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Foreword

Cancer treatment is one of the fastest growing specialties in modern medicine, with better understanding 
of the disease, improved diagnostic tools, better prognostic information, and ever-changing management 
options. Th e most important tool a clinician can have in the fi ght against cancer is access to current 
information.

Th e Emerging Cancer Th erapeutics (ECAT) series will provide a thorough analysis of key clinical 
research related to cancer therapeutics, including a discussion and assessment of current evidence, current 
clinical best practice, and likely near-future developments. Th e content will be in the form of review art-
icles, but the volume format will allow for much more in-depth discussion than the typical journal review 
article. Th e goal will be to provide for the practicing clinician a source of thorough, ongoing analysis and 
translational assessment of “hot topics” and areas of rapidly emerging new data in cancer therapeutics 
with signifi cant implications for clinical care.

Th e ECAT will be a valuable tool for practicing cancer specialists of all disciplines. Th is will provide 
the most comprehensive evidence-based review of pathology, radiology, pharmacology, surgical oncol-
ogy, radiation oncology, and medical oncology of the topic.

Th e Lung Cancer volume provides a comprehensive approach to the pathophysiology, epidemiology, 
clinical features, diagnostic modalities, and current and future treatment options. Experts from around 
the country have contributed to this volume. Th is will be a valuable tool for any clinician, researcher, or 
student of oncology.

Jame Abraham, MD, FACP
Editor-in-Chief

Bonnie Wells Wilson Distinguished Professor and Eminent Scholar
Chief, Section of Hematology-Oncology

Medical Director, Mary Babb Randolph Cancer Center
West Virginia University

Morgantown, West Virginia
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Preface

Lung cancer outcomes have marginally changed over the past four decades, a grim outlook that puts an 
enormous responsibility on those involved in the evaluation and treatment of patients with this disease. 
As key developments are reshaping the landscape of oncology, we are gradually changing the ways we 
approach lung cancer management. It has become apparent that lung tumors are widely heterogeneous 
at a molecular level, which can be exploited for therapeutic purposes. Mutations in epidermal growth 
factor receptor and the EML4-anaplastic lymphoma kinase translocation are among the fi rst examples 
of validated molecular targets.

To cover breakthrough discoveries and state-of-the-art treatment of lung cancer, an extraordinary 
panel of experts has contributed to this volume of the Emerging Cancer Th erapeutic series. Drs. Nwizu 
and Salgia review the molecular biology of lung cancer as it relates to the development of novel therap-
ies, Drs. Pillai and Owonikoko comment on promising upcoming targeted agents, Drs. Vallabhaneni 
and Ramalingam focus on the use of anti-angiogenesis drugs, and Drs. Deming and Traynor assess the 
emerging applications of epidermal growth factor receptor tyrosine-kinase inhibitors in fi rst-line therapy. 
Drs. Pallis, Georgoulias, and Agelaki evaluate the expanding armamentarium of chemotherapy regimens 
for advanced non-small cell lung cancer. Drs. Kotsakis, Kontopodis, and Georgoulias analyze the emer-
ging role of maintenance therapy, an attractive option due to the availability of newer active agents with 
tolerable cumulative toxicities. Th e challenging fi eld of small cell lung cancer treatment is reviewed by 
Drs. Lu, Giannatempo, and O’Brien. Dr. Rossi brings our attention to the special considerations and needs 
of the growing elderly population with lung cancer. Dr. Landreneau contributes an insightful update on 
surgical considerations for early-stage lung cancer. Th e impact of adjuvant chemotherapy for resected non-
small cell lung cancer is addressed by Drs. Patel and Wakelee, whereas the complexity of radiotherapy to 
the chest and advances in technology are covered in detail by Drs. Amin, Raben, and Gaspar.

I anticipate that the material of this textbook will serve as a reference for up-to-date information that 
applies to clinical practice and will be useful to practicing oncologists, researchers, and trainees. With a 
fresh perspective on lung cancer therapeutics, we will hopefully be able to benefi t more patients and save 
more lives.

Athanassios Argiris, MD, FACP

A.B. Alexander Distinguished Chair in Oncology
Professor and Chief, Division of Hematology/Oncology

Associate Director for Clinical Research
Cancer Th erapy & Research Center

UT Health Science Center at San Antonio
San Antonio, Texas
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ABSTRACT ■

Th e emergence of new genomic and proteomic techniques has revealed that lung cancer is a heterogeneous 
disease with a wide variety of molecular aberrations, which are potential therapeutic targets. Recently, we have 
seen the emergence of targeted therapies in lung cancer that have shown promising results and improved over-
all survival. Molecular aberrations with therapeutic implications in lung cancer include the epidermal growth 
factor receptor (EGFR), echinoderm microtubule-associated protein-like 4-anaplastic lymphoma kinase fusion 
gene (EML4-ALK), KRAS, MET, ROS, and B-RAF, among others. EGFR is a member of the ErbB family 
of receptors and occurs more commonly in the adenocarcinoma variety of lung cancer, in females, and in 
nonsmokers. Th e tyrosine kinase inhibitors (TKI) gefi tinib and erlotinib target EGFR, and clinical trials have 
shown superior outcomes with these TKIs as compared to standard cytotoxic chemotherapy in patients with 
EGFR mutations. On the other hand, KRAS mutation is seen to be more prevalent in smokers, and studies 
have shown that patients with KRAS mutations do not respond to the EGFR TKIs. More recently, the Food 
and Drug Administration approved crizotinib for the treatment of patients with lung cancer who harbor the 
EML4-ALK translocation. Th ese patients are typically younger age and light-to-never smokers. Other molec-
ular aberrations such as MET, ROS, and B-RAF are under clinical investigation as potential targets. 
Keywords: epidermal growth factor receptor, anaplastic lymphoma kinase, MET, targeted therapy

Molecular Biology of Lung Cancer and 
Therapeutic Implications

Tobenna Nwizu and Ravi Salgia*

Section of Hematology/Oncology, Department of Medicine, 
University of Chicago, Chicago, IL
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2  Lung Cancer

family of receptors to be discovered, and has an 
essential role in both normal physiological and 
cancerous conditions by playing a key role in signal 
transduction processes by regulating major cellular 
functions such as survival, apoptosis, and prolifer-
ation. It is a 170-kDa receptor tyrosine kinase that 
exists on the cell surface and is activated by bind-
ing of its specifi c ligands, which include epidermal 
growth factor (EGF), transforming growth factor 
α (TGFα), betacellulin, and epiregulin.

