consumption of oxy
gen by the cells closest to the vessel. The second, 
acute or intermittent hypoxia, results from intermit
tent opening and closure of tumor vessels (COLEMAN 
et al. 1988; CHAPLIN et al. 1986; BROWN 1979). What
ever the cause, in hypoxic conditions it requires two 
to three times the radiation dose to produce the same 
fraction of cell killing as obtained in room air (HALL 
1994a). The oxygen enhancement ratio (OER) or the 
sensitizer enhancement ratio (SER) represents the 
ratio of radiation dose required to kill the same frac
tion of cells under hypoxia compared to oxygen 
conditions (OER) or to when a sensitizer was added 
(SER) (COLEMAN et al. 1994). The presence of 
oxygen is of paramount importance for cell killing: 
oxygen is said to "fix" the DNA damage caused by 
free radicals induced by ionizing radiation. This pro
cess competes with the restoration of damage, in 
which reducing agents such as the thiols playa major 
role (COLEMAN et al. 1994). Thiol depletion could, 
for example, be used to increase tumor radiosensi
tivity. Hypoxia has many other consequences, as 
shown by a number of experiments using cellular or 
molecular biology techniques. Of the many ex
amples, hypoxia can lead to accumulation in G) 
phase of the cell, leading to treatment resistance 
(SHRIEVE et al. 1983). Cells under hypoxia can also 
undergo gene amplification, which may be involved 
in drug resistance and metastatic potential (LUK et 
al. 1990; YOUNG and HILL 1990). 

The most commonly used means to overcome 
radioresistance induced by hypoxia are shown on 
Table 14.1. 

The most simple and most logical strategy to 
counteract hypoxia is to augment oxygen delivery 
to tumors (COLEMAN et al. 1994). This can be done 
by using pure oxygen, hyperbaric oxygen, blood 
transfusion, perfluorocarbons, and carbogen 
(DISCHE 1991a,b; OVERGAARD and HORSMAN 1996; 
GUICHARD 1991; COLEMAN et al. 1994). Carbogen 
enhances tumor blood flow and shifts the hemoglo
bin dissociation curve to the right, thus depressing 
the affinity of hemoglobin for oxygen (KRUUV et al. 
1967). While hyperbaric oxygen and carbogen are 
probably mostly active against chronic hypoxia, 
some chemical compounds, such as nicotinamide, 
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Table 14.1. Strategies to overcome radioresistance due to 
hypoxia 

Increase in oxygen delivery 
• Carbogen breathing 
• Hyperbaric oxygen 
• Perfluorocarbons 
• Blood transfusions 
• Drugs to counteract intermittent hypoxia 

Hypoxic cell sensitizers 
• Nitroimidazoles 
• GSH depletion (BSO) 

Bioreductive agents 
• Mitomycin C 
• Porfiromycin 
• Tirapazamine 

an amide derivative of niacin, were shown to coun
teract acute or intermittent hypoxia (HORSMAN et al. 
1989). The combination of carbogen and nicotina
mide led in animal models to enhancement ratios of 
1.8, a major radiosensitization (KJELLEN et al. 1991). 

The use of hypoxic cell sensitizers represents an
other strategy to overcome hypoxia-induced radio
resistance. The nitromidazoles are a class of widely 
studied compounds with so-called oxygen-mimetic 
properties. The early drugs metronidazole and 
misonidazole showed experimental SERs of 1.3-1.6, 
but were abandoned in the late 1980s because of 
their gastrointestinal and neurological toxicity. 
Etanidazole, and nimorazole seem to be better toler
ated and have been the subject of intensive investiga
tions (COLEMAN et al. 1992; OVERGAARD et al. 1991). 

Another group of drugs, represented by 
mitomycin C and porfiromycin (SARTORELLI 1988), 
were developed as bioreductive agents, that is che
motherapeutic agents activated under the hypoxic 
state. SR 4233 or tirapazamine is a more recent prod
uct, which was shown to enhance markedly radia
tion-induced tumor killing (BAKER et al. 1988; 
BAILEY et al. 1992). In contrast to mitomycin C, the 
enhancement ratio by tirapazamine does not de
crease with the number of fractions (BROWN and 
SUM 1996). Bioreductive drugs differ from oxygen
mimetic sensitizers, as the latter do not require 
metabolic activation. 

Lastly, thiol depletion could be used to decrease 
the protection from radiation: buthionine
sulfoximine (BSO) was shown to decrease glu
tathione (GSH) synthesis and to sensitize hypoxic 
cells to radiation (BUMP and BROWN 1990). 

As will be seen later in this chapter, clinical expe
rience using strategies overcoming hypoxia is still 
limited in lung cancer. 

Table 14.2. Non-hypoxic cell sensitizers 

Halogenated pyrimidines 
• BUdR 
• IUdR 
• FUdR 

Hydroxyurea 

Lonidamide 

Metodopramide 

Chemotherapeutic agents as sensitizers 
• Platinum compounds 
• Etoposide 
• Taxanes 
• Topotecan 
• Vinorelbin 

14.2.2 
Non-hypoxic Cell Sensitizers 

Many drugs, sometimes referred to as aerobic radia
tion sensitizers, have been identified in the past 30 
years. They were developed to enhance the radiosen
sitivity of intrinsically radioresistant oxic tumor 
cells. Unfortunately, the large majority of these com
pounds were found to be non-specific, and the 
almost parallel increase in normal tissue toxicity 
wiped out any therapeutic gain. 

However, a differential sensitization is seen in a 
few drugs. Some of the most studied non-hypoxic 
cell sensitizers are shown in Table 14.2. 

The halogenated pyrimidines 5-bromodeoxyu
ridine (BUdR) 5-iododeoxyuridine (IUdR) and 
ftuorodeoxyuridine (FUdR) act on proliferating cells 
and may preferentially sensitize rapidly dividing 
tumor cells, rather than the more slowly proliferat
ing surrounding normal tissue cells. BUdR and IUdR 
are incorporated into the DNA, and initial radia
tion damage by single strand break and double 
strand break can be increased as much as twofold 
(KINSELLA et al. 1987). After drug exposure, the cel
lular repair process appears to be saturated. Analysis 
of the linear quadratic model shows that halogenated 
pyrimidines have an effect on the a-component of 
the radiation survival curve, which is again consis
tent with an increase in the DNA damage process 
(MILLER et al. 1992). 

Hydroxyurea, an antineoplastic drug used for 
more than 40 years, was shown in proliferating cells 
to induce a block in the G1-S phase of the cell cycle, 
and to cause cell synchronization (SINCLAIR 1968). It 
was also demonstrated to inhibit potentially lethal 
damage repair after irradiation (PHILLIPS and 
TOLMACH 1966). 
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Lonidamine, a modulator of cellular energy me
tabolism, has a significant antineoplastic effect 
when combined with radiotherapy (KIM et al. 1986) 
or alkylating agents (TEICHER et al. 1991). It does not 
act as an electron-affinic sensitizer, and produces a 
greater enhancement of radiation with fractionated 
schemes (KIM et al. 1986). The main mechanism of 
action seems to be the inhibition of potentially lethal 
damage repair of radiation. 

Metoclopramide (MCA), a drug widely used as 
an antiemetic, can increase the cytotoxic effect of 
cisplatin and irradiation in experimental tumor 
models without an increase in normal tissue damage 
(KJELLEN et al. 1989). Its mechanism of action is not 
completely known, but it was shown to increase the 
level of DNA damage and inhibit DNA repair after 
irradiation (LYBAK and PERO 1991). 

In addition to mitomycin C and hydroxyurea, 
many other chemotherapeutic agents can act as ra
diation modifiers, although in a majority of cases the 
specificity of their sensitizing property is of doubtful 
significance. 

In too many experimental or clinical studies there 
is no clear definition of the rationale for the combi
nation of cytotoxic drugs with radiotherapy. The 
association can take advantage of their spatial coop
eration, their additive cytotoxic effect, or the drug 
can be used mainly as a radiosensitizer. A few drugs 
are sometimes used for this latter purpose only, and 
if so, they are generally used in daily small doses or 
in continuous infusions concurrently with daily ra
diotherapy, rather than in cycles. 

Platinum compounds have been extensively 
studied for their interaction with radiation (DEWIT 
1987). These drugs impair radiation-induced poten
tially lethal damage repair of DNA and act also by 
free radical-related mechanisms. 

Etoposide seems to fix rapidly repairable radia
tion-induced DNA damage; in addition cells arrested 
in Gz by radiation are very sensitive to this drug 
(LALLEV et al. 1993). 

Taxol at low dose alone did not perturb the cell 
cycle, but when combined with irradiation it pro
duced a prolonged block in GzM (STEREN et al. 1993), 
a very radiosensitive phase of the cell cycle. 

Vinorelbine, a semisynthetic vinca alcaloid, is a 
potent inhibitor of mitotic microtubule polymeri
sation. It was shown to be very active against human 
bronchial epidermoid carcinoma (EDELSTEIN et al. 
1996). In vitro, exposure of NCI-H460 cell line to 
vinorelbine, followed by radiotherapy, dislosed a 
dose-dependent sensitivization. Ratios of fractional 
survival ranged from 1.7: 1 at 1 Gy to 5.5.1 at 6Gy. 
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The greatest potential was seen after cells had pla
teaued in the GzM phase of the cycle (EDELSTEIN 
et al. 1996). 

Topotecan can produce an important enhance
ment of the radioresponse, by cell cycle synchroniza
tion mechanisms and by inhibition of potentially 
lethal damage repair (DEL BINO et al. 1992; 
BOOTHMAN et al. 1992). 

The combination of multidrug chemotherapy and 
ionizing radiation will not be discussed here and will 
be presented in another chapter. 

14.2.3 
Cytokines and Interferons 

The interactions between radiation and the various 
cytokines are very complex. Many cytokines are ra
diation inducible, and when released after exposure 
to ionizing radiation they can produce a number of 
autocrine or paracrine effects. Tumor necrosis factor 
(TNF), interleukin 1 (IL-l), platelet-derived growth 
factor (PDGF-P) and transforming growth factor 
(TGF-P) are released by irradiated cells and bind to 
their respective receptors to produce further biologic 
response (HALLAHAN et al. 1993). For example, TGF
P production can result in endothelial cell prolifera
tion and is thought to be associated with the 
pathologic changes of late radiation injury. Con
versely, IL-l and IL-6 were shown to act as 
radioprotectors on the bone marrow (HALLAHAN 
et al. 1993). 

Looking more specifically at the induction of 
cytokines by ionizing radiations on normal lung 
tissue, RUBIN and his group conducted a series of 
experiments in animal models (RUBIN et al. 1995). 
Radiation fibrosis-prone mice received thoracic irra
diation at 5 and 12.5 Gy. At various times after expo
sure, expression of cytokine and extracellular matrix 
mRNA abundance was evaluated by slot-blot analy
sis and cellular localization by in situ hybridization 
and immunochemistry. These investigators showed 
the pattern of IL-la and TGF-p elevation and de
cline, and in parallel the correlation with the eleva
tion of the fibrogenic markers for collagen genes. 
The authors conclude that the temporal relationship 
between the elevation of specific cytokines and the 
histological and biochemical evidence of fibrosis 
serves to illustrate a continuum of response and un
derlies pulmonary radiation reactions (RUBIN et al. 
1995). 

Interferons are glycoproteins produced by several 
cell types in response to foreign aggressions and 
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tumors. Interferon-a (INF-a) is produced by leuko
cytes, interferon-p (IFN-P) by fibroblasts, macroph
ages and epithelial cells and interferon-y (IFN-y) by 
activated T -lymphocytes and natural killer cells. 
They interact with their target by binding to specific 
cell surface receptors, one for IFN-a and IFN-p (class 
I) and one for IFN-y (class II) (PETSKA et al. 1987). 
Interferons may be cytostatic or cytotoxic. For ex
ample, INF-a causes cells to accumulate in Go/Gp 

which could be responsible for its anti proliferative 
effect (TAMM et al. 1987). 

All three interferons augment the expression of 
cell surface antigens such as MHC antigens or TNF 
receptors, making cells more recognizable by cyto
toxic lymphocytes or TNF. Interferons have also 
been demonstrated to enhance the effect of ionizing 
radiation. 

Recombinant IFN-a-2b was shown to increase 
the sensitivity of SCLC cell lines to radiation 
(KARDAMAKIS et al. 1989). In another study, IFN-p 
sensitized another human bronchogenic carcinoma 
cell line, whereas IFN-a did not (GOULD et al. 1984). 
In a hypernephroma cell line, compared with IFN-a 
and IFN-y, IFN-P had the most significant effect on 
repair of sublethal damage (CHANG and KENG 1987). 
flow cytometry analysis demonstrated accumulation 
of cells in the radiosensitive G2-M phase of the cell 
cycle (CHANG and KENG 1987). 

The increased antiproliferative activity with IFN
p plus radiation over either agent alone suggested 
synergism in two human glioma and lung cancer 
lines (WITT et al. 1993). Overall, there are several 
indications that of all IFNs, IFN-p possesses the 
greatest radiation killing enhancing effect. 

In animal models and in clinical experiments, 
both radioprotection and enhancement of radiation 
effects were observed on normal tissues, depending 
on the type of interferons. IFN-P can provide radia
tion protection in radiation-induced fibrosis in mice 
(McDoNALD et al. 1993a). On the molecular level, 
there is some evidence that interferons can inhibit 
the release of some growth factors ultimately respon
sible for late radiation damage. 

14.2.4 
Radioprotectors 

To decrease the normal tissue complication prob
ability (NTCP) after irradiation, the most current 
approach consists of excluding as much normal tis
sue as possible from the irradiated volume, by using 
sophisticated three dimensional planning and con-

formal radiotherapy. However, in many situations, 
even with the best available techniques iI).cluding 
proton-beam radiotherapy, it is impossible to spare 
enough critical normal tissue when the latter is to
tally encompassed or infiltrated to a great extent by 
the tumor. Thus, another method to decrease NTCP 
is to render normal tissue more resistant to the ef
fects of radiation, without causing tumor protection. 

Several thousands of agents defined as radio
protectors have been developed, and the most re
markable group are the sulfhydryl compounds. 
Cysteine was shown in the late 1940s to protect the 
bone marrow of rodents from total body irradiation 
(PATT et al. 1949). The mechanism of action involves 
the scavenging of free radicals produced by ionizing 
radiation (HALL 1994b). Sulfhydryl compounds 
block the process leading to the breaking of chemical 
bonds within the DNA by reacting with the free radi
cals in competition with oxygen (HALL 1994b). It is 
estimated that effective scavenging to the largest 
possible value would equal the OER with a value of 
2.5-3.0. Amifostine (WR 2721) is the most effective 
aminothiol identified so far; the active form of 
the drug is WR-1065. Preclinical studies in animal 
and human tumor xenograft systems have shown 
that amifostine does not cause significant tumor 
protection (MILAS et al. 1984). As seen before, the 
mechanisms of protection are those inherent in 
aminothiols; however, amifostine normal tissue se
lectivity is also likely to be due to additional factors 
(CALABRO-JONES et al. 1985; YUHAS 1980). The gen
erally inferior blood supply in tumors may result in a 
lower amifostine concentration in tumor cells. The 
conversion of amifostine to WR-1065 is dependent 
on capillary membrane-bound pH-dependent alka
line phosphatase, which is present in a lower concen
tration in neoplastic tissues than in normal tissues. 
Finally cellular uptake of the drug is a passive pro
cess in tumors and an active transport mechanism in 
normal tissues, resulting in a higher concentration in 
normal cells (YUHAS 1980). 

14.3 
Clinical Experience 

It is fair to say that overall, radiation modifiers have 
not been studied as extensively in lung cancer as in 
other tumor sites. A literature review indicates that 
radiation sensitizers or protectors have been mainly 
tested in cancer types with a dominant local or 
locoregional pattern of extent, typically head and 
neck cancers, uterine cervix cancer and brain 
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tumors. Experience with NSCLC is more limited, 
perhaps because this kind of tumor was not felt to be 
an interesting target for the study of radiation modi
fiers. However, and as already emphasized in the 
"Introduction," local failure rates after curative ra
diation are still quite high and it is reasonable to 
assume that an increment in local control can lead to 
improved survival, at least in a subgroup of patients. 

14.3.1 
Clinical Experience in Counteracting Hypoxia 

An overall review was made by OVERGAARD and 
HORSMAN to look at all human trials designed to 
correct hypoxia before and/or during radiotherapy 
(OVERGAARD and HORSMAN 1996). Various proce
dures were used, including high oxygen-content gas 
breathing, nitro aromatic radiation sensitizers, blood 
transfusions, hemoglobin-affinic modifiers and 
nicotinamide. A total of 83 randomized trials using 
one or another of these procedures were identified, 
in which a total of over 10000 patients were enrolled. 
Although a number of these trials yielded no benefit, 
an overview analysis of the different cancer types 
showed that modification of tumor hypoxia signifi
cantly improved the loco regional tumor control after 
radiotherapy, with an odd ratio of 1.21 (OVERGAARD 
and HORSMAN 1996). Indirect support for the influ
ence of hypoxia on radioresponse comes from obser
vations showing a correlation between tumor control 
and hemoglobin concentration (OVERGAARD and 
HORSMAN 1996; DISCHE 1991a). In this respect only 
two papers have shown that in lung cancer, hemoglo
bin level seems to have an impact on the outcome 
after iradiation (DISCHE 1991a). However, direct evi
dence of a benefit in correcting hypoxia is lacking 
in lung cancer from any of the eight randomized 
trials concerning this tumor type, as reviewed by 
OVERGAARD and HORSMAN. In these 8 randomized 
trials, 624 patients were accrued. Overall local 
control was 36.5% in the groups of patients treated 
with radiotherapy and a hypoxic modifier, versus 
32.6% with radiation alone. This difference was not 
significant (P = 0.32) and the odd radio was 1.19 
(±0.33) (OVERGAARD and HORSMAN 1996). 

Among these randomized trials, two of the ROTGs 
tested misonidazole in stage III NSCLC. A first phase 
III study compared 53 patients treated with 6 Gy, 
twice weekly, for a total dose of 36 Gy with 
misonidazole at 1.75 gm/m2 prior to each radiation, 
to a radiation of the same type alone (SIMPSON et al. 
1987). This hypo fractionated scheme had substantial 
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toxicity; furthermore, no improvement in local 
control was seen with misonidazole. In this study, 
the overall median survival was particularly poor, at 
7 months regardless of treatment. 

Another RTOG trial compared 123 patients who 
received irradiation alone to 116 who were given 
radiation and misonidazole (SIMPSON et al. 1989). 
Radiotherapy was a standard fractionation regime of 
60 Gy at 2 Gy per fraction in 30 fractions, and 
misonidazole was prescribed at 400 mg/m2 daily, 
prior to each fraction. Results in the 239 eligible pa
tients showed no improvement in response rate, 
local control and survival for those who received 
misonidazole (SIMPSON et al. 1989). As in the previ
ous study, the median survival, 8 months for the 
control arm, and 7.4 months for the experimental 
arm, was particularly poor. 

Fluosol, a perfluorochemical emulsion, has been 
tried as an adjuvant to radiation in the treatment of 
unresectable non-small cell carcinoma of the lung, 
and was shown to be safely administrable. Of 49 
patients with locally advanced NSCLC treated with 
fluosol and O2 breathing in addition to radiotherapy, 
22 experienced mild to moderate side effects, includ
ing flushing, dyspnea, hypertension and fever or 
chills. Radiotherapy dose was 59.4-68Gy. Thirty
four completed the treatment, and 17 achieved a 
complete response. The median survival of patients 
completing the protocol was 15.5 months, but for the 
entire group of patients median survival was only 
9.2 months (LUSTIG et al. 1990). 

ARC ON, or the administration of accelerated ra
diotherapy, carbogen and nicotinamide, in an at
tempt to overcome rapid cell proliferation, chronic 
and intermittent hypoxia (KJELLEN et al. 1991) has 
been tested in an EORTC phase I-II trial (BERNIER 
1998). Thirty-nine patients with NSCLC were en
rolled: 10 in the step with carbogen, 12 in the step 
with nicotinamide, and 17 in the carbogen and nico
tinamide arm. Preliminary results indicate a moder
ate toxicity, with 9% grade 3 lung reactions, 11 % 
grade 3 and 34% grade 2 gastrointestinal toxicity, 
and in 7% nicotinamide had to be stopped. The re
sponse rate was similar in the three arms and was 
63% overall (BERNIER 1998). It is still too early to 
make an assessment regarding survival. 

In conclusion, in spite of the fact that there is good 
evidence that hypoxia is present in lung cancer, there 
are no consistent data at this time to demonstrate 
that the various means of correcting hypoxia im
prove local control or survival in this cancer cat
egory. Further data on ARCON and on newer 
methods of overcoming hypoxia are awaited with 
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interest, to see if similar strategies should be 
pursued. 

14.3.2 
Clinical Experience with Non-hypoxic 
Cell Sensitizers 

So far, there have been no available data in the litera
ture concerning the use of the halogenated pyrim
idines IUdR and BUdR in association with 
radiotherapy in lung cancer. 

Lonidamine with irradiation was evaluated in a 
prospective randomized study (SCARANTINO et al. 
1994). A total of 310 patients with locally advanced 
lung cancer were enlisted on this study: 152 were on 
the placebo arm and 158 on the lonidamine arm. The 
radiotherapy dose was 55-60 Gy at 1.8 Gy/fraction 
and the lonidamine was prescribed at 256mg/m2 in 
three daily doses. The study failed to demonstrate 
any significant advantage in the lonidamine-treated 
population in overall survival, progression-free 
survival or median duration of local control 
(SCARANTINO et al. 1994). 

Metoclopramide (MCA) was tested in a phase IIII 
study in conjunction with radiotherapy in patients 
with inoperable squamous cell carcinoma of the lung 
(KJELLEN et al. 1995). MCA was tested at two dose 
levels: 1 mg/kg 5 days/week or 2 mg/kg three times a 
week. The radiotherapy dose was 40-60 Gy with con
ventional fractionation. The 50% response rate, the 
median survival of 15 months, and the correlation 
between various endpoints and the total MCA doses 
were interpreted by the authors as favorable enough 
to justify the initiation of a phase II/Ill randomized 
study (KJELLEN et al. 1995). 

The large majority of programs using chemo
therapy and radiotherapy in locally advanced lung 
cancer were not conceived primarily as using cyto
toxic agents as radiosensitizers. A combination of 
radiotherapy and chemotherapy will be dealt with in 
another chapter. However, in the past 15-20 years, 
some single agents were used concomitantly with 
radiation to improve its efficacy. 

Continuous 5-fluorouracil (5-FU) at 300-
1000mg/m2 was reported to be feasible but the re
sults of two phase II studies were unconvincing 
(KELLY et al. 1989; LOKICH et al. 1989) and no phase 
III trials were undertaken. 

Low dose, daily cisplatin at 3-6 mg/m2 was tested 
in a series of phase II trials, showing a good feasibil
ity and rather high response rates (VAN HARSKAMP 
et al. 1987; TOBIAS et al. 1987; ELLEBROCK et al. 1991; 

TRovo et al. 1992a). Two randomized studies were 
conducted to confirm these results (TRovo et al. 
1992b; SCHAAKE-KONING et al. 1992). The Italian 
trial, in which patients were randomized between 
radiotherapy alone and radiotherapy with 6 mg/m2 

cisplatin daily, failed to demonstrate any difference 
between the two arms in median survival and in local 
control (TRovo et al. 1992b). The EORTC trial ran
domized patients between (1) no chemotherapy, (2) 
cisplatin 70 mg/m2 every week and (3) cisplatin 6 mg/ 
m2 daily. The radiotherapy for all patients was a 
split-course regime with a total dose of 55 Gy, in 20 
fractions. The results were positive, the arm with 
daily cisplatin having a significantly better local 
control and survival compared to the control arm 
(SCHAAKE-KoNING et al. 1992). 

Carboplatin was also tested in NSCLC in continu
ous infusions of 20mg/m2 (GROEN et al. 1994) or 
daily doses of 70 mg/m2 during 5 days on weeks 1 and 
5 (BALL et al. 1991) in various phase I-II trials, gener
ally with an acceptable toxicity and relatively high 
response rates. The latter regime is currently being 
tested in a three-arm randomized trial (BISHOP et al. 
1994). 

Paclitaxel and radiotherapy was tested in two dif
ferent phase I trials. In one of the trials, the dose of 
paclitaxel could be pushed to 55 mg/m2 weekly con
comitantly with a radiotherapy of 59.4Gy (VOGT et 
al. 1996). In the second one, doses to 70 mg/m2 could 
be administered with a dose of 50 Gy (MARANGOLO 
et al. 1996).In both studies it was felt that toxicity was 
acceptable and the response rate high. Other drugs, 
such as vinorelbine and CPT -11 are being investi
gated concurrently as radiosensitizers in NSCLC. 

To sum up, there is clinical evidence that certain 
drugs used daily with radiotherapy act as radiosen
sitizers. To date, only daily cisplatin was demon
strated to improve the effect of radiotherapy on local 
control and survival in a large-scale randomized 
study, but other compounds such as metoclopra
mide and carboplatin are currently being investi
gated as radiosensitizers in phase III studies. Other 
drugs such as paclitaxel, CPT-II and vinorelbine are 
also being subjected to intensive research. 

14.3.3 
Clinical Experience with Interferons 

A combination of the various interferons (IFN) with 
radiotherapy in NSCLC was tested in a limited 
number of phase I and II studies, as shown in Table 
14.3. MAASLITA et al. randomized 20 patients to 
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Table 14.3. IFN associated with RT in locally advanced NSCLC 

IF Type Product Authors No. of RT 
patients 

a Natural MAASILTA 20 60/1.25 
leukocytes et al. random b.i.d. 

1992 (FIN) 

~ Recombinant McDONALD 39 phase I Escalating 
E. coli et al. 1993b escalating 54 or 59.4 
betaseron (26 stage 

III) 

~ Recombinant BYHARD 15 60/6 W 
mammary cell et al. 1996 
Rebif. 

Y II Recombinant SHAW 18 60/4w 
E. coli et al. 1995 (bj.d.) 

Rebif., recombinant beta inferferon. 

hyperfractionated radiotherapy, 1.25 Gy bj.d. to a 
total dose of 60Gy, either alone or with IFN-ex. IFN
ex was administered both intramuscularly at 3.106 IV 
and by inhalation of 1.5· 106 IV. This treatment 
proved to be laborious, the response rate being 
almost identical and toxicity was substantial with 
possible early deaths in the experimental arm 
(MAASLITA et al. 1992). 

McDONALD et al. conducted a phase I/II study 
with escalating doses of recombinant IFN-~ from 
10 to 90· 106 IV given i. v., the first 3 days of weeks 1, 
3 and 5, while concurrent radiotherapy consisted 
of 54 Gy-59.4 Gy at 1.8 Gy/fraction (McDoNALD et al. 
1993b). For the 32 evaluable patients, the response 
rate was 81% with 44% achieving a complete re
sponse. An amazing median survival of 19.7 months 
and 5-year survival of 31 % was observed, with 
minimal toxicity (McDoNALD et al. 1993b). 

Also using recombinant human IFN-~, BYHARDT 
et al. conducted another phase I study in stage II, IIIA 
and IIIB, NSCLC (BYHARDT et al. 1996). Patients re
ceived a radiotherapy dose of 60 Gy at 2 Gy/fraction, 
and IFN-~ was given subcutaneously at escalating 
doses of 1.5, 3, 6, 12 and 24MIVlm2 per treatment 
dose. Fifteen patients were enrolled, and 14 experi
enced grade 1-3 toxicity, which was primarily gas
trointestinal. One patient at 24MIVlm2 died from 
sepsis and radiation pneumonitis. MTD was esti
mated to be at 12MIVlm2. One complete and six 
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IF dose RR Median 3-year Toxicity 
Survival survival 
(months) 

0 5/10 NA NA Increased 
3 x 106 i.m. 6/10 esophagitis in 
+ IF dose, 
3 X 106 neb. decreased in 8/10 
Escalating 10 CR44% 19.7 31% (3 and Decreased lung 
30,60 or PR38% 5 years) toxicity 
90 x 106 i.v. 
days 1-3 
weeks 1-3-5 
Escalating 1115 CR 11 Grade IV in 5; 
1.5,3,6 6/15 PR 1/3 pts. with 24 
12,24 MIU/m' MIU died of 

ARDS MTD = 
-12MIU 

0.2 mg/day CR6% 7.8 9/18 = 50% 
s.c. PR 33% severe toxicity, 

8/17 pneumonitis, 
2/17 esophagitis, 
2 toxic deaths 

partial responses were recorded, and the median sur
vival was 11 months (By HARDT et al. 1996). 

Recombinant IFN-y was the subject of a pilot 
study carried out by SHAW et al. (1995). Eighteen 
patients with unresectable stge IIIA and IIIB NSCLC 
were treated with daily gamma interferon (0.2mg 
subcutaneously) concomitant with accelerated ra
diotherapy of 60 Gy at 1.5 Gy bj.d. Nine patients 
experienced severe, life-threatening or fatal compli
cations. Eight had significant pneumonitis, which 
was severe in six and fatal in two. Median survival 
time and I-year survival rates were 7.8 months and 
38%, respectively (SHAW et al. 1995). 

Other studies with recombinant IF-~ are currently 
being carried out. RTOG 93-04 is the logical follow
up of McDoNALD et al.'s phase I/II. Patients are ran
domized between radiation alone, 60 Gy at 2 Gyl 
fraction, versus radiation with IFN-~ at weeks 1,3 
and 5 (BYHARDT 1995). Results are not available at 
this time. 

GF 8540 is a multicenter European phase I trial, in 
which patients receive a fixed dose of radiotherapy of 
64 Gy with escalating doses of IFN-~ of 3,6,9, 12 and 
18 MIV/m2 given intravenously with daily radio
therapy (REBIF 1996). Eighteen patients have been 
enrolled so far, and the maximum tolerated dose has 
not yet been reached. 

In summary, the various interferons have been 
recently investigated in conjunction with radio-
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therapy in NSCLC. Early results indicate that IFN-a 
and IFN-y do not have an interesting therapeutic 
index and should probably be abandoned. IFN-p 
seemed to be very promising in a limited phase II 
study, with the suggestion of an increased therapeu
tic index. It is now currently the subject of at least 
two clinical investigations in the United States and 
Europe. 

14.3.4 
Clinical Experience with Radioprotectors 

As for radio sensitizers, the majority of clinical 
studies with radio protectors (essentially amifostine) 
deal with cancer types other than lung cancers 
(TANNEHILL and MEHTA 1996). In previous 
studies, the maximal tolerated dose was found to be 
340 mg/m2 4 days/week for 5 weeks: emesis, malaise 
and hypotension being the main side effects 
(KLINGERMANN et al. 1988; CONSTINE et al. 1986). 

In patients with stage IlIA and I1IE NSCLC, 
TANNEHILL et al. conducted a phase II study using 
amifostine with induction chemotherapy (cisplatin 
and vinblastine) followed by amifostine with radia
tion therapy of 60Gy (TANNEHILL et al. 1997). 
Twenty-six patients were enrolled. Chemotherapy 
doses were higher than in other induction regimes. 
Amifostine at 340 mg/m2

, 4 days/week, or 200 mg/m2 

5 days/week was given immediately prior to radia
tion. Overall response rate was 60%; median survival 
was 13 months. Interestingly, overall toxicity, in
cluding esophagitis, was minimal with no grade 3 or 
4 cases (TANNEHILL et al. 1997). The authors con
clude that an appropriately designed randomized 
trial is necessary to validate these observations. 

14.4 
Conclusions 

There are a number of potential or recognized ways 
to improve the therapeutic effect of ionizing radia
tions, and many biochemical or biological com
pounds have radiosensitizing or radioprotective 
properties, which are in many cases supported by 
sound radiobiological data. In contrast, only a mi
nority of known radio sensitizers and protectors were 
tested in patients with NSCLC, and only very few 
were unequivocally shown to be active and to have 
an exploitable therapeutic index. In this regard, 
platinum compounds, the newer class of chemo
therapeutic agents, IFN-p and amifostine seem to be 

the most promising, but this warrants further stud
ies. This combination with other modalities to im
prove the efficacy of irradiation, such as conformal 
radiotherapy, could be the target of innovative 
investigations. 
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15.1 
Introduction 

15.1.1 
Intraoperative Radiotherapy (lOERT) in Clinical 
Oncology 

IOERT is an attractive radiotherapy technique able 
to deliver a high-quality electron radiation boost 
to most regions of the human anatomy (Fig. 15.1). 
Its feasibility is well proven during cancer surgery 
(CALVO et al. 1992b). Local tumor control rates in 
radical treatment programs combining a single-dose 
IOERT boost (l0-20 Gy), external beam fractionated 
irradiation (45-50 Gy), minimal postsurgical cancer 
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residue and chemotherapy (when indicated) have 
been consistently reported in the range of 85%-
100%. Results in association with palliative surgery 
(no resection or atypical resections with macro
scopic tumor residue) are modest in terms of long
term survival, but local control rates are described in 
the range of 40%-60% (CALVO et al. 1993). Tolerance 
of normal tissues to the combination ofIOERT boost 
single high-dose (l0-20Gy) and fractionated radio
therapy (45-50Gy) are better understood in the 
1990s and with the appropriate dose prescription re
strictions there is no compromise of the therapeutic 
index, in terms of excessive severe toxicity of clinical 
relevance (SHAW et al. 1990). 

Interest in IOERT in modern clinical oncology is 
focused on the investigation of improvement in local 
cancer therapy. IOERT is a simple technique, but 
requires a complex institutional program to ensure 
a successful and clinically relevant implantation. 
The development of viable prospective multi
institutional trials is still a pending challenge for 
IOERT scientists and qualified institutions in the 
international scenario (CALVO and HANKS 1988; 
GUNDERSON 1994). 

15.1.2 
Local Control in Contemporary Lung Cancer 
Treatment 

The rationale to intensify locoregional treatment is 
based on the observation that 30%-40% of patients 
die with active locoregional disease (PEREZ et al. 
1986, 1987; Cox 1983; EMAMI and GRAHAM 1998), 
and it is likely that the incidence of local failure 
is underestimated because most published series 
did not utilize CT or bronchoscopy for treatment 
planning and/or restaging following external beam 
radiation therapy (EBRT). Histologic examination of 
bronchoscopic biopsy specimens in patients treated 
with irradiation or combined chemoradiation 
documented a local failure rate of almost 80% 
(LE CHEVALIER et al. 1991). Another reason for the 
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Fig. 15.1. General view of an IOERT procedure during 
thoracotomy for lung cancer resection in the left pulmonary 
apex 

understimation of local failure rate in patients with 
NSCLC is the development of distant metastases in 
the early follow-up period: local control is uncertain 
when assessed in patients surviving less than 1 year. 

Expert radiotherapy opinions suggest that tho
racic control in lung cancer is dose-related but radi
osensitive organs such as the lung, spinal cord, and 
heart often limit the dose of EBR T to 45-60 Gy, a 
dose usually inadequate to sterilize large masses of 
NSCLC. In an effort to improve local control and 
survival, new treatment strategies have been ex
plored, such as hyperfractionated (Cox et al. 1990, 
1991) or accelerated fractionation (BYHAR T et al. 
1993), chemoradiotherapy (SAUSE et al. 1995), radia
tion dose-escalation using three-dimensional plan
ning and conformal irradiation (EMANI et al. 1991; 
ARMSTRONG et al. 1993) or intraoperative irradia
tion (IOERT). 

Intraoperative electron radiation therapy 
(IOERT) is a modality able to deliver a high single 
dose of fast electron irradiation in a surgically 
defined area, while normal uninvolved and mobile 
tissues and organs are retracted for protection from 
the electron beam by surgical displacement (Fig. 
15.2). Clinical experiences using IOERT in lung can
cer patients have rarely been published (PASS et al. 
1987; JUETTNER et al. 1990; CALVO et al. 1990). Meth
odology and clinical results, in the context of expert 
institutional experiences, are presented. 

15.2 
IOERT in Thoracic Oncology 

IOERT using electrons has been explored as a radia
tion boosting technique in lung cancer (resectable 
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Fig. 15.2. Target volume following resection of a Pancoast 
tumor with involvement of the chest wall 

and unresectable) (SMOLLE-JUETTNER et al. 1994; 
CALVO et al. 1992a), mediastinal tumors (thymoma 
and recurrent Hodgkin's disease) (CALVO et al. 1991) 
and mesothelioma (JABLONS et al. 1997), after a 
surgical approach to the intrathoracic anatomy. In 
extrathoracic (external chest wall) surgery, IOERT 
has been successfully used in the combined treat
ment of soft tissue sarcomas (CALVO et al. 1995). 

15.2.1 
Technical Considerations 

IOERT requires the adaptation of a linear accelerator 
with multienergetic electron beam capability (ener
gies recommended from 6 to 20 MeV), through 
the development of specially designed applica
tors for electron beam conformation (cone sizes 
recommended from 5 to 12cm diameter). The clini
cal program combines the efforts of surgeons, anes
thesiologists, physicists and radiation oncologists 
to adequately select patients for IOERT indications, 
perform the surgical procedure (tumor resection 
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plus normal tissue protection), transport and 
monitor the patient for and during intraoperative 
irradiation and finally decide the radiotherapeutic 
parameters for treatment prescription. In general, 
IOERT during lung cancer surgery involves the coor
dination of 10-15 health professionals, prolongs the 
surgical time approximately 30-45min (depending 
upon transportation time) and induces a 2h gap 
of time availability in the linear accelerator for 
outpatient treatment. 

15.2.2 
Clinical Indications 

IOERT at the time of thoracotomy for a surgical 
approach to lung cancer has been employed in three 
different situations: 

- Treatment of unresectable hilar and/or mediasti
nal disease 

- Treatment of postresected residual disease (chest 
wall, mediastinum and/or bronchial stump) 

- Adjuvant treatment of mediastinum 

Conceptual indications for IOERT in thoracic sur
gery have been the treatment of residual disease at 
the primary site and/or nodal regions, or adjuvant 
treatment of high risk of recurrence without proven 
cancer residue after induction therapy and surgery. 
IOERT is a superselective radiation boost com
ponent available for integration in conventional 
radiotherapy programs for lung cancer. Lung paren
chyma is the normal tissue that may benefit the most 
from protection from IOERT (Fig. 15.3). 

Esophagus, trachea aorta and heart are difficult to 
displace from the IOERT beam, particularly in the 
treatment of mediastinal regions or left lower chest 
cavity. In the case that the bronchial stump is in
cluded in the IOERT field, tissue coverage with a 
vascularized pleural or pericardial flap IS recom
mended to promote bronchial healing. 

15.2.3 
Treatment Protocols 

IOERT, as an accurate radiation boost technique 
during lung cancer surgery, has been actively 
explored by investigators at the University Clinic 
of Navarra, Pamplona, the Madrid Institute of 
Oncology, Madrid, and the Graduate Hospital, Phila
delphia. Treatment strategies have included the use 
of IOERT in the following modality sequences: 
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Fig. 15.3. Target volume in the right mediastinal space follow
ing lobectomy and nodal sampling 

- Surgery + IOERT/EBRT (with or without resec
tion) 

- Neoadjuvant chemotherapy/surgery + IOERT/ 
EBRT 

- Preoperative chemoradiation/surgery + IOERT 

Surgery consisted in general of lateral thoraco
tomies, modifying the intercostal site of incision 
depending upon tumor location. Primary lesion 
tumor resection was attempted (lobectomy and/or 
atypical resections were elected when feasible over 
pneumonectomy) together with ipsilateral nodal 
sampling. At the University Clinic of Navarra, induc
tion chemotherapy consisted of the combination of 
cisplatin, mitomycin C and vindesine (three cycles), 
and chemoradiation included either the simul
taneous administration of the described chemo
therapy and 45 Gy (conventional fractionation) or a 
combination of cisplatin and 5-flurouracil continu
ous i.v. infusion during the 1 and last week of EBRT 
45-50Gy (this regimen was predominantly used in 
Pancoast tumors). IOERT boosted postresection tu
mor beds (chest wall, mediastinum, hilar, etc.) using 
either one single field (60% of cases) or multiple non 
overlapping fields (40% of cases) to encompass re
sidual or risk areas in different sites of the thoracic 
anatomy. The electron energy beam was selected de
pending on tumor (or risk tissue) thickness, ranging 
from 6 to 20MeV. The IOERT single dose was in the 
range of 10 (90%) to 15Gy (10%), prescribed at the 
90% isodose line. IOERT target volume definition 
considered the tumor resection margins, macro
scopic residual disease and/or unresected palpable 
primary (Fig. 15.4). Attempts to protect normal 
uninvolved lung parenchyma were made at the time 
of IOERT applicator set-up for treatment, while 
heart, trachea, esophagus and other mediastinal 
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Fig. 15.4 a-d. Chest X-ray evolution of a radiological remis
sion of a large cell undifferentiated and unresectable left upper 
lobe lung cancer treated exclusively with IOERT (15 Gy) and 
external beam radiotherapy (46Gy123 fractions/5 weeks): 

structures (nerve) were not displaced from their 
normal anatomical situation. 

15.2.4 
IOERT Tissue Tolerance Studies 

The tolerance of mediastinal structures to IOERT has 
been prospectively analyzed in experimental animal 
studies. In a dose escalation study (BARNES et al. 
1987) delivering up to 40 Gy to two separate intratho
racic IOERT fields which included collapsed right 
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a before thoracotomy; b pneumonitis 15 days after IOERT; 
c 4 months after external irradiation; d 20 months following 
IOERT 

upper lobe, esophagus, trachea, phrenic nerve, right 
atrium, and blood vessels, pathologic changes were 
observed at 30 Gy in the trachea and esophagus, with 
severe ulceration and peribronchial and perivascular 
chronic inflammation in the normal lung. A dose of 
20 Gy produced minimal changes in the esophagus, 
trachea, and phrenic nerve, but major vessels and the 
atrium showed medial and adventitial fibrosis, oblit
erative endarteritis of the vasa sarum, and severe 
coagulative necrosis. Acute pneumonitis was seen at 
all doses, and changes in the contralateral lung were 
detected using 12MeV electrons. 

b 

d 
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DE BOER et al. (1989) studied the effects on medi
astinal structures of 20, 25, and 30 Gy. The bronchial 
stump healed in all dogs. Severe tissue damage was 
seen at all doses and included bronchovascular and 
esophagoaortic fistulas and esophageal stenosis. 

At the National Cancer Institute (PASS et al. 1987), 
an experimental program evaluated the tolerance 
of surgically manipulated mediastinal structures to 
IOERT in 49 adult foxhounds and in a limited phase 
I clinical trial (4 patients with stage II or III NSCLC). 
Normal healing of the bronchial stump was found 
after pneumonectomy at IOERT doses of20, 30, and 
40 Gy, but there were late changes with tracheobron
chial irradiation damage at all doses (5-10 months 
after treatment). Two out of four receiving 20 Gy de
veloped esophageal ulceration at 6 months without 
late stricture. In dogs given 30 and 40 Gy, esophageal 
damage was severe (esophagoaortic fistula and 
stenosis) and one dog developed carinal necrosis. 
The same institution reported the results of five dogs 
reserved for long term studies and one stage II 
NSCLC patient alive at 5 years. They conclude that 
IOERT in the mediastinum may be safe at dose levels 
that do not exceed 20Gy (TOCHNER et al. 1992). 

Additionally experimental analysis of canine 
esophagus tolerance to IOERT has been reported by 
the NCI investigators (SINDELAR et al. 1988). After 
right thoracotomy with mobilization of the intratho
racic esophagus, IOERT was delivered to include a 
6-cm esophageal segment using a 9-MeV electron 
beam with escalating single doses of 0, 20, and 30 Gy. 
Dogs were followed clinically with endoscopic and 
radiologic studies and were electively sacrificed at 6 
weeks or 3, 12 or 60 months after treatment. Tran
sient mild dysphagia and mild esophagitis was ob
served in all dogs receiving 20 Gy, without major 
clinical or pathological sequelae except in one dog 
that developed achalasia requiring a liquid diet. At a 
dose of 30 Gy, changes in the esophagus were pro
nounced, with ulcerative esophagitis and chronic 
ulcerative esophagitis inducing gross stenosis after 9 
months. Acute mediastinal tissue changes have also 
been studied (ZHON et al. 1992). 

15.3 
Results of IOERT in the Multidisciplinary 
Treatment of Stage III Non-Small Cell 
Lung Cancer: International Institutional 
Experiences 

The IOERT clinical experience in lung cancer is still 
limited and the available data regarding treatment of 
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NSCLC were obtained in phase I-II oriented trials in 
small series of patients. ABE and collegues in the 
initial Japanese experience questioned the value of 
IOERT in lung neoplasms due the early systemic 
dissemination of disease (ABE et al. 1977; ABE and 
TAKAHASHI 1981). 

15.3.1 
University Clinic of Navarra, Pamplona 

The IOERT methodology used has been reported in 
detail in previously published articles (CALVO et al. 
1992a; MARTiNEZ-MONGE et al. 1994; ARISTU et al. 
1997). Macroscopic residual surgical masses, espe
cially in Pancoast's tumors treated with preoperative 
chemoradiation, may not contain viable tumor at the 
definitive pathology report. To select IOERT doses 
and electron energies, a biopsy of the surgical bed is 
informative. An IOERT boost to the medial aspect 
of the thoracic cavity apex in superior pulmonary 
sulcus tumors is frequently difficult to achieve but, 
through a Trendelenberg position of the surgical 
coach, it can be accomplished (Fig. 15.1). 

From 1984 to 1993, 160 patients with intrathoracic 
tumors were treated with an IOERT component; 
among them 104 patients had a diagnosis of stage III 
NSCLC lung cancer. Age ranged from 27 to 79 years 
(median 61 years). There were 101 males and 3 
females. Karnofsky performance status ranged from 
50% to 90% (median 80%). Integral treatment strat
egies varied through the decade and results will 
be analyzed with regard to treatment intensity in 
multimodality management. 

A description of IOERT technique characteristics 
in the stage III lung cancer experience includes the 
use of a single field to encompass the target volume 
in 79 procedures (76%), an applicator size ranging 
from 5 to 12 cm in diameter (most commonly used 
7 -9 cm, 66%), electron energies ranging from 6 to 
20MeV (9-12MeV used in 100 IOERT fields, 76%) 
and total single doses ranging from 10 to 20Gy 
(lOGy, 80, 62%; 12.5Gy, 7, 5%; 15Gy, 20, 16%; 
>15Gy, 22, 17%). The IOERT target volume corre
sponded to the following intrathoracic anatomic 
sites: pulmonary hilum ± mediastinum (73, 41% 
mediastinum), mediastinum only (15, 8%), lung pa
renchyma (8, 4%), and chest wall (32, 18%). Normal 
dose-sensitive tissues included in the IOERT field 
due to known tumor involvement or at high risk 
were: cardiac regions (10, 6%), brachial plexus (24, 
14%) and esophagus (15, 8%). Severe postoperative 
complications were seen in 16 patients, including 10 
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postoperative deaths (2 bronchopleural fistulae, 2 
intrathoracic hemorrhage, 1 massive pulmonary 
embolism and 5 sepsis). Acute reversible toxicity 
related to the IOERT component were: 26 episodes 
of grade 3-4 esophagitis III-IV, 6 symptomatic 
pneumonitis and 1 broncho-pleural fistulae. Late 
IOERT possibly related events included brachial 
neuropathy (6 patients), lung fibrosis (7) and 
bronchopleural fistulae (1). 

75.3.7.7 
IOERT Without a Chemotherapy Component 

In 22 patients the treatment program did not include 
chemotherapy (early time of the experience from 
1984 to 1989). Surgery consisted of pneumonectomy 
(1), atypical resection (3), lobectomy (8) and ex
ploratory thoracotomy without resection (10). Ten 
patients had stage IlIA (5NO) and 12IIIB. Local con
trol was observed in nine patients (50%). One patient 
(stage IIIA,NO) is alive and free from disease 11 years 
after treatment (Fig. 15.5). 

75.3.7.2 
IOERT with a Chemotherapy Component 

The clinical experience at the University Clinic of 
Navarra in the treatment of stage III NSCLC incorpo
rated at an early stage (1989) the administration of 
chemotherapy both intravenous and intra-arterially 
delivered, in a neoadjuvant fashion (ARISTU et al. 
1997). Surgery and external beam fractionated 
irradiation were always combined in the following 
strategy: responding patients to neoadjuvant chemo
therapy were approached by surgery plus IOERT and 
postoperative radiotherapy, while nonresponders 
were treated with preoperative external irradiation 
followed by programmed surgery plus IOERT. 
Additionally patients meeting the Pancoast lesion 
criteria were treated with preoperative chemo
radiation (MARTiNEZ-MoNGE et al. 1994). Results 
are described with regard to the integral treatment 
strategy. 

15.3.1.2.1 
RESPONDERS TO NEOADJUV ANT CHEMOTHERAPY 
In 46 patients an objective response by imaging tech
niques was identified following intravenous (20) or a 
combination of intravenous and intra-arterial che
motherapy (26). There were 24 stage IlIA (6NO) and 
22 IIIB patients. Surgery achieved tumor resection in 

F.A. Calvo et al. 

Fig. 15.5 a,b. Unusual chest wall thoracic recurrence in a 
patient treated with IOERT (no resection) over the primary 
tumor (right hilum); a pre-IOERT CT scan unresectable hilar 
mass; b remission and apparent tumor control in the IOERT 
boosted hilar region, while tumor recurrence is evident in the 
chest wall not treated with IOERT 10 months after surgery 

24 patients (22 lobectomies and 2 atypical resec
tions). Local control was achieved in 44% of patients 
(63% IlIA and 27% IIIB). Five patients are long term 
survivors 4 years or more after treatment. 

15.3.1.2.2 
NONRESPONDERS TO NEOADJUV ANT 
CHEMOTHERAPY 
In 17 patients neoadjuvant chemotherapy (13 intra
venous and 4 intravenous plus intra-arterial) did 
not achieve an objective tumor response: 50% had 
no changes and 50% less than a partial response. 
Preoperative chemoradiation (7 patients given 
radiotherapy alone) followed in the treatment strat
egy and produced a response 88% of the resection 
rate (14 lobectomies and 1 segmentectomy}, together 
with a pTO-pTmic down staging in the resected surgi-

a 

b 



Intraoperative Radiotherapy for Lung Cancer 

cal specimen of 35%. Initial clinical stages included 5 
IlIA (1NO) and 12 stage I1IB. Local control was 31%. 
Two patients are long term survivors with no evi
dence of disease (NED) 4 years after treatment. 

15.3.1.2.3 
PANCOAST TUMORS 

In 19 patients the primary tumor involved the tho
racic apex with additional clinico-radiological crite
ria of Pancoast lesion. Histological subtypes were: 
squamous cell (8), adenocarcinoma (9), and large 
cell anaplastic (2). Clinical stages induded 9 IlIA and 
10 IllB. Primary tumor size ranged from 4 to 14cm 
maximum diameter (median diameter 7 cm). Evi
dent chest wall involvement was established in 
seven patients. All patients received preoperative 
chemoradiation (7 i.v. and 12 i.v. + i.a.). Thoraco
tomy achieved resection in all cases: three atypical, 
seven segmentectomies and nine lobectomies. 
Macroscopic residual disease was left in the surgical 
field in five procedures. Pathologic downstaging was 
pTO-pTmic in 68% of the resected surgical speci
mens (11 pTO). Local control was 88% and 8 patients 
are alive NED 4 years after treatment. 

15.3.2 
Madrid Institute of Oncology 

From February 1992 to July 1997 18 patients with 
stage III NSCLC were treated with an IOERT compo
nent. There were 12 males and 6 females. All patients 
were over 70% on the KPS scale. Age ranged from 41 
to 77 years (median 62 years). Histological subtypes 
included: adenocarcinoma (6) and undifferentiated 
large cell (2) and squamous cell carcinoma (10). Pri
mary tumor site involved the pulmonary apex 
(Pancoast lesions) in 11 cases, right hilum (3), left 
hilum (1), lingula (1) and right inferior lobe (2). 
Clinical tumor stages were: 11 IlIA and 7 IllB. The 
IOERT surgical component was introduced in the 
radical multidisciplinary management of 17 previ
ously untreated patients and in 1 case for treatment 
salvage of a localized recurrence in the chest 
wall. Surgical treatment characteristics included 
16 patients resected (6 with macroscopic and 10 
with microscopic tumor residue). External beam 
thoracic irradiation was administered to 14 patients 
(7 preoperatively). Neoadjuvant chemotherapy was 
used in 13 patients. The IOERT total dose was lOGy 
in 14 fields and 15 Gy in 6. In 16 IOERT procedures a 
single field was used (2 in 2 procedures). Electron 
energies were: 6MeV (2), 8MeV (1), 10MeV (5), 

179 

12MeV (7), 15MeV (4), and 18MeV (1). Applicator 
size ranged from 6 to 10cm in diameter: 6cm (1), 
7 cm (7), 9 cm (7),10 cm (5) [beveled 30° (15),15° (2), 
45° (1) J. Severe toxicities observed and possibly re
lated to the IOERT component were: esophagitis 
(two cases), peripheral neuropathy (one case), tho
racic abscess (one case) and bronchopleural fistula 
(one case). 

The median follow-up time for the entire experi
ence is 15+ months (range 3-20+). Patterns of dis
ease recurrence identified as site of first progression 
were: one local relapse, one regional relapse and five 
patients with systemic metastasis. Overall survival is 
projected to be 62% and 22% at 1 and 3 years follow
up, respectively. Cause-specific survival is projected 
to be 33% at 3 years. Actuarial local-control rate is 
projected to be 85% at 3 years following IOERT. 

15.3.3 
Allegheny University Hospitals, Graduate 

Between June 1992 and September 1997,21 patients 
with non-small cell carcinoma of the lung received 
IOERT as part of their management. The age range 
was 39.4-72.5 years at the time of diagnosis (median 
59.6 years). Histological tumor subtypes were: nine 
squamous, two adenocarcinoma, three large cell un
differentiated and seven mixed NSCLC. 

All patients had a complete staging work-up prior 
to initiating definitive therapy. This included chest 
X-ray, CT scans of the chest, abdomen and pelvis, CT 
or MRI of the brain, liver function studies and in 
most cases bone scan. Pathological stages were: 1 I 
(T2NO) 2 II (T2N1), 15 IlIA (4 T2N2, 7 T3NO, 2 T3N1, 
2 T3N2), and 3 I1IB (1 T2 N3, 2 T4 N1). 

Sixteen patients received preoperative radiation 
therapy (5040cGy in 14 patients and 4500cGy in 2 
patients). The treatment volume included the pri
mary tumor and the ipsilateral hilar, mediastinal and 
supraclavicular lymph nodes. Neoadjuvant chemo
therapy was given to all of these patients. In the early 
part of this series, chemotherapy consisted of two to 
three cycles of cisplatinum and etoposide, or in the 
latter part Taxol. Preoperative radiation therapy 
began with cycle #2 or #3 of chemotherapy depend
ing on the pathological response. Five patients re
ceived postoperative radiation therapy (5040cGy in 
three patients, 5940 cGy in two patients). Definitive 
surgery was performed in all cases, with either 
pneumonectomy (8) or lobectomy (13). 

The IOERT was delivered using 7.0-9.5 em circu
lar cones with bevel angles of 0°, 15°, and 30°. The 
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prescribed dose was 1000 cGy to the 90% line in all 
cases. Twenty-three sites were treated with 6MeV 
electrons and two sites with 9 Me V electrons. Appro
priate lead shielding was used to protect uninvolved 
structures, including lung. The IOERT target volume 
was located in the chest wall (10), left hilum (6), left 
hilum + mediastinum (1), right hilum (4), and right 
hilum + mediastinum (4). 

The overall actuarial survival at 2, 4 and 6 years 
was 65%, 33% and 33% respectively. Eleven patients 
were alive at the time of analysis, with a median 
survival of 33.6 months. Eleven out of 21 patients 
failed locally or distantly with an NED rate of 48% 
and with a median survival of 30 months. The local 
failure rate was 14% (3 out of 21 patients, 2 patients 
in the IOERT field). Brain metastasis (five patients) 
were the most common finding of first relapse. 

Complications have been rare. One patient devel
oped pneumonitis which might be attributable to 
IOERT. Another patient developed posterior chest 
wall pain within the IOERT field. It is difficult to 
determine if this is related to the IOERT, the surgery 
or the fact that the tumor presented with chest wall 
involvement. The bronchial stump healed without 
difficulty in all cases. This may be related to several 
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factors including the IOERT dose and meticulous 
surgical closure of the stump. 

This early experience demonstrates that IOERT 
can be safely used as part of a multidisciplinary man
agement of non-small cell lung cancer. The current 
recommendation in this expert group for stage III 
NSCLC patients is neoadjuvant chemotherapy, 
preoperative external beam radiation therapy 
followed by surgical resection and IOERT when 
possible. 

15.4 
Future Developments 

An overview of the results in expert IOERT institu
tions confirms the initially reported feasibility of 
IOERT during lung cancer surgery (ARIAN-SHAD et 
al. 1990; CALVO et al. 1990; DUBOIS et al. 1993; 
FISHER et al. 1994). Anatomic regions not amenable 
to adequate treatment by IOERT (uncertain dosim
etric conditions) are the anterior chest wall spaces 
and the diaphragmatic domes. Tolerance to the 
IOERT component of therapy is modulated by the 
integral treatment toxicity on normal tissues (type of 

Table 15.1. Patients, tumors, treatments and results in the clinical experience gener-
ated with IOERT in the treatment oflung cancer by the University Clinic of Navarra, 
Pamplona (CUN), the Madrid Institute of Oncology (IMO) and The Allegheny Gradu-
ate Hospital (GH) 

Characteristics CUN IMO GH 

No. patients 104 18 21 
Period 1984-1993 1993-1997 1992-1997 
Tumor histology 

- Squamous cell 65 lO 9 
- Adenocarcinoma 26 6 2 
- Other 13 2 10 

Tumor stage 
- lIlA 48 11 15 
- IIIB 56 7 3 

Surgery 
- Resection 90 16 21 
- No resection 14 2 

External beam radiotherapy 
- Preoperative 36 7 16 
- Postoperative 68 7 5 

Chemotherapy 
- Neoadjuvant 53 9 16 
- Neoadjuvant + simultaneous RT 29 3 5 

Local recurrence 
- Resected 36 3 
- Unresected 9 

Survival (5 years) 20% 22% 33% 

RT, radiotherapy. 
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chemotherapy, surgical manipulation, etc). IOERT 
specific toxicity has been identified as esophagitis 
(mediastinal fields), pneumonitis (unresectable 
tumor including collapsed normal lung in the IOERT 
application) and dehiscence of bronchial suture (fol
lowing lobectomy or pneumonectomy). Thoracic 
tumor control and survival rates estimated in the 
present analysis do confirm preliminary reported 
data in clinical experiences with IOERT (MARTiNEZ
MONGE et al. 1994). Further institutional expansion 
of IOERT and its integration in multidisciplinary 
protocols for lung cancer treatment, with high risk of 
thoracic recurrence, will test the reproducibility of 
this technique. Table 15.1 describes the international 
results published with IOERT in lung cancer trials in 
the present decade. 

In conclusion, IOERT electrons during lung can
cer surgery have proven to be feasible, tolerable and 
to promote high local control rates. Survival is 
modulated by the integral treatment intensity and 
disease stage at the time of initial diagnosis (KUMAR 
et al. 1996; ROSELL et al. 1994; ROTH et al. 1994; CHor 
et al. 1997; DrLMAN et al. 1996). IOERT is a reliable 
radiation boosting technique to intensify local treat
ment in lung cancer patients with high risk of tho
racic tumor recurrence: probably the best conformal 
radiation boost available in contemporary clinical 
radiotherapy. 
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16.1 
Introduction 

Non-small cell lung cancer (NSCLC) remains a major 
public health problem worldwide and, during the 
last 30 years, therapeutic advances, even if tangible, 
have had only a modest impact on overall survival. 
At the time of diagnosis, approximately 70% of pa
tients present with either locally advanced or meta
static disease, and cure is anecdotal particularly 
in metastatic disease. For patients with advanced 
NSCLC, the best available treatment is only pallia
tive, and median survival rarely exceeds 10 months, 
with the vast majority of patients generally dying 
before 18-24 months from diagnosis. Chemotherapy 
is the most frequent option used for stage IV NSCLC, 
but surgery, radiotherapy and the best supportive 
care may also be useful for tumor management. 
This chapter describes the standard treatment of 
stage IV NSCLC and is devoted to patients with 
metastatic disease who are candidates for curative 
therapy. 

F. CAPPUZZO, A. ZAPPALA, and T. LE CHEVALIER, Depart
ment of Medicine, Institut Gustave Roussy, 39, rue Camille 
Desmoulins, F-9480S Villejuif, France 

16.2 
Chemotherapy of Metastatic Non-Small 
Cell Lung Cancer 

Even if NSCLC has traditionally been considered a 
chemoresistant malignancy, several cytotoxic drugs 
have demonstrated activity in patients with ad
vanced disease. In this subset of patients, chemo
therapy is administered not to cure disease, but to 
palliate symptoms and prolong survival while im
proving the quality of life. Although responders to 
chemotherapy survive longer, the net impact of this 
modality on survival remains modest. Median sur
vival for untreated patients with metastatic disease is 
approximately 4 months and the survival advantage 
gained with chemotherapy ranges from 1 to 5 
months. Since the late 1960s, the activity of a variety 
of drugs has been evaluated in NSCLC. Activity is 
defined as an overall response rate of at least 15%. 
In 1985 only five drugs were able to demonstrate 
such activity as single agents: cisplatin (CDDP), 
ifosfamide (IFO), mitomycin (MMC), vinblastine 
(VBL), and vindesine (VDS). The median survival 
obtained was 4-8 months, with anecdotal long-term 
survivors. CDDP was generally considered the most 
active single agent in NSCLC, with an overall re
sponse rate of 20% in a compilation of ten phase II 
trials. At the same time combination chemotherapy 
was also investigated to determine whether it could 
improve the duration of survival, response and the 
quality of life. One of the first chemotherapy 
regimens evaluated was the CAMP combination, 
consisting of cyclophosphamide (CTX), doxorubicin 
(ADM), methotrexate (MTX) and procarbazine 
(PCZ), which demonstrated a response rate of 26%, 
but most responses were brief with no impact on 
survival. In the 1980s most chemotherapy regimens 
incorporated CDDP: the combinations most fre
quently used included CDDP plus etoposide (VPI6), 
CDDP plus VDS, and CDDP plus VBL, CDDP plus 
MMC plus VDS, and CDDP plus MMC plus IFO 
(Table 16.1). These combinations yielded response 
rates of up to 50%, with median response rates of 
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25%-35%, but a median duration of survival of 6-8 
months and substantial toxicity. For these reasons, 
the balance might appear negative for several inves
tigators and may be influenced by cultural bias. A 
number of randomized studies were therefore initi
ated to compare the best supportive care with che
motherapy (Table 16.2). The first study was 
conducted by CORMIER et al. (1982) and, although 
chemotherapy was recommended, the number of 
patients included in this trial was insufficient to al
low definitive conclusions. Between 1985 and 1988, 
QUOIX et al. (1991) conducted a prospective ran
domized trial comparing the best supportive care 
versus VDS-CDDP. Of 46 patients, 24 were treated 
with chemotherapy (CT), 22 with supportive care 
(SC). The overall response rate in the CT group was 
41.7% with a median survival of 199 days, compared 
to 73 days in the SC group (P < 0.001). Such favorable 
results were not observed in a trial performed by 
WOODS et al. (1990) in which median survival for the 
CT group was 27 weeks compared to 17 weeks for the 
SC group, but this difference was not statistically 
significant. KAASA et al. (1991) performed a random
ized trial, comparing the combination CDDP plus 

Table 16.1. Chemotherapy regimens for NSCLC 

Regimen 

CTX-ADM-CDDP 
CDDP-VBL 
CBDCA-VP16 
MMC-VBL-CDDP 
IFO-MMC 
IFO-VP16 
IFO-CDDP 
MMC-IFO-CDDP 
IFO-CBDCA-VP16 
IFO-CDDP-VP16 

Response rate (%) 

15-25 
15-30 
10-30 
30-60 
25-30 
27 
18-35 
35-50 
43 
25-40 

F. Cappuzzo et al. 

VP16 versus SC. Median survival was 21.6 weeks in 
the CT group versus 16 weeks in the SC group, with a 
nonstatistically significant survival benefit in favor 
of chemotherapy. CARTEl et al. (1993) designed a 
randomized trial comparing the effect on survival of 
a chemotherapy regimen consisting of CDDP plus 
CTX plus MMC, versus Sc. In the combined modal
ity group, median survival was 8.5 months, com
pared to only 4 months in the SC group but the 
difference in survival was statistically significant (P == 
0.0001). CELLERINO et al. (1991) randomly assigned 
123 patients to CT (CTX plus CDDP plus epirubicin 
alternating with MTX plus VP16 plus lomustine) or 
Sc. Median survival for the CT group was 34.4 weeks, 
versus 21.1 weeks for the SC group, with no signifi
cant differences. The trial conducted by RAPP et al. 
(1988) in Canada is one of the largest and the most 
frequently referenced. This randomized study 
showed that the combination of VDS and high-dose 
CDDP is superior to the CAP regimen (CTX, ADM, 
and low-dose CDDP) and that CT offers a significant 
advantage in terms of overall survival compared to 
SC (P == 0.01). JAAKKIMAINEN et al. (1990), having 
evaluated the costs of chemotherapy and supportive 
care reported in this trial, concluded that CT permits 
a reduction in cost, at least with the less expensive 
combination. The results of these trials are too het
erogeneous to clarify the exact role of chemotherapy, 
but three recent analyses of these published data 
emphasized its importance in the management of 
advanced NSCLC. More convincing is the meta
analysis performed by the NON-SMALL CELL LUNG 
CANCER COLLABORATIVE GROUP (1995), in which 
individual patient data were obtained from 52 ran
domized trials that enrolled a total of 9387 patients. 
For the subgroup of patients with advanced disease, 
in whom CT was compared to SC, data were available 

Table 16.2. Randomized trials of chemotherapy (CT) versus best supportive care (BSC) in advanced NSCLC 

Reference Patients Overall Median One-year P 
response (%) survival survival (%) 

(months) 
CT BSC 

CT BSC 

RAPP et al. 1988 150 15-25 6.1 4.2 21-22 10 om 
8.1 

QUOIX et al. 1991 49 42 7.1 2.6 NR NR <0.001 
WOODS et al. 1990 201 28 6.8 4.3 NR NR NS 
KAASA et al. 1991 87 11 5.0 3.8 NR NR NS 
CARTEl et al. 1993 102 25 8.5 4.0 39 12 0.0001 
CELLERINO et al. 1991 128 21 8.5 5.0 32 23 NS 

NR, not reported; NS, not significant. 
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from 11 trials for a total of 1190 patients. Two trials 
used alkylating agents, one used VP16 as a single 
agent, and the remaining eight trials used CDDP
based chemotherapy. The results of the trials using 
long-term alkylating agents suggest a detrimental 
effect of chemotherapy, with a hazard ratio of 1.26, 
but the confidence interval is wide (0.96-1.66) and 
the result does not attain significance (P = 0.095). 
Meta-analysis of CDDP based trials shows that CT is 
beneficial, with a hazard ratio of 0.73 (P = 0.0001), 
and a reduction in the risk of death of 27%, which is 
equivalent to an absolute improvement in survival of 
10% at 1 year. The results of this study also indicate 
that CDDP-based chemotherapy improves median 
survival by 6 weeks for this subset of patients. As a 
result, many physicians consider using CT as stan
dard treatment for stage IV NSCLC. If CDDP-based 
chemotherapy is considered the standard treatment, 
the best platinum-based regimen is not well defined. 
In a European randomized trial including 612 
patients, the combination of CDDP and vinorelbine 
(NVB), a new semi-synthetic vinca alkaloid, was 
compared to VDS-CDDP and to NVB alone. Neuro
toxicity was more frequent in the VDS-CDDP group, 
even if neutropenia was significantly higher in the 
NVB-CDDP group. The median duration of survival 
was 40 weeks in the NVB-CDDP arm, 32 weeks in the 
VDS-CDDP arm and 31 weeks in the NVB alone arm, 
with a significant advantage for survival in the 
NVB-CDDP arm (P = 0.02 and 0.04, respectively). An 
objective response rate was demonstrated in 30% of 
patients treated with NVB-CDDP versus 19% in the 
VDS-CDDP arm (P = 0.02) and 14% in the NVB arm 
(P < 0.001). Survival rates at 1 and 2 years were 33% 
and 15% in the CDDP-NVB arm, 30% and 9% in the 
NVB arm, and 27% and 9% in the CDDP-VDS arm. 
Both the high response rate and the survival benefit 
observed with the NVB-CDDP regimen in this study 
suggest that this combination can be considered a 
reference treatment in patients with advanced 
NSCLC. In addition, the authors suggest that NVB 
alone can be proposed as an alternative treatment for 
patients who are unable to receive CDDP. It is note
worthy that four patients with stage IV disease on 
entry and treated with CDDP-NVB were still alive 
after 5 years. Survival adjusted by center continues 
to be in favor of CDDP-NVB compared to CDDP
VDS (P = 0.016) and to NVB alone (P = 0.02), with a 
gain in survival in both stage III and IV disease. 
Recently, BONOMI et al. (1996) conducted a random
ized trial in which the combination of CDDP and 
paditaxel was compared to that of CDDP and 
VP16 in 560 patients with advanced NSCLC. This 

ECOG study showed an advantage for the CDDP
paclitaxel regimen in terms of response (32.1% vs 
12%, P < 0.001), median survival time (9.99 vs 7.69 
months) and I-year survival (39.1% vs 31.6%). 
GIACCONE et al. (1997) have published the data on a 
phase III randomized trial comparing paclitaxel
CDDP to teniposide-CDDP in a mixture of advanced 
NSCLC patients. This study showed that the 
paclitaxel-CDDP combination is superior to 
teniposide-CDDP in terms of response, side effects 
and quality of life. Although median survival does 
not seem to have improved, the CDDP-paditaxel 
combination offers better palliation than the CDDP
teniposide regimen. The results of these randomized 
trials indicate that new drugs such as NVB and 
paclitaxel in combination with CDDP can improve 
survival beyond that achieved with more traditional 
regimens such as CDDP-VDS or CDDP-VP16. Based 
on these data, the American Society of Clinical 
Oncology (ASCO) recommends CDDP-NVB, CDDP
paditaxel or CDDP-VBL as first line treatment for 
metastatic NSCLC. There are no studies directly 
comparing CDDP and carboplatin (CBDCA), but 
uncontrolled phase II trials suggest that CDDP and 
CBDCA may be equally efficient against NSCLC. The 
only randomized trial comparing these two drugs in 
combined regimens was conducted by KLASTERSKY 
et al. (1990). This study showed that CDDP-based 
chemotherapy may provide a higher response rate 
than CBDCA-based chemotherapy but no advantage 
in terms of survival and increased toxicity. Random
ized studies comparing very high-dose CDDP (up to 
200mg/m2), high-dose CDDP (100-120mg/m2) and 
low-dose CDDP (50-60mg/m2) have failed to dem
onstrate a significant survival benefit with higher 
doses despite a higher response rate but increased 
toxicity. New agents such as taxanes, gemcitabine 
and TPI inhibitors have also produced promising 
results used alone or in combination and are cur
rently under investigation in phase III trials. 

16.3 
Treatment of Solitary Metastasis 

Although chemotherapy is the standard treatment of 
stage IV NSCLC, this approach is only palliative. In 
selected cases, surgery and/or radiotherapy can play 
a major role in disease management, especially for 
single brain, adrenal or lung metastases. No data 
have been reported on combined resection of a 
primary lung tumor and a solitary liver or bone 
metastasis. 
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16.3.1 
Metastasis to the Brain 

The incidence of brain metastases from lung cancer 
is reported to be 34% in an autopsy series. Other 
clinical studies show that about 20% of patients with 
resected NSCLC have a clinically diagnosed brain 
lesion during the course of their disease, but it is the 
sole site of first recurrence in only 6.4% of patients. 
The majority of patients develop metachronous 
brain metastases predominantly in the supra
tentorial compartment. Without any treatment, the 
natural history of the disease in such patients is 
progressive neurologic deterioration, with a median 
survival of 1-3 months. Up to the 1980s, whole brain 
radiation therapy (WBRT) was considered the stan
dard treatment of cerebral metastases, but patients 
treated with radiotherapy alone had a median 
survival of only 3-6 months. Several more recent 
studies have reported a more aggressive treatment of 
single brain metastases. Most centers have been 
recommending the resection of brain metastases in 
patients with a good performance status, and have 
demonstrated an improvement of survival, the 
quality of life, and a reduction in recurrence at the 
original site of metastasis in patients who underwent 
brain tumor resection (Table 16.3). In 1990, one 
randomized study demonstrated a significant 
advantage in survival at 1 year for patients undergo
ing surgical resection of a single brain metastasis 
and WBRT compared with WBRT alone. Another 
recent randomized trial confirmed an improvement 
of survival, especially in younger patients, free of 
extracranial disease. In patients with a poor medical 
condition or recurrent or unresectable brain 
metastases, or who refuse craniotomy, stereotaxic 
radiosurgery can be proposed as an alternative to 
surgery. It is a relatively non-invasive method 
delivering a single high-dose fraction of irradiation 
to treat a well-defined intracranial target. This 
technique can be adopted to treat small lesions 
with a diameter of less than 3.5 cm. Better tumor 

Table 16.3. Survival after surgical resection of brain 
metastasis from NSCLC 

References 

BURT et al. 1994 
MACCHIARINI et al. 1991 
WRONSKI et al. 1995 
MUSSI et al. 1985 

Patients 

185 
37 

231 
52 

Median survival 
(months) 

14 
27 
11 
19 

F. Cappuzzo et al. 

control rates have been reported after stereotaxic 
radiosurgery of brain metastasis, either at presenta
tion (in this case, combined with classic fractionated 
radiotherapy), or for recurrent tumors. Between 
1986 and 1995, HAP ROLE et al. (1996) treated 260 
patients with brain metastases from NSCLC, of 
whom 113 had an isolated brain metastasis. Fifty-two 
patients were treated by surgical resection and 61 
by stereotaxic radiosurgery and all patients also 
received WBRT. The overall survival at 2 years was 
33% and there was no significant difference in 
survival between the two groups. Thus, according to 
this report, stereotaxic radiosurgery and surgical 
treatment of brain metastasis appear to be equally 
efficient. In 1997, ASCO recommended resection fol
lowed by WBRT in patients with controlled extracra
nial disease who have an isolated cerebral metastasis 
in an area amenable to surgery. 

16.3.2 
Metastasis to the Adrenal Gland 

Stage IV NSCLC can also be treated with a curative 
intent for patients with both a resectable primary 
tumor and an isolated adrenal metastasis. The adre
nal gland is a common site of metastasis from 
NSCLC: it is estimated that up to 4% of patients with 
an operable NSCLC present with a unilateral adrenal 
mass. About 40% of these masses may be malignant 
and the only metastatic site. Even if the best treat
ment that can be proposed to patients with a poten
tially operable or resected lung cancer and a single 
adrenal metastasis is debatable, several authors con
sider the surgical approach as the only "curative" 
strategy possible likely to improve survival, even if 
the exact role of surgery has yet to be defined. ASCO 
maintains that available data show that combined 
resection of lung primary along with an adrenalec
tomy is associated with long-term survival but that 
additional data are required before a more definitive 
recommendation can be made. The role of chemo
therapy is not well defined in this setting but it is 
common to propose systemic therapy before and/or 
after the resection of malignant lesions. 

16.3.3 
Metastasis to the Lung 

Differentiating primary lung cancer and synchro
nous or metachronous metastasis may be difficult, 
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but the recent revised international system for stag
ing lung cancer considers all separate metastatic 
tumor nodules in the ipsilateral nonprimary-tumor 
lobe as metastasis. The treatment of a single pulmo
nary metastasis is controversial. If the second neo
plasm is synchronous, the surgical options can be 
different. In presence of a secondary lesion localized 
in the same lobe as the primary tumor, radical sur
gery (lobectomy or pneumonectomy) is indicated. 
If the metastasis is localized in the same lung, but 
in different lobes, treatment (surgery or systemic 
therapy) will be strongly influenced by the pa
tient's general medical conditions (cardiological 
status, pulmonary function). When surgery is 
contraindicated, systemic treatments are often pre
ferred. If the primary tumor and the second neo
plasm are localized in different lungs, surgery is 
ill-advised for both lungs but the final decision will 
be dependent on each patient's general condition. If 
surgery is totally impossible, then systemic CT is 
administered. In all these cases, the size of the tumor 
(up to T2 maximum) and lymph node involvement 
are parameters that strongly influence the decision. 
After resection of NSCLC, the remaining portion of 
the lung or the contralateral lung may be the site of 
metachronous metastases. 

16.3.4 
Studies on Lung Metastasectomy 

Numerous studies have been performed on surgery 
for pulmonary metastasis from different solid 
primary tumors, and have demonstrated enhanced 
survival when metastases are totally resected. 
GIRARD et al. (1994) conducted a retrospective re
view and analysis of survival of 186 adults who had 
surgery for lung metastases from various primaries 
and showed a 10-year survival rate of 23% for 
patients in whom a complete resection of all meta
static lesions was possible, while none of the patients 
whose resection was incomplete were alive. The 
types of resection performed are wedge resections, 
segmentectomies and lobectomies, with a mortality 
rate of l.1 %. This retrospective study confirms that 
complete resection of lung metastases can prolong 
survival in a significant number of patients. THE IN
TERNATIONAL REGISTRY OF LUNG METASTASES 

(1997) has published its recent data. Having accrued 
5206 cases of lung metastasectomies and demon
strated an actuarial survival of36% after 5 years, 26% 
after 10 years, and 22% after 15 years, with a median 

of 35 months, the results of this study confirm 
that lung metastasectomy is a potentially curative 
procedure. 

16.4 
Conclusions 

For a long time, the treatment of metastatic NSCLC 
has been controversial due to the absence of data 
strongly supporting the role of chemotherapy. 
Randomized trials and a meta-analysis recently 
performed show that systemic therapy is active in 
advanced NSCLC, modestly but significantly im
proving both median survival and the quality of life 
of patients. Platinum-based chemotherapy is consid
ered the standard combination in advanced malig
nancies and several trials are ongoing to identify 
which drugs preferably must be combined with 
CDDP. Recent drugs such as vinorelbine, docetaxel, 
paclitaxel and gemcitabine in combination with 
CDDP, have all demonstrated clear activity and 
can be recommended as standard treatment for 
advanced NSCLC. Nevertheless, the drugs available 
are not curative and chemotherapy remains pallia
tive for inoperable NSCLC. Curing stage IV NSCLC is 
exceptional but nonetheless possible in a very small 
subset of patients with a single metastasis. A wide 
experience of these patients must be acquired in 
clinical trials conducted by highly specialized anti
cancer centers where these patients should be 
referred. 
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17.1 
Introduction 

There are about 15 drugs with known activity in pa
tients with small cell lung cancer (SCLC) and they are 
usually used in double or triple drug combinations. 
The cisplatin-etoposide combination proved to be 
one of the most active regimens but, as with other 
treatments, attempts to increase the delivered dose 
intensity of that combination did not improve the 
response rate or the survival but led to a significant 
augmentation of toxicity, namely myelosuppression 
(IHDE et al. 1994). 

In spite of the earlier disappointing experience 
with high dose chemotherapy supported by autolo
gous bone marrow transplantation (KLASTERSKY 
and SCULIER 1989), there is currently a renewed in
terest in high dose chemotherapy of SCLC, perhaps 
because of the relative simplicity of palliative therapy 
of myelosuppression through the use of hematopoi
etic colony stimulating factors (CSF) or the adminis
tration of peripheral blood progenitor cells (PBPC). 
As a consequence, in recent years several studies 
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have aimed at escalating the dose intensity of chemo
therapy again either with high dose chemotherapy or 
standard doses given at shorter intervals. So far, 
there is no evidence that an effect on survival has 
been achieved by these attempts. Moreover, the 
approach was often limited to a reduced number 
of courses, because of progressive anemia and 
thrombocytopenia CDEMETRI 1993). Nonetheless, 
many studies are still being undertaken to continue 
and explore this approach. 

Thoracic radiotherapy in addition to chemo
therapy for patients with limited-disease SCLC has 
been evaluated in a meta-analysis by PIGNON et al. 
(1992); it included 13 trials with 2140 patients. There 
was a 14% reduction in the mortality rate, corre
sponding to a 5% improvement in 3-year survival, in 
the combined treatment arm. The identification of 
the optimal combination of chemotherapy and ra
diotherapy, taking into account the potentiation of 
radiotherapy by chemotherapy, as well as the benefit 
of radiation for the bulky tumors, remain other areas 
requiring continuing research. 

17.2 
Concurrent Use of Radiotherapy 
and Chemotherapy 

Patients with limited-stage SCLC were treated with 
concurrent twice daily chest radiotherapy and 
etoposide/cisplatin every 3 weeks, followed by cyclo
phosphamide, doxorubicin and vincristine, by 
JOHNSON et al. (1996). The 2-year survival rate was 
43% but the principal cause of death in these patients 
was still relapse of the original cancer; moreover, 
brain metastases caused 30% of the deaths. 

Weekly cisplatin and etoposide plus concurrent 
thoracic radiotherapy was used by T ABA T A et al. 
(1997); in 11 patients, 3 complete remissions (CR) 
and 8 partial remissions CPR) were observed; a phase 
II study with this feasible regimen is now underway. 
Along the same lines, FRYTAK et al. (1996) used 
infusion chemotherapy with cisplatin and hyper-
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fractionated thoracic radiotherapy. In patients with 
limited disease, the response rate was 100% (76% 
CR) and the 2-year survival was 90%. The regimen 
was felt to be safe and effective. 

There are some indications that continuously 
administered cisplatin during radiotherapy of lung 
cancer leads to superior results to intermittent 
(weekly or monthly) therapy. The European Lung 
Cancer Working Party (ELCWP) is currentlyexplor
ing this possibility. Patients with limited stage of 
SCLC are treated with radiation therapy, associated 
with concurrent standard (every 3 weeks) cisplatin/ 
etoposide chemotherapy (cf. the Johnson approach) 
or continuous cisplatin as daily administrations (cf. 
the Frytak approach) with etoposide being given on 
3 consecutive days, every 3 weeks. After completion 
of radiotherapy, four additionnal courses with 
cisplatin/etoposide are given. 