EGF was fi rst isolated by Stanley Cohen in 
1962 as a protein extracted from the mouse sub-
maxillary gland that accelerated incisor eruption 
and eyelid opening in the newborn animal, and 
hence was originally called tooth-lid factor (3), but 
it was later renamed EGF because it stimulated the 
proliferation of epithelial cells (4,5).

EGFR like all ErbB proteins has four func-
tional domains: an extracellular ligand-binding 
domain, a transmembrane domain, an intracel-
lular tyrosine kinase domain, and a C-terminal 
regulatory domain (6,7). Th e extracellular domain 
is further subdivided into four domains. Th e intra-
cellular tyrosine kinase domain consists of an 
N-lobe and a C-lobe, and adenosine triphosphate 
(ATP) binds to the cleft formed between these 
two lobes. Th e C-terminal regulatory domain 
has several tyrosine kinase (TK) domains that 
are phosphorylated specifi cally in ligand binding. 
Upon binding its ligand, dynamic conformational 
changes occur in both extracellular and intracel-
lular domains of the receptor kinase leading to 
transphosphorylations of tyrosine residues in the 
C-terminal regulatory domain. Th ese provide 
docking sites for downstream molecules, which 
lead to activation of multiple signaling path-
ways including mitogen-activated protein kinase 
(MAPK), phosphatidylinositol 3-kinase/AKT, and 
the signal transducer and activator of transcrip-
tions (STAT) 3 and STAT5 pathways. Activation 
of these pathways leads to the evasion of apoptosis, 
proliferation, invasion, and metastasis, all of which 
are important for the cancer phenotype.

EGFR was the fi rst cell surface receptor to be 
linked directly with cancer when Stanley Cohen 

INTRODUCTION ■

Lung cancer is the second most common cancer 
and the leading cause of cancer mortality in the 
United States (1). Th e mortality rate from lung 
cancer has seen a decline from the 1990s in part 
due to earlier detection and recent advances in 
our understanding of the molecular basis of can-
cer. Th e recent emergence of targeted therapies in 
the fi eld of lung cancer has lead to very promising 
results and improved overall survival. Lung cancer 
is a heterogeneous disease histologically and with 
a variety of molecular aberrations. With the devel-
opment of new genomic and proteomic techniques 
like gene expression profi ling, several molecular 
genetic abnormalities in lung cancer have been 
identifi ed, which could be potential therapeutic 
targets. Examples of molecular genetic abnormali-
ties include chromosomal aberrations, overexpres-
sion of oncogenes, deletion and/or mutations in 
tumor suppressor genes, and telomerase activity. 
As more molecular signatures are identifi ed, we are 
likely to see the emergence of increasing number 
of highly targeted therapeutics in lung and other 
cancers, which will hopefully lead to better sur-
vival and higher cure rates.

Described are some of the molecular abnor-
malities that can occur in lung cancer (especially 
non-small cell lung cancer [NSCLC]) that have 
been targeted therapeutically.

EPIDERMAL GROWTH FACTOR  ■

RECEPTOR

Epidermal growth factor receptor (EGFR) is a 
member of the ErbB family of receptors, and is 
the cell surface receptor for members of the epi-
dermal growth factor family of extracellular pro-
tein ligands. Th e ErbB family of receptors consists 
of four closely related receptor tyrosine kinases: 
EGFR/ERBB1/HER1, ERBB2/HER2, ERBB3/
HER3, and ERBB4/HER4 (2).

Th e EGFR gene is located on chromosome 7p 
12–13. EGFR was the fi rst member of the HER 
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EGFR mutations were also found not to be associ-
ated with the stage of disease, suggesting that the 
EGFR mutations occur early in the clinical course 
and so were associated with pathogenesis rather 
than progression. Most of the EGFR mutations 
found were in the TK domain with more than 
90% of the mutation being either deletions around 
codons 746 to 750 in exons 19 or missense muta-
tions resulting in a substitution of leucine with 
arginine at codon 858 (L858R) in exon 21. Th ese 
all fl ank the ATP binding pocket, which is import-
ant for TK activity (10). Th ere is also an ancestral 
variation of EGFR mutation found more com-
monly in Asian population.

EGFR mutations implicated in the pathogen-
esis of lung cancer are strictly mutually exclusive 
of KRAS mutations. Th ere are more than 20 vari-
ant types of deletion, including larger deletions, 
deletions plus point mutations, and deletions plus 
insertions.

Exon 19 deletional mutation and L858R 
result in increased and substantial phosphoryl-
ation of EGFR and other ERBB family proteins 
without ligand stimulation. Mutant EGFR select-
ively activates the AKT and STAT signaling path-
ways that promote cell survival, but has no eff ect 
on the MAPK pathway that induces cell prolifer-
ation (6).

Patients with EGFR mutations are more 
responsive to treatment with EGFR tyrosine kin-
ase inhibitors (TKI). Gefi tinib and erlotinib are 
the two EGFR TKIs presently on the market. 
In 2004, it was discovered that patients who had 
response to gefi tinib had activating mutations of 
the EGFR gene. One study found that somatic 
mutations were identifi ed in the TK domain of the 
EGFR gene in eight of nine patients with gefi tinib-
responsive lung cancer, as compared with none of 
the seven patients with no response (P < .001). 
Mutations found in this study were either small in 
frame deletions or amino acid substitutions clus-
tered around the ATP-binding pocket of the TK 
domain (12). Other studies also confi rmed that 
mutations in the EGFR gene were found in lung 
cancer samples from patients who had responded 

et al. described the downregulation of EGFR in 
fi broblasts infected with oncogenic viruses (8).

Th e oncogenic eff ect of EGFR was fi rst dem-
onstrated by the overexpression of the receptor in 
NIH3T3 cells and the stimulation by EGF lead-
ing to the formation of tumors in nude mice bear-
ing the transformed NIH3T3 cells. Abnormalities 
in EGFR can include either overexpression or 
molecular alterations in the TK domain.

EGFR aberrations are seen in multiple malig-
nancies that include lung, colon, head and neck, 
pancreas, ovary, bladder, breast, kidney, and gli-
omas. EGFR mutations in the TK domain are 
however seen almost exclusively in lung cancer. 
EGFR overexpression is seen in more than 60% 
of NSCLC but no to minimal expression is seen 
in small cell lung cancer (SCLC) (9). Some stud-
ies have reported the incidence of EGFR muta-
tion to be 47% in lung cancer (10). Th ere are 
reports that EGFR can be mutated in peritoneal 
 mesothelioma (11).