BUNN et al. (1995) explored the possibility that 
granulocyte-macrophage (GM) CSF reduced the 
hematologic toxicity and morbidity induced by 
chemoradiotherapy in limited stage SCLC. In this 
multicenter prospective trial, 230 patients were ran
domized to receive chemotherapy and radiotherapy 
with or without GM-CSF. There was a statistically 
significant increase in the frequency and duration 
of life-threatening thrombocytopenia in GM-CSF 
treated patients who had significantly more toxic 
deaths and more frequent and severe morbidity. 
There was a non-significant lower response rate in 
the GM-CSF treated patients but no difference in 
survival. It was felt that simultaneous cisplatin/ 
etoposide and radiotherapy produced severe 
neutropenia and thrombocytopenia in a small 
enough proportion of patients so that prophylactic 
hematopoietic growth factors are unnecessary. 

Concomitant high dose chemotherapy 
(ifosfamide, epirubicin, carboplatin and etoposide) 
and radiotherapy, with G-CSF and PBSC support, 
was investigated by WEYNANTS et al. (1997). The 
response rate consisted of 65% of CR and the median 
survival was 27 months. The local control was felt to 
be improved: 5/22 relapses in the chest but a high 
rate of relapse in the central nervous system was seen 
(12/22). Severe infections (WHO> 2) were observed 
in many patients but esophagitis and mucositis were 
rate. 

A similar approach was used by DE MARINIS et al. 
(1997) for late intensification in limited stages of 
SCLC. Patients responding to induction chemo
therapy (cyclophosphamide, epirubicine and 
vincristine) received radiotherapy and concurrent 
chemotherapy with carboplatin/etoposide plus G-
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CSF. All patients showed a major response to inten
sification with 75% CR. The median survival time 
was 19 months and relapses were due to local recur
rence (11 patients), brain metastases (11 patients) 
and metastatic disease (13 patients). Neither sepsis 
or bleeding was recorded and no toxic deaths 
occurred. 

These studies do not demonstrate that G-CSF is a 
necessary component of either initial or late high 
dose chemotherapy associated with concurrent ra
diotherapy. They do not prove either that high dose 
initial or late chemotherapy with concurrent radio
therapy is more beneficial than standard treatment 
for patients with limited stages of SCLC. The results 
reported by WEYNANTS et al. (1997) look somewhat 
more encouraging than those reported by DE 
MARINIS et al. (1997), suggesting perhaps that an 
early aggressive therapy might be preferable. 

17.3 
Standard Versus High Dose 
Chemotherapy 

One of the latest comparative trials between a high 
dose and a standard dose of etoposide and cisplatin, 
by IHDE et al. (1994), in patients with extensive 
SCLC, has already been mentionned. No therapeutic 
benefits resulted from increasing the planned dose 
by 67% for the first two cycles of etoposide and 
cisplatin in these patients; higher doses were associ
ated with substantially worse toxicities. 

Nonetheless, other comparative studies recently 
addressed the same question using different 
methodologies. GATZMEIER et al. (1994) compared 
etoposide/vincristine to etoposide/vincristine/ 
carboplatin in extensive-stage SCLC. They found a 
significantly higher response rate with the triple drug 
regimen but no difference in median survival. A long 
term survival advantage was observed in patients 
with good performance status, less than 60 years, 
with no distant metastases and who achieved CR. 

Standard versus high dose epirubicin (60mg/m2 
and 120 mg/m2) in combination with cis plat in and 
vincristine was investigated by KOLARIC et al. (1994). 
The overall response rate was slightly but signifi
cantly superior in the patients treated with the 
higher dose of epirubicin and more CR were ob
served. However, no improvement of the progres
sion free survival time was seen. BLEEHEN et al. 
(1996) conducted a randomized trial of four-drug 
versus less intensive two-drug chemotherapy in 
patients with poor prognosis SCLC. The regimens 
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consisted of etoposide, cyclophosphamide, metho
trexate and vincristine and of etoposide/vincristine. 
There was no difference overall in response or sur
vival but the two-drug regimen was less toxic. 

SANDLER et al. (1997) compared standard and in
tensive therapy within the frame of ECOG. Therapy 
consisted of cyclophosphamide, CCNU and 
methotrexate and the two arms differed only in the 
dosage of cyclosphamide (700mg/m2 and 1500mg/ 
m2

). Overall response rates were not different, but 
life threatening toxicity was significantly worse in the 
high-dose arm. However, in that study in which all 
the responders received the same maintenance 
therapy, time to progression and overall survival, 
although significantly better, was only marginally 
increased: 29 vs 23 and 41 vs 36 weeks, respectively; 
however, this slight advantage was seen only in pa
tients with limited disease. 

GONZALEZ-LARRIBA and the Spanish Lung Can
cer Group (1997) compared high-dose epirubicin 
(100mg/m2) plus cisplatin to standard etoposide/ 
cisplatin. The response rate and the duration of 
response were similar in both arms, as well as the 
toxicity. 

MURRAY et al. (1997) compared the CODE regi
men, designed to deliver a higher dose-intensity of 
vincristine, doxorubicin and etoposide in combina
tion with cisplatin than the alternation of cyclophos
phamide/adriamycin/vincristine with etoposide/ 
cisplatin. Although CODE increased the response 
rate compared to the other regimen, progression free 
survival and overall survival were not improved. 
Moreover, the mortality during chemotherapy was 
higher with CODE (9% vs 1%). Despite suppor
tive prednisone, cotrimoxazole and ketoconazole, 

febrile neutropenia occurred in 20% of the CODE 
treated patients. Another study by KUBOTA et al. 
(1997) used CODE plus G-CSF following concurrent 
etoposide/cisplatin plus radiotherapy; they reported 
grade 3-4 leukopenia in 50% of the patients but no 
treatment related deaths were observed. 

These seven studies discussed above are summa
rized in Table 17.1. 

Two of these studies (GATZEMEIER et al. 1994; 
BLEEHEN et al. 1996) used as a control regimen 
etoposide/vincristine, which might not be optimal; it 
is not surprising therefore that the addition of 
carboplatin resulted in a higher response and better 
survival at least in patients with limited disease; in 
patients with extensive disease no differences were 
seen in either study. 

The study by GONZALEZ-LARRIBA et al. (1997) 
probably compares two regimens with adequate but 
similar dose-intensity; once again, it is a little sur
prising that no differences were found. 

The other four studies, in which a higher dose
intensity was probably achieved in the study arm, 
report overall disappointing results. Two studies 
(KOLARIC et al. 1994; MURRAY et al. 1997) demon
strated a significant increase in the response rate that 
did not translate into a survival benefit; in one study, 
it was associated with a significantly increased toxic
ity and toxic deaths. 

The other two studies (KLASTERSKY and SCULIER 
1989; SANDLER et al. 1997) did not show an increased 
response rate or improved survival; both were asso
ciated with significantly increased toxicity. 

Thus, overall high dose chemotherapy may in
crease the response rate in good prognosis patients 
without a significant prolongation of the survival; on 

Table 17.1. Comparative studies of dose intensification with support of hematopoietic growth factors 

Reference 

IHDE et al. 1994 
GATZEIMER et al. 1994 
KOLARIC et al. 1994 
BLEEHAN et al. 1996 
SANDLER et al. 1997 
GONZALEZ-LARRIBA et al. 1997 
MURPHY et al. 1997 

Chemotherapy' 

Standard vs high dose Cis/Eto 
EtolVin ± Car 
Standard vs high dose Epi 
EtolVin vs EtolVin/Cyc/Met 
Standard vs high dose Cyc/Met/CCNU 
Epi/Cis vs Eto/Cis 
CisIVin/Dox/Eto vs alternating 
Cyc/DoxlVin and Eto/Cis 

Resultsb 

Response 

+ 
+ 

+ 

Survival 

+ 

(+) 

Toxicity 

+ 
+ 

+ 
+ 

+ 

'Cis, cisplatin; Eto, etoposide; Yin, vincristine; Car, carboplatin; Epi, epirubicin; Cyc, cyclophosphamide; Met, methotrexate; 
Dox, doxorubicin. 
b(+), experimental arm had more efficacy and/or toxicity; (-) no difference. 
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the other hand, it significantly increases the side
effects and morbidity. 

17.4 
High Dose Chemotherapy and the Use 
of Hematopoietic Growth Factors 

A pivotal study by CRAWFORD et al. (1991) evaluated 
standard therapy (cyclophosphamide, doxorubicin, 
etoposide) in SCLC patients with or without G-CSF. 
A reduction of the duration of severe neutropenia 
could be demonstrated; the patients receiving G-CSF 
had fewer febrile episodes and documented infec
tions; they also had shorter hospital stays and less 
antibiotic therapy. 

PUJOL et al. (1997) investigated the dose-intensity 
of a four drug regimen with or without GM-CSF in 
extensive SCLC. In that multicenter randomized 
study, they were unable to achieve a 50% increase in 
dose intensity due to excessive toxicity. In spite of 
the use of GM-CSF, patients treated with the higher 
dosage of chemotherapy had more documented in
fections; actually, these patients had a shorter sur
vival than those treated with standard therapy. 

THA TCHER et al. (1997) conducted a randomized 
trial of dose intensification with G-CSF; in the G-CSF 
treated patients, chemotherapy with doxorubicin, 
cyclophosphamide and etoposide was given every 2 
weeks instead of 3 weeks in the other group. The G
CSF treated patients completed their treatment on 
average 1 month sooner and had an improved sur
vival at 12 months: 48% vs 39%. 

Phase I-II studies of dose intensified chemo
therapy with support by G-CSF have been reported 
recently. JANSSEN et al. (1997) conducted a phase II 
study of dose intensified carboplatin/etoposidel 
vincristine with G-CSF. The use of G-CSF was felt to 
allow an increase in the dose intensity in comparison 
with previous studies. The median survival for pa
tients with extensive disease was 10 months. 

Goss et al. (1997) conducted a pilot study of high 
dose chemotherapy and irradiation with G-CSF. Pa
tients received etoposide/cisplatin followed by high 
dose cyclophosphamide (1750 mg/m2

) etoposidel 
cisplatin, twice with concurrent radiotherapy and G
CSF support. Five patients out of 8 died (2 from 
definite treatment related toxicity) and the estimated 
median survival was 10 months. 

ROBERT et al. (1997) investigated initial chemo
therapy dose intensification with doxorubicinl 
etoposide/cisplatin/cyclosphosphamide with G-CSF 
support. One year survival was 77% and the median 
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survival was 12.5 months. Two possible therapy re
lated deaths were observed among 16 patients. It was 
felt that this approach produced an increased rate of 
infection and thrombocytopenia without producing 
a major improvement in survival. KATAKAMI et al. 
(1996) performed a dose escalation study of 
carboplatin with a fixed dose of etoposide plus G
CSF. The overall median survival was 9 months. It 
was concluded that no therapeutic benefit accrued 
from increasing the dose of carbo plat in up to 
700mg/m2

• 

The pharmaco-economic evaluation of the use of 
colony-stimulating factors with standard therapy 
has been performed by NICHOLS et al. (1994), who 
found that the incidence of neutropenic fever with 
standard therapy was actually only 18% and felt that 
it did not justify the routine use of the hematopoietic 
growth factors which are expensive and do not pro
vide, under these circumstances and in those pa
tients, an obvious therapeutic benefit or cost savings. 
The authors calculated the respective charge esti
mates for three models of the use of G-CSF in SCLC 
patients. The total charge for the prophylactic ap
proach was calculated to be US $1287481; the use of 
G-CSF only in cycles following a febrile neutropenia 
episode cost US $276154 and the policy of reducing 
by 25% the dose of chemotherapy was evaluated 
at US $192820. In the three groups of patients, 
septic deaths, response rates and survivals were 
comparable. 

MESSORI et al. (1996), in a meta-analysis and 
pharmaco-economic evaluation, concluded that G
CSF given prophylactically to patients with SCLC 
and receiving conventional chemotherapy did not 
affect mortality but significantly reduced the inci
dence of neutropenic fever from 68% to 39%. The 
cost-effectiveness ratio of prophylactic G-CSF, i.e., 
the average cost associated with the prevention of an 
episode of neutropenic fever, was us $41088. 

The use of G-CSF as a suppot for routine chemo
therapy of patients with SCLC cannot be recom
mended on the basis of the presently available data. 
CRAWFORD'S study (1991), using quite liberal defini
tions for neutropenia, has been rediscussed by 
NICHOLS et al. (1994), who pointed out the high cost 
of prophylactic G-CSF. Such a high cost was also 
found in Messori's study. 

There is no doubt that the incidence of febrile 
neutropenia can be shortened by prophylactic 
administration of G-CSF. However, the overall 
incidence of severe neutropenia is relatively low and 
it is usually of short duration when conventionnal 
therapy is given. Episodes of febrile neutropenia are 
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Table 17.2. Studies of dose intensification with peripheral blood progenitor cell support 

Reference 

THATCHER et al. 1997 
JANSSEN et al. 1997 
Goss et al. 1997 

ROBERT et al. 1997 

KATAKAMI et al. 1996 

Regimen' 

Accelerated Cyc/Dox/Eto 
Carb/EtolVin intensified 
Cis/Eto then Cyc/Cis/Eto and 
radiotherapy 
Dox/Cyc/Eto/Cis then Cis/Eto 
plus radiotherapy 
Escalation Car 

Median 
survival 
(months) 

12 
10 

10 
12 

9 

I-year 
survival 
(% ) 

48 

77 

Severe neutropenia 
during first course (%) 

57 
27 

90 
60 

12 

'Cis, cisplatin; Eto, etoposide; Yin, vincristine; Car, carboplatin; Cyc, cyclophosphamide; Dox, doxorubicin. 

not very common and usually respon well to antibi
otics, which can often be administered on an out
patient basis; the mortality due to sepsis is almost 
negligible under these circumstances. Therefore, it 
would appear wise to restrict the use of G-CSF to 
those patients at high risk of febrile neutropenia 
or those who had a severe episode of febrile 
neutropenia and in whom dose reduction of chemo
therapy is not indicated. 

The use of G-CSF with intensified chemotherapy 
of SCLC can probably have some favorable effects. 
As indicated in Table 17.2, two out of five studies did 
not find a therapeutic benefit but three did. Perhaps 
the most distressing observation is that all these 
studies report median survivals between 9 and 12 
months, which does not look better than what can be 
obtained with standard therapy. Thus, G-CSF might 
allow dose escalation but neutropenia still remains a 
limiting factor. Most importantly, the course of the 
neoplastic disease is not improved. Further studies 
with dose escalation with neutropenia being con
trolled by G-CSF are probably not needed. 

17.5 
Dose Intensification with Peripheral 
Blood Progenitor Cell (PBPC) Support 

The hematopoietic growth factors allow the collec
tion oflarge amounts of peripheral blood progenitor 
cells in patients receiving chemotherapy. These cells 
can then be used for rapid reconstitution of the bone 
marrow function after intensive chemotherapy. 

LEYVRAZ et al. (1997) treated 65 patients with 
SCLC, two-thirds of whom had extensive disease, 
with ifosfamide (10g/m2), carboplatin (1200mg/m2) 
and etoposide (1200 mg/m2). Severe myelo-

suppression (20% of the patients), infection 
(21 %) and mucositis (10%) were the major toxic 
effects. The study did not show a survival 
advantage. BRUGGER et al. (1997) conducted a similar 
study in patients with limited disease. Patients re
ceived etoposide (500 mg/m2)/ifosfamide (12 g/m2)/ 
carboplatin (750 mg/m2)/epirubicin (150 mg/m2). 
Patients with I-IIA stage had a 3-year survival of 
69% and those with IIIB, 33%. All the patients who 
had surgery after chemotherapy and PBPC were 
long term survivors. Unfortunately this is a very lim
ited study; it is certainly encouraging but requires 
confirmation. 

Other, even smaller studies have been reported 
but do not provide enough data to support or con
firm these preliminary observations. Such a study in 
limited stage patients was reported by CHOU et al. 
(1997). After etoposide/cisplatin and concurrent 
radiotherapy, five patients received carboplatin 
(1600 mg/m2), etoposide (1600 mg/m2), ifosfamide 
(8 g/m2) and prophylactic cranial irradiation. All 
these patients stayed in CR with a follow up period 
of 8-22 months. KIT ADA et al. (1997) have used 
carboplatin (1.2 g/m2)/etoposide (1.2 g/m2)/cyclo
phosphamide (120mg/kg) after CR or PR was ob
tained with standard chemotherapy. The intensive 
regimen maintained CR or PR in these patients for 
8-16 months. 

WOLF et al. (1997) used cyclophosphamide (4g/ 
m2)/etoposide (2100 mg/m2)/carboplatin (1200 mg/ 
m2) in seven patients with limited stage disease; five 
patients were put into CR and two progressed. 
DUNLOP and FITZIMONS (1997) compared myelo
suppression after ifosfamide (3 g/m2)/carboplatin 
(400mg/m2)/etoposide (700mg/m2) supported with 
G-CSF, PBPC or unsupported. This small study sug
gested that G-CSF was superior to PBPC in support-
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ing standard chemotherapy induced neutropenia. 
Once again, it is a preliminary observation which 
requires confirmation not only in SCLC patients 
treated with standard chemotherapy but mainly in 
those receiving more intensive regimens. 

It is clearly too early to draw any conclusions 
about the use of PBPC after intensive chemotherapy 
in SCLC. The experience in patients, most of whom 
had extensive disease, is not very encouraging. The 
experience in patients with limited disease might be 
more positive if the very preliminary data so far 
available are confirmed. However, one should be 
aware that the same intensive regimens failed to alter 
the course of SCLC when used with autologous bone 
marrow transplantation. To avoid delays in our in
formation and prevent the undertaking of many 
small trials - which may be seen as unethical - a 
major cooperative effort should be made to perform 
a large controlled study taking survival and treat
ment related morbidity as end points. 

17.6 
Weekly Chemotherapy 

Administration of chemotherapy weekly can be seen 
as a way to obtain dose intensification. SOUHAMI et 
al. (1994) studied 438 patients with either limited or 
extensive SCLC in a randomized investigation. The 
overall response was similar as was the median sur
vival; the 2-year survival was 12% in both arms. 

Similar conclusions were reached by the Euro
pean Lung Cancer Working Party (SCULIER et al. 
1993); weekly multiple drug combination chemo
therapy failed to improve survival. Actually, if the 
cumulative doses received by the patients in each 
arm were nearly equal to the scheduled cumulative 
doses, the total relative dose intensity was signifi
cantly higher in the standard treatment arm. More 
recently, SKARLOS et al. (1997) found no differences 
between standard therapy and a weekly alternation 
of "non-cross resistant" drugs. 

In patients with extensive disease, Joss et al. 
(1995) performed a randomized study comparing 
weekly carboplatin/etoposide designed as a regimen 
with low toxicity to cisplatin/adriamycin/etoposide 
alternating with cyclophosphamide/methotrexate/ 
vincristine/lomustine. The alternating regimen pro
duced a significantly prolonged median survival as 
well as a different I-year survival (30% vs 4%). The 
weekly regimen was much less toxic, as expected. 

Clearly, there is no justification for giving weekly 
chemotherapy to patients with SCLC. As an attempt 
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for dose intensification, weekly chemotherapy is not 
superior to standard regimens; used at doses aimed 
at a reduction of the side effects, it is clearly inferior 
to standard therapy. 

17.7 
Maintenance Therapy 

Maintenance therapy, after conventional treatment, 
can also be viewed as an intensification of therapy. 
BEITH et al. (1996) used etoposide/cisplatin as an 
induction regimen followed by a randomization to 
vincristine/ doxorubicin/ cyclosphosphamide. Main
tenance therapy was not associated with increased 
surival but led to a significant toxicity after induction 
therapy. On the other hand, the European Lung 
Cancer Working Party (SCULIER et al. 1996) found 
that maintenance therapy was beneficial. After six 
courses of chemotherapy with ifosfamide/ etoposide/ 
epirubicin, patients were treated with etoposide/ 
vindesine or no maintenance therapy. Progression
free survival was significantly improved by mainte
nance therapy with a median duration of 25 vs 12 
weeks; however, the survival was not signicantly dif
ferent (48 and 38 weeks, respectively). 

In spite of these latter data, the overall benefit 
from maintenance therapy is small and probably not 
worth the alteration of quality of life that continued 
chemotherapy is likely to cause. 

17.8 
Conclusions 

So far, there is no evidence that dose intensification, 
whatever the modality is, benefits patients with 
SCLC. Since attempts to intensify therapy often lead 
to increased toxicity, further attempts should require 
very strong justification and should be conducted 
only under strict investigational surveillance. 
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18.1 
Introduction 

Although cisplatin-based chemotherapy regimens 
were introduced in the late 1970s for the manage
ment of advanced non-small cell lung cancer, more 
than 15 years of randomized trials were required to 
produce convincing data showing survival improve
ment in comparison to best supportive care alone. 
The routine use of chemotherapy in this indication is 
still the object of considerable debate in Europe and 
North America as reflected by different recent 
editorials or reviews (HASKEL 1991; SOUHAMI 1996; 
VOKES 1995; WHITE 1995; SOUQUET et al. 1995; 
SORENSEN 1997). 

In the present chapter, we will perform a system
atic review on the randomized trials performed in 
patients with advanced non-small cell lung cancer 
and comparing systemic chemotherapy to best sup
portive care alone. It will not be possible to strictly 
limit the scope of our review to stage IV disease 
because the majority of the trials also deal with 
patients having advanced loco regional disease (stage 
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III) and the reported results are rarely stratified ac
cording to disease extent. We will focus our analysis 
of the literature on survival because it was the 
primary endpoint of the trials and because other 
endpoints such as symptom control, quality of life 
and cost effectiveness have rarely been adequately 
investigated. However, a summary of the data avail
able for these secondary endpoints will be presented. 
The published meta-analyses will be discussed and a 
qualitative assessment of the publications accompa
nied by an aggregation of the available data in the 
original articles that has been performed by the 
authors of the present chapter will be reported. 

18.2 
The Individual Randomized Trials 

We identified the randomized trials comparing che
motherapy to best supportive care alone in advanced 
non-small cell lung cancer, on the basis of a prospec
tive search of the published articles in the Current 
Contents since 1980. Nine studies have been so far 
reported in the English or French literature in a total 
of 11 articles (CORMIER et al. 1982; RAPP et al. 1988; 
GANE et al. 1989; WOODS et al. 1990; WILLIAMS 
et al. 1988; KAASA et al. 1991; QUOIX et al. 1991; 
CELLERINO et al. 1988, 1991; LEUNG et al. 1992; 
CARTEL et al. 1993). The chemotherapy regimens 
used in the experimental arm are described in Table 
18.1, the number of patients that were registered, 
eligible or presenting with metastatic disease (stage 
IV) in Table 18.2 and the results in terms of response 
to chemotherapy, survival and statistical analysis in 
Table 18.3. 

The first study was performed by CORMIER et al. 
(1982) in Quebec. It was published in the early 1980s 
and is the only one not using a cisplatin-containing 
chemotherapy regimen. The survival was highly sta
tistically significantly improved by the MACC com
bination. However, the trial was criticized because of 
the small number of patients included and the poor 
survival of the control group. 
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Table 18.1. Chemotherapy regimens used in randomized trials 

Reference 

CORMIER et al. 1982 

RAPP et al. 1988 

GANZ et al. 1989 

WOODS et al. 1990; WILLIAMS et al. 1988 

KAASA et al. 1991 

QUOIX et al. 1991 

CELLERINO et al. 1988, 1991 

LEUNG et al. 1992 

CARTEl et al. 1993 

Chemotherapy regimen (mg/m2) 

MACC: MTX 40 i.v. dl 
ADR 40 i.v. dl 
CPA 400 i.v. dl 
CCNU 30 p.o. dl 

1. CAP: CPA 400 i.v. dl 
ADR 40 i.v. dl 
CDDP 40 i.v. dl 

II. VP: VDS 3 i.v. weekly x4 
then every 2 weeks 
CDDP 120 i.v. dl, 29, 
then every 6 weeks 

CDDP: 120 i.v. dl, 29 
+ then every 6 weeks 
VBL: 6 i.v. weekly x5 

then every 2 weeks 
VP: VDS 3 i.v. weekly x6 

then every 2 weeks 
CDDP 120 i.v. dl, 29 
then every 6 weeks 

CE: CDDP 70 i.v. dl 
VP16 100 i.v. d1 

200 p.o. d2,3 
VP: VDS 3 i.v. weekly x5 

then every 2 weeks 
CDDP 120 i.v. d1 

CE'P - MEC': 
CPA: 500 i.v. d1 
epirubicin 50 i.v. dl 
CDDP 80 i.v. d1 
MTX 30 i.v. d29 
VP16 200 i.v. d29 
CCNU 70 p.o. d29 

CE: CDDP 100 i.v. d1 
VP16 125 i.v. d1 

250 p.o. d2, 3 
CDDP 75 i.v. d1 
MMC 10 i.v. dl 
CPA 400 i.v. dl 

J.P. Sculier et al. 

Number of courses 

Q 3 weeks until progression or relapse 

Q 4 weeks until progression or 
unacceptable toxicity 

Q 6 weeks until progression or 
unacceptable toxicity 

Q 6 weeks 

Maximum of 6 cycles 

Two to (responders) 4 

Q 4 weeks for a maximum of 8 cycles 

Q 8 weeks until progression or relapse 

Q 3 weeks for 3 courses then chest 
irradiation (40 Gy in 20 fractions 
over 3 weeks) 
Q 3 weeks for a maximum of 6 courses 

MTX, methotrexate; ADR, doxorubicine; CPA, cyclophosphamide; CCNU, lomustine; CDDP, cisplatin; VBL, vinblastine; VPI6, 
etoposide; MMC, mitomycin C. 

Table 18.2. Number of patients registered in the randomized trials 

Reference Number of BSC arm Chemotherapy arm 
registered 
patients No. eligible % with No. eligible % with 

stage IV stage IV 

CORMIER et al. 1982 39 17 53% 20 55% 
RAPP et al. 1988 150 50 90% 1. 43 86% 

II. 44 82% 
GANZ et al. 1989 63 26 100% 22 100% 
WOODS et al. 1990; WILLIAMS et al. 1988 201 91 59% 97 73% 
KAASA et al. 1991 87 43 100% 44 100% 
QUOIX et al. 1991 49 22 100% 24 100% 
CELLERINO et aI. 1988, 1991 128 61 57% 62 60% 
LEUNG et al. 1992 119 58 0% 42 0% 
CARTEl et al. 1993 102 50 100% 52 100% 
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Table 18.3. Results of the randomized trials 

Reference 

CORMIER et al. 1982 
RAPP et al. 1988 

GANZ et al. 1989 
WOODS et al. 1990; WILLIAMS et al. 1988 
KAASA et al. 1991 
QUOIX et al. 1991 
CELLERINO et al. 1988, 1991 
LEUNG et al. 1992 
CARTEl et al. 1993 

BSC arm 

MST 1 yr S 

8.5wks NR 
17wks 10% 

14wks NR 
17wks NR 
3.8mo NR 
10wks NR 
4.9mo 23% 
8.7mo 30% 
4.0mo 12% 

Chemotherapy 

OR MST 

35% 30.5wks 
I. 15% 24.7wks 
II. 25% 32.6wks 
22% 19wks 
28% 27wks 
11% 5.0mo 
42% 28wks 
21 % 8mo 
21 % 12Amo 
25% 8.5mo 

1 yr S 

NR 
21 % 
22% 
NR 
NR 
NR 
NR 
32% 
53% 
38% 

p 

<0.0005 
<0.05 
<0.01 
NS 
NS 
NS 
<0.001 
NS 
<0.05 
<0.0001 

BSC, best supportive care; MST, median survival time; 1 yr S, 1 year survival rate; OR, objective response rate; wks, weeks; NR, 
not reported; NS, nonsignificant; mo, months. 

The second Canadian study reported in 1988 by 
RAPP et al. had a three-aim design and compared 
two different chemotherapy regimens with best sup
portive care alone. The sample size was assessed 
prior to trial activation and both chemotherapy com
binations resulted in significantly improved survival. 

The UCLA study (GANE et al. 1989) had a par
ticular design, using a double-consent preran
domization. After on-study registration and 
randomization of the patient, the physician ex
plained the random assignment to the patient and 
requested consent. Once assigned to a treatment 
group, the patient remained a member of that group 
for survival analysis whether or not consent was 
obtained. Of 32 subjects randomized for support, 6 
refused consent and of 31 randomized for chemo
therapy, 9 refused. When all the patients were con
sidered, median survival times were respectively 
13.6 weeks in the supportive care arm and 20.4 
weeks in the chemotherapy arm (P = 0.09). When 
only the patients who gave their consent were 
analysed, the respective times were 14.4 weeks and 
18.6 weeks (P = 0.26). 

The Australian trial (WOODS et al. 1990; WILL
IAMS et al. 1988) was the largest in terms of number 
of patients included. Results were similar for both 
arms but the statistical design has not been clearly 
reported with the publication or presentation of sev
eral probably unplanned interim analyses. 

Four studies have been performed in Europe: one 
in Norway (KAASA et al. 1991), one in France (QUOIX 
et al. 1991) and two in Italy (CELLERINO et al. 1988, 
1991; CARTEl et al. 1993). All but that by CELLERINO 
et al. (1988, 1991) included patients with only meta
static disease. The Norwegian trial failed to show any 
significant survival improvement but a major 

problem in the interpretation of the results was the 
use of radiation therapy for the primary tumor and 
mediastinum that was administered with symptom
atic intent for patients in both arms (18% in the 
chemotherapy arm and 42% in the supportive care 
arm). In the French study, chemotherapy signifi
cantly improved survival but the median survival 
time was unusually short in the control arm. 

The Italian trial by CELLERINO et al. (1988, 1991) 
failed to show any significant survival improvement 
although the final analysis reported (CELLERINO et 
al. 1991) did not take into account prior published 
interim analyses (CELLERINO et al. 1988), not men
tioned in the statistical analyses of the final paper. 
The second Italian trial published in 1993 by CARTEl 
et al. was significantly in favor of chemotherapy for 
patients with stage IV disease. No interim analysis 
was performed but the statistical analyses were not 
reported. 

The last published trial (LEUNG et al. 1992) com
pared, in Hong Kong, chemotherapy followed by 
chest irradiation to best supportive care alone in 
patients with inoperable nonmetastatic non-small 
cell lung cancer. It showed a significant survival im
provement in favor of the treatment arm. Although 
its design with stage III disease was quite different 
than that of the other trials, we have decided to keep 
it in our analysis because it has been included in the 
reviews and meta-analyses on this topic. 

It should be noted that a large British trial has very 
recently been presented at the Eighth World Confer
ence on Lung Cancer in Dublin in August 1997 
(CULLEN et al. 1997). A total of 351 eligible patients 
were randomized between palliative treatment only 
and 4 courses of chemotherapy (mitomycin C, 
ifosfamide, cisplatin). Results were significantly in 
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favor of active treatment with respective median sur
vival times of 4.8 and 6.7 months (P = 0.03). 

18.3 
The Meta-analyses 

As summarized in Table 18.4, four meta-analyses 
have been published so far: three were based on the 
results reported in the articles (SOUQUET et al. 1993; 
GRILLI et al. 1993; MARIND et al. 1994) and one was 
performed with the individual patient data (NON
SMALL CELL LUNG CANCER COLLABORATIVE GROUP 
1995). We will briefly review and comment on these 
publications before presenting our own meta
analysis of the literature. 

SOUQUET et al. (1993) used seven trials. They 
excluded three studies, because they investigated 
monochemotherapy (etoposide and nitrogen 
mustard) or because the supportive care group was 
in fact a "wait and see" group with treatment by 
chemotherapy or radiotherapy only when symptoms 
appeared. The authors used the mortality rates at 3, 
6, 9, 12 and 18 months as endpoints. The way they 
obtained these numbers is not clearly explained. 
With chemotherapy they obtained a significant re
duction in the mortality rate at 3, 6, 9 and 12 months 
but not at 18 months, with relative risks of 0.65 

Table 18.4. Meta-analyses results 

Meta-analysis 
Trials included 

LAING et al. 1975 
CORMIER et al. 1982 
ANDERSON and PAYNE 1985 
RAPP et al. 1988 
GANZ et al. 1989 
WOODS et al. 1990; WILLIAMS et al. 1988 
- England 
- Australia 
BUCCHERI et al. 1990 
KAASA et al. 1991 
QUOIX et al. 1991 
CELLERINO et al. 1988, 1991 
LEUNG et al. 1992 
CARTEl et al. 1993 
OR or HR (95% CI) 

SOUQUET et al. 
1993 

S 

NS 
NS 
S 

NS 
S 
NS 

0.65 

S 
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(reported in Table 18.4),0.73,0.86,0.91 and 0.96 (of 
observing an event in the chemotherapy arm com
pared to the control arm). 

GRILLI et al. (1993) performed a similar literature 
selection but without the trial by QUOIX et al. (1991) 
because it was published in French and not in 
English. They estimated the numbers of deaths at 3, 
6, 9 and 12 months from survival curves by simple 
multiplications, ignoring therefore the censoring 
mechanism. Their meta-analysis showed a 24% re
duction in the likelihood of death (relative risk = 
0.76; 95% confidence interval or CI: 0.66-0.87). 
The effect of chemotherapy varied with time, with a 
37% risk reduction at 3 months that increased later. 
The mean potential gain in survival 1 year after 
initiation of chemotherapy was estimated to be 
approximatively 6 weeks (95% CI: 1-10 weeks). 

MARINO et al. (1994) selected the same studies as 
Souquet but also included the trial by BUCCHERI et 
al. (1990), which is in fact not a true randomized 
trial. As described by the authors themselves (p. 89 of 
the article), a "non-conventional randomized proce
dure was adopted: all eligible patients, seen during 
the first years of study, were treated with 
chemotherapy (the MACC regimen as reported by 
Cormier); in contrast, all the eligible ones, treated 
during the subsequent years, received no specific 
antitumor therapy." The authors have considered 

GRILLI et al. 
1993 

S 

S 
NS 
NS 

NS 

NS 

0.76 
0.66-0.87 
S 

MARINO et al. 
1994 

S 

S 
NS 
NS 

NS 
NS 
S 
NS 

0.44 
0.32-0.59 

Non-Small Cell Lung 
Cancer Collaborative 
Group 1995 

NS 
NS 
NS 
NS 
NS 

NS 
NS 

NS 
S 
NS 

S 
0.73a 

S S 

Comment: an OR or HR equal to 1 indicates no effect of chemotherapy, and an OR or HR less or greater than 1 indicates that 
chemotherapy is beneficial or harmful, respectively. 
S, significant; NS, nonsignificant; -, not included; OR, odds ratio; HR, hazard rate; CI, confidence interval. 
a Cisplatin-containing chemotherapy regimens only. 
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survival at 6 months as the endpoint and have ex
trapolated the numbers of events from the survival 
curves, with the assumption of no censoring before 6 
months. The pooled odds ratio at 6 months was 0.44 
(95% CI: 0.32-0.59). In terms of median survival 
time, the gain obtained with chemotherapy has been 
estimated to be about 3 months. 

Stewart and Pignon have reported, for the NON
SMALL CELL LUNG CANCER COLLABORATIVE GROUP 
(1995), a meta-analysis using updated data on indi
vidual patients. Trials were eligible if they started 
recruitment after 1 January 1965 and completed re
cruitment by 31 December 1991. To avoid publica
tion bias, both published and unpublished studies 
were included. Updated information on survival 
status and date of last follow-up were requested 
together with treatment allocated, date of random
ization, age, sex, histological cell type, stage and per
formance status. Survival analyses (comparisons by 
log-rank tests) were stratified by trial and the ex
pected and observed numbers of deaths were used to 
calculate individual and overall pooled hazard ratios 
(HR), representing the instantaneous risk of dying 
when receiving treatment compared with best sup
portive care. Data were available from 11 trials (1190 
patients and 1144 deaths), including two using alky
lating agents (CORMIER et al. 1982; LAING et al. 1975) 
and one with etoposide as single agent (ANDERSON 
and PAYNE 1985). An estimate of the global hazard 
ratio, on the basis of patient's individual data, is pre
sented in Table 18.4. There was considerable overall 
statistical heterogeneity, the trials using the alkylat
ing agents suggesting a detrimental effect of chemo
therapy (HR: 1.26; 95% CI: 0.96-1.66; P = 0.095) and 
the cisplatin based trials showing a benefit (HR: 0.73; 
P < 0.0001) with an absolute improvement in sur-

vival of 10% at 1 year or an increased median sur
vival of 1.5 months. Subgroup analysis failed to re
veal any particular advantage of chemotherapy 
according to sex, histology, type, performance status 
or stage. 

We performed a meta-analysis based on the pub
lished literature including papers in both English 
and French, based on crude numbers of patients 
dead at the time of publication as reported by the 
authors in their article, in order to avoid the extrapo
lation from the survival curves as performed in the 
prior reported studies and the assumption that no 
censoring was done before the endpoint time. We 
did not include the LAING et al. (1975) and 
ANDERSON and PAYNE (1985) trials using inactive 
drugs and the BUCCHERI et al. (1990) one for the 
reason previously given. The meta-analysis was per
formed according to the method of YUSUF et al. 
(1985). This method is based on the estimation of the 
odds ratio describing the relative risk of surviving in 
the experimental arm in comparison to the control 
arm, by combining the data of the studies where the 
information was available. In the present analysis, by 
definition, an OR above 1 is in favor of the experi
mental arm, the results being statistically significant 
if the 95% CI of the OR is above 1. 

The results are shown in Table 18.5. Crude data on 
the number of patients dead or alive were available 
for six of the nine trials selected (Table 18.1). Al
though the difference was never significant in the 
individual trials, due, perhaps, to a lack of statistical 
power, the overall OR was significantly (P < 0.05) in 
favor of chemotherapy, with a relative risk of 2.07 
(95% CI: 1.06-4.04). When only cisplatin-based trials 
were considered (without the study by Cormier), 
the difference has a lower significance probability 

Table 18.5. Authors' own meta-analysis of the results published in the literature 

Trial No. of events/ OR 95% CI 
No. of patients 
eligible 

BSC CT 

CORMIER et al. 1982 17/17 17/20 7.1 0.70-73.36 
RAPP et al. 1988 48/50 92/97 1.3 0.26-6.36 
GANZ et al. 1989 25/26 19/22 3.5 0.46-26.78 
CELLERINO et al. 1988, 1991 60/61 58/62 3.4 0.57-20.22 
LEUNG et al. 1992 45/58 27/42 1.9 0.80-4.63 
CARTEl et al. 1993 SO/50 52/52 
Pooled results 
- Total 2.07 1.06-4.04 
- Cis plat in based trials (without CORMIER) 2.27 1.20-4.32 

OR, odds ratio; CI, confidence interval; BSC, best supportive care; CT, chemotherapy. 
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(P < 0.02), with an OR of2.27 (95% IC: l.20-4.32) in 
favor of active treatment. There was no statistically 
significant difference between the negative and posi
tive trials in terms of cisplatin dosage planned by the 
protocol and in terms of rate of patients with stage 
IV disease. 

In conclusion, the five meta-analyses are all in 
favor of chemotherapy in comparison to best 
supportive care alone in patients with advanced 
non-small cell lung cancer, especially when a 
cisplatin-containing regimen is used. 

18.4 
The Qualitative Assessment 
of the Randomized Trials 

A meta-analysis, as we performed, consists of a 
quantitative aggregation of the results of random
ized trials, not taking into account the individual 
quality of each study. In order to analyse this impor
tant aspect of clinical research, we used two different 
methods. The first was the quality scale developed by 
CHALMERS et al. (1981), which has two components, 
the internal validity (scientific) and the external va
lidity (allowing the generalization of the results to 
the entire cancer patient population concerned). Re
spective maximal scores are 63 and 25 points, the 
total being 88. The second method (Appendix) has 
been developed by our group, the European Lung 
Cancer Working Party (ELCWP), and is called the 
ELCWP scale. It assesses the following qualitative 
aspects: the study protocol (as usually described in 
the "Patients and methods" section of the article) 

J.P. Sculier et al. 

and the performed analysis (as reported in the 
"Results" section). Respective maximal scores are 42 
and 60 points, the total being 102. When an item does 
not apply to a trial, the theoretically concerned 
points are omitted from the theoretical total (de
nominator). The final scores are expressed in per
centages, a higher rate meaning a higher 
methodological quality as reported in the publica
tion. 

Table 18.6 summarizes the scores obtained for 
each trial by the two methods. The mean Chalmers 
and ELCWP scores were respectively 42.5% (SD: 
13.2%; median: 47.5%) and 66.2% (SD: 8.7%; median 
64.1 %). The numbers were low, as already reported 
by MARINO et al. in their meta-analysis. They re
ported a median Chalmers score of 41 % (range: 
34%-73%). The scores obtained by the ELCWP 
method were higher and the correlation of the results 
obtained by the two methods was not significant 
(Bravais-Pearson coefficient r = 0.45). 