EGFR mutations in lung cancer typically 
occur more frequently in the adenocarcinoma 
variety, more in well to moderately diff erenti-
ated than poorly diff erentiated adenocarcinoma. 
EGFR mutation has also been found to be more 
prevalent in females, and in nonsmokers with the 
frequency inversely associated with the amount 
of tobacco smoked (10). EGFR mutations were 
actually the fi rst molecular aberrations found in 
lung cancer that are more frequent among patients 
without a smoking history than among those with 
one (6). Heavy smoking however does not indi-
cate that a patient cannot have the EGFR muta-
tions, as this mutation is seen in more than 20% 
of heavy smokers (10).

Multivariate analysis of a study by Kosaka 
et al. suggested that nonsmoking status and adeno-
carcinoma histology independently contributed to 
EGFR mutations, but female gender did not (10). 
Premenopausal women were found not to have a 
higher incidence of EGFR mutation indicating 
that the diff erence in male and female incidence 
was caused by diff erence in lifestyle including 
smoking habits, rather than gender diff erence. 
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4  Lung Cancer

resistant cancers showed unexpected genetic 
changes including EGFR amplifi cation and muta-
tions in the PIK3CA gene, whereas others under-
went a pronounced epithelial to mesenchymal 
transition. Also seen was that 14% of the resistant 
tumor had transformed from NSCLC into SCLC 
and were sensitive to standard SCLC treatments. 
In a few of these patients, serial biopsies revealed 
that genetic mechanisms of resistance were lost in 
the absence of the continued selective pressure of 
EGFR inhibitor treatment and such cancers were 
sensitive to a second round of treatment with 
EGFR inhibitors (20).

Other EGFR mutations such as insertion 
mutations in exon 20 of EGFR have been impli-
cated in primary resistance to the TKI erlotinib 
and gefi tinib. Th is mutation confers resistance by 
precluding the binding of TKIs to the EGFR TK 
domain (9,21).

KRAS ■

Guanine nucleotide triphosphatases (GTPase) 
KRAS, also known as V-Ki-ras2 Kirsten rat sar-
coma viral oncogene homolog and KRAS, is a 
protein that is encoded by the KRAS gene. KRAS 
protein, like other RAS protein family members, 
belongs to a class of proteins called small GTPase 
and is involved in cellular signal transduction. 
KRAS is involved in the EGFR signaling path-
way, which is important in the pathogenesis and 
progression of malignancy. KRAS is downstream 
of the EGFR receptor and regulates downstream 
proteins that control cell cycle progression.

Ninety percent of RAS mutations in lung 
cancer are found in KRAS. Approximately 97% 
of KRAS mutations in NSCLC involve codons 12 
or 13. KRAS mutations are uncommon in lung 
squamous cell carcinomas (22). A landmark study 
in 1984 reported fi nding malignant activation of a 
KRAS oncogene in lung carcinoma tissue but not 
in normal tissue of the same patient. Th is muta-
tion involved a single genetic alteration, a guanine 
to cytosine transversion, which was responsible for 

to gefi tinib or erlotinib but not in gefi tinib-insen-
sitive tumors or cell lines (13, 14). Th is discovery 
helped explain why female, nonsmoking, adeno-
carcinoma patients of East Asian origin with lung 
cancer had a higher response rate to EGFR TKIs. 
Some studies have shown that the response rate to 
EGFR TKIs is highest in exon 19 deletions fol-
lowed by L858R (15).

A Phase III clinical trial showed that patients 
with EGFR mutated NSCLC had superior out-
comes with gefi tinib as compared to standard 
cytotoxic chemotherapy. Th e study compared 
gefi tinib with carboplatin and paclitaxel. In 
the EGFR mutated group, progression-free sur-
vival was signifi cantly longer among those who 
received gefi tinib than among those who received 
carboplatin and paclitaxel (hazard ratio for pro-
gression or death, 0.48; 95% CI, 0.36–0.64; P < 
.001) (16).

Even though patients with EGFR mutated 
NSCLC have good response to gefi tinib or erlo-
tinib, they eventually develop resistance and pro-
gress. One mechanism of this acquired resistance 
is due to a secondary mutation in exon 20, which 
leads to substitution of methionine for threonine 
at position 790 (T790M) in the kinase domain. 
A study by Pao et al. discovered this new muta-
tion in patients who had developed resistance to 
gefi tinib but did not detect this mutation in any 
untreated patients (17). Th e T790M mutation has 
however been reported in combination with the 
L858R mutation in untreated patients, and studies 
suggest that tumors with both mutations are very 
aggressive (18).

Another mechanism of resistance to gefi tinib 
and erlotinib in EGFR mutated NSCLC is through 
MET amplifi cation, and in vivo combination of 
EGFR and MET inhibition overcomes this resist-
ance (19).

A recent study by Sequist et al., investigat-
ing the mechanism of acquired TKI resistance 
in EGFR mutated NSCLC, revealed that all 
drug-resistant tumors retained their original acti-
vating EGFR mutation and some acquired the 
T790M mutation or MET amplifi cation. Some 
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specifi cally in lung alveolar epithelial cells revealed 
that these mice developed hundreds of adenocar-
cinoma nodules in both lungs within a few weeks 
after birth, and in vivo treatment of these EMK4–
ALK transgenic mice with an oral small-molecule 
inhibitor of the kinase activity of ALK resulted in 
tumor regression, confi rming the potent oncogenic 
activity of this fusion gene (27).

EML4–ALK translocation was initially 
described in Japanese patients with NSCLC in 
2007 (28), and is found in approximately 7% of 
patients with NSCLC (29). Although multiple 
variants exist, all encode a fusion between the 
same cytoplasmic portions of the ALK but contain 
diff erent truncations of EML4. Various isoforms 
of this fusion gene have been reported, with each 
diff erent isoform comprising segments from either 
exon 6, 13, 20, or exon 18 of the 5′ EML4 fused to 
the same 3′ ALK kinase domain. Fusions of ALK 
with other partners have been described in lung 
cancer. Examples include KIF5B–ALK (30) and 
TFG–ALK (31).