The studies obtaining in the publication a statisti
cally significant advantage of survival in favor of che
motherapy had no better quality score as evaluated 
by the Mann-Whitney nonparametric test. The mean 
rates of the negative and positive trials were respec
tively 38.8% and 45.4% on the Chalmers scale 
(P = 0.62) and 64.9% and 67.3% on the ELCWP scale 
(P = 0.62). When the analysis was restricted to stud
ies using the cisplatin-containing regimen by exclud
ing the Cormier trial, the results were similar. 

The studies reporting crude data on dead patients 
to allow the meta-analysis were compared to those 
not giving these data. Their quality was not signifi
cantly improved with mean rates respectively of 

Table 18.6. Quality scores of the published randomized trials comparing chemo-
therapy to best supportive care alone for advanced non-small cell lung cancer 

Trial Scoring system 

Chalmers (%) ELCWP (%) 
Total 

Protocol Analysis Total 

CORMIER et al. 1982 34.2 42.9 63.0 53.4 
RAPP et al. 1988 49.3 78.6 85.2 82.3 
GANZ et al. 1989 52.9 54.8 62.5 58.9 
WOODS et al. 1990; 22.9 64.3 64.0 64.1 

WILLIAMS et al. 1988 
KAASA et al. 1991 24.7 54.8 66.7 61.1 
QUOlX et al. 1991 47.5 59.5 67.4 63.6 
CELLERINO et al. 1988, 1991 59.7 78.6 73.1 75.5 
LEUNG et al. 1992 37.3 69.0 66.7 67.8 
CARTEl et al. 1993 58.9 76.2 63.0 69.3 
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Table 18.7. Reporting of some important items in quality scoring for the individual randomized trials 

Trial Items 

A B C D E F G H 

CORMIER et al. 1982 1 0 0 2 0 0 2 NA 
RAPP et al. 1988 2 0 2 2 0 2 2 NA 
GANZ et al. 1989 0 2 0 2 2 2 2 0 
WOODS et al. 1990; WILLIAMS et al. 1988 0 0 0 2 0 2 0 0 
KAASA et al. 1991 2 0 0 2 2 2 0 1 
QUOIX et al. 1991 0 0 0 2 0 2 0 NA 
CELLERINO etal. 1988,1991 2 2 1 2 2 2 2 0 
LEUNG et al. 1992 2 0 0 2 0 0 2 NA 
CARTEl et al. 1993 2 1 0 2 0 2 2 NA 

A, primary objective definition; B, technique of randomization used; C, a priori estimate of the sample size; D, survival statistical 
analysis; E, confidence interval on the estimated parameters; F, intent to treat analysis; G, crude number of deaths observed per 
arm; H, a posteriori estimate of study power (for negative trial): 2 = adequate; 1 = inadequate; 0 = not reported; NA = not 
applicable. 

47.9% vs 31.7% on the Chalmers scale (P = 0.07) and 
67.9% vs 62.9% on the ELCWP scale (P = 0.44). 

Table 18.7 reports some important items of the 
quality scoring scales and shows that very important 
items like the description of method of randomiza
tion used, the a priori estimate of the sample size and, 
for negative trials, the a posteriori estimate of the 
study power or confidence intervals on the evaluated 
parameters were rarely reported in the publication. 

In conclusion, the analyzed trials lacked good 
methodological quality. A possible explanation 
might be the ethical difficulties of obtaining patients 
who agreed to participate in this type of investigation 
or the biases due to poor reports of adequately per
formed and analyzed studies. Whatever the reason, 
the poor quality of a trial can provide arguments 
against chemotherapy, even if the results are re
ported as significantly positive. 

18.5 
Other Endpoints than Survival 

Important secondary endpoints are the subjective 
effect of chemotherapy sensed by the patient and the 
cost of the treatment procedure. 

Subjective effect can be evaluated by symptom 
control and quality oflife evaluation. Published data 
are rare so far in this field. Toxicity has been assessed 
in the conventional way but that approach does not 
necessarily reflect the feeling of the patient. GANZ et 
al. (1989) measured the evolution of Karnofsky per
formance status in the two groups and did not detect 

any difference in the average score over the first 
24 weeks between the patients receiving chemo
therapy and those treated by supportive care only. 
BILLINGHAM et al. (1997) presented for the previ
ously discussed trial (CULLEN et al. 1997) quality of 
life data obtained for patients included in the study. 
These data mainly assessed symptoms and toxicity 
with a significant improvement after 6 weeks when 
chemotherapy was administered. In the same con
gress, another English group reported on a trial 
(ANDERSON et al. 1997) comparing in advanced non
small cell lung cancer single agent chemotherapy 
with gemcitabine to best supportive care. Their 
study, including 300 patients, had as primary end
point quality oflife measured by symptom scales and 
the EORTC questionnaire. A significant improve
ment was reported with gemcitabine but without 
better survival. 

Costs of chemotherapy have been analyzed for the 
three-arm Canadian trial performed by RAPP et al. In 
the Canadian health care system, the investigators 
have shown (JAAKKIMAINEN et al. 1990) that chemo
therapy, especially the CAP regimen, was cost
effective, mainly because of a reduction of the num
ber of days of hospitalization. 

18.6 
Conclusions 

The systematic literature review that we have per
formed on randomized trials on the role of systemic 
chemotherapy in advanced non-small cell lung 
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cancer has identified multiple positive points in fa
vor of active treatment of these patients: modest but 
significant survival improvement as shown in some 
randomized trials and in all the meta-analyses when 
cisplatin is present in the regimen, better symptom 
control and cost-effectiveness. However, the trials 
are not of excellent methodological quality, probably 
because they are difficult to conduct from an ethical 
point of view. These methodological problems might 
be the source of further discussion on the true 
impact of chemotherapy in this indication. Never
theless the large effort put into this type of investiga
tion over more than 15 years and the convergence of 
all the data available, whether the observed differ
ences are statistically significant or not, should en
courage us to improve the available regimens and no 
longer try to reproduce trials that are becoming 
more and more ethically questionable. 

Appendix: The Quality Scoring Method 
for Publication Proposed by the 
European Lung Cancer Working Party 
(ELCWP) 

Item Maximal Definition 
identification category 
or category 

I. Study protocol description 
A 2 Definition of the number of 

participating centers 
B Selection criteria for the study 
BI 2 - Performance status 
B2 2 - Age 
B3 2 - Histological type 
B4 2 - Disease extent 
B5 2 - Prior therapy 
B6 2 - Comorbidity 
C 2 Randomization method 
D Treatment description 
DI 2 - Radiotherapy: energy, dose, 

fractionation, fild, duration 
- Chemotherapy: drugs, dose, 

route 
- Course number 

D2 2 - Dose adaptation plan 
E VVork-ups 
EI 2 - Initial 
E2 2 - At response assessment 
E3 2 - During follow-up after 

therapy 
F Evaluation criteria 
FI 2 - Response 
F2 2 - Response or disease-free 

duration 
F3 2 - Survival 
F4 2 - Toxicity 

G 

GI 
G2 

G3 

G4 

A 
Al 

A2 

B 
BI 
B2 
B3 

B3I 
B32 
B33 
B34 
B35 
B4 

C 
CI 
C2 
C3 
C4 

CS 
D 
DI 
D2 
D3 
D4 

D5 
D6 

E 
EI 
E2 
F 
FI 
F2 
F3 

G 
GI 
G2 
H 
HI 

H2 

Quotation: 

2 
2 

2 

2 

2 

2 

2 
2 

2 
2 
2 
2 
2 
2 

2 
2 
2 
2 

J.P. Sculier et al. 

Statistical methods and trial 
objectives 

- Primary objective definition 
- Secondary objective 

definition 
- Statistical methods and tests 

used 
- A priori estimate of sample 

size 
II. Study analysis report 
Analysis timing 

- Dates of first and last 
patient registration 

- Type of analysis (definitive 
or planned interim) 

Patient characteristics 
- Ineligibility rate (per arm) 
- Causes of ineligibility 
- Eligible patient 

characteristics 
- Age 
- Performance status 
- Sex 
- Histological type 
- Disease extent or stage 
- Arms balancing according 

to stratification 
Survival 

- Rates 
- Crude numbers of deaths 
- Statistical test results 
- Confidence intervals on 

rates 
2 - Intent to treat analysis 

Antitumoral response 
2 - Unassessable rate (per arm) 
2 - Cause for nonassessability 
2 - Response rates 
2 - Confidence intervals on 

rates 
2 - Statistical test results 
2 - Inclusion of toxic deaths 

and early deaths by cancer 
in the rate calculation 

Local control 
2 - Actuarial rate 
2 - Statistical test results 

Toxicity 
2 - Description per arm 
2 - Statistical test results 
2 - Confidence intervals on 

rates 
Prognostic factors for survival 

2 - Univariate analysis 
2 - Multivariate analysis 

Discussion 
2 - Author's conclusions in 

accordance with results 
2 For negative trials: a 

posteriori estimate of study 
power 

2 points: description adequate and 
complete 

I point: partially described or not 
optimal 

o point: not performed or not mentioned 
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19.1 
Introduction 

Lung cancer remains a devastating disease. In many 
situations, radiation therapy represents a chance of 

1 F. MORNEX, Radiation Oncology Department, EA 643, Cen
tre Hospitalier Lyon-Sud, 69310 Pierre-Benite, France 
2 1.J. BOERSMA, Radiotherapy Department, The Netherlands 
Cancer Institute/Antoni van Leeuwenhoek Huis, Plesmanlaan 
121, 1066 CX Amsterdam, The Netherlands 

cure. However, due to the high radiosensitivity of the 
lung, it is often not possible to achieve a tumoricidal 
dose of radiation in lung cancer patients. In addition, 
in patients who are cured by radiotherapy, the 
quality of life may be compromised by an impaired 
respiratory function. Radiation-induced pulmonary 
symptoms occur in up to approximately 20% of pa
tients irradiated for lung, breast cancer, lymphoma 
and thymoma (MARKS 1997b). Subclinical changes 
in whole-lung function, manifested by asymptomatic 
reductions in quantitative pulmonary function tests, 
are seen in a larger fraction of patients. For an indi
vidual patient, there are presently no good means of 
predicting the probability of developing symptoms, 
nor of predicting the severity of the lung injury 
induced by radiation therapy, alone or combined 
with chemotherapy, which is becoming the standard 
treatment in some situations (PECKHAM and COLLIS 
1981; SCHAAKE-KoNING et al. 1992). This problem 
may become even more critical with the radiation 
dose escalation, which is necessary to improve local 
control and survival in lung cancer, and which is now 
realistic, with the recent advent of three-dimensional 
conformal therapy, allowing the radiation dose to be 
increased in a limited volume (ARMSTRONG et al. 
1993; HAZUKA et al. 1993; LICHTER et al. 1992; PEREZ 
et al. 1986, 1987). However, to design the optimal 
treatment technique, it should be possible to predict 
the risk of lung injury more precisely. Thus, the 
limited tolerance of the lung to radiation is of great 
importance in the radiotherapeutic management of 
malignant chest tumors, and the recent improve
ments in radiation therapy equipment make the 
need for prediction more crucial. 

The purpose of this chapter is to identify the 
different tools available which can help evaluating 
(and potentially predicting) the lung parenchyma 
radio toxicity, and to present the SOMA/LENT scale 
(PAVY et al. 1995a). 
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19.2 
Characteristics of Radiation-Induced 
Lung Injury 

19.2.1 
Introduction 

The earliest reports of radiation-induced lung injury 
were presented at the beginning of this century, with 
description of clinical and radiological changes in 
the lung and pleura, which were attributed to previ
ous irradiation (GROOVER et al. 1921; PHILLIPS and 
MARGOLIS 1972; RUBIN and CASARETT 1968; TYLER 
and BLACKMAN 1992). This description was then 
confirmed by several publications. 

Radiation-induced lung injury occurs in two 
phases: an early phase, radiation pneumonitis, 
developing 1-8 months after irradiation, which can 
be followed by a late phase, radiation fibrosis (GROSS 
1977). The severity of the injury can vary from slight 
dyspnea and cough, to severe impairment of respira
tory function, which may eventually lead to death. 

The histopathologic changes and the resultant 
physiological abnormalities of cancer therapy are 
relatively similar for radiation and chemotherapy. 
Although cytotoxic drugs affect the entire lung, ra
diation injury is generally limited to the irradiated 
volume. 

A great number of histologic changes have been 
documented in animals (DOWN 1986; LAW 1985; 
LAW and AHIER 1989); however, data for humans 
are incomplete. The effects of doses of radiation on 
the lung parenchyma, with resulting congestion and 
intra-alveolar edema, become evident within weeks 
to months after exposure to radiation (TRAVIS 1980). 

The most important factors which influence the 
severity and the probability of developing radiation 
damage include treatment-related factors such 
as total radiation dose, fractionation schedule, and 
irradiated volume (BOERSMA 1995a,b; BORNSTEIN 
et al. 1990; CHOI et al. 1985; HERMANN et al. 1997; 
MARKS et al. 1997a,b; MOLDOFSKY et al. 1988; VAN 
DYK et al. 1981, 1989; VAN DYK and KEANE 1989). 
Other factors are concomitant or previous chemo
therapy, previous irradiation, steroid withdrawal, 
and pre-existing pulmonary disease (CHOI et al. 
1985; GROSS 1977). Only little evidence has been 
found for the influence of age, presence of athero
sclerosis and previous surgery. There are additional 
unknown factors contributing to the development of 
radiation damage. It may occur "at random," but it is 
also possible that individual sensitivity partially de
termines the reaction (MAH et al. 1987). This could 
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correlate with the hypothesis that autoimmunity or a 
delayed hypersensitivity reaction are pathogenic 
mechanisms in developing radiation pneumonitis, 
particularly in cases where damage occurs outside 
the treatment fields (GROSS 1977). 

To reduce or even prevent radiation-induced lung 
damage, the pathogenesis of this type of injury 
should be known, as well as the quantitative influ
ence of the above-mentioned factors on the severity 
and probability of developing radiation-induced 
injury (e.g., radiation dose, irradiated volume, 
additional treatment with chemotherapy). 

19.2.2 
Pathogenesis 

19.2.3 
Early Phase 

The changes due to radiation affect several types of 
cells: capillary endothelial cells, and epithelial cells 
such as pneumocytes I and II (KATZENSTEIN and 
ASKIN 1990; PHILLIPS 1981; STONE et al. 1956). 

Endothelial cell damage results in an increased 
capillary permeability, in occlusion of the microvas
culature by platelets, fibrin, collagen and debris, and 
in metabolic activity changes, affecting vasodilation 
and constriction. This injury results in interstitial 
inflammation, thickening of alveolar walls, and 
alveolar collapse, leading to impairment of gas 
exchange. 

Type I pneumocytes are desquamated into the al
veolar lumen, and this injury is followed by prolif
eration of type II pneumocytes, which produce 
surfactant and maintain patent alveoli. An increased 
level of alveolar surfactant is one of the earliest 
detectable changes following lung irradiation start
ing within hours of irradiation and persisting a 
maximum of 2-6 weeks (TRAVIS et al. 1987). Sub
sequently, surfactant levels return to and remain 
at normal levels during the pneumonic phase 
(MACDONALD et al. 1995). Although abnormalities 
are found in most elements and no specific lesion 
is entirely characteristic of pneumonitis, current 
evidence suggests that damage to the type II 
pneumocyte and the endothelial cell is closely linked 
to the pneumonic process. Changes in bronchiolar 
epithelium have also been reported: focal bronchial 
necrosis, squamous metaplasia and bronchiectasis. 
In addition, slight pleural thickening may be seen. 
Mild radiation-induced pneumonitis may reverse to 
normal, but the inflammatory response may lead to 
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distorsion of the lung architecture and result in the 
late and irreversible phase of fibrosis (RoSWIT and 
WHITE 1977). 

19.2.4 
Late Phase 

The principal characteristic lesions of pulmonary 
radiation fibrosis are progressive vascular sclerosis 
and interstitial fibrosis, which includes a pathologi
cal organization of collagen fibers and fibrosis of 
the alveolar walls, peribronchial and perivascular 
regions, subpleural zone and interlobular septa. This 
process results in a marked thickening of the septa 
and pleura (WARD et al. 1979). An imbalance be
tween collagen production and degradation seems 
to be one of the major factors underlying late radia
tion damage. Recently, it has been suggested that 
cytokines (especially transforming growth factor p) 
released immediately after irradiation may play a 
major role in the development of radiation fibrosis 
(ANSCHER et al. 1993, 1998; BORDER and NOBLE 
1994; FINKELSTEIN et al. 1994). The fibrotic collapse 
of lung tissue finally leads to dilatation of bronchi 
(bronchiectasis) with accumulation of intraluminal 
secretions and secondary infections. 

19.3 
Tools to Evaluate Radiation-Induced 
Lung Toxicity 

There are several "tools" available to evaluate the 
radiation-induced injury: these include clinical ex
amination, radiological findings, functional tests and 
blood tests. This chapter will review all these aspects, 
as well as the potential new tools to predict 
radiation-induced injury. 

19.3.1 
Clinical Evaluation 

Symptomatic pneumonitis occurs in approximately 
5%-20% of patients irradiated for mediastinal 
lymphoma, lung, or breast cancer (DAVIS et al. 1992; 
MORGAN et al. 1985; SHAPIRO et al. 1990). The symp
toms of radiation damage of the lung vary from very 
mild signs of dyspnea and cough, to lethal respira
tory failure. The clinical syndrome of the early phase, 
acute radiation pneumonitis, usually occurs 1-3 
months after completion of radiation, and is charac-
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terized by a hacking cough, dyspnea on exertion, 
fever and, rarely, chest pain. The cough is initially 
nonproductive, but rather accompanied by the pro
duction of thick white sputum. The fever may be 
subfebrile, but can also be high and spiking. The 
physical signs are scant; sometimes there is evidence 
of consolidation, dry and moist rales may be heard 
and occasionally a pleural friction rub is heard. 
Sometimes signs of pleural effusion can be found. 

The early phase 1-8 months after irradiation may 
be followed by a late fibrotic phase, which is usually 
asymptomatic, but sometimes chronic respiratory 
failure develops. The clinical signs are dyspnea, 
reduced exercise tolerance, orthopnea, cyanosis and 
finger clubbing. Sometimes even a cor pulmonale 
develops. These symptoms may persist for the life 
of the patient (GROSS 1977). In addition the lung 
becomes very susceptible to invasion by micro
organisms due to the diminished tissue resistance. 
Bronchiectasis is accompanied by chronic respira
tory infections, which are often resistant to therapy. 

In terms of treatment, steroids may help to de
crease the severity of clinical symptoms (COSGRIFF 
and KLIGERMAN 1951; Moss et al. 1960; ROSWIT and 
WHITE 1977). Abrupt withdrawal of corticosteroids 
may provoke radiation pneumonitis and therefore 
withdrawal has to be gradual. The beneficial effect of 
the prophylactic use of corticosteroids has not been 
established. Steroids are not of benefit in the late 
fibrotic phase (Moss et al. 1960). Because in this late 
phase the lungs become more susceptible to infec
tions, antibiotics are often needed. In addition, con
ventional asthma medicines as bronchodilatators 
may be helpful in cases of severe dyspnea. The use 
of anticoagulants (e.g., heparin) has been studied, as 
well as many other agents (Moss et al. 1960; 
McDoNALD et al. 1995). However, none of these 
agents has yet been shown to be of beneficial effect in 
clinical studies. 

19.3.2 
Radiological Evaluation 

The radiographic changes in the lung occurring 7-10 
days after radiotherapy can be described as a diffuse 
haze and a ground glass opacification, having the 
appearance of either pleuritis or pneumonitis (BATE 
and GUTTMANN 1957; BELL et al. 1988; DAVIS et al. 
1992; LIBSHITZ and SOUTHARD 1974). Usually air 
bronchograms are visible as well. These changes 
have a sharp edge and are confined to the margin of 
the treatment field. 
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When fibrosis occurs, the changes gradually alter 
to linear fibrotic densities (PRATO et al. 1977). These 
densities are centered upon the irradiated region, 
but may extend outside it. Other radiographic fea
tures of the late phase are mediastinal shift with loss 
of volume, lung contraction, shrinkage of the pulmo
nary vessels, pleural thickening, bronchiectasis and 
bronchial stenosis. Sometimes pleural effusion is 
seen. Even if pneumonitis has not occurred, fibrosis 
may develop. Cases of radiographic changes outside 
treatment portals have been described, but this phe
nomenon is rare and has been attributed to opportu
nistic infections or other causes. 

Chest radiographs are generally less sensitive for 
detecting radiation damage than CT -scan images of 
the thorax (MAH et al. 1988; VAN DYK and HILL 
1983; VAN DYK and KEANE 1989; VAN DYK et al. 
1989). Abnormalities are generally apparent on CT 
within 16 weeks after radiotherapy, and can be de
scribed in a few cases even if no abnormalities are 
seen on chest radiographs. Further characteristic 
findings are extension of the injury over anatomical 
tissue margins (50%), air bronchograms (25%), loss 
of volume (15%), and pleural thickening (55%) 
(MAH et al. 1986, 1987; VAN DYK and HILL 1983). 
Computerized tomographic findings demonstrate 
a well-defined dose-response relationship. Four 
patterns of radiation-induced changes in lung on CT 
have been identified (LIBSHITZ and SOUTHARD 
1974): homogeneous, slight increase in radio density; 
patchy consolidation; discrete consolidation; and 
solid consolidation. In the past few years high reso
lution CT (HRCT) has been used to study radiation
induced lung damage in more detail. It is claimed 
that with HRCT a differentiation can be made be
tween fibrosis (e.g., reticular densities, honeycomb
ing) and reversible alveolitis, which cannot be 
distinguished by density measurements on conven
tional CT (SCHRATTERER-SEHN et al. 1993). 

19.3.3 
Overall Pulmonary Function Tests 

The clinical toxicity of irradiation of the lungs is not 
only determined by the incidence of radiation 
pneumonitis or CT density changes, but also by the 
functional changes associated with irradiation of the 
lung. 

Patients with lung carcinoma frequently have 
compromised lung function because of coexistent 
chronic obstructive airways disease. Surgery or ra
diotherapy for lung carcinoma can only be under-
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taken if it is estimated that patients will tolerate the 
loss of normal lung tissue. 

Patients are normally not considered candidates 
for surgery if their estimated postoperative forced 
expiratory volume in 1 s (FEV j ) is less than 800-
1000 ml, as this is associated with carbon dioxide 
retention and decreased exercise tolerance (GROSS 
1977). This postoperative FEV j may be predicted 
with the help of regional lung perfusion scans using 
the formula: postoperative FEV j = preoperative FEV j 

x percent perfusion of remaining lung (ABRA TT and 
WILCOX 1995). This method results in a statistically 
significant correlation between predicted and mea
sured results. 

Radiation-induced lung injury is usually accom
panied by a decrease in lung volumes in all compart
ments (total lung capacity, vital capacity, residual 
volume, inspiratory capacity, tidal volume and FEV j) 
(CIONINI et al. 1984; GROSS 1977). These decreases 
are first seen at 4-8 weeks after treatment, and 
are maximal after 6-9 months (BOERSMA 1995a; 
MORNEX et al. 1997). After 1-2 years most studies 
report some recovery, with respect to the early 
phase, but there is no agreement as to whether this 
recovery reaches pre-treatment levels or whether 
a significant reduction of lung volumes remains 
present (COSSET et al. 1991; CURRAN et al. 1992; 
RUBENSTEIN 1988). Long-term follow-up studies af
ter treatment for Hodgkin's disease show a minor 
but significant reduction oflung volumes (3-11 % of 
predicted from a normal healthy population) at 2-18 
years after irradiation (GROTH et al. 1989; LINGOS 
et al. 1991; MORGAN et al. 1985; SHAPIRO et al. 1990). 

Other pulmonary function tests with respect to 
the physiological aspects of total lung function are 
transfer factor for carbon monoxide (TLCO)' compli
ance and breathing work (JENSEN et al. 1990). TLCO 

decreases as well during the early phase, but most 
authors did not find a subsequent recovery. Due to 
the progressive scarring oflung tissue, compliance of 
the lung decreases after irradiation, which results 
in an increase of the work of breathing. ABRA TT 
showed the superiority ofTLco on FEV j , with respect 
to clinical symptoms: a worsening of the dyspnea 
score occurred only in patients with a > 10% decrease 
in transfer factor (T LCO) irrespective of the change in 
FEV j (ABRATT et al. 1990; ABRATT and WILLCOX 
1995). In addition, they found a relation between 
pulmonary functional tests and perfusion scans, 
with a statistically significant correlation between 
the amount of perfusion in the zones at risk and a 
decreased transfer factor (TLCO ) at follow-up. They 
suggest a potential predictive value of pretreatment 
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T LCO assessment to radiation clinical tolerance 
(ABRATT et al. 1990; ABRATT and WILLCOX 1995). 

19.3.4 
Local Lung Function 

Scintigraphic techniques offer the opportunity to 
investigate functional changes (perfusion and venti
lation) regionally. Nuclear medicine ventilation/per
fusion scans are very frequently abnormal following 
thoracic irradiation (CHO! et al. 1985; McDoNALD 
et al. 1995). Perfusion defects are seen more com
monly than ventilation defects and approximately 
correspond to the irradiated volume (SHAPIRO et al. 
1990). This supports the concept that abnormal 
shunts occur following irradiation, with some irradi
ated areas remaining ventilated but not adequately 
perfused. The perfusion deficit seems to precede the 
ventilation decrease, which correlates with the histo
logic findings that the earliest damage occurs to the 
capillary endothelium. The first decrease in blood 
flow (Q) has been reported to occur 3 weeks after the 
start of radiotherapy, while the maximal decrease 
has been seen at approximately 150 days after the 
treatment (COSSET et al. 1991). Hereafter a slight 
improvement has been reported (BOERSMA 1995a). 
The decrease in ventilation (V) starts about 45 days 
after radiotherapy. Beyond 300 days after radiation, 
more or less similar values for perfusion and ventila
tion are found (BOERSMA et al. 1996). 

With more sophisticated techniques, such as 
single photon emission computed tomography 
(SPECT), ventilation/perfusion scans provide a 3D 
display of the V/Q data and may be even more 
sensitive in detecting regional lung injury. Quantifi
cation of local functional changes has become pos
sible (BELL et al. 1988). ZWIJNENBURG performed 
pre- and postradiotherapy SPECT V and Q scans 
and found a decrease of perfused lung volume, 
which was maximal at 5-7 months after irradiation 
(ZWIJNENBURG et al. 1988). 

By combining CT -thorax scans and SPECT venti
lation and perfusion scans, BOERSMA has shown that 
it is possible to quantify local functional injury, in 
relation with the 3D dose distribution (BOERSMA 
1995; BOERSMA et al. 1994, 1995, 1996). Before quan
tifying V and Q from the measured number of 
counts, a correction was applied to account for 
attenuation of the photons due to interactions with 
the different body tissues. CT -thorax scans were per
formed to calculate the 3D dose distribution. Subse
quently SPECT and CT were spatially correlated, and 
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quantification of V and Q was carried out per dose
interval of 4 Gy. The locally delivered radiation dose 
could be calculated with a maximal uncertainty of 
11 %, while the uncertainty of the image correlation 
was 0.5 cm. This method was illustrated using data 
from five patients: in all patients a dose-dependent 
decrease in perfusion was seen, and in four patients 
a dose-dependent decrease in ventilation was seen. 
In the low-dose regions an increase in local perfu
sion and ventilation was found. This increase was 
suggested to represent a redistribution phenom
enon, and has been shown to be dependent on the 
dose distribution in the rest of the lung. It was con
cluded that the combined use of SPECT and CT data 
is an effective method for determining the dose
effect relations for regional lung function in each 
individual patient. Using this method, the average 
dose-effect relations for local V and Q were derived 
over 25 lymphoma patients (BOERSMA 1995). 

19.3.S 
Laboratory Tests of Serum or Blood 

The usefulness of laboratory tests is still undefined, 
there being a need for early biochemical markers of 
normal tissue damage that would predict late injury 
and would allow the radiation oncologist and medi
cal oncologist to determine if their treatment is ex
ceeding normal tissue tolerance (McDoNALD et al. 
1995; ROTSTEIN et al. 1990). If biochemical markers 
of tissue damage could be detected in the subclinical 
phase, prior to the accumulation of significant in
jury, one could terminate therapy or institute treat
ment to prevent or attenuate later lesion. There are a 
large number of substances whose release potentially 
may reflect or predict the degree of radiation and/or 
chemotherapy injury to the lung. Besides the surfac
tant apoprotein, pro collagen type 3 can be measured 
in the blood. It is possible that angiotensin convert
ing enzyme, blood plasminogen activating factor, 
and prostacyclin could be measured as well. These 
various substances have been correlated with either 
acute or delayed radiation pneumopathy. Significant 
additional work is required to evaluate the useful
ness of such blood level measurements but they 
should be considered in any prospective evaluation 
of toxicity grading. Finally, although the preliminary 
data suggested that plasma TGF-p may be a predic
tor for the later development of complications, 
recent results published by the group at Duke Uni
versity no longer support this hypothesis (CANNEY 
and DEAN 1990; MARKS et al. 1997b). 
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19.4 
How to Quantify and Potentially Predict 
the Effect of Radiation 

There is, so far, no ideal parameter allowing the 
quantification of the potential radiation damage on 
an individual basis. Studies following radiation are 
difficult as there is a delay in the onset of radiation 
fibrosis and the mechanism of lung damage is com
plex, occurring mainly at the capillary-alveolar level. 
Several models have been developed to estimate the 
probability of developing normal tissue injury from 
an inhomogeneous (3D) dose distribution. These 
models can be divided into two categories: phenom
enological models and more biological models. 

The most widely used model of the first category 
uses a sigmoidal relation between dose and NTCP, 
for homogeneous irradiation of a partial volume 
of an organ at risk (LYMAN 1985; LYMAN and 
WOLBARST 1987, 1989). For homogeneous irradia
tion of partial lung volumes, EMAMI proposed 
an estimation of TDs and TDso for radiation 
pneumonitis, which occurs during the early phase of 
radiation-induced lung injury, i.e., 1-8 months after 
irradiation (EMAMI 1991; GROSS 1977). The diagno
sis of radiation pneumonitis is made as the severity 
of symptoms and radiographic changes cross a cer
tain threshold. The TDsand TDso for whole lung irra
diation were estimated to be 17.5 Gy and 24.5 Gy, for 
irradiation of two-thirds of the lung 30 Gy and 40 Gy, 
and for one-third of the lung 40 Gy and 65 Gy, respec
tively. Subsequently, BURMAN applied the model 
of Lyman (1985) to these estimations, resulting in 
TDso = 24.5 Gy, m = 0.18, and n = 0.87 (BURMAN et al. 
1991; LYMAN 1985). For an inhomogeneous dose dis
tribution, the dose volume histogram (DVH) first 
has to be reduced into a single step (HAMIL TON et al. 
1992; TEN HAKEN et al. 1993). This is usually done 
using a power-law relationship between tolerance 
dose and irradiated volume (KUTCHER and BURMAN 
1989), with a power equal to n = 0.87. 

Models of the second category are based on the 
concept of functional subunits (FSUs) (WITHERS 
et al. 1988). This model (NIEMIERKO and GOITEIN 
1992; JACKSON et al. 1993; YORKE et al. 1993) is a full 
probabilistic model, which uses a local dose-effect 
relation to determine the probability of destruction 
of an FSU (for instance using the linear quadratic 
model of cell survival and an assumed number of 
cells per FSU), and calculates the NTCP as a cumula
tive binomial probability of destroying a certain 
minimum fraction of FSUs. Therefore it is assumed 
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that in organs with parallel organized FSUs such as 
the lung, a complication occurs if a certain fraction 
of these FSUs is destroyed, and for organs with a 
serial organization, such as the spinal cord, if any 
FSU is destroyed. 

Apart from knowledge of the probability of devel
oping a complication secondary to a certain irradia
tion plan, one should like to know the severity of the 
symptoms of the normal tissue damage. Several at
tempts have been made to develop a reliable and 
reproducible scoring system (see below). One clini
cally relevant way to quantify the graded response of 
lung damage is to measure lung function. Based on 
the FSU model, the fraction of nonfunctioning FSU s 
(i.e., the integral response parameter) can be calcu
lated by combining the dose-effect relation for FSUs 
with the 3D dose distribution. Since this integral 
response parameter thus directly represents the 
fraction of an organ that is considered to be 
nonfunctioning due to irradiation, the FSU model 
seems a suitable tool to estimate the reduction 
in pulmonary function for a certain dose distribu
tion. The next step now is to investigate whether 
the predicted amount of injury using these theoreti
cal models correlates with the observed amount of 
injury. 

19.4.1 
Prediction of the Incidence 
of Radiation Pneumonitis 

Observed Incidence of Pneumonitis Vs Predicted by 
the Kutcher and Lyman Model. The group at Michi
gan (MARTEL et al. 1994) discussed that the TDso 
value should be corrected to 28 Gy, to account for 
tissue heterogeneity. Using this value, they observed 
a good correlation between the calculated normal 
tissue complication probability (NTCP) and the 
observed incidence of radiation pneumonitis in 
lymphoma patients treated with mantle field irradia
tion. However, for lung cancer patients, the correla
tion was weak (MARTEL et al. 1994). In the 60 lung 
cancer patients studied by GRAHAM et al. (1994) also 
a weak correlation between the calculated NTCP (us
ing a TDso of 26 Gy) and the observed incidence of 
radiation pneumonitis was observed. The group of 
OETZEL et al. (1995) did find a good correlation in a 
patient group irradiated for lung and esophageal 
cancer, using the original value for TDso of 24.5 Gy. 
Recently, MARKS et al. (1997b) reported findings 
similar to MARTEL et al. (1994): a reasonable correla-
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tion was observed between the observed incidence of 
pneumonitis and the NTCP (calculated with a TDso 
of 29.5Gy) in a study of 100 patients (67 patients 
with lung cancer, 17 with breast cancer, 12 with 
lymphoma, and 4 with other malignant diseases in 
the thorax). However, in the subgroup of the 67 lung 
cancer patients the correlation was weak, but when 
patients with a poor pulmonary function prior to 
radiotherapy were excluded (15 patients), the corre
lation improved considerably. Therefore, the same 
group (MARKS et al. 1993, 1995, 1997b) proposed to 
take into account not only the 3D dose distribution, 
but also the pre-treatment lung function, by calculat
ing functional dose volume histograms (f). These fs 
were based on pre-treatment SPECT perfusion data, 
and were used to take into account the local lung 
function in the design of the optimal treatment plan. 
This resulted in beam set-ups, which minimized 
the incidental irradiation of functioning tissue. Al
though this approach certainly may have theoretical 
advantages, it is based on the assumption that 
non functioning areas do not and will not contribute 
to the overall lung function. However, MARKS et al. 
(1995) have shown in a study of 50 lung cancer pa
tients that reperfusion occurs adjacent to the tumor, 
which probably explains why in a recent paper of 
MARKS et al. (1997b) the prediction of radiation 
pneumonitis was not improved using the fs com
pared to the conventional s. In The Netherlands Can
cer)nstitute, SPECT lung perfusion scans of 23 lung 
cancer patients have been evaluated (data not yet 
published), with regard to homogeneity oflung per
fusion prior to radiotherapy. In all patients, less or 
no perfusion was found at the tumor site relative to 
the average perfusion in the lung. Adjacent to the 
tumor, 20 patients (87%) showed a relative reduced 
perfusion. Twelve patients (52%) had spots or re
gions of hypoperfusion at areas separate from the 
tumor. These data are in agreement with the data 
reported by MARKS et al. (1995), as mentioned 
above. To evaluate potential reperfusion due to 
tumor shrinkage after radiotherapy, the group at 
The Netherlands Cancer Institute quantitatively 
compared post-RT scans with pre-RT scans of 12 
patients. To visualize local reperfusion in the lung, 
the ratio of the relative number of SPECT counts 
post-RT and pre-RT (normalized on the low-dose 
well-perfused region) was calculated. At low dose 
regions separate from the tumor, four patients 
showed strong reperfusion effects, in three patients 
no trace of reperfusion could be observed, while in 
five cases the amount of reperfusion was dubious. 
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Considering that about 33% of these patients showed 
reperfusion after irradiation separate from the tu
mor, care should be taken to differentiate between 
permanent and reversible hypoperfusion, when one 
considers using functional s (based on the perfusion) 
for dose optimization. 

In conclusion, most authors found a rather 
good correlation in the case of patients without 
intrapulmonary tumor, whereas in lung cancer pa
tients, or patients with a poor lung function, the 
correlation was worse. It should be mentioned, how
ever, that there were several differences between the 
studies mentioned in this section. First of all, differ
ent values for TDso were used. In addition, in the 
study of MARTEL et al. the best correlation was ob
served when the lungs were considered to be a paired 
organ, whereas OETZEL et al. found the best results 
when the lungs were considered as independent 
separate organs (MARTEL et al. 1994; OETZEL 
et al. 1995). Another difference is that MARTEL 
and OETZEL scored any grade of radiation 
pneumonitis as a complication, whereas GRAHAM 
only considered severe complications (~ grade 3) as 
a complication (MARTEL et al. 1994; OETZEL et al. 
1995). 

19.4.2 
Observed Incidence of Pneumonitis vs 
Predicted by the Functional-Subunit (FSU) 
Model 

BOERSMA applied the FSU model to clinical data 
of 25 patients treated for malignant lymphoma 
(BOERSMA et al. 1993, 1994; BOERSMA 1995; 
NIEMIERKO and GOITEIN 1992; JACKSON et al. 1993; 
YORKE et al. 1993). Dose-effect relations were deter
mined for local changes in perfusion and ventilation 
(BOERSMA et al. 1993, 1994). The same dose-effect 
relation for perfusion was found by MARKS et al. 
(1993, 1997a). An "overall response parameter" 
(ORP) was calculated (BOERSMA 1995; BOERSMA et 
al. 1995), which represents the average reduction of 
local perfusion over the whole lung (analogue to the 
integral response parameter, if the dose-effect rela
tion for perfusion represents the dose-effect relation 
for the function of FSUs). A strong correlation was 
observed between the ORP and the incidence of ra
diation pneumonitis. However, the limited number 
of patients and the low incidence of pneumonitis did 
not allow a reliable comparison with the other NTCP 
models (DAMEN et al. 1994). 
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19.4.3 
Observed Incidence of Pneumonitis vs 
Predicted by Simple Parameters 

Apart from fitting the data to the theoretical models, 
GRAHAM et al. (1995) investigated whether a 
straightforward parameter as the percentage of the 
total lung volume that received more than 20 Gy 
(V>20GY) was related to the incidence of radiation 
pneumonitis, in patients irradiated for lung cancer. 
They found a reasonable correlation (r = 0.45) be
tween the V>20Gy and the incidence of pneumonitis 
(by grade). Similar findings were reported by MARKS 
et al. (1997b) for the lung volume receiving ~30Gy. 
Another rather straightforward parameter as the 
mean dose seems to be correlated with the incidence 
of pneumonitis as well. In the study by MARTEL, the 
mean lung dose in the 5 lymphoma patients with 
complications was 26.1 Gy, whereas the mean dose in 
the 16 lymphoma patients without complications 
was 21 Gy (MARTEL et al. 1994). For the 9 lung cancer 
patients with complications and the 33 patients 
without complications these figures were 24Gy 
and 18Gy, respectively. These differences were even 
larger when the lungs were considered to be inde
pendent separate organs (30 Gy vs 21.3 Gy, and 
34.2 Gy vs 18.2 Gy, respectively). In the study by 
OETZEL these differences were somewhat smaller: 
the mean physical lung dose in the 37 lung cancer 
patients without complications was 20.1 Gy, whereas 
this figure was 23.8 Gy for the 9 patients with 
pneumonitis (OETZEL et al. 1995). Graham showed 
that out of the 50 lung cancer patients without com
plications, only 18% had a mean lung dose >26Gy, 
whereas in 75% of the 10 patients with a complica
tion the mean dose exceeded this level (GRAHAM et 
al. 1994). 

These results have been elaborated recently in a 
large multicenter! study of 540 patients (KWA 1998). 
The results show that the mean lung dose, which is 
relatively easy to calculate, can be used to predict the 
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Radiation Oncology, The Netherlands Cancer Institute, 
Amsterdam, The Netherlands; MARKS LB, MUNLEY MT, 
BENTEL G, Department of Radiation Oncology, Duke Univer
sity Medical Center, NC, USA; OETZEL D, SPAHN U, Depart
ment of Clinical Radiology, University of Heidelberg, 
Heidelberg, Germany; GRAHAM MV, DRZYMALA RE, PURDY 
JA, Radiation Oncology Center, Mallinckrodt Institute of 
Radiology, Washington University School of Medicine, St. 
LOUIS, MO, USA; LICHTER AS, MARTEL MK, TEN HAKEN RK, 
Department of Radiation Oncology, University of Michigan, 
Ann Arbor, MI, USA. 
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risk of radiation pneumonitis, grade ~2. However, 
for lung cancer patients this prediction still has an 
uncertainty of about 11%, which may be explained 
by differences in patient and treatment related 
factors. 