Patients with the EML4–ALK fusion gene 
have similar clinical features as patients with 
mutated EGFR in that they are usually former to 
light smokers (often defi ned as ≤ 10 pack years and 
quit ≥ 1 year ago), relatively younger age at onset 
and of adenocarcinoma histology. Even though the 
EML4–ALK fusion gene is seen mostly in NSCLC 
with adenocarcinoma histology, new data suggest 
that it can be present in any histology. Apart from 
rare exceptions, EML4–ALK, EGFR, and K-ras 
mutations are mutually exclusive (28, 32).

Recently, the Food and Drug Administration 
(FDA) approved crizotinib, a potent, orally bio-
available, ATP competitive small molecule inhibi-
tor of the catalytic activity of MET and ALK 
kinases, for the treatment of patients with NSCLC 
that harbor this EML4–ALK fusion gene. Clinical 
trial with crizotinib had shown dramatic response, 
with an early phase trial involving 82 patients with 
the EML4–ALK translocation showing tumor 
shrinkage in almost all the patients. Th e mean dur-
ation of treatment was 6.4 months, with the over-
all response rate being 57% (47 of 82 patients with 

the acquisition of malignant properties by KRAS 
gene. Consequently, arginine instead of the normal 
glycine is incorporated into the KRAS coded p21 
proteins at amino acid position 12 (23). With this 
mutation, KRAS is permanently turned on, with-
out being triggered by EGFR-mediated signaling, 
leading to persistent activation of the EGFR sig-
naling pathway and hence tumor survival, growth, 
proliferation metastasis, and angiogenesis.

KRAS mutations are found in higher inci-
dence not only in heavy smokers but also in never/
light smokers (22). So unlike EGFR mutations, 
which occurs more frequently in tumors from 
never smoker, KRAS tumor status cannot be pre-
dicted on the basis of smoking history alone.

Numerous studies have shown that patients 
with KRAS mutation do not respond to the EGFR 
TKIs, erlotinib, and gefi tinib (24–26). Presently 
there are ongoing clinical trials aimed at overcom-
ing this resistance.

ECHINODERM MICROTUBULE- ■

ASSOCIATED PROTEIN-LIKE 
4–ANAPLASTIC LYMPHOMA KINASE 
FUSION GENE

Anaplastic lymphoma kinase (ALK), also known 
as ALK tyrosine kinase receptor or CD246 (clus-
ter of diff erentiation 246), is an enzyme that is 
encoded by the ALK gene and mutations in this 
gene, which has been implicated in the pathogene-
sis of NSCLC. Th is mutation is caused by fusion of 
the EML4 gene with the signaling portion of the 
ALK gene resulting in the formation of the fusion 
protein EML4–ALK, which has been implicated 
as a driver of oncogenesis. An inversion on the 
short arm of chromosome 2 (Inv(2)(p21p23)) that 
joins exons 1 to 13 of EML4 to exons 20 to 29 of 
ALK leads to the formation of this EML4–ALK 
fusion oncogene. Th e resulting chimeric protein 
contains an N-terminus derived from EML4 and 
a C-terminus containing the entire intracellular 
tyrosine kinase domain of ALK. A study utilizing 
transgenic mouse lines that expressed EML4–ALK 
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inhibitor (37). Th is is because ROS TKs share high 
sequence homology with ALK and hence could be 
a potential target for ALK inhibitors.

MET ■

MET gene is a proto-oncogene that has been 
implicated in the pathogenesis of lung cancer and 
encodes for a protein known as the hepatocyte 
growth factor receptor. MET is a tyrosine kinase 
receptor for hepatocyte growth factor (HGF) and is 
its only known high-affi  nity receptor. Studies sug-
gest that the signal pathway between HGF and its 
receptor plays an important role in oncogenesis.

Th e MET gene is located on chromosome 
7q21-q31, and is 120 kb in length with 21 exons 
and 20 introns. Th e MET receptor is part of a lar-
ger family of growth factor receptors with identical 
architecture that include the Ron and Sea recep-
tors. It is comprised of a 50-kD extracellular alpha 
chain and a 140-kD transmembrane beta chain, 
which are linked by disulfi de bonds. It contains 
the following domains: a large seven-blade propel-
ler (semma domain), PSI (plexins, semaphorins, 
integrins), four IPT repeats (immunoglobulins, 
plexins, transcription Factors), TM (transmem-
brane), JM (juxtamembrane), and TK (38,39).

MET is selectively expressed in several nor-
mal epithelial tissues. High levels of MET RNA 
have been found in liver, gastrointestinal tract, 
thyroid, and kidney. Th e tissue distribution of the 
MET/HGF receptor indicates that it is involved in 
growth control of epithelial cells other than hepato-
cytes and suggests that its increased expression may 
confer a growth advantage to neoplastic cells (40).

Amplifi cation, translocation, or mutation of 
MET are diff erent mechanisms that lead to the 
uncontrolled activation of MET frequently seen 
in lung cancer, with majority of MET mutations 
being germline in nature.

Studies have suggested that MET mutations 
may diff er based on ethnicity, as seen in a study 
by Krishnaswamy et al. that amplifi ed the indi-
vidual exons of semaphorin, juxtamembrane, and 

46 confi rmed partial responses and one patient 
confi rmed complete response); 27 patients (33%) 
had stable disease with the disease control rate at 8 
weeks being 87%. Response duration varied from 
1 to 15 months. Of 82 patients, 63 (77%) contin-
ued to receive crizotinib (after the time of data 
cutoff ), and the estimated probability of 6 months 
progression free survival was 72% with no median 
for the study reached. Most of these patients had 
previously been treated (33).

Th e FDA approved test to detect the EML4–
ALK translocation is the Vysis ALK Break Apart 
FISH Probe Kit. Th ere are other methods to detect 
the ALK translocation, including immunohisto-
chemistry and reverse transcription polymerase 
chain reaction. It will be important to standardize 
these tests.

ROS ■

ROS was fi rst discovered as the oncogene prod-
uct of the avian sarcoma RNA virus UR2 (34). 
Th e avian sarcoma RNA virus was observed to 
be a highly invasive fi brosarcoma-derived virus 
that was effi  cient at transforming chicken embryo 
fi broblasts and chicken embryo neuroretinal cells 
(35, 36). Th e amino acid sequence coded by the 
one portion of UR2 (a 68-kDa polypeptide named 
p68v-ros) coded for a protein with TK activity.