19.4.4 
Prediction of the Reduction 
in Overall Lung Function 

Since the ORP represents the average reduction in 
local perfusion over the complete lung, Boersma 
(BOERSMA 1995; BOERSMA et al. 1995) and THEUWS 
et al. (1998) investigated whether this parameter 
could be used to predict the reduction in overall lung 
function. In addition, the predictive value of the 
mean lung dose with respect to the reduction in 
overall lung function was investigated. For 81 pa
tients (41 lymphoma patients and 40 breast cancer 
patients) the correlation coefficients were calculated 
between these dose volume parameters (ORP and 
mean lung dose) and the change in overall lung func
tion parameters, measured prior to radiotherapy and 
3-4 months after therapy. All different dose volume 
parameters showed a similar positive correlation 
with the reduction of the alveolar volume, vital ca
pacity, FEV! and TLco, with correlation coefficients of 
0.73,0.70,0.69 and 0.58 respectively, when the mean 
lung dose was used. The relation between the mean 
lung dose and the reduction in overall lung function 
parameters could be described with one regression 
line through the origin and a slope of 1 % reduction 
in overall lung function for each increase of 1 Gy in 
mean lung dose. For patients treated with MOPP/ 
ABV chemotherapy prior to radiotherapy, the over
all lung function was 7%-12% lower prior to the start 
of radiotherapy than for patients without irradiation. 
CMF chemotherapy given after radiotherapy caused 
an additional decrease in T LCO of 6%, which should be 
added to the estimated radiation-induced reduction 
ofTLco· 

In a recent paper from the group at Duke Univer
sity (MARKS et al. 1997b), it was investigated whether 
the reduction in FEV! and TLco was correlated with 
the lung volume irradiated to ~30 Gy. In a study of 
100 patients only a poor correlation was found 
between these parameters. However, when patients 
with a poor pulmonary function prior to therapy 
were excluded, the correlation improved. Consider
ing these results, it may be useful to take the pre
treatment pulmonary function into account. In 
the first attempts to estimate the radiation-induced 



Do We Have the Real Tools to Evaluate Lung Radiotoxicity? 

reduction in lung function (FEV)) after treatment 
(CHOI et al. 1990; MOLDOFSKY et al. 1988), the pre
treatment FEV) was multiplied by the percentage 
of the perfused lung volume (determined from 
planar perfusion scans) outside the radiation portal, 
thereby assuming that tissue irradiated to doses 
higher than 40 Gy would no longer contribute to the 
FEV). Using this method, the reduction of lung 
function was usually overestimated, probably due to 
the fact that radiation-induced pulmonary injury 
occurs later and less definitively than after surgery 
and, in addition, due to the fact that the full 3D dose 
distribution was not taken into account. Although 
the prediction of radiation pneumonitis did not im
prove using fs, a slight adaptation of this approach 
(MARKS et al. 1993, 1995, 1997b) may improve the 
prediction of the reduction in lung function. This 
may be reached by discriminating between revers
ible and irreversible hypoperfusion, with the help of 
CT data. 

In conclusion, it should be noted that several in
vestigators have tried to develop a reliable parameter 
which is predictive for the functional outcome. Until 
now the complicated theoretical models have not 
given a better estimation of the risk than more 
simple parameters such as the mean lung dose and 
the percentage lung volume irradiated to more than 
20 Gy. However, so far only physical parameters such 
as radiation dose and irradiated volume have been 
taken into account. Possibly, the estimation of the 
functional outcome can be improved by incorpora
tion of biological factors in the models, for example, 
the distribution of the local lung function prior 
to radiotherapy. Therefore, more clinical data are 
needed optimize the models, and thereby the predic
tion in overall outcome. A better estimation of the 
functional outcome may lead to a better quality of 
life by preventing or reducing side effects, and may 
eventually also lead to better local control and sur
vival in a selected group of patients, by increasing the 
total dose to the tumor. 

19.5 
Late Effects of Radiation on Normal 
Tissues Scoring System: The SOMA Scale 

19.5.1 
Joint Statement of Mission 
by the EORTC/RTOG Working Groups 

Over the years, various systems for recording mor
bidity have been developed, such as the WHO Hand-
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book for Reporting Results of Cancer Treatment 
(World Health Organization, Geneva, 1979), which is 
widely used, but is particularly concerned with acute 
morbidity, devoting only one paragraph to late ef
fects (WHO 1979); the well-designed system devel
oped by Stanley Dische, based on a dictionary made 
up of elements of morbidity in all anatomical sites 
(DISCHE et al. 1989); and the EORTC/RTOG late 
effects classification (Late Radiation Morbidity 
Scoring Criteria, LRMSC), used in the past by both 
groups in several trials, and which covers nearly all 
systems dealing with delayed reactions (Cox et al. 
1995; RUBIN 1995). This last system recognized 
the difficulty of comparing one study with another 
because of the absence of common language with 
regard to late effects morbidity: There was no indica
tion that this system was strictly tested for reliability 
and validity. In this context, the SOMA/LENT system 
(see description below) is the result of an interna
tional collaboration (DISCHE et al. 1989, 1997; P A VY 
et al. 1995a,b; RUBIN 1995; RUBIN et al. 1988, 1995a
d). The two large organizations that initiate and co
ordinate multicenter clinical trials in Europe and in 
North America, the EORTC and the RTOG, have 
formed specific subcommittees or working groups 
to update their systems for assessing the late injury 
to normal tissues. This was regarded as necessary to 
standardize and improve the recording, so that 
there can be uniform reporting of toxicity, at agreed 
and regular intervals in different clinical studies. 
The RTOG and EORTC have been in active collabo
ration to produce the new scoring system, which is a 
logical extension of the previous scales, focusing on 
the data agreed to be of most use. A concerted effort 
has been made to harmonize the two proposals so 
that there will be uniformity in reporting, not only 
within each organization, but also on both sides of 
the Atlantic. 

19.5.2 
The Late Effects Scoring System: 
The SOMA/LENT Scale 

Late effects to normal tissues (LENT) and organs are 
currently defined as those toxicities that occur or are 
persistent 90 days or more from the start of therapy. 
Ideally, the scoring criteria can be either applied pro
spectively (based on patient examination) or retro
spectively (based on the patient's clinical chart). The 
LENT scores/scales should be si,mple, reproducible, 
widely applicable, accurate and designed to provide 
an ascending order of severity of the complication 
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from radiation treatment or chemotherapy. The for
mat devised by the RTOG working group has been 
adopted (SOMA scales), and the degree of injury rep
resented by the allocated grades has been extensively 
discussed. The common features of injury in a range 
of tissues, for example, bleeding, ulceration, or pain, 
have been made uniform across the score scales. The 
SOMA scales have been designed to allow the acqui
sition of data by several different methods, which it 
is hoped are not inevitably dependent one upon the 
other: 

Two acronyms introduce the new scoring system for 
late effects toxicity: 

P. Mornex and L.J. Boersma 

LENT: Late Effects Normal Tissues 
SOMA: Subjective, Objective, Management, Analytic 

19.5.2.1 
The SOMA Scoring System (Table 19.1) 

LENT encompasses the four domains: Subjective, 
Objective, Management and Analytic evaluation of 
injury. 

Subjective. The injury, if any, will be recorded from 
the subject's point of view, that is, as perceived by the 
patient. This can be either derived from interviews, 

Table 19.1. Lung SOMA Scale (from LENT SOMA Tables 1995b) 

Grade 1 Grade 2 Grade 3 Grade 4 

Subjective 
Cough Occasional Intermittent Persistent Refractory 

Dyspnea Breathless on Breathless on mild Breathless at rest, Prevents any 
intense exertion exertion limits all activities physical activity 

Chest Occasional and Intermittent and Persistent and intense Refractory and 
pain/discomfort minimal tolerable excruciating 

Objective 
Pulmonary Radiological Patchy dense Dense confluent Dense fibrosis, severe 
fibrosis abnormality abnormalities on radiographic changes scarring and major 

radiograph limited to radiation retraction of normal 
field lung 

Lung function 10%-25% 25%-50% reduction of > 50%-75% reduction > 75% reduction of 
reduction of respiration volume of respiration volume respiration volume 
respiration volume and/or diffusion and/or diffusion and/or diffusion 
and/or diffusion capacity capacity capacity 
capacity 

Management 
Pain Occasional Regular non-narcotic Regular narcotic Surgical intervention 

non-narcotic 

Cough Non -narcotic Narcotic, intermittent Respiratory, continuous 
corticosteroids corticosteroids 

Dyspnea Occasional O2 Continuous O2 

Analytic 
PPT Decrease to >75%- Decrease to >50%-75% Decrease to >25%-50% Decrease to <25% of 

90% of pretx value of pretx value of pretx value pretx value 

DLCO Decrease to >75%- Decrease to >50%-75% Decrease to >25%-50% Decrease to <25% of 
90% of pretx value of pretx value of pretx value pretx value 

% 0,lC02 >70% O2 >60% O2 >50% O2 <50% O2 

saturation <50% CO2 <60% CO2 <70% CO2 >70% CO2 

CT/MRI Assessment of lung volume and zones of fibrosis 

Perfusion scan Assessment of pulmonary blood flow and alveolar filling 

Lung lavage Assessment of cells and cytokines 
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or perhaps more effectively by involving the patient 
directly in the completion of carefully designed 
questionnaires or by filling out a diary. 

Objective. The morbidity is assessed as objectively 
as possible by the clinician during a clinical exami
nation. The clinician may be able to detect signs 
of tissue dysfunction which are still below the thresh
old that will give the patient symptoms, but are an 
indication of how close to tissue tolerance the treat
ment is, or they may be indicators of more serious 
problems that are developing and will be expressed 
later. 

Management. This indicates the active steps that 
have been taken in an attempt to ameliorate the 
symptoms. 

Analytic. This involves tools by which tissue func
tion can be assessed even more objectively or with 
more biological insight than by simple clinical ex
amination. It is recognized that the tools available 
for such an analysis may differ widely from one cen
ter to another, and may evolve as the clinical trials 
progress. The invasiveness and cost of any tool used 
to quantify the late effects must be reasonable and 
proportional to the severity of the symptoms and the 
possible therapeutic consequences. The scale lists 
the techniques that could yield valuable data, but it is 
not envisaged that all such tests would be feasible or 
even desirable in all studies. 

For each of these domains a score will be given 
and together comprise the SOMA score (LENT SOMA 
1995a,b). This will allow a comparison within each 
set of data of the clinical perception of injury, 
the patient's view of treatment efficacy, the medical 
measures that are available and implementable to 
correct the idiopathic injuries and the underlying 
pathobiology. 

It has not yet been determined which scoring sys
tem should be used. It was originally recommended 
that the scores should be summed and divided by the 
number of elements scored. This is no longer advo
cated: it is possible to imagine a situation where the 
patient scores would be 0 or 1 for most of the ele
ments in the SOMA scale, but there could be a grade 
4 for just one of two components on injury. These 
high scores would be diluted out by the low scores 
for the other elements and would clearly give a mis
leading average. A mean score of 1 obtained in that 
way could give false optimism and could even lead 
to more patients being put into a continuation of a 
toxic regimen and suffering unacceptable late com-
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plications. It has not yet been agreed how an overall 
score can be derived from the elements of these 
scales, but it is agreed that a simple average is not 
advisable. It remains to be decided how these four 
individual scores will be summarized for each organ 
or tissue assessed within the LENT scale. 

19.5.2.2 
The Grading System 

There is a general agreement that LENT tOXiCity 
should include four grades. Neither grade 0 nor 5 is 
included since grade 0 indicates no toxicities and 
grade 5 indicates fatality or loss of an organ or 
structure. 

Grade 1 represents the most minor symptoms that 
require no treatment. 

Grade 2 represents moderate symptoms, requiring 
only conservative treatment. 

Grade 3 represents severe symptoms, which have a 
significant negative impact on daily activities, and 
which require more aggressive treatment. 

Grade 4 represents irreversible functional damage, 
necessitating major therapeutic intervention. 

The severity of symptoms is classified as occasional 
(monthly), intermittent (weekly), persistent (daily), 
or refractory (constant). Intensity of pain is evalu
ated according to the strength of the analgesic used, 
that is, non-narcotic versus narcotic. 

Whenever possible, exact values are recorded. It is 
also important to obtain a "baseline score" for each 
patient before treatment, because organ function 
may already show mild to moderate deviations from 
normal, especially in ageing patients, even before 
any intervention. A good example is the pretreat
ment damaged lung parenchyma in emphysema 
patients. For any treatment site a combination of 
different organ-specific scales would be selected. For 
example, a lung cancer treatment protocol may 
include some or all the following scales: lung/heart 
and vessels/esophagus/cervical-thoracic spinal cordI 
mucosa -pharyngeal! skin -subcutaneous tissue/bone 
marrow/peripheral nerves/muscle-soft tissue/ 
thyroid/mature bone. 

The SOMA scale for lung includes the four cited 
categories of parameters, and will probably be im
proved in the future, according to the current evalu
ation step, as well as the different tools which are 
currently being evaluated and are the subject of this 
chapter: pulmonary functional tests are included, as 
well as TLCO, CT/MRI, perfusion scan, and lung 
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lavage, but the models have not yet been proposed as 
effective tools. 

19.5.3 
Validation: The Next Step 

It is essential that this system should be validated 
before being adopted as a substitute for the existing 
scales. The intention in the validation process is to 
see which analysis of information collected in this 
way gives the best discrimination of the evolution 
and severity of injury. Validation protocols are being 
undertaken in EORTC and RTOG to determine the 
best parameter for scoring a summary grade in addi
tion to the maximum grade of toxicity. A statistical 
method needs to be agreed upon in reporting late 
effects as a function of time. 

Case report forms will be used to compare analy
ses of injury using the new and old scales on a de
fined group of patients for each tumor localization. 
The validation exercise will include translation of the 
scales and of questionnaires into several languages. 
In addition, comparison with the abbreviated 
EORTC/RTOG scales currently in use, the late radia
tion morbidity scoring criteria (LRMSC), is critical 
to determine if these will improve the accuracy of 
reporting. Pilot studies are being developed to pro
spectively compare the results of the two systems in 
a uniform fashion. 

19.5.4 
Future Objectives 

Objectives for the future are as follows: 

1. Develop a uniform toxicity scoring system to 
assess late effects in vital organs as a result of 
multimodal cancer treatment, which includes 
radiation therapy, chemotherapy and surgery. 

2. Clearly define endpoints in terms of somatic, 
genetic and second malignant tumors with 
appropriate time scales set, as an evolutionary 
process with and from existing toxicity scoring 
systems. 

3. Develop protocols for longitudinal studies of key 
dose-limiting normal tissues and organs, and 
statistical methods to validate the new scoring 
systems. 

4. Develop methods of actuarial risk reporting and 
recall of long-term survivors, namely survivors 
beyond 2 years. 

F. Mornex and L.J. Boersma 

5. Ensure that publications routinely present thera
peutic ratios and use standard toxicity and late 
effects scoring along with tumor response rates 
and survival. 
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20.1 
Introduction 

In the modern management oflung cancer, radiation 
continues to play an important role not only in terms 
of palliation but also as a means of prolonging sur
vival used either alone or as part of a multimodality 
approach. In addition to patient and disease char
acteristics, some technical factors of radiotherapy 
delivery have been shown to be of prognostic signifi
cance. As well as TNM stage, performance status and 
weight loss, several radiation treatment parameters 
have been shown to have an impact not only on local 
control but also on survival: these include total dose, 
fractionation, duration of treatment and quality of 
radiation procedure. Several audit procedures per
formed within or outside the scope of randomised 
trials have clearly demonstrated the negative impact 
of major protocol variation on local control and 
survival. In the classical Radiation Therapy 
Oncology Group Trial 73-01, the median survival 
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dropped from 50 weeks in patients treated according 
to the protocol to 23 weeks for patients in whom the 
target volume was not adequately covered (PEREZ et 
al. 1982). In another classical trial demonstrating the 
benefit of induction chemotherapy with cisplatin 
and vinblastine published by DILLMAN et aI., a re
view of the radiation protocol showed that the 
tumour was not adequately incorporated in the 
treated volume in 22% of the patients (DILLMAN 
et al. 1990). 

Furthermore, a number of national or interna
tional surveys of radiation practice have shown a 
wide range of treatment approaches and indica
tions for radiotherapy as well as differences in the 
radiotherapy prescription. New developments in 
radiotherapy planning and delivery, including three
dimensional treatment planning and conformal 
radiotherapy, will certainly require greater precision 
in definition of the intended target volume and the 
highest standards of treatment delivery. 

20.2 
Patterns of Practice Study 

20.2.1 
Treatment Indications 

Defining the clinical target volume may be directly 
influenced by our treatment approach depending on 
whether the aim is cure or palliation, and whether 
treatment involves radiotherapy alone or is to be 
combined with chemotherapy or surgery. Before the 
IASLC (International Association for the Study of 
Lung Cancer) workshop held in June 1996 in Bruges, 
a questionnaire was sent to the participants; all had 
a major interest in the management of lung cancer 
and were considered to be international experts: we 
received 58 responses. The same questionnaire was 
sent in November 1996 to 959 Australian physicians 
involved in the management of lung cancer; these 
were predominantly thoracic physicians (55%) with 
a smaller number of radiation oncologists (9%), 
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Table 20.1. Preferred management strategy for a T2NO adenocarcinoma of the left 
lower lobe not a candidate for surgical resection 

Treatment options IASLC survey Australian survey 

Curative radiotherapy 75.8% 49.8% 
Radiotherapy and chemotherapy 17.2% 7.0% 
Palliative radiotherapy 4.9% 
Wait and see 5.2% 24.7% 
Supportive treatment 1.7% 7% 

Table 20.2. Preferred management strategy for a T2N2MO of the left main bronchus with positive subcarinallymph node and 
left lower lobe atelectasia 

Treatment options 

Induction chemotherapy, surgery and radiotherapy 
Surgery 
Induction chemotherapy and surgery 
Preoperative radiotherapy and chemotherapy 
Curative radiotherapy 
Induction chemotherapy and radiotherapy 
Concurrent radiotherapy and chemotherapy 
Palliative radiotherapy 
Supportive treatment 
Chemotherapy plays a role in 
Radiotherapy plays a role in 

medical oncologists (1%) and surgeons (5%). The 
remainder were trainee physicians. Here are the 
results: 

The first case was that of a 77-year-old man with a 
4-cm tumour mass located in the left lower lobe. The 
complete work-up was negative including chest 
CT except for the primary tumour and mediastinos
copy. The pathological report revealed an adenocar
cinoma. The patient might have tolerated a 
lobectomy. In both surveys, there was a clear con
sensus in favour of surgery: less than 5% of the 
physicians recommended a course of curative radio
therapy or a wait-and-see policy. In contrast, if the 
patient was not a candidate for surgery for medical 
reasons, a majority favoured a course of curative 
radiotherapy either alone or with chemotherapy 
(Table 20.I). Interestingly, only four respondents 
(6%) in the IASLC survey chose a non-curative ap
proach compared to a rate of 36% for the Australian 
respondents. 

The second case was that of a 55-year-old man 
who had a squamous cell carcinoma of the left main 
bronchus located at 2 cm from the carina with a 
complete left lower lobe collapse. There were posi
tive subcarinal lymph nodes. The patient had a 
Karnofsky index of 80% and might have tolerated a 
pneumonectomy. In both surveys, there was a wide 

IASLC survey Australian survey 

10.3% 18.8% 
6.9% 17.8% 

36.2% 17.1% 
17.2% 3.5% 
10.3% 13.2% 
6.9% 4.5% 

10.3% 9.4% 
1.7% 13.2% 
1.7% 1% 

80.9% 53.3% 
56.7% 62.6% 

variety of treatment approaches but respondents 
favoured a multimodality approach including che
motherapy (81% for the IASLC and 53% for the 
Australian survey) and surgery (81% and 57%, 
respectively) (Table 20.2). A single treatment modal
ity such as surgery or radiotherapy was only re
commended by 17% and 31 %, respectively, but 
chemotherapy alone was not recommended. The 
Australian physicians tended to recommend a pallia
tive approach more often (13%). 

The last example was a 55-year-old man with 
a squamous cell carcinoma of the right upper 
lobe with four pathologically positive ipsilateral
paratracheal nodes established at mediastinoscopy. 
The clinical staging was T2N2MO and the patient's 
lung function was sufficient for a pneumonectomy. 
Again, surgery was favoured by most physicians ei
ther alone or in combination with chemotherapy and 
radiotherapy, but opinion as to a preferred approach 
was still not clearly defined (Table 20.3). 

Both surveys showed: a strong preference for 
surgery whenever possible, despite a low number of 
surgeons among the respondents; a wide variety of 
treatment approaches for stage III disease, but 
mostly favouring a multidisciplinary approach; and, 
finally, the greatest consensus was seen in recom
mendations for the treatment of early stage disease. 
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Table 20.3. Preferred management strategy for a T2N2MO of the right upper lobe with four positive lymph nodes 

Treatment options 

Induction chemotherapy surgery and radiotherapy 
Surgery 
Induction chemotherapy and surgery 
Preoperative radiotherapy and chemotherapy 
Curative radiotherapy 
Induction chemotherapy and radiotherapy 
Concurrent radiotherapy and chemotherapy 
Palliative radiotherapy 
Supportive treatment 
Chemotherapy plays a role in 
Radiotherapy plays a role in 

Furthermore, there was a general trend for the ex
perts of the IASLC to recommend a more aggressive 
approach, reflecting, possibly, the larger proportion 
of oncologists compared with the Australian phy
sicians who tended to favour a more palliative or 
observation only policy, reflecting the larger pro
portion of chest physicians. Even so, a palliative 
approach was only chosen by a minority of the re
spondents in both surveys. Chemotherapy alone was 
not considered to be a treatment option for localised 
lung cancer and some form of locoregional treat
ment was usually part of the strategy. Still, chemo
therapy is more often advocated than radiotherapy 
in these complex but not infrequent situations by 
IASLC experts and much less by the Australian 
physicians. 

20.2.2 
Surveys of Radiation Practice 

In a survey of radiation practice in Australia and 
New Zealand, 14 radiation oncologists were asked to 
draw the gross tumour and clinical target volumes 
on 12 sample cases of non-small cell lung cancer 
using orthogonal radiographic views from a simu
lator and selected computed tomography slices 
(DENHAM et al. 1993). There were large variations 
in definition of the volumes, including failure to 
define macroscopic tumour extensions (34.5%), mis
taken definition of normal structure as tumour 
(25.5%) and incorporation of microscopic extension 
in the gross tumour volume (47%). There was fre
quent misinterpretation by the clinician of normal 
structures such as the superior vena cava or the pul
monary artery; however, the oncologists had not 
been supplied with a full set of CT images and the 

IASLC survey Australian survey 

8.6% 20.9% 
5.2% 16.7% 

34.4% 7.3% 
20.6% 3.8% 

8.6% 14.6% 
12.0% 16.0% 
10.3% 0.3% 

1.7% 5.6% 
1.7% 2.4% 

85.9% 48.3% 
61.8% 61.2% 

amount of vascular contrast used was variable. Once 
the physicians had chosen their gross tumour vol
ume, there was still surprising variation in the mar
gins added for the target volume, both in radically 
and palliatively treated patients. The average margin 
size was 1.27 cm with a range of 0.35-4.25 cm. It was 
also noted that when the clinical target volume was 
defined on the basis of CT images, it was smaller than 
when the same volume was based on the simulator 
films. 

In the study by VALLEY and MIRIMANOFF 
(1993), the ten participating centers in Switzerland 
were asked to apply their standard technique to a 
case of inoperable non-small cell lung cancer 
(T3N2MO). The authors observed wide variations in 
prescription method (seven centers used a point pre
scription and three used isodose prescription), in 
fractionation, in technique and also in tumour and 
target volume definitions: in the central plane, the 
tumour surface area ranged from 7 cm2 to 65 cm2 and 
for the target volume from 22 cm2 to 110 cm2

• 

During the workshop held in Bruges, a number of 
radiation oncologists were asked to draw, on a CT
based treatment planning system, their clinical tar
get volume (CTV) according to the ICRU definition 
using two different cases of stage III non-small cell 
lung cancer. In each case, CT images taken in the 
treatment position were provided in addition to a 
summary of the patient record. The first patient was 
a 54-year-old female with a 5-cm squamous cell car
cinoma in the right upper lobe with positive hilar 
and right paratracheal nodes. The second case was 
a 65-year-old male presenting with weight loss and 
dyspnea. The workup revealed an adenocarcinoma 
with positive hilar and subcarinallymph nodes. Both 
patients had good performance status and normal 
lung functions. There was a wide range of CTV s cho-
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sen both in the plane showing the tumour and in the 
other planes. The two figures illustrate some of the 
CTVs delineated on the central plane (Figs. 20.1, 
20.2). Perhaps one possible explanation for the 
wide discrepancies might be the clinician's misun
derstanding of the definition and interrelationship of 
the gross tumour, clinical target and planning target 
volumes. 

20.3 
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Fig. 20.1. Three different 
CTVs (yellow lines) for a 
right upper lobe lung 
tumour with positive 
mediastinal lymph node 

Fig. 20.2. Three different 
proposed CTVs (yellow 
lines) for a right lower lung 
tumour with positive hilar 
and subcarinallymph 
nodes. In both examples, 
the smaller and larger 
CTVs represented the range 
seen during the IASLC 
workshop 

Definition of Volumes According 
to the ICRU SO Report 

The volume and dose specifications of ICRU 50 are 
designed for several purposes: radiotherapy pre
scription, documentation of treatment delivered and 
reporting the results (ICRU 1993). Determination of 
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the different volumes includes several steps which 
take into account macroscopic and microscopic 
tumour extent, geometry of the target volume and 
beams, movement during treatment and potential 
inaccuracies and variations in day-to-day treatment 
delivery. 

The ICRU has proposed the following definitions: 
The gross tumour volume (GTV) denotes the 

demonstrated tumour. 
The clinical target volume (CTV) includes the 

macroscopically visible tumour and also an allow
ance for suspected subclinical extension: margins 
around the GTV and clinically normal regional 
lymph nodes considered to be at risk. The CTV is 
a pure anatomical and clinical concept. The aim of 
treatment is to raise this volume to the prescribed 
dose. Those two volumes should be defined before 
the treatment planning. 

The planning target volume (PTV) consists of the 
CTV(s) and a margin to account for variation in size, 
shape and position relative to the treatment beam(s). 
The PTV is a geometrical concept. Furthermore, the 
organs at risk should also be defined. Once treatment 
has been planned, two further volumes can be de
fined: the treated volume is the volume that receives 
a dose considered important for local cure or pallia
tion. In fact, this is a volume enclosed by an iso
dose surface selected and specified by the radiation 
oncologist as being appropriate to achieve the goal of 
the treatment. The irradiated volume is the volume 
receiving a dose considered important for normal 
tissue tolerance besides the dose delivered to the 
organ at risk. 

20.4 
Application of ICRU Definitions 
to Lung Cancer 

Using those ICRU definitions, the first step should be 
an easy and simple task: the delineation of gross 
tumour volume. There are in fact a number of prob
lems including the choice of window settings for CT 
slices which most accurately represent real tumour 
size, the acquisition parameters such as slice thick
ness and slice interval, the use of medium contrast, 
the respiratory motion during the acquisition of CT 
slices, the precise limits of the tumour when it is 
associated with distal consolidation or collapse and 
the identification of nodal involvement. The studies 
of HARRIS and colleagues suggest that the lung win
dow settings should be used when determining the 
gross tumour volume (HARRIS et al. 1993). In the 
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past, it has been current practice to add 2-cm mar
gins to the gross tumour volume to take into account 
microscopic extension (CTV), tumour movements, 
and uncertainties in the daily setup. The choice of 
margin was a consistent recommendation of many 
RTOG and EORTC protocols (PEREZ et al. 1978, 
1982, 1987; SCHAAKE-KoNING et al. 1992; SAUSE et 
al. 1994). The ICRU definitions, however, imply that 
there may be different margins for CTV and PTV. 
For example, movements during irradiation may re
sult from respiratory or cardiac activity. It follows 
that tumours in the lower lobes may undergo greater 
displacement during the respiratory cycle than 
tumours in the upper lobes. HUANG et al. (1996) have 
measured tumour displacement during the respira
tory cycle: the tumours in the lower lobes had a 
range of movement in the vertical direction from 1.5 
to 4cm and tumours in the midlung zone had a range 
of 0.5-2.5 cm. Besides tumour movement, changes 
in body contour can also occur during respiration: 
HOBDAY et al. (1979) reported changes of 1 cm or 
more in the chest contour. JACOBS et al. (1996) mea
sured the percentage thickness variation in a group 
of 24 volunteers and in 160 patients; the largest vari
ation occurred in the anterior-posterior direction 
while there was almost no change in the lateral direc
tion when the patient was lying supine on a flat sur
face. At the level of the sternum or the xyphoid, the 
variation in thickness never exceeded 3%, an average 
of 1 and 1.5%, respectively. 

Another issue is the reproducibility of the patient 
daily setup. Using either electronic portal imaging or 
check films, the standard deviation of overall errors 
is about 5 mm (DENEVE et al. 1996). In the study of 
RABINOWITZ et al. (1985), unimmobilized patients 
showed treatment to treatment variations of 4 mm 
and a simulation to treatment variation of 5.8 mm 
using only laser alignment. If we take into account 
the worst case discrepancy, a difference exceeding 
5 mm was observed in 77% of the cases evaluated; the 
figures were respectively 32% for a margin of 10 mm 
and 15% for a margin of 15mm. Pooled data are 
interesting but they tend to negate the individual 
nature of set-up errors. Interfraction correction al
lowed a fourfold reduction in the magnitude of the 
error. 

The introduction of three-dimensional treatment 
planning has permitted the development of dose vol
ume histograms. GRAHAM et al. (1994) have evalu
ated the impact of the use of the ICRU50 definitions 
in a series of ten patients with non-small cell lung 
cancers: for a GTV of 112 cm3

, the CTV was 437 cm3
, 

the PTV1 for the large field 843 cm3 and the PTV2 for 
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the boost field 242 cm3
• The margins added to the 

CTV and the GTV ranged from 7 and 10mm. 
Defining the precise limits of a lung tumour may 

be a very complex task; this is especially so in the 
presence of additional inflammatory disease, col
lapse or consolidation of adjacent lung or pleural 
effusion. One method of overcoming this problem is 
to include the whole area of solid lung within the 
CTV but, according to the IASLC survey, this was 
only done by 45% of radiation oncologists (VAN 
HOUTTE et al. 1994). This approach necessarily leads 
to the treatment of a very large area as illustrated in 
Fig. 20.3. Alternatively it may be possible to reduce 
the target volume by administering endobronchial 
treatment either with laser or endoluminal brachy
therapy before or during the course of external 
radiation and repeated simulation during the treat
ment so the field can be reduced iflung re-expansion 
has occurred (COTTER et al. 1993). PET scan images 
may also be helpful in the future but will require a 
precise co-registration with the CT image to define 
the gross tumour volume, as demonstrated in 
Fig. 20.4. 

Treatment of tumours of the superior sulcus re
quires prophylactic irradiation of the spinal cord 
since the tumour may spread through the interver
tebral foramen directly into the spinal canal. In a 
previous report, when the treatment field just en-

P. Van Houtte et al. 

Fig. 20.3. Patient with a partial right lower lobe atelectasia. 
Black line represents the limits of the individualized blocks. 
Note the mediastinal displacement 

Fig. 20.4. Manually co
registered CT scan and PET 
image in a patient with 
complete right lung collapse 
showing centrally located 
tumour in red. (Image 
courtesy of Peter 
MacCallum, Cancer Institute 
PET Centre) 
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compassed the lung tumour and was limited by 
the vertebral body medially, it was not uncommon 
for tumour progression to result in spinal cord 
compression. 

20.5 
Normal Tissue Tolerance 

The dose limiting factor in clinical radiotherapy is 
the risk of severe normal tissue injury. If with in
creasing radiation doses more and more neoplastic 
cells are killed to ultimately achieve the complete 
destruction of all clonogenic cells, the same principle 
also applies to normal tissues. The normal tissues 
can be classified according to their proliferative ac
tivities, i.e., rapid or slow. The former group is char
acterized by an active proliferation as well as by 
maintenance of a steady-state number: they are di
rectly involved in the acute side effects and they in
clude the bone marrow, the intestinal epithelium, the 
skin and the mucosa. Slowly proliferating tissues 
include the liver, the lung, the kidney, the central 
nervous system and the connective tissues. Acute 
effects are related to the balance between loss of stem 
cells and the regeneration potential of the tissue and 
occur within days to weeks of treatment delivery. 
On the other hand, in a slow renewal system or 
nonrenewal system, late damage may occur months 
or years after the treatment and may be irreversible. 

Another factor influencing radiation injury and 
recovery relates to organisation and function of the 
tissue or an organ i.e., whether functional subunits 
are arranged in series or in parallel. For example, in 
the thorax localised lung damage (fibrosis) may be 
functionally compensated by the remaining normal 
lung through hypertrophy of adjacent alveoli (func
tional subunits in parallel) but in the esophagus 
severe late damage in the form of a stricture cannot 
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be compensated and the function of the whole sys
tem is impaired (functional subunits in series). 

The concept of tolerance dose has been intro
duced as an aid for the radiation oncologist but it 
should never replace clinical judgement, by which 
the balance between benefit and risk is weighed. 
RUBIN and CASARETT (1972) have proposed the con
cept of TD5/5 or TD50/5: they are the doses which 
will result in no more than 5% or 50% severe compli
cations respectively within a period of 5 years. Table 
20.4 presents the tolerance doses for several thoracic 
organs according to risk and volume treated but 
the figures are only valid for conventional treat
ments (2 Gy/fraction, 5 fractions a week) (EMAMI et 
al. 1991). The recent progress in computerised treat
ment planning and the use of dose volume histo
grams should further refine the importance of 
volume in determining tolerance. 

20.6 
Nodal Irradiation 

The rationale for elective nodal irradiation is that 
it may, by eradicating subclinical disease, improve 
either symptom-free or overall survival but, because 
of competing risks, any benefit of improved nodal 
control can only occur with a high rate of control at 
the primary site and provided treatment of the medi
astinum does not result in excessive toxicity. In the 
RTOG's landmark study 73-01, the guidelines for 
irradiation portals of non-small cell lung cancer 
included all areas of lung involvement as well as the 
ipsilateral hilar and mediastinal lymph nodes, with 
at least 2-cm margins, and as well as the contralateral 
mediastinum and hilum with a l-cm margin (PEREZ 
et al. 1982, 1987). The supraclavicular lymph nodes 
were included in the irradiated volume only with 
primary tumours located in the upper lobes or when 

Table 2004. Normal tissue tolerance to thoracic irradiation. Doses are in grays (for 2 Gy/fraction) (adapted from EMAMI et al. 
1991) 

Organ TD 5/5 volume TD 50/5 volume Endpoint 

1/3 2/3 3/3 1/3 2/3 3/3 

Rib cage 50 65 Pathologic fracture 
Spinal cord Scm 10cm 20cm Scm 10cm 20cm Myelitis necrosis 

50 50 47 70 70 
Brachial plexus 62 61 60 77 76 75 Nerve damage 
Lung 45 30 17.5 65 40 24.5 Pneumonitis 
Heart 60 45 40 70 55 50 Pericarditis 
Oesophagus 60 58 55 72 70 68 Stricture/perforation 
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there was evidence of superior mediastinum or 
supraclavicular lymph node involvement. In a re
view of protocol compliance, the survival of patients 
with normal contralateral hilar lymph nodes was 
improved when the hilar nodal regions were treated 
with full compliance or minor variations from 
the protocol: median survival dropped from 49.9 
months after irradiation of both hila to 22.6 months 
after inadequate coverage of the contralateral hilum 
(PEREZ et aL 1982). Furthermore, none of the 17 
patients with major protocol violations survived 
more than 1 year. 

In a survey of radiation practice carried out in 
1993, one of the most striking observations was the 
difference in opinion regarding the coverage of the 
contralateral hilum and the supraclavicular fossae 
(VAN HOUTTE et aL 1994). In the five examples used, 
the contralateral hilum was included in the irra
diation portal by fewer than 40% of the radiation 
oncologists even when the nodes of the ipsilateral 
hilum or mediastinum were positive. One example 
was a T3N2 tumour of the right upper lobe with 
extension in the right main bronchus and two ipsi
lateral paratracheallymph nodes. The contralateral 
hilum was included in the initial radiation volume 
by 38.8% of the 111 radiation oncologists surveyed. 
In a second example of a 4-cm tumour located in 
the left lower lobe with positive ipsilateral lymph 
nodes (T2Nl), only 28.8% of oncologists included 
the contralateral hilum. Prophylactic irradiation of 
the supraclavicular fossae was only advocated in 
the presence of upper mediastinal lymph node 
involvement. 

The main limiting factor of thoracic irradiation, 
especially when escalating the total dose, is often the 
volume of normal lung irradiated and not the spinal 
cord. Any extension of the margins will be at the 
expense of normal tissue and increases the risk of 
radiation pneumonitis or fibrosis (EMAMI 1994). 
Dose volume histogram (DVH) analysis has indi
cated a relationship between volume of lung receiv
ing doses in excess of 25 Gy and subsequent risk 
of radiation pneumonitis: GRAHAM et aL (1997) re
ported no case of grade 3 pneumonitis when less 
than 25% of the lung received more than 20 Gy, but if 
the volume of lung receiving more than 20 Gy was 
greater than 37% then the incidence of pneumonitis 
was 19%. By avoiding elective nodal irradiation, the 
amount of normal lung spared allows a dose escala
tion of about 30% without an increase in the prob
ability of radiation pneumonitis (BELDERBOS et aL 
1997). Modern nuclear medicine techniques may 
prove useful due to their ability to detect non-
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functioning lung, the irradiation of which is unlikely 
to have a significant future effect on a patient's vital 
capacity (ROBERTSON et aL 1997). Matching PET or 
SPECT imaging with CT is probably one road to be 
explored in the near future. 

Acute oesophagitis has more recently proven to 
be a dose-limiting factor, especially when accele
rating the radiation procedure or when combining 
drugs concurrently with radiation. Grade 3 oeso
phageal toxicity implies severe dysphagia with a 
weight loss of more than 15% requiring artificial 
alimentation. In the trial conducted in Australia by 
BALL et aI., patients were randomised to receive 
60 Gy in 30 fractions over 6 weeks or the same dose in 
the same number of fractions over 3 weeks with or 
without concomitant carboplatin (BALL et aL 1995). 
In an interim analysis of the first 100 randomised 
patients, the estimated median duration of oeso
phagitis was 1.4 months for the conventional treat
ment and 3.2 months for the accelerated treatment. 
The rates of grade 3 and 4 oesophagitis were signifi
cantly higher in patients having accelerated treat
ment (respectively 9% and 0% for the conventional 
treatment and 31 % and 4% for the accelerated sched
ule); furthermore, six patients required dilatation 
for an oesophageal stricture and one patient died 
as a result of a laryngoesophageal fistula without 
evidence of tumour at autopsy. The most extreme 
example of an accelerated program is CHART (con
tinuous, hyper fractionated, accelerated, radiation 
therapy), a radiation schedule introduced by the 
Mount Vernon team. The main concept was first 
not to leave any gap during the treatment by treating 
every day including the weekend and to complete the 
treatment before the onset of repopulation or acute 
effects such as acute oesophagitis: the schedule con
sisted of three fractions of 1.5 Gy/day separated by 6-
h intervals for 12 consecutive days. Initially 37.5 Gy 
was delivered to a large volume including the whole 
mediastinum and the remaining dose was given to 
the gross tumour volume. It was hypothesised that 
the reduction of total radiation dose (54 Gy for 
the CHART vs 60Gy for conventional therapy) was 
more than compensated for by a reduction in 
tumour repopulation. In patients treated with the 
CHART, the incidence of severe dysphagia was 49% 
compared to 19% in patients treated with conven
tional fractionation (SAUNDERS et aL 1996). Seven 
percent of the CHART patients developed oesoph
ageal stricture compared with 4% of the conven
tionally treated patients. Grade 3 oesophagi tis may 
require the interruption of the radiation treatment 
even if this does not necessarily always translate into 
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permanent late damage such a stenosis requiring re
peated dilatation procedures. In addition to acceler
ated fractionation, the length of the oesophagus 
irradiated may also be a risk factor for oesophagitis: 
this was the case with the concomitant boost 
technique as proposed by the Amsterdam team 
(SCHUSTER-UITTERHOEVE et al. 1993). 

So, given that mediastinal irradiation increases 
the risk of lung and oesophageal toxicity, can we 
reduce these risks by omitting elective nodal irradia
tion without increasing the probability of the geo
graphic miss. Table 20.5 summarises the results of 
different studies using conformal radiotherapy for 
non-small cell lung cancers and limiting the treated 
volume to the GTV (HAZUKA et al. 1993; GRAHAM 
et al. 1997; MARTEL et al. 1997; ARMSTRONG et al. 
1997; SIBLEY et al. 1995). Although there is little 
available information on the precise pattern of 
failure, the main problem continues to be failure to 
control disease at the primary site. In the experience 
of SIBLEY et al. (1995), local progression was always 
within the GTV and no isolated regional failure out
side the treated area was observed in his 37 patients 
with stage III NSCL cancers. The study ofHAZUKA et 
al. (1993) examined the effect of volume on survival 
and progression free survival after patients had been 
planned according to the modern beam's eye view 
technique. Some patients had only the primary site, 
ipsilateral hilum and mediastinal nodes irradiated 
whereas others had additional supraclavicular and 
contralateral hilar nodes irradiated according to the 
classical RTOG recommendations. This was a retro
spective study and the choice of treatment volume 
was left to the physician's preference. Eighty-eight 
consecutive patients were treated with doses of 60 Gy 
or more. No differences in progression-free survival 
or overall survival were observed between the small 
volume and extended volume groups. These obser
vations were independent of tumour stage. Further
more, all local failures occurred within the high dose 

Table 20.5. Conformal radiotherapy for NSC lung cancer 
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region except in three patients: two failed in the 
supraclavicular nodes and concomitantly with 
primary site failure; both had irradiation of the 
supraclavicular regions with doses of 36 and 45 Gy. 
Only one patient failed at a single regional node site 
which had received 54 Gy. 

Last but not least, in a more recent analysis 1705 
patients, derived from 4 different RTOG protocols, 
were studied to assess the impact of regional nodal 
irradiation on survival. Three groups of patients ex
perienced significant differences in outcome when 
the radiation was not performed according to proto
col. These included patients in whom the margins 
on the ipsilateral hilum were inadequate or those in 
whom the doses to the ipsilateral hilar nodes or to 
the mediastinal lymph nodes were below those speci
fied. This study did not reveal a beneficial effect of 
irradiation of the contralateral hilum (EMAMI et al. 
1996). It should be remembered, however, that these 
RTOG studies were conducted over a long period of 
time in which there had been major developments in 
imaging techniques and accuracy. 

The last issue is whether or not to treat clinically 
normal supraclavicular nodes. Even if relapse rates 
in the supraclavicular region are low in an unir
radiated patient, the addition of a supraclavicular 
field or fields is considered to add little toxicity. In 
the RTOG 73-01 study, the failure rate in the 
supraclavicular area was 8% in the absence of irra
diation, 14% for doses between 8 and 35 Gy, 5% for 
35-45 Gy and 2% for doses in excess of 45 Gy (PEREZ 
et al. 1987). In another series of 76 patients with 
locally advanced non-small cell lung cancer staged 
by CT and treated with radical radiotherapy, without 
a neck field, none relapsed in the supraclavicular 
fossa (PIGGOT and SAUNDERS 1993). In a pattern of 
failure study of 159 patients treated at the Peter 
MacCallum Cancer Institute, within a randomised 
trial, only 3% relapsed in the neck as their first and 
only site of failure. One way of resolving this issue is 

Authors No. patients Stage 1/11(%) Doses (Gy) Local failure rate (%) Two-year survival rate (%) 

Hazuka 88 22 60-74 29 37 
Graham 99 23 60-74 Stage I-II 33% 45 

III 11% 
Martel 76 21 64-82 29 Stage 1/11 56 

IlIa 26 
I1Ib 9 

Armstrong 45 13 52-72 46 32 
Sibley 37 0 60-70 49 Stage IlIa 49 

I1Ib 26 
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to better define patients at high risk of failure in the 
supraclavicular fossa, e.g. patients with high medias
tinal involvement and patients whose disease is lo
cated in the upper part of the upper lobe such as 
superior sulcus tumour (in whom the lower neck is 
usually incorporated in the clinical targeted volume 
anyway). Another clinical situation may be a positive 
mediastinoscopy: in the practice of some, the 
mediastinoscopy scar is always included in the initial 
field. 

Another approach may be to plan our clinical 
target volume (CTV) according to the probability of 
lymph node involvement. The position of the lymph 
nodes within the mediastinum is described accord
ing to the American Thoracic Society (ATS map), 
which defines nodal station in relation to fixed ana
tomical structures allowing a correlation between 
imaging procedures, CT, MRI and surgical findings. 
In essence, lymph from the right upper lobe drains to 
the right tracheobronchial lymph nodes and lymph 
from the right middle and lower lobes drains to the 
lobar, interlobar and finally to the hilar nodes and 
subcarinal, ipsilateral and mediastinal nodes. On the 
left hand side, lymph from the upper lobe drains not 
only to the angle of the confluence of the subclavian 
and internal jugular veins on the same site but also 
crosses over to the right lower and upper mediasti
num. Lymph drainage from both lower lobes can 
also go to the pulmonary ligament and parao
esophageal nodes (NOHL-OSER 1981). In the case of 
chest wall involvement there is a risk of spread along 

P. Van Houtte et al. 

the intercostal spaces or to the axillary region. At 
present, the only sign of nodal involvement on CT is 
nodal enlargement. This criterion for involvement 
has major limitations: the normal lymph node size 
varies within the mediastinum and enlargement may 
be due to another cause of metastasis, e.g. distal in
fection and incidental granulomatous lung disease. 
In the study by MACLouD, the rate of positive medi
astinal lymph node involvement rose from 13% 
when the node measured less than 1 cm to 62% for 
nodes of 2-2.9 cm (MAcLouD et al. 1992). In the 
presence of obstructive pneumonitis, the rate of false 
positive lymph node increased to 45%. One way to 
improve the accuracy of CT is to take into account 
natural lymphatic drainage: if nodes in the draining 
territory of the tumour are enlarged (more than 
lOmm in short axis) and are at least 5mm larger 
than nodes in non-draining territories, the CT speci
ficity improves with a positive predictive value of 
95% (Buy 1988). Indeed, taking into account the 
natural pattern of drainage may be helpful in draw
ing the CTV. MINET et al. (1993) have proposed a 
table of probability of lymph node invasion accord
ing to the primary tumour location (Table 20.6). The 
data are mainly based on surgical series and may 
represent an underestimate of the probability of 
involvement for more advanced primary tumours. 
These data have been used by DERYCKE et al. (1997), 
who calculated the GTV and the GTV plus the re
gionallymph nodes with a probability greater than 
10% of involvement according to the tumour loca-

Table 20.6. Average probability (%) of lymph node involvement according to 
tumour location (adapted from MINET et al. 1993) 

Station Tumour location 

RUL RML RLL LUL LLL 

Supraclavicular: left 4 2 2 21 6 
Right 25 9 7 4 4 

Upper paratracheal: left 2 2 5 3 17 11 
Right 2 30 19 18 6 9 

Lower paratracheal: left 4 2 5 3 19 12 
Right 4 25 14 17 5 8 

Aortopulmonary 5 0 0 0 10 7 
Anterior 6 0 0 0 5 5 
Subcarinal 7 14 15 33 19 41 
Paraesophageal: left 8 0 0 0 1 3 

Right 8 1 1 2 0 0 
Pulmonary ligament: left 9 0 0 0 1 1 

Right 9 2 0 0 
Peribronchial: left 10 0 0 0 12 7 
Tracheobronchial: right 10 13 11 9 1 1 
Intrapulmonary: left 11 0 0 0 5 6 

Right 11 41 46 55 0 0 
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tion in a series of ten patients with stage III non
small cell lung cancer: five stage IlIa and five stage 
IIIb (excluding N3 disease) (DERYCKE et al. 1997). 
The volume of GTV alone varied from 66 to 244ml 
with an average of 147 ml compared with the GTV 
plus the possible lymph node extension, which 
ranged from 192 to 542ml with an average of319ml. 

KIRICUT A et al. (1994) carried out a retrospective 
study on the pretherapy CT scans of 512 patients 
who were candidates for radiation. On the basis of 
pure CT criteria (lymph node larger than 10mm 
along the short axis or 15mm along the long axis), 
266 were considered to be node positive. They corre
lated their observations with the tumour location 
using a modified mapping scheme of the ATS. The 
incidence of positive nodes in the supraclavicular 
area or in the contralateral hilum was less than 10% 
(Table 20.7). In their experience using a volume of 
irradiation modified according to the nodal extent 
based on the CT observations, none of the patients 
with positive supraclavicular or contralateral hilar 
nodes survived over 2 years. 

In our general practice with stage III disease nodal 
irradiation is limited to the mediastinum. When the 
primary lies in the apex of the upper lobe close to the 
clavicle, the ipsilateral supraclavicular fossa is usu
ally included in the clinical target volume by default. 
In patients who have had a positive mediastino
scopy, it is not unreasonable to include the surgical 
scar, in which case the medial parts of the 
supraclavicula fossa will also be irradiated. We do 
not attempt to irradiate the clinically normal con
tralateral hilum, but the aortopulmonary window 
and the subcarinal regions are always included in the 
clinical target volume. The lower mediastinum con-

Table 20.7. Incidence of positive lymph node for NSCL cancer 
based on CT information (adapted from KIRICUTA et al. 1994) 

Tumour location 

Right Left 

Number of cases 161 105 
Supraclavicular: right 8.6 9.5 

Left 1.8 3.8 
Upper mediastinal 0.6 0 
Para tracheal: right 19.9 5.7 

Left 2.5 6.7 
Lower tracheobronchial: right 77 43.8 

Left 30.4 76.2 
Hilar: right 34.2 4.8 

Left 3.7 41.9 
Anterior tracheal 27.3 25.7 
Subcarinal 50.9 44.8 
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taining the paraoesophageal nodes is rarely included 
even for lower lobe lung tumours because of the risk 
of excessive toxicity. 

20.7 
Elective Nodal Irradiation 
for Early Stage NSCLC 

Although surgery remains the standard treatment 
for stage I lung cancer, some patients refuse surgery 
or are considered inoperable because of co
morbidities, but they can be treated with radio
therapy with curative intent. The issue in these 
patients is whether the clinical target volume should 
be limited to the primary tumour in the absence of 
CT evidence of nodal involvement or whether the 
hilar and mediastinal nodes should be treated 
prophylactycally. In our survey carried out in 1993, 
we asked specifically for a definition of the area to be 
irradiated in the case of a 4-cm tumour mass located 
in the left lower lobe without nodal invasion (T2NO) 
(VAN HOUTTE et al. 1994). Of the III respondents, 
98% included the ipsilateral hilum in the initial 
clinical target volume, 88% included the subcarinal 
lymph nodes, 70.2% the lower mediastinal lymph 
node and 70.2% and 69.4% the right and left 
paratracheal lymph nodes respectively. The con
tralateral hilum and the supraclavicular fossae were 
only irradiated by one radiation oncologist in five. 
This survey suggested that conventional practice 
favoured elective nodal irradiation. 

However, the data available from the literature do 
not allow us to draw any definitive conclusions. In 
fact, the 3- and 5-year survival rates are not dissimi
lar regardless of whether the regional nodes were 
electively irradiated or not (Table 20.8). In two series 
in which patterns of failure analysis were performed 
after the irradiation was restricted to the primary 
tumour, the incidence of relapse in the regional 
nodes as the first and only site of failure was low: in 
the series of SLOTMAN et al. (1996) including 31 pa
tients, three locoregional recurrences were observed; 
in the study of KROL et al. (1996), of 50 patients 
achieving a complete remission at the primary site, 4 
developed locoregional failure including two nodal 
relapses (SLOTMAN et al. 1996; KROL et al. 1996). In 
contrast, MORITA et al. (1997) reported better results 
after elective hilar/mediastinal irradiation: 5-year 
survival rate reached 31.3% with elective irradiation 
vs 14.9% after a limited irradiation (MoRITA et al. 
1997). However, patients in whom the nodes were 
not treated were more likely to have adenocar-
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Table 20.8. Definitive radiation for early NSC lung cancer 

Authors No. Radiation scheme Elective nodal Survival rate (%) 
of pts. 

(Gy) 

COY and KENNELLY (1980) 141 50-57 
DOSORETZ et al. (1992) 152 50-70 
GAUDEN et al. (1995) 347 50 
GRAHAM et al. (1995) 150 60 
KROL et al. (1996) 108 60/65 
NOORDIJK et al. (1988) 50 60 
SANDLER et al. (1990) 77 60 
TALTON et al. (1990) 77 60 
ZHANG et al. (1989) 44 55-70 
SLOTMAN et al. (1996) 31 48 
MORITA et al. (1997) 66 55-74 

83 
BURT et al. (1989) 133 50-55 

cinoma and tumours located in the lower lobe (here 
the treatment was often limited to the primary to 
avoid an excessively large field). 

Additional information is obtainable on patterns 
of failure data after surgical resection. Loco-regional 
relapse has been reported in 6%-14% for Tl and 
T2NO tumours (Table 20.9) (PAIROLERO et al. 1984; 
FELD et al. 1984; LAFFITTE et al. 1996; IMMERMAN et 
al. 1981). In surgically treated patients loco-regional 
relapse includes all recurrences within the same lobe, 
ipsilateral hilum and mediastinum. In our rando
mised trial on the role of postoperative radiotherapy, 
pattern of failure analysis was carried out taking 
into account the theoretical radiation field: after 
complete resection for a Tl, T2 or T3NO tumour of 
the main bronchi, the rate of "in-field" loco-regional 
relapse was 13.4%. Furthermore, the Lung Cancer 
Study Group conducted a randomised trial in TlNO 
tumours to 'compare lobectomy to more limited 
resection (segmentectomy or wedge resection): 247 
patients were included. The study demonstrated a 
clear benefit in terms of loco regional recurrence 
and survival in favour of patients randomised 
to lobectomy. The locoregional recurrence rate 
dropped from 17% after a limited resection to 5% 
after lobectomy (GINSBERG and RUBINSTEIN 1995). 

Current available radiotherapy techniques allow 
us to achieve local cure in only a limited number of 
patients, and relapse at the primary site remains the 
major cause of failure. Increasing the total radiation 
dose is a promising strategy but will require a reduc
tion in the amount in the volume of normal lung 
irradiated, especially in patients whose lung function 
is already compromised. Individualisation of treat
ment is probably the only way to determine if elec-

irradiation 
(weeks) 3 years 5 years 

4 Yes 18 10 
5-7 Yes 10 
4 Yes 27 
6 Yes 14 
6-7S No 31 15 
6-7S No 16 
6 Yes 21 17 
6 Yes 21 17 
6-7 Yes 16 
2.5 No 42 8 
6-7 Yes 31 

No 15 
3 No 20 

Table 20.9. Pattern of failure after curative surgery 

Authors Stage No. of Pattern of failure 
patients (%) 

Local Distant 

Pairolero TINO 170 6 15 
T2NO 158 6 23 

Feld TINO 162 9 17 
T2NO 196 11 30 

Laffite T2NO 70 14 26 
Immermam TI-2, NO 77 12 27 

tive nodal irradiation is possible without reducing 
the dose to the primary and without increasing the 
volume of lung tissue irradiated above patient toler
ance. This is well illustrated by the following two 
cases. Both patients had non-small cell lung cancer 
with poor lung function. As a result of tumour loca
tion, it was possible in one case to treat the first nodal 
station because the tumour was close to the medi
astinum, whereas in the second case the peripheral 
location of the tumour necessitated limiting the 
irradiated volume of the primary tumour alone 
(Figs. 20.5, 20.6). In both cases, PET scanning did not 
reveal any uptake in the mediastinum. Both patients 
are alive at 3 years without any evidence of disease. 

20.8 
Conclusions 

Radiation remains an important component in the 
treatment of localised non-small cell lung cancer. 
Nevertheless, current radiation programs are only 
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Fig. 20.5. Patient with a squamous cell carcinoma of the right 
lung not candidate for surgery due to poor lung function. The 
first nodal station was irradiated due to its proximity with 
the tumour. The PET scan did not show any uptake in the 
mediastinum 

Fig. 20.6. Patient with a peripheral lung tumour and poor 
lung function. Only the tumour was irradiated with three tan
gential fields to spare as much as possible of the normal lung 

able to control a limited number of tumours, and we 
have to improve our treatment strategies. Several 
avenues of investigation are currently being ex
plored including modification of the fractionation, 
increasing the total dose with endoluminal brachy
therapy, three-dimensional conformal radiotherapy 
and multimodality treatment. There is still some 
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controversy regarding the precise definition of clini
cal target volume. Additional studies are necessary 
to define a common language and to specify the vol
ume to be treated both in relation to the primary 
tumour and elective nodal stations. Furthermore, the 
quality of the radiation procedure remains a major 
determinant for success even in a multimodality 
approach. 
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21.1 
Introduction 

Despite the best intentions of doctors and the ad
vances in treatment, more than 90% of patients diag
nosed with lung cancer will still eventually die of 
their disease. The majority of these will at some stage 
have significant symptoms, either from the primary 
tumour or from metastatic disease. The successful 
palliation of symptoms is therefore a major manage
ment problem and a challenge. 

Evidence-based medicine has been defined as 
the "conscientious and judicious use of research 
evidence in the management of individual patients" 
(SACKETT et al. 1996). It is about the skilled synthesis 
of evidence, clinical expertise and patient preference 
in making clinical decisions. The application of radi
cal, potentially curative treatment for lung cancer 
requires skill and experience, but the initial deci
sions to treat are often straightforward. With pallia
tive treatment the decision-making is sometimes 
more difficult with trade-offs to make between the 
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inconvenience and toxicity of treatment and its pos
sible benefits. 

Radiotherapy has been used for many years to 
relieve the symptoms of advanced lung cancer and 
policies for its use and suitable dose regimens have 
evolved in a pragmatic way from collective clinical 
experience. Comparative studies of clinical practice 
(PRIESTMAN et al. 1989; MAHER et al. 1992) have 
shown that different clinical policies about the use of 
radiotherapy and what regimens are most appropri
ate have evolved in different health care systems. It is 
interesting to note that in a recent survey of radio
therapy practice from one American radiotherapy 
centre (LUTZ et al. 1997) only 12% of lung cancer 
patients received low dose, palliative radiotherapy, 
whereas a typical British centre would probably treat 
85% of patients palliatively (MACBETH, unpublished 
observations). In this paper I will discuss the use of 
radiotherapy in less than radical doses given with the 
intention of controlling symptoms rather than pro
longing survival. It is only in recent years that the use 
of radiotherapy in this context has been subjected to 
the same critical research and evaluation as chemo
therapy or radical radiotherapy. How good is the 
research evidence which we can use to support our 
decisions about when and how to use palliative 
radiotherapy? 

The studies referred to in this review were identi
fied from a search of Medline in March 1998, from a 
check of the references in the papers found and in 
other previous reviews, and from a personal 
collection. 

21.2 
Palliative Radiotherapy to the Chest 

21.2.1 
How Effective Is It? 

Although radiotherapy has been used for many years 
for palliating the local symptoms oflung cancer, evi
dence of its effectiveness is limited. There have been 
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Table 21.1. Published results of the effect of palliative thoracic radiotherapy 

First Year No. of Symptoms Cough Haemoptysis Chest pain Dyspnoea Anorexia 
author patients assessed by 

SIMPSON 1985 409 Clinician 99/180 (55) 71/75 (95) 67/134 (50) 63/171 (37) NR 
PAPA v ASILIOU 1987 18 Clinician 8/10 (80) 5/7 (71) 3/4 (75) 3/3 (100) NR 
COLLINS 1988 96 Clinician 58/86 (67) 42/48 (87) 28/39 (72) 45/85 (53) 24/59 (41) 
TEO 1988 255 Clinician Overall symptom control 146/255 (57) 
MRCLCWP 1991 369 Clinician 206/341 (60) 144/172 (84) 162/208 (78) 156/255 (61) 1411213 (66) 
MRCLCWP 1992 235 Clinician 114/220 (52) 80/109 (73) 90/137 (66) 84/198 (42) 77/148 (52) 
MUERS 1993 289 Clinician (72) (98) (82) (82) NR 
STEVENS and 1995 38 Clinician (91) (92) (78) (40) NR 

BEGBIE 
MCRC 1996a 509 Patient 210/404 (52) NR 188/289 (65) 146/255 (57) NR 

LCWP questionnaire 
REES et al. 1997 216 Patient 107/168 (64) 78/81 (95) 78/89 (88) 128/78 (72) NR 

questionnaire 
LUTZ et al. 1997 54 Retrospective 9/27 (33) 11/17 (65) 6/17 (35) 19/41 (46) 9/29 (31) 

Number of patients with palliation/number with symptoms (%); NR, not recorded. Note: Different definitions of palliation are 
used in different studies. 

no randomised clinical trials (RCTs) comparing 
radiotherapy with other means of palliation, and in 
trials comparing chemotherapy with "best support
ive care" the use of radiotherapy has been variable. 
The best evidence comes for the RCTs that compare 
different doses of radiotherapy that are discussed in 
detail below, and from a few other published series. 
These are summarised in Table 21.1. 

Symptom palliation is a difficult endpoint to mea
sure and there are no well validated, universally ap
plicable ways of doing it; and the studies in Table 
21.1 used a variety of techniques and measures. 
Some symptoms, especially haemoptysis, may be 
intermittent or self-limiting making the effect of 
treatment difficult to estimate. All symptoms are by 
definition subjective and how they are rated may 
vary between patients and between patients and cli
nicians, and it unusual for them to be assessed by an 
impartial observer. Data from the Medical Research 
Council Lung Cancer Working Party (MRC LCWP) 
suggest that clinicians tend to underestimate the 
severity of physical symptoms compared to the pa
tients (STEPHENS 1994). It is also usual for patients 
to be on medication, such as pain killers or anti
tussives, the dose of which may be changed at 
the same time as treatment, arid unless carefully 
recorded, this fact may affect the evaluation of 
effectiveness. For all these reasons comparison or 
summation of the numerical results in Table 21.1 
would be misleading. 

However, it can be seen that palliative radio
therapy to the chest does result in more than 
50% of patients getting symptom improvement. 
Haemoptysis and chest pain seem to be better palli-

ated than cough. The palliation of dyspnoea is more 
variable between the studies with recorded rated 
ranging from 37% to 100%, probably reflecting the 
difficulty of assessing this symptom and the varied 
causes in patients with lung cancer. 

Five studies reported the duration of palliation. 
In two of the MRC LCWP trials (MRC LCWP 1991, 
1992), it was reported that the median length of pal
liation was more than 50% of the survival time. In the 
third study (MRC LCWP 1996a), including fitter pa
tients, around 50% of patients had palliation of their 
symptoms at 3 months. STEVENS and BEGBIE (1995) 
reported that 70% of patients had "a complete symp
tomatic response" until death or last review. On the 
other hand the study from Bristol (REES et al. 1997) 
showed more disappointing results with haemo
ptysis being the only symptom that disappeared in 
more than 50% of patients at 8 weeks. 

21.2.2 
What Are the Most Effective Dose Regimens? 

Radiotherapy regimens have evolved in a pragmatic 
way over the years from collective clinical experi
ence. It is only in recent years that the use of radio
therapy in this context has been subjected to the 
same critical research and evaluation as chemo
therapy or radical radiotherapy. 

There are now five published RCTs that have in
vestigated the most appropriate dose regimen for 
the palliation oflung cancer (Table 21.2). This shows 
that, in general, short regimens of radiotherapy 
with one or two fractions are as effective as longer 
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Table 21.2. Randomised trials of palliative radiotherapy 

First author Year No. of Patients Doses Palliation Survival Side-effects 
patients 

SIMPSON 1985 409 Good PS 30Gy/10fl2w vs No difference No difference Worse radiation 
(Karnofsky 40Gy/20f/4w vs pneumonitis with 40-Gy 
>70) 40Gy/l0f/4w 

"split" course 
TEO 1987 291 AnyPS 45Gy/18f/4.5w 

vs 
31.2 Gy/4f/4w 

MRCLCWP 1991 369 AnyPS 30Gy/10fvs 
17Gy12f 

MRCLCWP 1992 235 Poor PS 17Gy12fvs 
(WHO 2-4) lOGy/If 

MRCLCWP 1996 509 Good PS 39 Gy/13f or 
(WHO 1) 36Gy/12fvs 

17Gy/2f 

REES et al. 1997 216 AnyPS 22.5 Gy/5 f vs 
17Gy12f 

PS, performance status. 

ones in palliating the major intrathoracic symptoms 
of lung cancer. In four trials the effect on survival 
was investigated, and in three there was no signifi
cant difference between the regimens, with median 
survivals ranging from 4 to 6 months depending 
on the performance status (PS) of the patients 
included. 

The one exception was the third MRC LCWP trial 
(MRC LCWP 1996a), which compared 17Gy/2f/8d 
with 39Gy/13f/18d (or 36Gy/12f/17d) in patients with 
good PS (WHO 0 or 1). This showed that there was a 
significant difference in survival (2-month increase 
in median and 3% difference in 2-year survival) in 
favour of the higher dose regimen. Interestingly 
there was also a significant difference in the inci
dence in metastases (64% vs 77% at 12 months). This 
is consistent with a similar finding in a trial investi
gating the use of post-operative radiotherapy in 
node-positive patients (MRC LCWP 1996b) when a 
dose of 40Gy/15f/23d was used. It is therefore 
reasonable to conclude that radiotherapy to the 
mediastinum can delay systemic metastatic spread 
even with non-radical doses. 

21.2.3 
What Are the Risks of Toxicity? 

It has long been recognised that palliative radio
therapy to the chest can produce significant toxicity 
both in the short and long term. Transient 

split course 

Better with Not reported No difference 
45Gy 

No difference No difference No difference; 
myelopathy: 1 case after 
17Gy 

No difference No difference Fewer immediate 
with lOGy; myelopathy: 
1 case after 17 Gy 

Quicker with Longer with Fewer immediate with 
17Gy 39/36Gy (3% 17 Gy; myelopathy: 2 

at 2 years) cases after 39 Gy, 1 after 
17Gy 

No difference No difference Not reported 

nausea and anorexia are common, as is radiation 
oesophagitis. These symptoms were investigated in 
detail in the MRC LCWP trials (MRC LCWP 1991, 
1992, 1996a) by the use of a daily diary card which 
the patients completed and on which they rated 
important symptoms on a five point scale. This dem
onstrated very clearly the time course and severity of 
radiation oesophagitis. With regimens of 30Gy/10f/ 
12d and 17Gy/2f/8d it was very similar, starting on 
day 7, peaking around days 15-20, when 50% of pa
tients recorded dysphagia, and subsiding by day 28. 
The regimen of lOGy/WId caused significantly less 
oesophagitis and, as would be expected, with the 
higher dose regimens of 36 and 39 Gy dysphagia was 
more frequent (around 70% of patients recording 
some dysphagia) and prolonged. 

What has been, until recently, less well recognised 
is that palliative radiotherapy to the chest is associ
ated with other acute symptoms. STEVENS and 
BEGBIE (1995) noted acute chest pain in 5 of 38 pa
tients receiving 17Gy/2f/8d. DEVEREUX et al. (1997) 
also found, in a study of 118 patients who completed 
a questionnaire 24h after RT, that almost 50% 
recorded acute chest pain, and over 30% experienced 
systemic symptoms, such as sweating, fever and 
rigors. Only 49 patients recorded no symptoms. The 
majority of the patients were being treated with 
8.5- or 10-Gy fractions. The symptoms were usually 
transient but could cause distress and anxiety, and in 
some patients the chest pain required opiates. The 
temporal relationship to the radiotherapy suggests 
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that it is the cause but the mechanism is obscure. 
STEVENS (STEVENS and BEGBIE 1995) observed 
that chest pain occurred despite prophylactic 
corticosteroids. 

There has always been concern that radiotherapy 
might make the symptoms of patients with stridor 
acutely worse and standard practice is to treat 
such patients with corticosteroids and use more 
prolonged fractionated regimens. A recent study 
(HATTON et al. 1997) of 56 patients in whom peak 
expiratory flow (PEFR) was recorded for 72 h after 
radiotherapy, with a variety of dose regimens, re
ported that 49 patients (S7%) showed a decrease 
in PEFR, with a mean fall of 20.3%, and maximal 
around 6h. There was no clear correlation with frac
tion size, and the phenomenon was observed in 
patients receiving 2-Gy fractions, but the sample 
sizes were small. 

The most serious late toxicities of thoracic irra
diation are pneumonitis and myelopathy. Provided 
that the radiation portals are not too large, 
pneumonitis is not usually a problem in this context, 
because the dose is not very high and most patients 
usually do not survive long enough. Radiation 
myelopathy (RM) is a rare but potentially disastrous 
late effect. 

Clinical experience over the years has demon
strated that regimens such as 30Gy/lOf/12d and 
20Gy/5f/5d are within the tolerance of the spinal 
cord, but that higher dose regimens, particularly 
with larger fractions, are associated with an unac
ceptable risk of RM. The first MRC LCWP study re
ported one possible case of RM after 17Gy/2f!Sd and 
two other cases following the use of this regimen 
were subsequently reported (STEVENS and BEGBIE 
1995). The cumulative experience from all three 
MRC LCWP studies was reported by MACBETH et al. 
(1996). Five cases of probable RM were identified in 
104S patients; 3 of these were from the 524 patients 
treated with the 17Gy/2f/Sd regimen and 2 from the 
153 patients treated with 39Gy/13f/lSd. The time of 
onset ranged from S to 42 months from treatment 
and the cumulative risk was estimated as being 
2%-3% at 2 years. 

21.2.4 
What Are the Most Appropriate Regimens? 

The art of good palliative medicine is in making 
therapeutic decisions for individual patients which 
balance the possibilities of benefit, of making the 
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patient feel better, against the risks of toxicity and 
discomfort. For a variety of social and psychological 
reasons lung cancer sufferers may be less vocal and 
demanding of health care professionals than other 
groups of patients, and the quality of the care they 
receive may be correspondingly less good. The chal
lenge, then, is to ensure that appropriate and 
humane clinical decisions are made. 

Palliative radiotherapy to the chest does seem to 
be effective in controlling the local symptoms oflung 
cancer. The evidence summarised above suggests 
that for the majority of patients short courses of pal
liative radiotherapy, using one or two fractions, are 
as effective as more prolonged ones. They also have 
the advantage of requiring the patients who are often 
ill and frail to travel less often to the radiotherapy 
centre. For poor performance status patients the evi
dence from the MRC LCWP trial (MRC LCWP 1992) 
is quite clear that a regimen of lOGy is effective and 
causes less radiation oesophagitis. Although nausea 
and rarely vomiting can occur with this regimen, it 
does not seem from the evidence available to be 
more frequent than with other regimens. It can 
be simply managed with anti-emetics, which may be 
appropriate to give prophylactically. There does 
seem to be a risk of systemic symptoms such as chest 
pain and rigors, but again it is not clear whether this 
risk is higher in patients having large fraction treat
ment. Warning the patient and carers, and the pro
phylactic use of analgesics and anti-pyretics are 
probably necessary and sufficient. There seems to be 
no significant risk of myelopathy with this regimen. 

It is more difficult to make a clear recommenda
tion for the management of patients with better per
formance status. The MRC LCWP trial (MRC LCWP 
1996a) showed a modest survival benefit but no 
better palliation from a higher dose and more 
prolonged regimen, but at the expense of greater 
toxicity. In this situation it is probably best to discuss 
the options openly with the patient in order to make 
a fully informed decision. The regimen of 17Gy/2f/Sd 
is now widely used in the United Kingdom (MAHER 
et al. 1993), and for the majority of patients it 
appears to be a safe and effective regimen. However, 
the increasing evidence of a small but significant 
risk of spinal cord damage means that it should 
be used with care. There are techniques by which 
the cord dose can be reduced (MACBETH et al. 
1996; SLOTMAN et al. 1993) and so the clear advan
tages in terms of convenience and resource use 
should not be forfeited because of anxiety about 
this complication. 
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21.2.5 
When Should Palliative Radiotherapy Be Given? 

This may seem to be a pointless question because 
any patient referred for palliative radiotherapy 
should have symptoms and so should be treated as 
soon as possible. There are, however, some patients 
who are diagnosed at a stage when they are 
asymptomatic or their presenting symptom has re
solved and is no longer troubling them. What should 
be done with these patients? Should they be treated 
immediately or not until their symptoms become 
more troublesome? 

There has been one study that has looked at what 
happens to a group of patients who were assigned to 
a "watch" policy and only treated when they became 
symptomatic (CARROLL et al. 1986). Of 48 patients, 
26 (54%) developed symptoms requiring thoracic ra
diotherapy, while the remainder died without need
ing treatment. REINFUSS et al. (1993) identified a 
group of 332 patients who were asymptomatic or had 
"minimal" symptoms, of whom 170 were treated 
(40GyIlOf/56d, "split" course) and 162 were not be
cause of refusal or "logistic problems". Significantly 
improved survival was observed but only in patients 
with stage lIlA disease and good performance status. 
Symptom control was not reported. 

It therefore not clear what the best policy is for 
this group of patients and the MRC LCWP is cur
rently investigating the question in a prospective 
RCT. 

21.3 
What Is the Role of Endobronchial 
Brachytherapy? 

Endobronchial brachytherapy (EBT) is a technique 
that has been used for many years but has increased 
in popularity since the introduction of remote 
afterloading machinery. It has the advantage of de
livering treatment to the site of the tumour while 
minimising the dose of radiation to adjacent normal 
structures, but the disadvantage of only being effec
tive if there is visible endobronchial tumour rather 
than adjacent nodal disease causing symptoms. It 
also means the patient has to have a bronchoscopy 
for placement of the delivery catheter. 

The use of EBT has been widely reported (BAAS 
and VAN ZANDWIJK 1995) but the reports are largely 
of treated series rather than prospective trials. There 
has, however, been one published randomised trial 
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comparing two different dose schedules (HUBER 
et al. 1995) and two others, reported in abstract only 
(BURT 1997), comparing EBT with external beam 
radiotherapy. 

As with the studies of external beam palliative 
radiotherapy there is no consistency in the methods 
of assessment or reporting. The patient groups are 
different; some only include patients who had recur
rent disease previous to radiotherapy, others those 
who had had no previous treatment and others 
mixed groups. Also some reports include patients 
who had undergone laser or cryotherapy immedi
ately before EBT. 

However, it is reasonable to conclude that EBT: 

• Is effective in controlling symptoms of cough, 
haemoptysis and breathlessness, caused by 
endobronchial tumour and/or external compres
sion by tumour in 75% of patients 

• Results in radiological improvement of atelectasis 
due to tumour obstruction 

• Can produce measurable changes in lung function 
Is associated with significant improvement in 
airway obstruction seen at bronchoscopy. 

There are similar problems with the estimates of 
side-effects. In general the procedure seems to be 
well tolerated acutely, with very few reports of acute 
morbidity. Occasional patients seem to develop 
bronchospasm during and after the procedure. 

Of more concern is the incidence of late morbid
ity, especially massive fatal haemoptysis, airway 
stenosis and broncho-oesophageal fistula. The last 
two appear to be rare (probably <5%), but massive 
fatal haemoptysis is commoner. The average rate is 
18% in nine studies, with a range from 3% to 50%. In 
one detailed long term follow up study of 406 
(GOLLINS et al. 1996), it occurred in only 32 (8%) and 
only 6 of these appeared to be tumour free at the time 
of death. 

Massive fatal haemoptysis can result from tumour 
growth into one of the major pulmonary blood ves
sels in any patient with lung cancer, but it appears to 
be more common in patients who have had EBT. The 
variable incidence may be due to a number of fac
tors, such as previous laser therapy, dose of radia
tion, the site of the tumour, the presence of local 
recurrence and the length of survival. The series re
porting a high incidence of fatal haemoptysis tend to 
be those in which the patients have had combined 
treatment or have been treated with a high radiation 
dose. When used in patients with symptomatic re
current disease with a dose of less than 20 Gy, the 
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overall rate appears to be <10%. But ORNADEL et al. 
(1997) calculate the actuarial risk in their series to be 
20% at 2 years. 

There is only one report of a randomised trial 
comparing EBT with external beam palliative radio
therapy (BUR T 1997) in a dose of 36Gy/8f (maximum 
subcutaneous dose). This is reported in abstract 
form and suggests that EBT is no more effective in 
palliating symptoms. A further trial is being con
ducted with a different dose regimen of external 
beam radiotherapy, which may eventually give more 
information. 

On the present evidence it would therefore seem 
that, although EBT is effective, because of the addi
tional complexity of treatment and the long term 
risks of fatal haemoptysis, its use should be restricted 
to those patients who have a symptomatic local re
currence in whom more external beam radiotherapy 
would be inappropriate. 

21.4 
How Should Radiotherapy Be Used 
in the Palliation of Metastatic Disease? 

There are two main sites of metastasis for which 
radiotherapy is used frequently, bone and brain. As 
with thoracic radiotherapy, regimens evolved from 
experience that appeared to be safe and effective and 
only recently have they been subjected to critical 
review in RCTs. 

For both sites RCTs (GAZE et al. 1997; NIEWALD 
et al. 1996; PRIESTMAN et al. 1997) have shown that 
there is no substantial difference in the palliative 
effect of short regimens of radiotherapy compared to 
longer ones, especially for patients with poor perfor
mance status or limited prognosis. Since most pa
tients with metastatic lung cancer will fall into one 
of these categories, it seems inappropriate for the 
majority of them to be treated with regimens longer 
than one or two fractions. 

21.5 
What Is the Role of Radiotherapy 
in the Palliation of SCLC? 

There is much less research information about the 
role of palliative radiotherapy in the management of 
small cell lung cancer (SCLC) than for NSCLC. It is 
well known that SCLC is a radio-responsive tumour 
and radiotherapy has an established place as consoli
dation and prophylaxis against brain metastases. 

F. Macbeth 

Previous authors (BLEEHEN 1986; PAYNE 1994) have 
implied that its role in palliation is "unquestioned" 
and "useful". 

There are only two studies that have tried to look 
critically at the role of radiotherapy in patients who 
have failed treatment with first line chemotherapy. 
In the first study (IHDE et al. 1979), which was retro
spective, the outcome of 23 patients who were 
treated with radiotherapy with a variety of schedules 
(median dose 32 Gy) after progressing on chemo
therapy was evaluated. All patients relapsed and the 
time to progression was, curiously, shorter in those 
who responded to radiotherapy than in those who 
did not. The sample size was small and it is difficult 
to draw conclusions from this study. 

Another retrospective study (SALAZAR et al. 1991) 
reported 36 patients (27 with limited disease) treated 
solely with radiotherapy following relapse after in
duction chemotherapy. A range of doses from 38 to 
60 Gy (in 2-Gy fractions) was used. There was a 77% 
response rate (25% complete) and more than 60% 
of patients who had not responded to induction 
chemotherapy did respond to radiotherapy. The 
median survival in a subgroup with limited disease 
and a good response was 40 weeks. 

There are two reports of the role of radiotherapy 
in the primary management of patients presenting 
with superior venal cava obstruction (SVCO). 
EGELMEERS et al. (1996) reported that 94% of 17 
patients with SCLC presenting with SVCO responded 
and remained symptom free for an average of90% of 
their remaining life. CHAN et al. (1997) described 76 
patients with SCLC and SVCO, either at presentation 
or first relapse, who were treated with radiotherapy 
in a variety of regimens. A very high response rate 
was again seen and more than 70% were free of 
SVCO symptoms to death. Because both of these are 
retrospective series of patients collected over 7- and 
10-year time periods, in whom a variety of chemo
therapy and radiotherapy regimens were used, it is 
difficult to draw firm conclusions beyond saying that 
radiotherapy is effective in this situation and should 
be considered as part of a combined approach with 
chemotherapy, especially in patients with limited 
disease and in patients considered unfit for 
chemotherapy. 

It therefore seems that there may be a role for high 
dose radiotherapy in managing patients with limited 
disease and incomplete response or localised relapse 
in the thorax. But it is not clear exactly what place 
low dose, palliative radiotherapy has in the less fit, 
symptomatic patient at the time of relapse, nor what 
dose of radiotherapy is the most appropriate. In the 
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absence of good evidence it is probably appropriate 
to treat these patients with short hypofractionated 
regimens in the same way as patients with NSCLC. 
The same also applies to the management of meta
static disease. 

21.6 
Conclusion 

Despite the recent developments in chemotherapy 
and the increasing efficacy of individual drugs and 
regimens, radiotherapy still has a very important 
role in the palliation of patients with advanced and 
metastatic lung cancer. Research over the past 10 
years has given us more insights into the most ap
propriate regimens to use, what the risks of toxicity 
are and how to minimise them. Some important 
questions are, however, still not answered. The chal
lenge for all of us treating these unfortunate patients 
is not only to integrate the available knowledge into 
our daily practice but also to continue to ask the 
right questions from our patients and through re
search to make the experience of terminal lung 
cancer as symptom-free as possible. 
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22.1 
Introduction 

Lung cancer is the most common cause of death due 
to cancer in the western world (BORING et al. 1994). 
Approximately 75%-80% of all lung cancer patients 
are diagnosed with non-small cell lung cancer 
(NSCLC), which comprises several histological sub
types: squamous cell, adenocarcinoma, large cell and 
bronchoalveolar. Most patients with NSCLC present 
with unresectable disease or relapse following resec
tion. The survival rate as a whole is poor with only 
about 10%-15% of all patients surviving 5 years from 
diagnosis (GINSBERG et al. 1994). Previously, the list 
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of drugs with activity against NSCLC has been brief: 
in addition to cisplatin, only ifosfamide, the vinca 
alkaloids, and mitomycin C have had consistent re
sponse rates greater than 15% (GREEN 1993). Combi
nations of active drugs have demonstrated increased 
response rates over single agents. 

However, objective responses are seen in less than 
50% of patients and complete responses are rare. 
Despite treatment, median survival of patients with 
advanced disease is 20-25 weeks and less than 25% 
survive 1 year (FINKELSTEIN et al. 1986). 