Naturally occurring oncogenic versions of 
ROS have recently been reported. A recent glo-
bal survey of phosphotyrosine signaling detected 
a fusion of ROS to the transmembrane solute car-
rier protein SLC34A2. Th e N-terminal region of 
SLC34A2, ending just after the fi rst transmem-
brane region is fused N-terminal to the trans-
membrane region of ROS producing a truncated 
fusion protein with two transmembrane domains. 
(31). Th e NaPi-2B-ROS fusion protein expressed 
both the fused in glioblastoma (FIG) and ROS 
genes. Other forms of this fusion protein are also 
observed.

A recent study showed that cell lines expressing 
FIG/ROS were found to be inhibited by an ALK 
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Th e Raf serine/threonine kinases are the 
principal eff ectors of Ras in the MAPK pathway, 
and lie downstream of Ras making it an attract-
ive target. Raf is principally activated by Ras, but 
may also be activated by Ras-independent elem-
ents, and hence propagate signals through diverse 
eff ectors that mediate proliferation, angiogenesis, 
metastases, and survival (51).

Th e structure of Raf consists of an amino ter-
minus that contains the regulatory domain, an acti-
vation loop, and a carboxyl terminus that contains 
the kinase domain. All Raf kinases are composed of 
three conserved regions, CR1 (adjacent to the amino 
terminus), CR2, and CR3 (adjacent to the carb-
oxyl terminus). Raf is activated by the interaction of 
active GTP-bound Ras with the RBD (Ras-binding 
domain) of Raf and the adjacent zinc-binding 
cysteine-rich domain of CR1, facilitating recruit-
ment of Raf to the cell membrane for activation.

While mutations in ARAF and CRAF are 
rare, BRAF mutations are seen in approximately 
8% of all malignancies (52). Th e most common 
BRAF mutation (> 90%) is a valine-to-glutamine 
substitution at residue 600 (V600E), which exhibits 
12.5-fold higher basal kinase activity than that 
of wild-type BRAF (51,52). Th is BRAF V600E 
mutation leads to constitutive ERK activation and 
tumor formation in nude mice (51).

A recent study by Hongbin et al. revealed that 
lung specifi c expression of the BRAF V600E muta-
tion induces the activation of the ERK/MAPK 
pathway, which leads to the development of lung 
adenocarcinoma with bronchioloalveolar carcin-
oma features in vivo. Also seen was that in vivo 
pharmacologic inhibition of MAPK/ERK kinase 
(MEK;MAPKK) using CI-1040—a specifi c MEK 
inhibitor—induced tumor regression associated 
with inhibition of cell proliferation and induction 
of apoptosis in these de novo lung tumors (52).

Results of clinical trial using CI-1040 have 
however been disappointing (53). PD 0325901, 
a second generation MEK inhibitor that exhibits 
higher potency against MEK, improved bioavail-
ability, and longer duration of target suppression is 
now under clinical trial.

TK domains of MET using tissue genomic DNA 
from 141 Asians, 76 Caucasians, and 66 African 
American lung cancer patients by polymerase 
chain reaction. Nine nucleotide substitutions lead-
ing to MET mutations were detected, with six 
of them involving nonsynonymous amino acid 
changes. Four of the nonsynonymous substitu-
tions were also detected in the adjacent normal 
tissue consistent with a germline origin. All the 
nonsynonymous mutations were clustered in the 
semaphorin domain, except R988C in the juxtam-
embrane domain. N375S was the most frequently 
seen nonsynonmyous amino acid substitution 
and occurred at a higher frequency in East Asians 
compared with Caucasians, and was not seen in 
African Americans (41).

Activation of MET/HGF signaling leads to 
stimulation of cellular proliferation, promotion of 
cell movement, angiogenesis, invasion into extra-
cellular matrix, epithelial morphogenesis, tumori-
genesis, and tissue regeneration. NSCLC patients 
with MET overexpression typical have worse out-
comes after complete resection (42).

Apart from NSCLC, c-Met overexpression 
has also been found in other malignancies like 
SCLC (43), hereditary papillary renal cell cancer 
(44), gastric cancer (45), childhood hepatocellu-
lar carcinoma (46), and metastatic head and neck 
 cancer (47).

Th ere are various studies investigating the 
therapeutic implication of the inhibition of MET 
(48–50).

Th e new FDA approved crizotinib also targets 
MET.

B-RAF ■

B-Raf is a member of the Raf kinase family of ser-
ine/threonine-specifi c protein kinases and plays a 
role in regulating the MAPK/extracellular signal-
regulated kinase (ERK) signaling pathway, which 
is involved in cellular division and diff erentia-
tion. Th e RAF family has three members: A-RAF, 
B-RAF, and C-RAF.
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dermal growth factor receptor gene and related 
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in pulmonary adenocarcinoma. N Engl J Med. 
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CONCLUSION ■

As our understanding of the molecular mecha-
nisms that underlies the pathogenesis and progres-
sion of cancer grows, there will be the emergence of 
more targeted therapies. We have already seen suc-
cess with the development of the TKIs, erlotinib, 
and gefi tinib that has shown improved benefi t in 
patients with specifi c EGFR mutations, and more 
recently crizotinib that has shown very promising 
results in patients with the ALK translocation. 
Presently, research is underway to target the com-
ponents of the MAPK pathway, specifi cally RAS 
and RAF. Th ere is some promise with targeting 
downstream eff ectors as these are less redundant.

As diff erent cancers have diff erent molecu-
lar signatures, the emphasis today is on person-
alized medicine, with patient’s therapy being 
tailored based on their distinct molecular markers. 
Ultimately, we will need to personalize our thera-
peutics, prognosis, predictive signature based not 
only on clinical and pathological criteria but also 
on molecular and biomarker criteria.
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ABSTRACT ■

Chemotherapy remains the cornerstone of treatment in advanced/metastatic non-small cell lung cancer 
(NSCLC). Chemotherapy doublets are superior to single agent treatment in fi rst-line treatment, and three-
drug combinations do not off er any benefi t in terms of overall survival compared to two-drug regimens. 
A combination of a platinum agent plus a third generation cytotoxic (vinorelbine, taxane, gemcitabine, 
pemetrexed) represents the current standard of care; however, no particular combination can be recom-
mended as clearly superior to the others. Th e evidence suggests that cisplatin combinations have a higher 
response rate than carboplatin and may improve survival when combined with third-generation agents 
while cisplatin-based doublets are preferred over platinum-free regimens because they are associated with 
a marginal 1-year survival benefi t. Recently, the addition of bevacizumab or cetuximab to chemotherapy 
doublets and the use of EGFR tyrosine inhibitors kinase gefi tinib and erlotinib improved the outcome in 
selected patients with advanced NSCLC. For second-line treatment docetaxel, pemetrexed, and erlotinib 
represent the standard options.
Keywords: NSCLC, chemotherapy, targeted therapy
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Approximately 40% of patients with non-small cell 
lung cancer (NSCLC) are diagnosed with meta-
static disease, and furthermore, the vast majority 
of patients who are treated with curative intent will 
eventually develop metastatic disease (1). Patients 

with advanced NSCLC when treated with best 
supportive care (BSC) have a median survival of 4 
to 5 months and a 1-year survival of approximately 
10% (2). During 1980s, cisplatin-based chemo-
therapy regimens most frequently in combination 
with etoposide, ifosfamide, vindesine, or vinblas-
tine resulted in objective responses rates of approxi-
mately 20% to 30%, but median survival was only 
6 to 8 months and few patients survived longer than 
1 year. Several randomized trials demonstrated a 
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A meta-analysis by Baggstrom et al. (21) fur-
ther clarifi ed this issue by demonstrating that 
third-generation platinum-based doublets were 
associated with a 6% reduction in the risk of death 
at 1 year when compared with older platinum-
based doublets.

Platinum-New Agent Doublets Versus New 
Agent or Platinum Agent Alone

Chemotherapy is recommended for all NSCLC 
patients with good performance status. However, 
the question as to whether adding a second agent to a 
single-agent regimen off ers a substantial benefi t has 
been debated (22). A meta-analysis by Lilenbaum 
et al. demonstrated that although doublet chemo-
therapy increased the objective tumor response 
rate, it resulted in greater toxicity compared with 
single-agent therapy and the benefi t in terms of OS 
was found to be even more  controversial (23).

However, more recent RCTs have demon-
strated that two-drug combinations are superior to 
a single-agent treatment in terms of overall response 
rate, progression-free survival (PFS) (24–28), and 
in some studies OS (25,27,28), no matter which 
newer agent is used (cisplatin, carboplatin, paclit-
axel, docetaxel, gemcitabine, and vinorelbine).

A published data-based meta-analysis repor-
ted by Delbaldo et al. (29) (57 trials with 11,160 
patients) demonstrated that the addition of a 
second drug to a single-agent regimen was associ-
ated with a statistically signifi cant increase in the 
objective tumor response rate (odds ratio [OR], 
0.42; 95% CI, 0.37–0.47; P < .001), a signifi cant 
increase in 1-year survival (OR, 0.80; 95% CI, 
0.70–0.91; P < .001; 5% absolute benefi t with an 
increase of 1-year survival from 30%–35%), as well 
as in median survival (median ratio, 0.83; 95% CI, 
0.79–0.89; P < .001). Th is benefi t was smaller in 
the cases where a single-agent was used a third-
generation drug (docetaxel, vinorelbine, gemcitab-
ine, and irinotecan) for both 1-year survival rate 
(P = .03) and median survival (P = .007). Toxicity, 
as expected, was higher with doublet regimens.

small but statistically signifi cant survival benefi t for 
patients receiving chemotherapy over BSC alone. 
Th e same observation was confi rmed by meta-anal-
yses that were performed to address the same ques-
tion (3–5). Th e more recent of these meta-analyses 
with data from 2,714 patients from 16 randomized 
controlled trials (RCTs) demonstrated a signifi -
cant benefi t of chemotherapy (hazard ratio [HR], 
0.77; 95% confi dence interval [CI], 0.71–0.83; P ≤ 
.0001), equivalent to a relative increase in survival 
of 23% or an absolute improvement in survival of 
9% at 12 months, increasing survival from 20% to 
29% (5). Conceivably, cisplatin-based chemother-
apy was considered as the standard of care in most 
patients with advanced NSCLC (6).

FIRST-L INE CHEMOTHERAPY ■

Doublet Chemotherapy of Platinum Agent 
Plus a New Agent Versus Doublets Using 
Older Agents

During the 1980s and early 1990s, several random-
ized trials evaluated numerous fi rst-generation cis-
platin-based chemotherapy regimens (7–10). Th ese 
trials yielded no signifi cant diff erences between 
regimens or between studies.

Le Chevalier et al. were the fi rst to compare the 
combination of cisplatin plus a newer generation 
agent with a fi rst-generation cisplatin-based doub-
let (11). Th is trial demonstrated a signifi cant overall 
survival (OS) prolongation for patients treated with 
cisplatin/vinorelbine compared to those treated 
with cisplatin/vindesine (median OS: 40 weeks vs. 
32 weeks; P = .04). Moreover, this study proved that 
cisplatin was necessary because cisplatin/vinorelbine 
was superior to vinorelbine alone in terms of OS (40 
weeks vs. 31 weeks; P = .01).

Further randomized trials addressing the 
same question verifi ed that third-generation regi-
mens, generally, are associated with improved effi  -
cacy, toxicity, quality of life, or a combination of 
these endpoints although statistically signifi cant 
survival gain was not uniformly present (12–20) 
(Table 1).
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time to tumor progression and OS, while they were 
associated with signifi cantly higher toxicity.

Two meta-analyses further evaluated this 
issue (29,37). Both analyses were consistent in 
demonstrating that adding a third drug improves 
response rate but does not signifi cantly improve 
OS, while it is associated with higher toxicity. On 
the basis of these data, the American Society of 
Clinical Oncology (ASCO) recommends against 
the use of three cytotoxic drug combinations in 
the treatment of NSCLC (6).