Small cell lung cancer (SCLC) is found in 20%-
25% of patients. Without treatment, it is a rapidly 
progressive tumor associated with a median survival 
of less than 3 months. Fortunately, SCLC is highly 
sensitive to both radiotherapy and chemotherapy, 
with 80%-90% of patients responding initially to 
treatment. The list of drugs with activity against 
SCLC includes alkylating agents, anthracyclines, 
vinca alkaloids, platinum complexes, and antime
tabolites. To improve efficacy, different strategies 
have been tried such as combining non-cross resis
tant agents and increasing dose intensity by using 
hematopoietic growth factors or stem cell transplan
tation to overcome dose-limiting myelosuppression. 
Unfortunately, these efforts to increase doses or 
recombine existing agents have not led to major ad
vances in the treatment of SCLC. With combination 
chemotherapy, the median survival for patients with 
extensive disease is approximately 10 months. The 
median survival for patients with limited stage 
remains less than 18 months and only 10%-20% 
survive more than 2 years (KLASTERSKY 1995). 

Despite over 30 years of clinical research, most 
patients with lung cancer still die of their disease. 
Improved treatment requires the identification of 
new drugs and drug combinations that will enhance 
not only response rates but also survival duration. 
Recently, several new drugs with novel mechanisms 
of action have been identified. These drugs include 
the taxoids, paclitaxel, docetaxel, topoisomerase I 
inhibitors, irinotecan, topotecan, the antimetabolite 
gemcitabine, and the vinca alkaloid vinorelbine. 
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22.2 
The Taxoids 

22.2.1 
Mechanism of Action 

The taxoids, represented by the prototypic agent 
paclitaxel and the semisynthetic analog docetaxel, 
are spindle poisons which function by stabilizing 
microtubules. Paclitaxel, a novel dipterpene plant 
product isolated from the western yew Taxus 
breviafalia (W ANI et al. 1971), consists of a 14-mem
ber taxoid ring linked to a rare oxetan ring at posi
tions 3 and 4 and an ester side chain at position 13. 
All the taxoid compounds with significant antitumor 
activity possess this chain. Docetaxel is a semisyn
thetic taxoid prepared from a precursor compound, 
1O-deacetylbaccatin III, extracted from the needles 
of the European yew Taxus baccata. Paclitaxel and 
docetaxel share the taxoid skeleton but have differ
ing substituents at C-1O and on the C-13 side chain. 
Both taxoids induce the formation of very stable 
microtubule bundles by promoting microtubule as
sembly and subsequent inhibiting normal depoly
meratization. Hence, cell replication is blocked in G2 
and M phases of the cell cycle (GELMON 1994). 
Paclitaxel is insoluble in aqueous solutions and is 
formulated in Cremophor EL and alcohol. Docetaxel, 
being more water soluble, is formulated in polysor
bate 80 (Tween 80) and in in vitro models is more 
potent at promoting tubulin polymerization 
compared with paclitaxel. 

Both paclitaxel and docetaxel exhibit triphasic 
patterns of elimination with prolonged terminal half 
lives. Both components are highly protein bound 
with hepatic metabolism and biliary excretion being 
important for elimination. Toxicities common to 
both compounds include neutropenia, infusion
related hypersensitivity reactions, alopecia, periph
eral neurotoxicity, mucositis, diarrhea, mylagias and 
fatigue (FRANCIS et al. 1995). 

22.2.2 
Paclitaxel 

22.2.2.7 
Phase I Trials 

Paclitaxel is a potent agent against both NSCLC and 
SCLC. Initial phase I trials of paclitaxel utilized a 
number of schedules ranging from infusions of 
3-24h every 3 weeks to a daily for 5 days. Recently, 
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even shorter I-h administrations and longer infu
sions of 72-96 h have been evaluated (DONEHOWER 
and ROWINSKY 1993). If a short infusion is used, the 
recommended dose of paclitaxel is 175-225 mg/m2. 
Since myelosuppression is greater with longer ad
ministration time, the recommended dose is lower, 
in the range of 135-175 mg/m2 when administered 
without granulocyte-colony stimulating factor (G
CSF). With G-CSF support, maximally tolerated 
doses range from 200 to 250 mg/m2. The toxicity pro
file of paclitaxel changes depending on its schedule 
of administration. Shorter infusion times more 
frequently cause neurotoxicity and myalgias. 

Regardless of the schedule, the dose-limiting tox
icity is non-cumulative neutropenia. Acute hyper
sensitivity reactions are also seen, but prophylactic 
premedication with corticosterioids as well as HI and 
H2 histamine antagonists reduces the incidence of 
severe reactions from as high as 30% to less than 5%. 
Neuromuscular toxicity has been marked by periph
eral neuropathy affecting sensory, motor, and auto
nomic pathways, myopathy and rare episodes of 
central nervous system effects. Dose, co-morbid dis
eases such as diabetes mellitus or alcoholism, and 
prior or concurrent neurotoxic chemotherapy are 
risk factors for the development of neurotoxicity. 
Transient myalgias and arthralgias are generally 
mild but occasionally patients require narcotic anal
gesics for relief. Other reported toxicities include 
mucositis, diarrhea, alopecia and, rarely, cardiac 
arrhythmias (DONEHOWER and ROWINSKY 1993). 

22.2.2.2 
Non-Small Cell Lung Cancer 

22.2.2.2.1 
SINGLE AGENT PHASE II TRIALS 
Initial phase II trials of paclitaxel in untreated pa
tients with NSCLC given 200-250mg/m2 over 24h 
with G-CSF every 3 weeks showed response rates of 
21%-24% (MURPHY et al. 1993; CHANG et al. 1993). 
Recent trials have employed more convenient ad
ministration times of 1-3 h without an obvious loss 
of efficacy. Response rates of 22%-38% have been 
reported with paclitaxel doses of 200-250 mg/m2 

administered over 3 h every 3 weeks (GATZEMEIER et 
al. 1995; SEKINE et al. 1996; TESTER et al. 1997; 
ALBEROLA et al. 1995; HAINSWORTH et al. 1995). In
terestingly, MILLWARD and colleagues administered 
paclitaxel at a lower dose of 175 mg/m2 over 3 h to 51 
chemotherapy naive patients and observed a rather 
unimpressive 10% response rate (MILLWARD et al. 
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1996). These results suggest that there may be a dose
response relationship; however, the confidence 
intervals for response rates overlap, making it 
impossible to reach a definitive conclusion. 

Despite these rather impressive results in un
treated NSCLC patients, paclitaxel does not appear 
to be active in platinum-pretreated patients. Two tri
als have attempted to assess paclitaxel non-cross re
sistance to platinum compounds by evaluating drugs 
in second-line treatment of NSCLC (MURPHY et al. 
1994; RUCKDESCHEL et al. 1994). The combined re
sponse rate was a mere 6% in a total of 46 patients. 

22.2.2.2.2 
COMBINATION CHEMOTHERAPY TRIALS WITH 
PACLITAXEL 
Paclitaxel in combination with platinum compounds 
has been tested extensively. The combination of 
paclitaxel and cisplatin is particularly attractive 
since these agents demonstrate additive or synergis
tic cytotoxicity in preclinical studies and because the 
drugs possess slightly different toxicity profiles 
(JEKUNEN et al. 1994). Paclitaxel135 mg/m2 over 24h 
can be given with cisplatin 75 mg/m2 without he
matopoietic growth factors (ROWINSKY et al. 1991). 
With the addition of G-CSF, the dose of paclitaxel 
can be escalated to 250 mg/m2 with neurotoxicity 
being dose-limiting (ROWINSKY et al. 1993). 

Two phase III trials comparing paclitaxel and 
cisplatin regimens to standard cisplatin combina
tions in patients with advanced NSCLC have re
ported conflicting results. In the Eastern Cooperative 
Oncology Group (ECOG) phase III trial (E5592), 
cisplatin 75 mg/m2 with etoposide was tested against 
cisplatin and paclitaxel infused over 24h at dose lev
els of either 135 mg/m2 or 250 mg/m2 with G-CSF 
(BONOMI et al. 1996). Among 574 randomized pa
tients, response rates and survival were higher for 
those receiving the high dose and standard dose 
paclitaxel combinations compared to the etoposide 
combination (32% vs 27% vs 12%; median survival 
10.1 vs 9.6 vs 7.4 months; P = 0.053). Of note, 
response rates and survival were not significantly 
different between the paclitaxel regimens. 
Hematological toxicity was comparable amongst the 
regimens; however, neurotoxicity was more frequent 
with the high dose paclitaxel regimen. Paclitaxel with 
cisplatin has become the reference arm for future 
ECOG phase III studies. European investigators 
compared cisplatin 80 mg/m2 and paclitaxel 175 mg/ 
m2 by 3 h infusion to cisplatin and teniposide. 
Preliminary results indicate a higher response rate 
(47% vs 29%) and less toxicity with the paclitaxel 
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combination without a corresponding improvement 
in median survival (9.3 vs 9.1 months) (GIACCONE et 
al. 1996). These preliminary results are at odds with 
those reported in the ECOG trial and may reflect the 
use of the lower dose or the shorter schedule of 
administration. Longer follow-up is needed to fully 
assess the significance of the EORTC trial. 

Paclitaxel has been combined with other active 
drugs including carboplatin, ifosfamide, gemci
tabine and vinorelbine. Phase II results with 
paclitaxel plus carboplatin are particularly interest
ing, with response rates as high as 40%-60% and 
median survival approaching 1 year in selected 
studies (LANGER et al. 1995; JOHNSON et al. 1996; 
ROWINSKY et al. 1995). Most trials used paclitaxel 
doses of 225 mg/m2 and carboplatin at area under the 
curve (AVC) 6.0. Not surprisingly, myelosuppresion 
is common although hospitalization for febrile 
neutropenia is unusual. Although G-CSF was not 
routinely administered during the first cycle, the 
majority of patients required growth factor support 
with subsequent therapy. Cumulative peripheral 
neuropathy was relatively common with grade 3 
toxicity occurring in up to 15% of patients. 

The ECOG and EORTC randomized trials indicate 
that cisplatin with paclitaxel is a useful combination 
with an acceptable toxicity profile. The ease of 
administrating a 3 h infusion of paclitaxel makes 
such a regimen appealing; however, the lack of sur
vival benefit in the EORTC randomized trial suggests 
continued study of optimal infusion time and dose is 
warranted. Data from phase II studies of carboplatin 
and paclitaxel suggest that substituting carboplatin 
for cisplatin may reduce the incidence of nausea, 
vomiting and peripheral neuropathy. The question 
of which platinum-paclitaxel combination is most 
beneficial to patients in terms of survival, toxicity 
and quality of life will need to be answered by a 
randomized trial. 

22.2.3 
Doxetaxel 

22.2.3.1 
Phase I Trials 

In phase I trials of docetaxel, the highest recom
mended dose and dose intensity was reached with a 
1 h infusion of 100 mg/m2 every 3 weeks. Dose
limiting toxicity of docetaxel is neutropenia, but the 
incidence of docetaxel-induced hypersensitivity 
reactions is lower than for paclitaxel. The incidence 
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of hypersensitivity reactions among patients on 
the phase I studies who were not routinely 
premedicated was 18%, with all but 4% described 
as mild to moderate (GELMON 1994). Two unique 
side effects of docetaxel are cutaneous reactions and 
fluid retention. Although these are usually mild, 
severe skin reactions causing onycholysis and 
desquamation over the extremities and edema pre
senting with pleural effusions, ascites, leg edema 
and anasarca have been dose-limiting in some 
patients. Other toxicities include alopecia, neuro
pathy, mucositis, diarrhea and myalgias. The ap
pearance of cutaneous toxcities, edema as well as 
hypersensitivity reactions has led to the routine use 
of premedication with corticosteroids to avoid these 
side-effects. 

22.2.3.2 
Non-Small Cell Lung Cancer 

22.2.3.2.1 
SINGLE AGENT PHASE II TRIALS 
Most phase II trials of single agent docetaxel in 
chemotherapy-naive patients with NSCLC evaluated 
the dose and schedule of 100mg/m2 every 3 weeks 
(CORTES and PAZDUR 1995; FOSSELLA et al. 1994; 
FRANCIS et al. 1994). Response rates ranged from 
18% to 38%. Up to 89% of patients developed grade 
3/4 neutropenia and 24% of patients developed 
febrile neutropenia. Two phase II studies suggested 
that a lower dose of doxetaxel might be equally effi
cacious with significantly less toxicity. In a small trial 
of 20 untreated patients treated with 75 mg/m2

, a re
sponse rate of 25% and a 1 year survival of 71 % were 
seen (MILLER et al. 1995). A larger study of 75 pa
tients treated at 60 mg/m2 reported a response rate 
of 19% and median survival of 42 weeks (KUNITOH 
et al. 1996). Fluid retention occurred in 66% of 
patients but was severe in only 8%. This was cumula
tive, typically occurring after a median total dose 
of 400 mg/m2

• Subsequent studies have shown 
that dexamethasone decreases the severity of fluid 
retention. 

Unlike paclitaxel, docetaxel appears to be active in 
platinum pretreated NSCLC patients. Phase II stud
ies of doxetaxel 100 mg/m2 every 3 weeks in patients 
with cisplatin-refractory disease have reported re
sponse rates of 16%-22% and median survivals of 
30-39 weeks (FOSSELLA et al. 1995; CERNY et al. 
1994). The incidence offebrile neutropenia and neu
rotoxicity appeared to be higher in this group of 
pretreated patients. 
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22.2.3.2.2 
COMBINATION CHEMOTHERAPY TRIALS WITH 
DOCETAXEL 
Docetaxel in combination with cis plat in has been 
tested extensively (MILLWARD et al. 1997; COLE et al. 
1995; LE CHEVALIER et al. 1995). Phase II studies 
have evaluated doxetaxel 75-100 mg/m2 with 
cisplatin 75-100 mg/m2 every 21 days. Response rates 
from 21 %-41 % were reported. Grade 4 neutropenia 
was seen in up to 66% of patients and febrile 
neutropenia ranged from 6% to 27%. Other grade 3 
and 4 toxicities reported were diarrhea, nausea and 
vomiting, and fatigue. Severe and dose-limiting fluid 
retention has been rare with corticosteroid 
premedication. Both vinorelbine and ifosfamide are 
being evaluated in combination with docetaxel. Al
though preclinical studies in murine xenografts sug
gest that docetaxel is synergistic with vinorelbine 
when the drugs are administered simultaneously 
(BISSERY et al. 1995), preliminary results from phase 
IIII trials of this combination indicate that hemato
logic toxicity limits the delivery of full doses of either 
drug, which potentially may compromise the efficacy 
of this non-platinum regimen (KOUROUSIS et al. 
1996). 

Results to date suggest that docetaxel has promis
ing activity in untreated and previously treated 
NSCLC patients with acceptable toxicity. Concerns 
about hypersensitivity reactions, cutaneous side ef
fects and fluid retention have been alleviated with 
the demonstration that routine premedication with 
corticosteroids can reduce their incidence and sever
ity. The evidence of antitumor effect in pretreated 
patients is particularly encouraging. Ongoing 
multicenter phase III studies comparing doxetaxel 
100 mg/m2 every 3 weeks to supportive care in 
chemotherapy-naive and in platinum-pretreated 
NSCLC patients will better define the impact of 
doxetaxel on survival and quality of life. 

22.2.4 
Small Cell Lung Cancer 

There have been fewer trials of taxoids in SCLC than 
NSCLC. Paclitaxel250 mg/m2 intravenously over 24 h 
with G-CSF every 3 weeks has been evaluated in two 
phase II studies of untreated patients with extensive 
SCLC (ETTINGER et al. 1995; KIRSCHLING et al. 1994). 
Twenty-six of 69 evaluable patients had confirmed 
responses for a combined response rate of 38%. 
Similar activity has been reported in previously 
treated patients. In a small study of paclitaxel 
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175 mg/m2 over 3 h, 5 of 14 patients (36%) had partial 
responses (SMIT et al. 1996). 

The results with docetaxel in SCLC have been less 
impressive. The European Organization for Re
search and Treatment of Cancer (EORTC) conducted 
a phase II study of docetaxel 100mg/m2 every 3 
weeks in 34 previously treated patients with exten
sive disease SCLC and reported only seven partial 
responses among 28 evaluable patients (SMYTHE et 
al. 1994). In contrast, a Canadian multicenter phase 
II study of docetaxel 75 mg/m2 intravenously every 3 
weeks showed only an 8% response in 12 previously 
untreated patients (LATREILLE et al. 1996). These 
two studies suggest that the activity of docetaxel in 
SCLC is modest and that paclitaxel is the preferred 
taxoid for this disease. Studies of paclitaxel with 
platinum compounds and/or etoposide, doxorubicin 
and vinca alkaloids are underway to further define 
its role in the treatment of SCLC. 

22.2.5 
Combination Trials with Radiation 

Both paclitaxel and docetaxel are radios en siti zing 
agents in vitro (CHOY et al. 1992). This effect may be 
due to their ability to block the cells in the G2/M 
phase, which is the radiation sensitive phase of the 
cycle. Although strategies to combine both taxoids 
with radiation are underway, to date only studies 
using paclitaxel have been published. In the phase I 
study of this regimen, esophagitis is the principle 
dose-limiting toxicity of weekly paclitaxel and tho
racic radiation (CHOY et al. 1994). A phase II trial 
using concurrent radiation to a total dose of 60 Gy in 
6 weeks and weekly paclitaxel 60 mg/m2 over 3 h is 
underway. In a phase II trial of weekly paclitaxel and 
split course radiotherapy in NSCLC patients, an un
expectedly high incidence of interstitial pneumonitis 
was observed. In this study, patients with inoperable 
stage IIIA/B NSCLC were treated with paclitaxel at 
dose levels between 50 mg/m2 and 86 mg/m2 over 3 h 
on day 1 in weeks 1-3 and 6-8 with simultaneous 
radiotherapy in daily doses of 2 Gy, 5 days/week, in 
weeks 1-3 and 6-8 up to a total dose of 56 Gy 
(RECKZEH et al. 1996). Although the 78% response 
rate was impressive among 14 evaluable patients, 7 
patients developed moderate to severe interstitial 
pneumonia while an 8th patient had a cytomegalovi
rus infection. The major myelotoxic effect observed 
was moderate to severe lymphocytopenia. During 
treatment and a 3-month follow-up period, alllym
phocyte subsets were reduced with the most pro-
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nounced toxicity seen in CD4+ T and B cells. These 
results suggest that patients receiving this regimen 
may require long-term antibiotic and antimycotic 
prophylaxis. 

Phase I and II studies are exploring the feasibility 
of combining paclitaxel with platinum compounds 
and radiation. In one study, paclitaxel 50mg/m2

/ 

week as a 1-h infusion and carboplatin AUC of 2/ 
week for 7 weeks was given with a total radiation 
dose of 66 Gy (CHOY et al. 1996). In addition, patients 
received two additional cycles of paclitaxel 200 mgt 
m2 and carboplatin (AUC of 6) 3 weeks apart. 
Twenty-three patients entered the study and their 
overall response rate was 82%. Nine patients (45%) 
experienced grades 3 or 4 esophagitis but only one 
patient (4%) had grade 4 pneumonitis. A phase II 
trial designed to determine the feasibility of giving 
paclitaxel plus cisplatin concurrently with thoracic 
radiation entered nine patients with stage IIIB 
NSCLC (ANTONIA et al. 1995). Paclitaxel was given as 
a 24-h infusion (135 mg/m2

) followed by cisplatin 
(75 mg/m2

) every 4 weeks, for a total of four cycles. 
Thoracic radiation was given concurrently with the 
first two cycles of chemotherapy, to a total dose of 
64.8 Gy over 6 weeks. Sixty-six percent of patients 
experienced grade 3 or 4 neutropenia, 55% experi
enced grade 3 or 4 esophagitis, and grade 3 pulmo
nary toxicity developed in 33% of patients. All 
patients were able to receive the full dose of radia
tion, although half required some modification of 
the chemotherapy regimen. There was one complete 
response and four partial responses. These studies 
demonstrate that it is feasible to treat patients with 
locally advanced lung cancer with paclitaxel and 
either carboplatin or cisplatin plus concurrent 
thoracic radiation with a degree of toxicity compa
rable to that associated with other concurrent 
combined-modality regimens for this disease. 

22.3 
The Camptothecins 

22.3.1 
Mechanism of Action 

Over 30 years ago, camptothecin, the active com
pound extracted from the Chinese tree Camp to theca 
acuminata, was found to have antitumor activity in 
experimental systems (WALL et al. 1966). Despite 
promising antitumor activity in phase I studies, 
results in phase II trials indicated the drug was 
ineffective and highly toxic (MOERTEL et al. 1972; 
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GOTTLIEB and LUCE 1972). Interest in cam
ptothecins was renewed with the identification of 
topoisomerase I as the cellular target of the drug 
(HSIANG and Lm 1988) and the development of the 
water soluble synthetic and semisynthetic analogs 
topotecan and irinotecan. 

Topoisomerases are nuclear enzymes that modu
late the three-dimensional structure of DNA by in
ducing transient breaks that allow unwinding of 
supercoiled DNA (POMMIER 1993). Topoisomerase I 
binds to DNA and allows the formation of a break in 
a single DNA strand. Camptothecin binds to and 
stabilizes the topoisomerase I enzyme-DNA complex 
after DNA cleavage, preventing re-sealing of DNA 
(HSIANG et al. 1989; HSIANG and Lm 1988). The sub
sequent interaction between the advancing replica
tion fork of drug-stabilized DNA-enzyme complex 
results in an arrest of DNA replication and formation 
of double-strand breaks. These in turn activate endo
nucleases, triggering further DNA fragmentation 
and cell death (ZHANG et al. 1990). 

22.3.2 
Irinotecan (CPT-ll) 

22.3.2.1 
Phase I Trials 

Irinotecan, a pro-drug with limited activity, is con
verted in plasma by de-esterification to SN -38, which 
has 1000 times the potency of the parent compound 
(KAWATO et al. 1991a). Phase I trials evaluated vari
ous schedules: 30 min infusion every week and every 
3 weeks; 30-90 min infusion daily for 3 days every 3 
weeks; 90 min infusion every week and every 3 
weeks; and 120h continuous intravenous infusion 
every 3-4 weeks. Dose-limiting toxicities were some
what dependent on the treatment schedule. Dose
limiting leukopenia, neutropenia and diarrhea 
were prominent in single-dose regimens, while gas
trointestinal toxicities prevailed with continuous 
intravenous infusion schedules. 

Diarrhea is the most significant gastrointestinal 
toxicity and may occur early or late following treat
ment. The early syndrome starts during or shortly 
after the infusion of irinotecan and is often associ
ated with flushing, sweating, nausea, vomiting and 
abdominal cramps. It can be managed by the admin
istration of diphenhydramine or atropine with a se
rotonin antagonist. Late diarrhea occurs 1-3 weeks 
after treatment and may last 5-7 days. It is refractory 
to most antidiarrheal agents but early aggressive 
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treatment with loperamide 2mg every 2h (24mg/ 
24h) reduces the incidence of severe diarrhea to 6% 
(ABIGERGES et al. 1994). Other toxic effects of 
irinotecan include thrombocytopenia, eosinophilia, 
anemia, alopecia, fatigue, transient elevation of liver 
function tests, rash and mucositis. Rarely, cases of 
interstitial pneumonitis have occurred in patients 
with previously treated lung cancer. 

The pharmacokinetics of irinotecan are complex. 
In plasma, carboxylesterases rapidly convert the 
pro-drug into SN-38. Both irinotecan and SN-38 are 
converted by pH dependent hydrolysis from the ac
tive lactone to inactive carboxylate forms. Biliary 
and urinary excretion are both important routes of 
elimination. Both irinotecan and SN-38 undergo glu
curonic acid conjugation and are eliminated in bile 
(NARITA et al. 1993; GUPTA et al. 1994). Indirect 
estimates of biliary concentration of SN-38 and its 
glucuronide have shown good correlation between 
the concentration of SN-38 and the occurrence of 
late diarrhea (ARAKI et al. 1993). 

22.3.2.2 
Non-Small Cell Lung Cancer 

22.3.2.2.1 
PHASE II SINGLE AGENT TRIALS 
Based on the results of phase I studies, the recom
mended doses and schedules of 100-125mg/m2/ 
week and 350 mg/m2 every 3 weeks have been evalu
ated in phase II lung cancer trials. In single agent 
phase II trials testing schedules of 100 mg/m2 weekly 
and 350 mg/m2 every 3 weeks, irinotecan response 
rates of 34% and 36% respectively were observed in 
untreated patients with NSCLC (DOUILLARD et al. 
1995; NEGORO et al. 1991b). In contrast, there were 
no responses seen in 26 previously treated NSCLC 
patients (MASUDA et al. 1992). 

22.3.2.2.2 
COMBINATION CHEMOTHERAPY TRIALS WITH 
IRINOTECAN 
Preclinical studies showed that the efficacy of 
camptothecins is synergistic or additive when com
bined sequentially with alkylating agents such as 
cisplatin (KANO et al. 1992), and topoisomerase II 
inhibitors like etoposide (DEL BINO et al. 1992). In 
these in vitro studies, the efficacy of drug combina
tions depended not only on choice of drug but also 
on schedule as the concurrent administration of 
camptothecins with some chemotherapeutic agents 
leads to antagonistic rather than synergistic effects 
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(BERTRAND et al. 1992; KAUFMANN 1991). Initial 
combination studies focused on the use of irinotecan 
with cisplatin or etoposide. Two phase I studies 
evaluated irinotecan with differing schedules of 
cisplatin. In the first, cisplatin was administered by 
5-day continuous intravenous infusion at 20 mg/m2 

per day and irinotecan was administered by bolus on 
day 1 (MORI et al. 1997a). The optimum dose 
appeared to be cisplatin 20 mg/m2 per day and 
irinotecan 80 mg/m2. Granulocytopenia was dose
limiting. This regimen resulted in a partial response 
in 9 out of 19 assessable patients. With G-CSF, 
irinotecan dose was escalated to 160 mg/m2 with the 
same schedule of cisplatin. Dose-limiting toxicities 
were granulocytopenia and diarrhea. However, the 
response rate was similar (11 of 20 patients) with 
the more intensive regimen (MORI et al. 1997b). In 
the second study, 14 previously untreated NSCLC 
patients were treated with irinotecan (90 min intra
venous infusion on days 1, 8, and 15) plus cisplatin 
(60 mg/m2, intravenously on day 1). The recom
mended dose was 80 mg/m2 of irinotecan, and 60 mgt 
m2 of cisplatin and diarrhea was the dose-limiting 
toxicity. There were one complete and five partial 
responses among the 14 patients for an overall 
response rate of 43% (MASUDA et al. 1993). With 
the use of G-CSF, the irinotecan dose could be in
creased by 33% to 90 mg/m2, and diarrhea remained 
dose-limiting (MASUDA et al. 1994b). 

In a phase II study of irinotecan 80 mg/m2 days 1, 
8, and 15 and etoposide 80 mg/m2 days 1 to 3,13 of 59 
evaluable patients achieved a partial response. The 
median survival time was 10.0 months and the I-year 
survival rate was 36.1 %. Twenty-four (39%) patients 
experienced grade 3 or 4 neutropenia. The results 
were equivalent to those expected with other 
cisplatin-based chemotherapy or with irinotecan 
alone, suggesting that this regimen of etoposide and 
irinotecan is not advantageous despite preclinical 
evidence favoring the combination of topoisomerase 
I and II inhibitors (OSHITA et al. 1997). 

22.3.2.3 
Small Cell Lung Cancer 

Irinotecan given at a dose of 100 mg/m2 weekly is also 
active in SCLC, with response rates of 50% and 33% 
seen in untreated and previously treated patients re
spectively (MASUDA et al. 1992). The major toxicities 
were myelosuppression (83% grade 3 and 4), diar
rhea (7% grade 3) and pulmonary toxicity (13% 
grade 3 and 4). Toxic effects are usually manageable 
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but late diarrhea can be severe despite maximal 
medical therapy. 

Irinotecan in combination with etoposide or 
cisplatin appears to be active in patients with SCLC. 
In a phase I trial of25 advanced lung cancer patients, 
escalating doses of irinotecan were given as a 90-min 
intravenous infusion on days 1,8, and 15 with a fixed 
dose of etoposide 80 mg/m2 intravenously on days 1 
to 3 with G-CSF every 4 weeks. The recommended 
dose for phase II studies in previously untreated pa
tients is 80 mg/m2 of irinotecan and 80 mg/m2 of 
etoposide with diarrhea and leukopenia being dose
limiting (MASUDA et al. 1994a). The response rates 
for patients with SCLC was 58% (seven of 12 
patients). In a phase II study of untreated SCLC 
patients, irinotecan 60mg/m2 day 1, 8, and 15 and 
cisplatin 60 mg/m2 response rates were 79% and 78% 
in patients with limited and extensive disease respec
tively (FUJIWARA et al. 1994). The major toxicities 
were leukopenia (6% grade 4) and diarrhea (21% 
grade 3 and 4). These results are comparable to 
standard therapies and suggest the combination 
of irinotecan with either cisplatin or etoposide is 
effective in SCLC. 

Future study of irinotecan will likely fall into three 
major areas: the pursuit of effective (preferably 
mechanism based) methods of overcoming the late 
diarrhea, the development of rational, safe combina
tion regimens and the randomized comparison of 
irinotecan-based regimens with standard therapy. 

22.3.3 
Topotecan 

22.3.3.7 
Phase I Studies 

Topotecan (9-(demethylamino)methyl-l0-hydroxy
camptothecin) is a camptothecin derivative with 
aqueous solubility conferred by the charged amino 
group on the 9-substituent. Preclinical testing indi
cated that, in topotecan-sensitive tumors, longer ex
posure to the drug increased the magnitude of 
response (BURRIS et al. 1992; FRIEDMAN et al. 1994). 
Phase I studies of short, intermediate and prolonged 
infusion schedules have been reported including: 
single intravenous injection every 21 days; 30min 
infusion on 5 consecutive days every 21-28 days; 24, 
72, 96, and 120h continuous intravenous infusions 
every 21-28 days, and a 21-day continuous intrave
nous infusion every 28 days. Since several antitumor 
responses were seen in the daily times 5 phase I trial, 
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this schedule was selected for phase II evaluation. In 
all studies, myelosuppression was dose-limiting, 
although the pattern of myelosuppression varied 
with the method of administration. Intermittent bo
lus and short infusion schedules resulted in non
cumulative neutropenia as the predominant toxicity 
while prolonged continuous infusions were followed 
by neutropenia, thrombocytopenia and anemia. At
tempts to improve dose intensity on the daily times 5 
schedule by using hematopoietic growth factors have 
been unsuccessful (MURPHY et al. 1992; ROWIN SKY 
et al. 1992; JANIK et al. 1993). Non-hematologic toxic 
effects were generally mild and included alopecia, 
nausea, vomiting, diarrhea, elevations in hepatic 
enzymes, mucositis, skin rash and fatigue. 

Pharmacokinetic studies of topotecan show that 
the drug is rapidly hydrolyzed in plasma to the open
ring carboxylate form following intravenous admin
istration (ROWINSKY et al. 1992). Patients with 
reduced creatinine clearance require dose adjust
ment as they are at increased risk of toxicity from 
topotecan. However, hyperbilirubinemia does not 
alter topotecan disposition or toxicity and no 
dose adjustment is required in patients with serum 
bilirubin as high as 170[lmolJl (GROCHOW et al. 
1994). 

22.3.3.2 
Non-Small Cell Lung Cancer 

22.3.3.2.1 
PHASE II SINGLE AGENT TRIALS 
Studies of topotecan in untreated patients with 
NSCLC have reported response rates of only 0%-
18%, with the highest response rate seen with a 72-h 
continuous intravenous infusion schedule (WEITZ 
et al. 1995; PEREZ-SOLER et al. 1996a; LYNCH et al. 
1994). These results compare unfavorably to those 
reported for existing agents; thus it is unlikely that 
topotecan will become an important drug in the 
treatment of NSCLC. 

22.3.3.3 
Small Cell Lung Cancer 

22.3.3.3.1 
PHASE II SINGLE AGENT TRIALS 
The results of phase II studies of topotecan in SCLC 
have been more impressive. Forty-eight patients 
with previously untreated, extensive-stage SCLC 
received 2.0 mg/m2 topotecan daily for 5 days every 
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3 weeks (SCHILLER et al. 1996). The first 13 patients 
were treated without G-CSF; the next 35 patients re
ceived 5 [lg/kg G-CSF for 10-14 days starting on day 
6. Patients who had a partial response to topotecan 
after four cycles, stable disease after two cycles, or 
progressive disease at any time received salvage che
motherapy with cisplatin and etoposide. In this trial, 
19 patients had a partial response for an objective 
response rate of 39%. The overall median survival 
time was 10.0 months, and the I-year survival rate 
was 39%. Ninety-two percent of patients treated 
without G-CSF developed grade 3 or 4 neutropenia, 
compared with 29% who received G-CSF. However, 
the incidence of neutropenic fevers was similar be
tween the two groups (8% and 11% respectively), 
and there were no differences in objective tumor 
response, duration of response, time to treatment 
failure, or survival. 

Intriguing results have been obtained from stud
ies assessing the efficacy of topotecan in previously 
treated SCLC. Attempts have been made to assess the 
activity of topotecan in both chemotherapy "sensi
tive" disease and "refractory" disease. Refractoriness 
to chemotherapy has been defined as lack of 
response to frontline therapy or progression during 
or within 3 months of the last dose. Pooled analysis 
of data from three multicenter, international phase II 
studies in patients with "sensitive" disease treated 
with second-line topotecan has shown a response 
rate of 18% in 168 patients and a median survival of 
30 weeks (ECKARDT et al. 1997). Grade 4 neutropenia 
occurred in 38% of courses and was associated 
with infection or fever in 4% of courses. Grade 4 
thrombocytopenia and grades 3-4 anemia occurred 
in 11% of courses. Non-hematologic toxicity was 
mild, with alopecia, asthenia, nausea, and vomiting 
reported most frequently. 

The EORTC studied patients with chemotherapy 
"refractory" disease, i.e., failed first-line treatment 
less than 3 months from chemotherapy discon
tinuation and those with "sensitive" disease, i.e., 
failed after 3 months (ARDIZZONI et al. 1997). 
Topotecan was administered as a 30-min daily infu
sion at a dose of 1.5 mg/m2 for 5 consecutive days 
every 3 weeks. Ninety-two patients (47 refractory 
and 45 sensitive) were eligible and assessable for re
sponse. Among refractory patients, there were two 
partial responses and one complete response for an 
overall response rate of only 6.4%. However, in the 
sensitive group, there were 11 partial responses and 6 
complete responses for an overall response rate of 
37.8%. Grade 3 and 4 neutropenia occurred in 46.8% 
of cycles. Non-hematological toxicity was mild with 



New Drugs in Lung Cancer 

fatigue or malaise reported in 39% and transient el
evation of liver enzymes in 17% of cycles. 

To address the issue of cross-sensitivity between 
topoisomerase I and II agents, a phase II study was 
designed to assess the anti-tumor activity of 
topotecan in patients with SCLC refractory to 
etoposide (PEREZ-SOLER et al. 1996b). Topotecan 
was administered at a dose of 1.25mg/m2/day for 5 
days over 30min every 21 days. Three of 28 assess
able patients (11 %) achieved a partial remission. 
Grade 3 to 4 granulocytopenia and thrombo
cytopenia occurred after 70% and 31 % of courses 
administered, respectively. No grade 3 to 4 non
hematological toxicities were observed. The modest 
response rate observed in this trial indicates that 
instead of conferring cross-sensitivity to topotecan, 
clinical resistance to the topoisomerase II poison 
etoposide actually is associated with near complete 
cross-resistance topotecan. 

These favorable results have been reproduced in a 
multicentred phase III trial of topotecan versus 
cyclophosphamide, doxorubicin, and vincristine as 
second-line therapy in patients off first-line treat
ment greater than 60 days before relapse (CLARKE 
et al. 1997). Among the 125 evaluable patients, 
partial responses were seen in 16/64 (25%) of 
topotecan treated patients and 9/61 (15%) of CAY 
patients. Median survival was 21.7 vs 23.1 weeks. 
Incidences of hematological and non-hematological 
toxicity were similar between the two arms. These 
results suggest that single-agent topotecan has effi
cacy similar to CA V with manageable toxicity in 
patients with SCLC who responded to first-line 
therapy. Further follow-up is required to determine 
whether quality of life and survival are affected. 

22.3.3.3.2 
COMBINATION CHEMOTHERAPY TRIALS WITH 
TOPOTECAN 
Phase I studies with topotecan in combination with 
cisplatin and paclitaxel have been reported. There 
have been two phase I studies of topotecan adminis
tered as a 30-min infusion daily for 5 days with 
cisplatin. In both trials, neutropenia and throm
bocytopenia were dose-limiting. In the first trial, the 
recommended phase II doses were topotecan 1.0 mg/ 
m2/day for 5 days in combination with cisplatin 
50 mg/m2 on day 1 without G-CSF or cisplatin 75 mg/ 
m2 on day 1 with G-CSF support (MILLER et al. 1994). 
In the second trial, each patient was given cisplatin 
either before topotecan on day 1 or after topotecan 
on day 5 on an alternating basis every 3 weeks 
(ROWINSKY et al. 1996). The sequence of cisplatin 
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before topotecan induced significantly worse 
neutropenia and thrombocytopenia than the alter
nate sequence. Pharmacokinetic studies suggested 
that the differences in toxicity were due, in part, to 
lower topotecan clearance and exposure when 
cisplatin preceded topotecan. The sequence of 
cisplatin before topotecan at doses of 50 and 0.75 mg/ 
m2, respectively, was recommended for subsequent 
clinical trials. Clearly, the combination of topotecan 
and cisplatin causes more myelotoxicity than either 
drug given alone at the same dosage. Whether the 
significant attenuation of cisplatin and topotecan 
doses required for their concurrent administration 
compromises the clinical efficacy of this combina
tion will require further study. Myelosuppression 
has also limited dose escalations of topotecan and 
paclitaxel in combination. The recommended doses 
of topotecan on a daily times-five schedule com
bined with paclitaxel given as a 24 h infusion were 
merely 0.75 mg/m2/day and 135 mg/m2, respectively, 
despite G-CSF support (O'REILLY et al. 1997). 
Greater success has been achieved by giving 
paclitaxel over 3 h. Paclitaxel 80 mg/m2 on day 1 in 
combination with topotecan 1.0mg/m2/day for 5 
days could be given safely without G-CSF. With G
CSF, the dose of paclitaxel would be escalated to 
230 mg/m2 with the same dose of topotecan without 
dose-limiting effects (LILENBAUM et al. 1995). The 
dose of topotecan is much lower than the topotecan 
dose at which single-agent activity has been ob
served. Due to the inability to administer close to the 
maximum single-agent doses of both drugs in 
combination as well as the requirement for G-CSF 
support, further evaluations of this regimen are 
necessary before it can be recommended. 

22.3.3.3.3 
COMBINATION TOPOTECAN WITH RADIATION 
Attempts have been made to combine topotecan 
with thoracic radiation. In vitro data suggests that 
the scheduling of the modalities will be important. In 
tissue culture cell lines, synergy was seen only when 
the drugs were administered shortly after irradia
tion, suggesting low dose radiation triggers cells to 
enter S-phase rendering them sensitive to the 
cytotoxic effects of camptothecins (TAMURA et al. 
1997; MATTERN et al. 1991; KIM et al. 1992). In a 
phase I study of NSCLC, patients received thoracic 
irradiation to a total tumor dose of 60 Gy in 30 frac
tions. Topotecan was delivered by bolus injection 
days 1 through 5, and days 22 through 26 beginning 
on the same day as the radiation therapy. The combi
nation of topotecan and thoracic radiotherapy could 
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be given safely at a dose level of only 0.5 mg/m2 days 
1 to 5 and 22 to 26 with 60 Gy of external beam radio
therapy. Higher doses of topotecan were associated 
with dose limiting neutropenia and esophagitis. 
(GRAHAM et al. 1996). 

Topotecan has a much more favorable toxicity 
profile than irinotecan and clearly further studies of 
topotecan in combination with other effective 
cytotoxic agents and radiation are warranted in 
SCLC. Topotecan with either cisplatin, etoposide or 
paclitaxel are potentially interesting combinations; 
however, determining optimal dosages and sched
ules of these agents clearly requires further evalua
tion. In SCLC, the role of topotecan as first-line 
treatment should be explored and a study addressing 
this question is currently ongoing in the United 
States. 

22.4 
Gemcitabine 

22.4.1 
Mechanism of Action 

Gemcitabine (2', 2' -difluoro-2' -dioxycytidine) is a 
new nucleoside analog of deoxycytidine in which two 
fluorine atoms have been substituted in the geminal 
configuration. It is a pro-drug which is phosphory
lated intracellularly to its active form by deo
xycytidine kinase (PLUNKETT et al. 1995). The 
diphosphate form is then converted to gemcitabine 
triphosphate by nucleoside diphosphate kinase. 
Gemcitabine is deactivated by cytidine deaminase to 
the biologically inert 2', 2' -diflourodeoxyuridine. 
Gemcitabine differs from other nucleoside analogs 
by its substrate efficiency for deoxycytidine kinase, 
which is fivefold greater than that of cytosine arabi
noside, and by the exceedingly long terminal half-life 
of its triphosphate. 