Triplets Versus Doublets

Given that doublets were associated with better clin-
ical outcome compared to single-agent treatment, a 
logical question was if triplets could result to even 
better outcome. Several randomized trials evalu-
ated the potential role of three drug combinations 
to improve survival outcomes in NSCLC (Table 2) 
(15,30–36). Although three-drug combinations led 
to signifi cantly higher response rates, in general, 
they failed to demonstrate any benefi t in terms of 

TABLE 1 Randomized trials of cisplatin plus a new agent versus cisplatin plus an old agent

Trial Th erapy
Number of 
Patients

OR
(%)

Median 
Survival
(weeks) P Value

1-Year 
Survival (%)

Le Chevalier (11) V/P
Vi/P

206
200

30
19

40
32

.04 40
32

Bonomi (12) Pa (low)/Pa

Pa (high)/P
E/P

198
201
200

25.3
27.7
12.4

41.2
43.3
32.9

.048b 37.4
40.3
32

Giaccone (13) Pa/P
Ten/P

166
166

28
41

42.9
42.0

NS 41
43

Gebbia (14) V/P
M/Vi/P

122
125

39
42

7.0 mo
8.0 mo

NS 15.2
14.7

Crino (15) G/P
M/I/P

155
152

38
26

9.6 mo
8.6 mo

NS 33
34

Cardenal (16) G/P
E/P

68
67

41
22

37.7
30.3

NS 26
32

Baldini (17) Carbo/V
M/Vi/P
P/I/V

43
49
48

14.0
14.3
16.7

7.9 mo
8.4 mo
8.8 mo

NS NR

Negoro (18) CPT/P
Vi/P

129
122

44
32

50
46

NSc 46
38

Kubota (19) D/P
Vi/P

151
151

37
21

49.3
41.9

NS 48
43

Belani (20) Carbo/Pa
P/E

190
179

23
15

7.7 mo
9.0 mo

NS 32
37

aPaclitaxel (low) = 135 mg/m2 intravenously over 24 hours; Paclitaxel (high) = 175 mg/m2 intravenously over 
24 hours plus granulocyte colony-stimulating factor.
bComparing the two paclitaxel groups combined with the etoposide/cisplatin group; other comparisons were 
not signifi cant.
cSurvival diff erences were signifi cant in the Stage IV subset.
P = cisplatin; Vin = vindesine; E = etoposide; V = vinorelbine; Carbo = carboplatin; Pa = paclitaxel; 
Ten = teniposide; G = gemcitabine; D = docetaxel; Vi = vindesine; CPT = irinotecan; M = mitomycin; 
I = ifosfamide; NS = nonsignifi cant; NR = not reported; mo = months.
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TABLE 2 Randomized trials comparing triplets versus doublets for the treatment of advanced 
NSCLC

Author Regimen
Number of 
Patients

ORR
(%)

Median Survival
(months) P Value

Alberola (30) P/G
P/G/V

370 42
41

9.3
8.2

NS

Laack (31) G/V
G/V/P

287 13
28

8.3
7.5

NS

Crino (15) P/G
M/I/P

307 38
26

8.6
9.6

NS

Comella (33) P/V
P/G
P/G/V

180 25
30
47

8.1
9.7

11.8

0.04a

NSb

Danson (32) Ca/G
M/I/P
M/Vin/P

372 30
33

8.5
8.7

NS

Comella (36) G/V
G/Pa
P/G/V
P/G/Pa

433 35
48

10.5
10.8

NS

Paccagnella (35) P/Pa
P/Pa/G

324 20.2
43.6

8.3
10.8

0.032

Comella (34) P/G
P/G/Pa
P/G/V

343 28
48
44

38 weeks
51 weeks
51 weeks

< .05 for both

P = cisplatin; G = gemcitabine; V = vinorelbine; M = mitomycin; I = ifosfamide; Ca = carboplatin; 
Vin = vinblastine; Pa = paclitaxel. 
aversus triplet
bversus triplet

TABLE 3 Selected Phase III trials comparing third-generation platinum-based doublets

Trial
Number of 
Patients Regimen

Median Survival
(months) P Value

ECOG 1594 (38) 1207 P/Pa vs. P/G vs. P/D vs. 
Carbo/Pa

7.8 vs. 8.1 vs. 7.4 vs. 8.1 NS

TAX 326 (90) 1218 P/V vs. P/D vs. Carbo/D 10.1 vs. 11.3 vs. 9.4 0.04a

NSb

Scagliotti et al. (39) 1725 P/G vs. P/Pem 10.3 vs. 10.3 NS

P = cisplatin; V = vinorelbine; Carbo = carboplatin; Pa =paclitaxel; G = gemcitabine; D = docetaxel; 
Pem = pemetrexed; NS = nonsignifi cant; NR = not reported.
aP/V vs. P/T p = .04 in favor of P/T.
bP/V vs. Carbo/T p = NS.
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respectively) and large-cell carcinoma histology 
(n = 153; 10.4 vs. 6.7 months, respectively), while 
in patients with squamous cell histology, there 
was a signifi cant improvement in survival with 
cisplatin/gemcitabine versus cisplatin/pemetrexed 
(n = 473; 10.8 vs. 9.4 months, respectively).

A meta-analysis reported by Grossi et al. was 
designed to evaluate the relative impact of diff er-
ent third-generation agents by using both response 
and progressive disease rates as outcome measures 
(40). Th is analysis included 45 trials (n = 11867) 
comparing several third-generation agents (gemcit-
abine, paclitaxel, docetaxel, and vinorelbine) con-
taining doublets with third-generation-agent-free 
doublets. Overall response rate was similar across 
diff erent regimens, with no signifi cant heterogen-
eity observed between studies. On the other hand, 
data about progressive disease were diff erent with 
gemcitabine-containing chemotherapy resulting in 
a 14% lower risk for immediate progression (OR, 
0.86, 95% CI, 0.77–0.95; P = .005). Treatment 
with docetaxel was associated with 9% lower risk 
for progressive disease, but this diff erence failed to 
reach statistical signifi cance (OR, 0.91; 95% CI, 
0.80–1.04; P = .16). Patients receiving paclitaxel 
showed a 22% higher risk for having progressive 
disease as the best response (OR, 1.22; 95% CI, 
1.09–1.37; P = .0008), while no diff erence in the 
risk of progression was observed between vinorel-
bine-containing and vinorelbine-free regimens.

Platinum-Based Versus Platinum 
Free Doublets

Platinum-based chemotherapy is associated with 
considerable toxicity and for that reason a plati-
num-free approach was evaluated in Phase III trials 
(Table 4) as a less toxic alternative (30,31,36,41–51). 
Th ese trials in general failed to demonstrate a sig-
nifi cant diff erence in favor of the platinum in terms 
of OS, although platinum-based treatment was in 
general associated with higher response rates. In 
three trials, a trend toward better OS was observed 
in patients treated with platinum-based combina-
tions (43–45). On the other hand, another study 

Is There a More Effective Doublet of a 
Platinum Agent Plus a New Agent?

Numerous Phase III trials have directly compared 
several platinum/new agent doublets and failed to 
demonstrate a particular combination to be clearly 
superior for NSCLC. Most illustrative, appropri-
ately sized trials comparing second-generation 
platinum-based doublets are presented in Table 3.