The major cytotoxic effect of gemcitabine is 
directed at DNA synthesis with lesser effects on RNA 
production. DNA polymerases incorporate gem
citabine triphosphate into extending primer strands 
of DNA. After gemcitabine is incorporated, one 
more deoxynucleotide is added and thereafter, DNA 
polymerases cannot proceed with further strand 
elongation. DNA proofreading enzymes are unable 
to remove gemcitabine from this penultimate posi
tion, resulting in "masked chain termination" which 
inhibits both DNA replication and repair (PLUNKETT 
et al. 1995). In addition, gemcitabine diphosphate is 
a substrate for ribonucleotide reductase, the enzyme 
that produces the deoxynucleotides required for 
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both DNA replication and repair. Inhibiting the 
production of these normal deoxynucleotides poten
tiates the incorporation of gemcitabine nucleotides 
into DNA. 

22.4.2 
Phase I Trials 

Phase I studies of gemicitabine have reported differ
ent dose intensities and dose-limiting toxicities de
pending on the schedule of administration. In one of 
the first schedules examined, gemcitabine was given 
once daily for five consecutive days, every 3 weeks 
(O'ROURKE et al. 1994). The maximum tolerated 
dose was 12 mg/m2 per day, and further dose escala
tion was limited by flu-like symptoms and hy
potension. When gemcitabine was administered 
twice weekly for 3 weeks with a 1 week rest, a maxi
mum tolerated dose of 65 mg/m2 was observed, and 
the dose-limiting toxicity was neutropenia (POPLIN 
et al. 1992). Administration of gemcitabine every 
other week resulted in a maximum tolerated dose of 
4560mg/m2 with dose-limiting toxicities of fatigue, 
myelosuppression and transient increases in liver 
enzymes (CLAVEL et al. 1989). Several trials evalu
ated a schedule of weekly gemcitabine given 3 out of 
every 4 weeks (STORNIOLO et al. 1997). In heavily 
pretreated patients, the maximum tolerated dose 
was 800 mg/m2. Dose-limiting toxicities included 
neutropenia, thrombocytopenia, fever and rash. 

In most of the phase I studies, gemcitabine was 
administered over 30 min. However, preclinical 
studies have suggested that the administration of 
higher gemcitabine doses over a short infusion time 
is unlikely to result in higher response rates. It has 
been postulated that prolonged infusion times may 
maximize gemcitabine triphosphate accumulation in 
tumor cells, and may lead to higher response rates. A 
phase I study of gemcitabine administered over 24h 
showed that the maximum tolerated dose was 
180 mg/m2 weekly for 3 weeks. Neutropenia was the 
dose-limiting toxicity (ANDERSON et al. 1994). 

22.4.3 
Non-Small Cell Lung Cancer 

22.4.3.1 
Single-Agent Phase /I Trials 

Since the schedule with the most favorable toxicity 
profile was weekly administration of gemcitabine 
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over 30 min for 3 weeks with a 1 week break, phase II 
trials were initiated in chemotherapy-naive patients 
with advanced NSCLC at a starting dose of 800 mgt 
m2 per week. In a small American trial, the response 
rate was only 3% (Eli Lilly and Company data on 
file). However, in two larger studies, the starting 
doses for gemcitabine were increased to 1000 and 
1250 mg/m2, and encouraging response rates of 
22.5% and 20% were achieved (BURKES and SHEP
HERD 1995). In a large international confirmatory 
trial of 161 patients, the starting dose for all patients 
was 1250 mg/m2, and one dose escalation was al
lowed in the absence of toxicity (GATZEMEIER and 
SHEPHERD 1996). A response rate of 22% was 
achieved, with 2% of patients having a complete 
clinical response. Toxicity was modest with grade 4 
neutropenia in only 5.7% of patients. Mild elevations 
of hepatic enzymes were seen, but these were usually 
not dose-limiting. 

The issue of a dose-response effect for gemcita
bine remains as yet unresolved. In a trial limited to 
patients with NSCLC, doses ranged from 1000 to 
2800 mg/m2 per week times three with a 1 week 
break. Partial responses were seen in 8 of 32 assess
able patients, a rate which appears comparable to 
that achieved with lower doses (FOSELLA et al. 1997). 

The favorable toxicity profile of gemcitabine sug
gests that it might be an alternative treatment for 
elderly patients with NSCLC. A review of more than 
300 patients treated on phase II trials showed that 
gemcitabine was equally active in elderly patients 
(~65 years of age), and that older age was not associ
ated with increased toxicity or lower dose delivery 
(SHEPHERD et al. 1997a). 

22.4.3.2 
Combination Chemotherapy Studies 
with Gemcitabine 

The combination of gemcitabine and cisplatin has 
been shown to be synergistic in vitro, and at least 
additive in vivo (PETERS et al.I995). There have been 
several trials of gemcitabine and cisplatin in patients 
with NSCLC. In most of these studies, gemcitabine, 
at a dose of 1000 mg/m2 weekly for 3 weeks followed 
by a 1 week break, was combined with a single dose 
of cisplatin 100 mg/m2 given either on day 1 
(EINHORN 1997) or day 2 (CRINO et al. 1997), or day 
15 (STEWARD et al. 1996; ABRATT et al. 1997; ANTON 
et al. 1997). All investigators reported high overall 
response rates ranging from 37% to 54%. Medial sur
vival times ranged from 8.4 to 14.2 months and 1 
year survival rates ranged from 35% to 61%. These 
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very favorable results should be viewed with some 
caution as most studies, with the exception of that 
reported by EINHORN, had a high proportion of pa
tients with stage IlIA and I1IB tumors. Overall, the 
combination of cisplatin and gemicitabine was rela
tively well-tolerated. Grade 3 and 4 thrombocyto
penia and neutropenia were seen in approximately 
50% of patients but non-hematologic toxicity rates, 
with the exception of nausea and vomiting, were 
similar to those seen with gemcitabine alone. 

In a Canadian phase II trial, gemcitabine 1500mg/ 
m2 and cisplatin 30 mg/m2 were administered weekly 
for 3 weeks (SHEPHERD et al. 1997b). The weekly 
administration of both drugs at these doses resulted 
in more severe myelosuppression and a lower overall 
response rate (29%) compared to the other five 
gemcitabine-cisplatin studies. 

Gemcitabine has also been combined successfully 
with ifosphamide 1500mg/m2 daily from day 8 to 12 
(GATzEMEIR et al. 1997). An overall response rate of 
22% was reported with a 1 year survival rate of only 
11 %. 

Gemcitabine has also been assessed in several 
prospectively randomized phase II and III trials. In 
two studies (PERNG et al. 1997; MANEGOLD et al. 
1997), gemcitabine alone was compared to the com
bination of cisplatin and etoposide. In both studies, 
the overall response rate achieved with single-agent 
gemcitabine was similar to that with the combina
tion of cisplatin and etoposide. Survival also was 
similar but toxicity was considerably lower for the 
patients treated with gemcitabine monotherapy. 

In a third randomized phase II trial (CARDENAL et 
al. 1997), a gemcitabine and cisplatin combination 
was compared to single-agent etoposide. The re
sponse rate in the gemcitabine arm was 48% com
pared to only 22% in the etoposide arm. Survival 
rates for this study are not yet available. 

Three large, randomized, phase III trials are cur
rently ongoing in Europe and North America. In the 
European trial, gemcitabine and cisplatin are being 
compared to a combination of mitomycin C, 
ifosphamide and cisplatin. In a Hoosier Oncology 
Group study in North America, gemcitabine and 
cisplatin are being compared to cisplatin alone and 
in the large, Eastern Cooperative Oncology Group 
trial, gemcitabine and cisplatin are being compared 
to three other regimens including paclitaxel and 
cisplatin, docetaxel and cisplatin, and paclitaxel and 
carboplatin. The results of these trials will help de
fine the role of gemicitabine as a single agent and in 
combination with cisplatin in NSCLC. 

Gemcitabine has demonstrated potent radiosen
sitizing activity in a variety of human tumor cell lines 
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(LAWRENCE 1995). In a phase II clinical trial of 
full-dose gemcitabine (l000mg/m2 weekly for six 
consecutive weeks) administered with thoracic ra
diotherapy, 60 Gy over 6 weeks to patients with lo
cally advanced NSCLC, severe esophagitis and 
pneumonitis were observed (GOOR et al. 1996). 
Phase I and II trials are now ongoing with lower 
doses of gemcitabine to assess the ability to deliver 
this agent safely with thoracic irradiation. 

22.4.4 
Small Cell Lung Cancer 

There has been only one small trial of single
agent gemcitabine in patients with small cell 
lung cancer (CORMIER et al. 1994). In this National 
Cancer Institute of Canada study, the starting 
dose of gemcitabine was 1000mg/m2 but was in
creased to 1250 mg/m2 when significant hematologic 
toxicity was not encountered in the first 17 patients. 
Twenty patients entered the trial, and the overall 
response rate was 27%. The median response dura
tion was 12.5 weeks and the median survival was 12 
months. 

Despite the promising activity seen in this trial, 
there have been few combination chemotherapy 
studies of gemcitabine in small cell lung cancer. A 
phase I study undertaken in patients with both SCLC 
and NSCLC showed that gemcitabine 1000mg/m2 
weekly for 3 weeks could be administered safely with 
etoposide 80 mg/m2 daily on days 8, 9, and 10 
(RASSMANN et al. 1997). A phase II trial limited 
to patients with SCLC is currently ongoing. In a 
phase I Canadian trial, gemcitabine was combined 
with both etoposide and cisplatin. At all dose levels, 
cis plat in 75 mg/m2 was administered on day 1. 
Gemcitabine was administered on days 1 and 8 and 
etoposide on days 1-5. Severe myelotoxicity was en
countered at gemcitabine and etoposide doses of 
800mg/m2 and 100mg/m2 respectively. Both drugs 
were lowered at subsequent dose levels, and to date, 
acceptable toxicity has been seen with gemcitabine 
1000mg/m2 days 1 and 8 and etoposide 50mg/m2 

days 1-5 with cisplatin 75 mg/m2 on day 1. This study 
is ongoing and response and survival rates are not 
yet available. 

It is clear that gemcitabine is active in both SCLC 
and NSCLC. As a single agent, it is extremely well
tolerated, and when combined with cisplatin favor
able response and survival rates have been observed 
in many studies. The true role of gemcitabine awaits 
the results of future randomized trials. 

22.5 
Vinorelbine 

22.5.1 
Mechanism of Action 
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Vinorelbine (Navelbine) is a novel semisynthetic 
vinca alkaloid that differs from others in this class by 
the presence of an 8-member rather than a 9-
member catharanthine ring. Its antitumor effect is 
exerted by binding to tubulin during polymerization, 
inhibiting microtubule assembly and preventing mi
totic spindle formation required for cell division 
(SORENSON 1995). Vinorelbine differs functionally 
from other vinca alkoids by being relatively selective 
for mitotic microtubules compared to axonal micro
tubules, suggesting that vinorelbine should be asso
ciated with less neurotoxicity and an improved 
therapeutic ratio (BINET et al. 1989). 

22.5.2 
Phase I Trials 

On the basis of broad antitumor activity shown in 
preclinical studies compared to other vincas, phase I 
clinical studies were initiated. The recommended 
phase II dose was 25-30mg/m2/week, with neutro
penia being the dose limiting toxicity (LEVEQUE et al. 
1992). Severe non-hematologic toxicity is uncom
mon; however, alopecia, asthenia, neuropathy, 
pain and respiratory reactions characterized by 
dyspnea, bronchopasm, or cough occurring within 
1 h of infusion have been reported. Like other vinca 
alkaloids, vinorelbine is a vesicant. Phlebitis occurs 
in 6% of patients; however, shortening infusion 
times to 6-10min may reduce the incidence 
(HOHNEKER 1994). Vinorelbine exhibits a triex
ponential pattern of elimination with a prolonged 
terminal phase half-life ranging from 27.7 to 43.6h. 
The primary pathways for elimination are hepatic 
metabolism and biliary excretion (W ARGIN and 
SOLLUCAS 1994). 

22.5.3 
Non-Small Cell Lung Cancer 

22.5.3.1 
Phase 1/ Single Agent Trials 

There have been four phase II studies of single agent 
vinorelbine in chemotherapy-naive patients with 
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advanced NSCLC. When vinorelbine was adminis
tered at a dose of20-30 mg/m2 weekly, response rates 
ranged from 29% to 37% (DEPIERRE et al. 1991; 
CRIVELLARI et al. 1992; LONARDI et al. 1992; 
YOKOYAMA et al. 1992). Vinorelbine does not have 
substantial activity in pretreated patients 
(PRONZA TO et al. 1994). 

22.5.3.2 
Combination Chemotherapy Trials 
with Vinorelbine 

Four randomized trials comparing vinorelbine to 
other agents in patients with stage III or IV NSCLC 
have been reported. Le Chevalier and colleagues ran
domly assigned 612 patients with stage III or IV 
NSCLC to receive one of three treatments: vin
orelbine alone, vinorelbine and cisplatin, or 
vindesine and cisplatin. Response rates were 14%, 
30% and 19% and median durations of survival for 
the 3 treatment arms were 31 weeks, 40 weeks, and 32 
weeks respectively. The differences in response rates 
and overall survival were statistically significant in 
favor of the vinorelbine-cisplatin combination com
pared to the other treatment arms. Toxic effects were 
noted most frequently in the cisplatin arms. 
Neutropenia occurred more frequently in the 
vinorelbine plus cisplatin group than in the 
vindesine plus cisplatin group (78% vs 47.6%, P < 
0.001) and neurotoxic effects occurred more fre
quently in the vindesine plus cisplatin group (17% vs 
7%, P < 0.04) (LE CHEVALIER et al. 1994). 

In contrast, Depierre and colleagues randomly 
assigned 240 patients with stage III or IV NSCLC to 
receive either vinorelbine alone or vinorelbine and 
cisplatin. Although the response rates were signifi
cantly different and favored the combination (16% 
vs 43%, P = 0.0001), the median durations of survival 
were strikingly similar (32 weeks and 33 weeks). 
Nausea and vomiting, neurologic effects, renal 
impairement and myelosuppression were noted 
more frequently in the combination chemotherapy 
group (DEPIERRE et al. 1994). 

Crawford and colleagues used a 2: 1 randomiza
tion schedule to assign 216 patients with stage IV 
NSCLC to receive either vinorelbine or leucovorin 
and 5-fluorouracil. This latter chemotherapy regi
men is considered to be virtually inactive in NSCLC. 
While response rates did not differ significantly be
tween groups: 12% in the vinorelbine group vs 3% in 
the 5-FU leucovorin group, the median duration of 
survival was significantly better among patients re-
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ceiving vinorelbine (30 weeks vs 22 weeks, P = 0.03) 
(CRAWFORD et al. 1996). 

These three studies have shown consistently that 
treatment with vinorelbine as a single agent or in 
combination with cisplatin results in superior sur
vival. The important question of whether vinorelbine 
adds to the activity of cisplatin was addressed in a 
recently completed study which compared single
agent cisplatin to cisplatin and vinorelbine in 432 
patients with stage IV disease. Response rates, me
dian and 1 year survival were 10% and 25%, 6 and 
7 months, and 12% and 33% respectively in favor 
of the combination (WOZNIAK et al. 1996). 

Although this two-drug regimen appears to be 
superior to other vinca-cisplatin combinations, sub
stituting one vinca for another in a three-drug com
bination has not been shown to produce better 
results. In a randomized phase III study which 
compared vindesine to vinorelbine in a cisplatin, 
mitomycin and vinca alkaloid chemotherapeutic 
regimen, substitution with vinorelbine did not lead 
to a significant improvement in objective response 
rate or survival among 227 stage III and IV NSCLC 
patients. There was a reduction in neurotoxicity 
(23% vs 6% grade 2-4) but an increase in hemato
logic toxicity (61 % vs 87% grade 3 to 4 neutropenia) 
with the vinorelbine containing combination (PEROL 
et al. 1996). 

Collectively, these studies suggest that cisplatin 
and vinorelbine should be considered a standard 
regimen for treating NSCLC and a standard arm in 
future randomized trials evaluating newer combina
tions. They also suggest that vinorelbine as a single 
agent is an effective, well tolerated agent for patients 
unable to receive cisplatin. Studies of vinorelbine 
and cisplatin are now underway to determine the 
efficacy of this regimen in earlier stage disease. 

22.5.4 
Small Cell Lung Cancer 

22.5.4.1 
Single Agent Phase /I Trials 

Vinorelbine is active against SCLC. In a phase II trial 
of vinorelbine 30mg/m2 weekly, 11 of 30 (26.7%) 
chemotherapy-naive patients responded (DEPIERRE 
et al. 1997). Three phase II trials have assessed 
vinorelbine 25-30 mg/m2 weekly in previously 
treated patients. Collectively, the response rate 
was 25% (range 12.5%-46%) among 75 evaluable 
patients (DEPIERRE et al. 1997; FUR USE et al. 1996; 
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JASSEM et al. 1993). Grade 3 and 4 leukopenia oc
curred in 32%-66.7% and grade 3 anemia occurred 
in up to 20.8% of patients. Peripheral neuropathy has 
occurred in cisplatin pretreated patients. 

22.5.5 
Combined Modality Therapy with Radiation 

Radiation sensitizing effects have been observed 
with vinorelbine in cell culture. The greatest poten
tiation was seen when irradiated cells were exposed 
to vinorelbine after they had plateaued in the G2/M 
phase of the cycle (EDELSTEIN et al. 1996). There is 
clinical evidence to support these in vitro effects. In a 
phase I study of vinorelbine administered once 
weekly with cisplatin 100mg/m2 every 21 days and 
concomitant thoracic radiation therapy (2 Gy/day 
times 30 fractions for 60 Gy) (VOKES et al. 1996), 
dose-limiting myelosuppression was seen at a 
vinorelbine dose of 25 mg/m2/week. Grade 4 neutro
penia occurred in two of three patients and one pa
tient died from neutropenic sepsis. At vinorelbine 
20mg/m2/week, grade 3 or 4 esophagitis developed 
in three of six patients near the end or after comple
tion of radiation therapy. The significant dose 
reduction of vinorelbine that is necessary with 
concomitant radiation therapy provides the first 
in vivo evidence of a strong radiosensitizing effect 
of vinorelbine. The schedule is currently being 
modified to reduce the incidence of esophagitis. 

22.6 
Conclusion 

In the coming decades, lung cancer will remain a 
major health problem worldwide. Thus, treatment 
strategies must focus on improvements in early de
tection and on the development of innovative thera
pies. The last few years have seen a doubling of 
the number of active agents for this classically 
chemoresistant tumor. There is no doubt that the 
clinical data has confirmed that the taxoids, 
camptothecins, gemicitabine and vinorelbine all rep
resent exciting new chemotherapeutic agents. 
Already, phase III studies have demonstrated that 
two of these new agents, paclitaxel and vinorelbine 
in combination with cisplatin, are superior to older 
regimens. However, the role each drug will play in 
improving survival or palliating symptoms of lung 
cancer patients is still evolving with the present gen
eration of randomized trials. Optimization of combi-
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nation chemotherapy, radiotherapy regimens, and 
timing of the modalities are areas requiring further 
development. Hopefully, these regimens will pro
duce clinically meaningful survival benefits and de
crease therapy-related toxicities to ensure that the 
added quantity of life translates into improved 
quality of life. 
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23.1 
Introduction 

Lung cancer is the leading cause of cancer-related 
death in the Western world as well as in most Eastern 
and developing countries. Despite recent advances 
in diagnosis and treatment, mortality rates remain 
very similar to incidence rates: in Europe in the pe
riod 1978-1985, the 5-year relative survival was 8% 
for males and 10% for females (BERRINO et al. 1995) 
and in North America it was 14% in a more recent 
survey (PARKER et al. 1997). Approximately 70% of 
patients with non-small cell lung cancer (NSCLC) 
present with locally advanced (stage IIIB) or meta
static (stage IV) disease, and their 5-year survival 
is a dismal 2%, whereas in small cell lung cancer the 
overall survival rate at 5 years is less than 2% 
(SOUHAMI and LAW 1990). According to these data, 
cure must be considered unlikely for the great ma
jority of lung cancer patients, and supportive treat
ment and the symptoms' palliation become the 
prime therapeutic objective. 

1. CRINO, Divisione di Oncologica Medica, Policlinico 
Monteluce, 1-06122 Perugia, Italy 

In recent years a number of randomized trials 
have compared best supportive care with combina
tion chemotherapy plus best supportive care in pa
tients with advanced NSCLC, and a meta-analysis of 
most of these studies shows a significant improve
ment for the patients treated with chemotherapy 
(Non-Small Cell Lung Cancer Collaborative Group 
1995). Best supportive care includes palliative radio
therapy as required for superior vena caval obstruc
tion, hemoptysis, painful bone metastases, brain 
metastases or bronchial obstruction. Antibiotics 
were used to control infections, corticosteroids to 
treat hypercalcemia or increased intracranial pres
sure. Analgesics and cough suppressants were given 
to all patients without restriction. Best supportive 
care measures produce median survivals of 16-17 
weeks, and only 10-15% of patients were anticipated 
to be alive at 1 year, compared with a survival of 
approximately 26 weeks and a I-year survival of 25% 
for patients receiving cisplatin-based chemotherapy. 

Recently, a large randomized trial from the 
United Kingdom confirmed these results in 350 
patients with extensive NSCLC randomized to 
receive mitomycin, ifosfamide, cisplatin (MIC) 
chemotherapy with supportive care versus support
ive care alone. In this study a survival benefit was 
reported for patients receiving MIC compared with 
patients receiving supportive care (median survival 
7 months and I-year survival rate of 28% versus 
4.8 months and I-year survival rate of 18% (CULLEN 
et al. 1997). 

In all these studies combination chemotherapy 
induced subjective symptom improvement, en
hanced performance status and increased length 
of remission and prolongation of life. On the basis 
of these considerations, the American Society of 
Clinical Oncology's NSCLC Guidelines include the 
recommendation that cisplatin-based combination 
chemotherapy should be offered to good PS, ad
vanced NSCLC patients (American Society of Clini
cal Oncology 1997). 

However, it is clear that not all advanced 
NSCLC patients should be treated with chemo-
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therapy and, at the same time, that sup
portive treatment should be maximized and incor
porated into treatment protocols of advanced 
NSCLC and SCLC in order to get the best results 
in terms of both survival and quality of life 
improvement. 

23.2 
Symptoms in Advanced Lung Cancer 

In most clinical trials the efficacy of different pallia
tion regimens has been evaluated by response to 
treatment, survival time, toxicity and variation in PS. 
A few studies specifically addressed the key question 
of symptom improvement. In 1992, KREECK et a1. 
(CURTIS et a1. 1991) described the most frequent 
symptoms in 100 patients with lung cancer referred 
to a palliation care service: moderate or severe pain, 
dyspnea, weight loss, anorexia, constipation, easy 
fatigue, weakness, early satiety, sleep problems and 
lack of energy. 

More recently, in two lung cancer randomized 
trials conducted by the Medical Research Council, 
symptoms at presentation were evaluated in over 
650 patients, with a patient self-reported measure 
of quality of life (the Rotterdam Symptom Check 
list), which consisted of a patient-completed 
questionnaire containing a core of 30 symptoms 
covering a number of domains (physical, psycho
logical, sexual) plus four symptoms specific to lung 
cancer (cough, hemoptysis, chest pain and hoarse
ness) and one further item (restlessness) (FRITH 
1992). 

The more frequently reported pretreatment 
symptoms included general symptoms (tiredness,. 
lack of appetite) and psychological distress (worry, 
anxiety) in addition to disease-related chest symp
toms (chest pain, cough, dyspnea) and were equally 
distributed both in small and non-small lung cancer 
(HOPWOOD et a1. 1995). 

Thus to fully evaluate the impact of supportive 
treatment in lung cancer patients, it is necessary 
to take into account the physical dimension includ
ing the most relevant symptoms for lung cancer 
(anorexia, fatigue, cough, dyspnea, hemoptysis 
and pain) (HOLLEN et a1. 1994) and the functional 
dimension, a variable related to those activities 
associated with cognitive and social function
ing which may be affected III the cancer 
experience. 

23.3 
Supportive Treatment of Physical 
Symptoms 

L. erina 

In advanced lung cancer, fatigue, anorexia-cachexia, 
dyspnea and pain represent the most distressing and 
common symptoms of disease. Recently, HOLLEN 
et a1. (1994) tested, in 144 NSCLC patients enrolled in 
a chemotherapy trial, a conceptual model for quality 
of life for lung cancer patients, the Lung Symptoms 
Scale, to develop a subjective measure for clinical 
trials. Fatigue was the greatest significant predictor 
of symptomatic distress across all three assessments 
throughout therapy and it is particularly relevant 
because fatigue is related to both treatment and 
malignancy. 

Fatigue should be viewed as a multidimensional 
experience involving not only biochemical or patho
physiological causes, but also psychological and be
havioral aspects (GLAUS 1993), which remains very 
difficult both to assess and to evaluate in its outcome 
despite the recent emergence of measurement tools 
in quality of life studies. 

Fatigue is often found as a single item in self
report evaluation of symptoms and psychological 
status, reflecting the possible interaction with other 
symptoms related to quality of life. 

Recent research suggests that some correlation 
does exist between fatigue and depression, especially 
in the context of advanced disease (VISSER and 
SMETS 1998), indicating the opportunity for specific 
psychological support beside the traditional physical 
treatments. 

Anorexia and cachexia are very common symp
toms in cancer patients involving more than 80% of 
patients, and cachexia is the main cause of death in 
more than 20% of patients (DUNLOPS 1996). Their 
causes are related to severe metabolic abnormalities 
such as profound lipolysis, wasting in muscle 
protein, increased metabolic rate and production of 
cytokines and tumor by-products such as tumor 
necrosis factor (TNF) and interleukin-l (BILLINGSLY 
and ALEXANDER 1996). Anorexia and cachexia 
worsen with tumor progression and disappear in 
patients responsive to cancer treatment. 

The great majority of cachectic cancer patients, all 
of them with lung cancer, have incurable disease and 
the main therapeutic goal should be to improve 
symptoms and performance status. 

Therapeutic intervention should be multidirected 
because anorexia-cachexia is a multi-casual syn
drome, depending on gastrointestinal dismotility, 
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depression, nausea, pain and side effects of pain 
drugs and chemotherapy. 

Progestational drugs (megestrol acetate), corti
costeroids and prokinetic agents (metoclopramide) 
have an established role in the treatment of 
anorexia-cachexia (BRUERA 1998). 

Megestrol acetate seems to act by mechanisms 
other than weight gain, causing increasing appetite 
and decreasing fatigue, suggesting common features 
between cachexia and fatigue (BRUERA 1998). 

Of the newly emerging drugs, thalidomide, mela
tonin, clenbuterol, pentoxifylline, and the cannab
inoids have provided preliminary suggestions of 
activity in animal models and in some clinical trials, 
justifying further investigations (BRUERA 1998). 

Dyspnea is a very common and troublesome 
symptom for patients with lung cancer. It can result 
directly from the obstruction of the central airways 
due to neoplastic growth in the trachea, bifurcation 
or main stem bronchi. 

Laser dis obliteration is the safest and quickest 
way to treat patients with severe obstruction, with 
good palliation being obtained in most situations. 

Other methods have been developed to obtain 
median and long-term relief of central airways 
stenosis, such as photodynamic laser treatment, 
brachytherapy and endoscopic implantation of de
vices for dis obliteration and internal stabilization, 
i.e., stenting of airways. However, dyspnea is also a 
prevalent symptom in the terminal stages, as 50-70% 
of all cancer patients will experience dyspnea during 
the last 6 weeks of life. 

The etiology of dyspnea in terminal patients is 
often multifactorial, including progression of pri
mary lung cancer or pulmonary metastases, develop
ment of pleural effusions, anemia, pulmonary 
emboli, infections, lymphangitic spread or multiple 
combinations of these variables. Dyspnea can also be 
worsened because of ascites or weakness of respira
tory muscles as in cachexia or lung fibrosis second
ary to chemotherapy or radiotherapy. 

Management of dyspnea in cancer patients relies 
mainly on the possibility of removing its cause, cor
recting anemia, tapping pleural fluid, and treating 
infections or tumor growth by chemotherapy. 

General measures in palliative treatment of 
dyspnea in terminal patients include oxygen therapy 
and steroids to reduce edema and inflammation of 
obstruction lesions or to treat lymphangitic cancer 
dissemination. Scopolamine or hyoscine given 
by subcutaneous injection can be very useful in 
reducing upper airway secretions, whereas bron-
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chodilatators are controversial, causing tachycardia, 
tachypnea and increasing anxiety (FARCOMBE 

1997). 
Oral or subcutaneous opioids decrease the per

ception of breathlessness and improve dyspnea in 
the majority of patients without inducing respiratory 
depression (BRUERA et al. 1993). Evaluation of small 
doses of nebulized opioids acting peripherally on 
lung receptors is still ongoing (F ARCOMBE et al. 
1994). The management of anxiety associated with 
dyspnea through relaxation, breathing techniques 
and psychological support is very important for the 
improvement of the comfort level of the patient and 
family in the terminal stage of the disease. 

Pain is a common and distressing symptom of 
lung cancer. It results from neoplastic infiltration of 
the thoracic wall, mediastinum or superior sulcus 
with consequent tissue nervous termination injury: 
the biochemicals released by tissue injury excite 
nociceptors or increase their sensitivity in the 
mechanism of primary hyperalgesia. 

Secondary hyperalgesia depends on the periph
eral sensitization of nociceptors induced by the 
release of neuropeptides such as neuropeptide sub
stance P from an axon reflex after stimulation of fine 
afferent fibers. 

Pain from large infiltration tumor should be man
aged with palliative radiotherapy and it can improve 
after active chemotherapy, but in all patients a spe
cific supportive analgesic treatment is mandatory. 
Non-narcotic analgesics, including acetaminophen 
and non-steroidal anti-inflammatory drugs alone or 
in combination with opioids such as codeine, should 
be used in starting treatment for mild or moderate 
pain. Morphine, hydromorphone, oxycodone, 
levorphanol, methadone, and fentanyl are com
monly used for severe cancer pain. Agonist
antagonist opioids such as pentazocine are not indi
cated for cancer pain management. Opioid analgesic 
drugs should be given by oral administration when
ever possible, or by subcutaneous, epidural or 
intrathecal administration at effective doses and ap
propriate intervals. 

23.4 
Infective Complications in Lung Cancer 
Patients 

Pulmonary hemorrhage, emboli, edema of cardiac 
and non-cardiac origin, chemo-radiotherapy side ef
fects, neoplastic lymphangiosis, and superinfection 
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of a necrotic poorly oxygenated tumor mass can pro
duce febrile pneumonitis with or without infectious 
varieties of pneumonia. 

Diagnosis of the specific disease requires a histo
logical or bacterial culture documentation. Often, 
diffuse interstitial infiltrates on X-ray or CT scan 
constitute a difficult diagnostic problem and require 
bronchoalveolar lavage to define a possible opportu
nistic infection, more frequently due to 
Pneumocystis carinii, cytomegalovirus and myco
bacteria (STOVEN et al. 1984). 

Necrotic tumors are often complicated by the de
velopment of abscess mainly caused by anaerobic 
bacteria, such as Bacteroides and anaerobic cocci. 
Poor blood supply with resulting low oxygen tension 
may favor the growth of anaerobes in necrotic 
tumors (BROOK 1990). 

Febrile neutropenia is a common complication 
of cancer chemotherapy mainly in high-dose che
motherapy regimens. In lung cancer, treatment
related neutropenia occurs more frequently in 
poor performance status patients, with serious un
derlying medical conditions. In small cell lung can
cer, febrile neutropenia is statistically more frequent 
in doxorubicin-containing chemotherapy, such as 
CAV (cyclophosphamide, Adriamycin, vincristine) 
or CAE (cyclophosphamide, Adriamycin, etoposide) 
(DEVORE and JOHNSON 1996). The most common 
microorganisms causing infections during neu
tropenia include gram-negative (Enterobacteriaceae, 
Pseudomonas aeruginosa, Salmonella), gram-posi
tive (Staphylococcus, Streptococcus pneumoniae), 
anaerobic cocci and bacilli, and opportunistic agents 
(Candida, Aspergillus, Pneumocystis carinii and 
Nocardia). 

In any case, when possible, antimicrobical ther
apy should be based on the isolation of specific 
organisms, both aerobes and anaerobes. Antimicro
bial agents that generally provide coverage for S. 
auerus in addition to anaerobic bacteria include 
cefoxitin, clindamycin, imipenem and a combina
tion of a p-Iactamase inhibitor (i.e., clavulanic 
acid) and a penicillin (i.e., ticarcillin) and the combi
nation of metronidazole plus a p-Iactamase-resistant 
penicillin. 

Gram-negative aerobic bacilli are also covered by 
cefoxitin, imipenem and penicillin plus a p
lactamase inhibitor, but are more effectively treated 
with aminoglycosides and quinolones. G-CSF or 
GM-CSF hematological growth factors should be 
used in the treatment of febrile neutropenia accord
ing to American Society Clinical Oncology Guide
lines, i.e., in the case of febrile neutropenia with less 
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than 500 granulocytes/mm3 or in the case of anam
nestic chemotherapy-induced febrile neutropenia 
(American Society of Clinical Oncology). 

An empiric therapeutic approach of febrile epi
sodes in neutropenic patients includes combination 
antibiotic therapy with cephalosporin ± amin
oglicoside ± vancomycin, modified after 48-72 h 
evaluation in the absence of identified pathogens by 
the eventual addition of amphotericin Band colony
stimulating growth factors (KLASTERSKY 1994). 

However, an overview of randomized studies 
proved no superiority of empiric antibiotic combi
nations versus monotherapy with ceftazidime or 
meropenem in the empirical treatment of 
neutropenic cancer patients. Thus, monotherapy 
with either ceftazidime or meropenem is a reason
able approach in patients with uncomplicated febrile 
neutropenia (SANDERS et al. 1991). 

Sulfamethoxazole/trimetroprim has been largely 
employed for prophylaxis of infective complications 
during chemotherapy in both small and non-small 
cell lung cancer and has been reported to prevent 
Pneumocystis carinii (HUGHES et al. 1977). 

Recently, quinolones have been widely employed 
as prophylaxis or treatment because of their activity 
in gram-negative bacilli and the frequent appearance 
of drug-resistant microorganisms (WINSTON et al. 
1987). 

Severe acute radiation febrile pneumonitis is a 
treatment-related complication occurring in less 
than 5% of patients receiving high-dose lung 
irradiation, and requires aggressive supportive care 
with hydration and i.v. steroid administration (1 mg 
prednisone per kg i.v.) to be tapered slowly once 
symptoms improve, to avoid pneumonitis relapse. 

In most patients with mild symptoms of radiation 
pneumonitis only a brief course of oral steroids 
(50mg prednisone for 10 days) is usually recom
mended. The resolution time of acute radiation 
pneumonitis is quite variable, ranging from a few 
days to many weeks (EVANS et al. 1992). 

23.5 
Supportive Treatment of Specific 
Problems in Lung Cancer 

23.5.1 
Management of Recurrent Malignant Pleural 
Effusions 

Malignant pleural effusion is a rather frequent com
plication oflung cancer, occurring in approximately 
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10% of patients. Systemic chemotherapy can be con
sidered the initial treatment and it is usually effective 
in SCLC and also in most patients with NSCLC. 
On the other hand, recurrent pleural effusion no 
longer responsive to chemotherapy needs different 
palliation. 

The treatment of choice is based on obtaining ef
fective pleurodesis by the introduction of a scleros
ing agent through a tube thoracostomy inserted to 
achieve complete drainage of pleural space and ap
position of the visceral and parietal pleura. Talc 
insufflation is safe and effective (FEUTIMAN 1987); 
each failed attempt may, however, determine locu
lated fluid collection, preventing lung expansion and 
leading to "trapped lung" (LYNCH 1993). 

Doxycycline, bleomycin, and quinacrine have 
been used as sclerosing agents with a response rate 
ranging from 50% to 87%. When pleurodesis fails, 
the only alternative palliation of malignant pleural 
effusion is pleuroperitoneal shunts. 

A new attempt to treat pleural effusion consists of 
the intrapleural continuous infusion of cytokines, 
mainly interleukin-2, over 5 days, with a response of 
22-50% (VIALLAT et al. 1993). 

23.5.2 
Central Airway Obstruction 

Obstruction of the trachea, bifurcation or main stem 
bronchi from lung cancer is a life-threatening situa
tion which is only occasionally suitable for curative 
treatment with resection of the trachea or sleeve re
section of the bronchus, or by pulmonary resection, 
whereas for the majority of cases only palliation is 
possible. Intraluminal tumor can be cored out and 
resected by diathermy, laser, cryotherapy, or argon 
beamer. 

Airways dis obliteration can be produced by ther
mic destruction of neoplastic tissues with heat trans
formation of the energy of a high-frequency current 
passing through the tissue (HOOPER and JACKSON 
1985). The major disadvantage of this technique, 
which should not be applied in patients wearing 
metallic devices (metallic stents or pacemaker), is 
the ensuing risk of bleeding. The insufflation of ar
gon gas as a vehicle for the current can enhance the 
diathermy effects: the coagulation effect of the elec
tric gas cloud makes the argon beamer superior to all 
other methods of coagulation, especially laser in the 
cases of profuse bleeding from superficial lesions 
(GRUND et al. 1994). 
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Cryotherapy as a disobliterative technique is not 
as rapid as other methods and it has been widely 
replaced. The energy transfer of the Nd:Yag laser 
light occurs with tranformation into heat of energy 
absorbed and dispersed inside the tumor. The en
ergy absorption depends largely on the tissue colors, 
red or dark absorbing a lot of energy whereas white
colored tissue needs more energy for destruction. 
There is a general consensus about applying the 
Nd:Yag laser at lower energies of 20-30w for coagu
lation of tumor tissue and tumor vessels, and up to 
40-50 w for thermal destruction (CAVALIERE et al. 
1994). 

In recent years, new bronchoscopic methods have 
been developed for long-term treatment of persis
tent tumor inside or close to airways, i.e., photody
namic laser, brachytherapy, and the endoscopic 
implantation of devices for dis obliteration and inter
nal stabilization, the so-called stents, such as silicone 
plastic tubes, metallic meshworks and composite 
materials (BECHER et al. 1995). 

Goldstraw recently presented a retrospective re
view of 51 patients treated with endoluminal stents 
for distal obstruction. All but two patients gained 
immediate dyspnea relief with, in some cases, a 53% 
improvement in FEVI (ABRATT 1994). 

23.5.3 
Supportive Treatment of Painful Osteolytic 
Bone Metastasis 

Painful bone metastases commonly occur in ad
vanced lung cancer patients and represent a difficult 
management problem because of pain and reduction 
in mobility and performance status. Palliative radio
therapy is indicated in the treatment of unique 
painful bone lesion or multiple close lesions as in 
metastatic involvement of the spine. Recently, 
pamidronate has been recognized as useful in the 
management of painful osteolytic bone disease: 
biphosphonates are specific inhibitors of the osteo
clast-mediated bone reabsorption and have an 
established role in the treatment of tumor-induced 
hypercalcemia. Intravenous pamidronate and daily 
oral clodronate or pamidronate have shown an anal
gesic effect in patients with osteolytic bone 
metastasis, mainly in prostate and breast cancer 
patients. 

Recently two different papers showed a dose
effect correlation for pamidronate in i.v. infusion 
(THURLIMANN et al. 1994; CASCINU et al. 1998). In 
both trials a statistically significant change in pain 
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and mobility was noted for a dose intensity of 45 mg/ 
weeks vs. 15-30mg/weeks and for 90mg/m2 vs. 60 
and 45 mg/ml every 3 weeks. The majority of patients 
in both studies were breast cancer patients, but it 
seems likely that biphosphonates should be indi
cated in all patients with bone metastases. 

23.5.4 
Management of Hypercalcemia in Lung Cancer 

About 10% of lung cancer patients develop 
hypercalcemia, mainly caused by osteoclast
mediated bone resorption; however, in 10-15% of 
cases, mainly in squamous cell carcinoma 
hypercalcemia, there is a paraneoplastic syndrome 
due to ectopic production of a parathyroid analogue, 
and several cytokines secreted by tumors (BROADUS 
et al. 1988). The osteoclast plays a central role as the 
final target of peptide hormone and cytokine action. 

General treatment measures for hypercalcemia 
include vigorous rehydration with normal saline to 
establish good diuresis and to correct hypovolemia 
since hypercalcemia induces osmotic diuresis. 
Biphosphonates are the most important agents by 
intravenous administration because of their specific 
counteraction on osteoclastic-mediated bone 
reabsorption, although they appear to be less active 
in treating the hypercalcemia associated with high 
levels of parathyroid hormone-related peptide. 
Salmon calcitonin is probably less effective than 
biphosphates but it is useful in rapidly lowering 
elevated serum calcium levels. 

Corticosteroids are still used but they no longer 
play a major role in the management of hyper
calcemia, with the exception of steroid-responsive 
malignancies such as myeloma and lymphomas. 

Diuretics such as furosemide may be employed, 
but careful attention should be given to the electro
lyte depletion (HARVEY 1995). 

23.6 
Conclusions 

At present, more than 50% of cancer patients cannot 
be cured of their disease and this is true for more 
than 80% of lung cancer patients. These data alone 
explain why supportive care aimed at symptom pal
liation and at the preservation of an optimal quality 
of life plays a central role in the management strate
gies of all lung cancer patients. 

L. Crino 
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