Th e Eastern Cooperative Oncology Group 
(ECOG) 1594 study was a large randomized trial 
that assigned 1207 patients with advanced NSCLC 
to a reference regimen of cisplatin and paclitaxel or 
to one of three experimental regimens: cisplatin and 
gemcitabine, cisplatin and docetaxel, or carbopla-
tin and paclitaxel (38). ECOG performance status 
(0 or 1 vs. 2), weight loss in the previous 6 months 
(<5% vs. ≥5%), the stage of disease (IIIB vs. IV or 
recurrent disease), and the presence or absence of 
brain metastases were used as stratifi cation factors. 
Th is trial failed to demonstrate any signifi cant OS 
diff erence between the diff erent chemotherapy reg-
imens; median OS ranged from 7.4 to 8.1 months. 
Th e cisplatin/gemcitabine arm was associated with a 
signifi cant time to tumor progression prolongation 
when compared with the reference arm (4.2 vs. 3.4 
months, P = .001). Cisplatin/gemcitabine doublet 
was associated with more thrombocytopenia, cis-
platin/docetaxel caused more neutropenia, and the 
carboplatin/paclitaxel arm caused the lowest rate of 
potentially life-threatening adverse events.

An interesting Phase III trial reported by 
Scagliotti et al. (39) was the fi rst that demon-
strated a signifi cant interaction between treatment 
effi  cacy and tumor histology. Th is noninferiority, 
Phase III trial randomized 1,725 chemotherapy-
naive patients with Stage IIIB/IV NSCLC to cis-
platin/gemcitabine or cisplatin/pemetrexed. OS 
for cisplatin/pemetrexed was noninferior to cis-
platin/gemcitabine (median survival, 10.3 vs. 10.3 
months, respectively; HR = 0.94; 95% CI, 0.84–
1.05) in the whole cohort of patients. However, OS 
was statistically superior for cisplatin/pemetrexed 
versus cisplatin/gemcitabine in patients with 
adenocarcinoma (n = 847; 12.6 vs. 10.9 months, 
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the risk of death at 1-year in favor of platinum-
based doublets (OR, 0.88; 95% CI, 0.78–0.99; 
P = .044), corresponding to a 2.94% survival 
benefi t at 1 year. Th e second one by D’ Addario 
et al. (53) (37 trials with 7,633 patients) demon-
strated an increase of 5% in 1-year survival rate 
with platinum-based regimens (34% vs. 29%; OR, 
1.21; 95% CI, 1.09–1.35; P < .0003). However, no 

demonstrated that the combination of vinorelbine 
and gemcitabine was superior to vinorelbine plus 
carboplatin in terms of response rate, progression-
free survival, OS, and clinical benefi t (46).

Th ree meta-analyses have tried to further elu-
cidate this issue. Th e fi rst one by Pujol et al. (52) 
(11 Phase III studies with 4,602 patients) demon-
strated a reduction of borderline signifi cance in 

TABLE 4 Platinum-based versus platinum-free regimens in fi rst-line treatment of NSCLC

Author Regimen
Number of 
Patients

Median PFS
(months)

Median OS
(months) P Value

1-Year 
Survival (%)

Georgoulias (41) D/P
D/G

441 9.5
8

10
9.5 NS

NR

Kosmidis (42) Pa/C
Pa/G

502 6.3
6.1

10.4
9.8

.32 41.7
41.4

Gridelli (43) G/V
G/P
P/V

501 17 weeks
22 weeks
22 weeks

32 weeks
38 weeks
38 weeks

.08 NR

Smit (44) G/P
Pa/P
Pa/G

490 5.6
4.4
3.9

8.9
8.1
6.7

NS 32.6
35.5
26.5

Alberola (30) G/P
G/P/V
G/V-V/If

557 6.3

5.7

9.3

8.1
NS

38

34
Laack (31) GVP

GV
287 19.3

22.3
32.4 weeks
35.9 weeks

NS 27.5
33.6

Georgoulias (45) V/P
D/G

251 8.5
8

9.7
9

0.965 34.3
40.8

Tan (46) V/P
V/G

316 3.9
4.4

8.6
11.5

0.001 34.4
48.9

Kubota (47) C/Ta
VG→D

401 5.8
5.5

14.1
13.6

NS 55.5
55.6

Treat (48) G/C
G/Pa
Pa/C

1135 NR 7.9
8.5
8.7

NS NR

Comella (36) P/G (V)
G/Pa

433 6.1
5.5

10.7
10.5

NS NR

Greco (49) C/Pa/G
G/V

337 6
3.9

10.3
10.7

NS 38
45

Pujol (50) P/V
G/D

311 4.0
4.2

9.6
11.1

NS 46
42

Stathopoulos (51) C/Pa
Pa/V

360 NR 11.0
10.0

NS 42.7
37.8

P = cisplatin; V = vinorelbine; G = gemcitabine; D = docetaxel; If = ifosfamide; Pa = paclitaxel; C = carboplatin; 
Epi = epirubicin; NR = not reported; NS = nonsignifi cant; ORR = overall response rate; TTP = time to tumor 
progression; OS = overall survival.
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the 1-year survival probability of 34%. Carboplatin 
was associated with a higher risk of death although 
the diff erence was not statistically signifi cant (HR, 
1.07, 95% CI, 0.99–1.15, P = .100). However, this 
diff erence was signifi cant in favor of cisplatin in 
patients treated with third-generation regimens 
(HR, 1.11; 95% CI, 1.01–1.21). Statistically, sig-
nifi cant heterogeneity between trials was observed. 
Finally, a third meta-analysis was reported by Jiang 
et al. (62) (18 trials, n = 6,906 patients). Th is ana-
lysis demonstrated a comparable 1-year survival 
rate for cisplatin and carboplatin-based regimens 
(RR, 1.00, 95% CI, 0.94–1.07; P = .93). All three 
meta-analyses also demonstrated a higher response 
rate in favor of cisplatin containing regimens.

TARGETED AGENTS IN FIRST-L INE  ■

TREATMENT OF NSCLC

Bevacizumab

Angiogenesis is the formation of new blood ves-
sels and is considered as a crucial process for the 
development of solid tumors and to the growth of 
secondary metastatic lesions (63). Vascular endo-
thelial growth factor (VEGF) acts to promote nor-
mal and tumor angiogenesis (64). Bevacizumab is 
a recombinant, humanized, monoclonal antibody 
against VEGF (65). Bevacizumab when added to 
chemotherapy doublets in the context of fi rst-line 
treatment off ers a clinical benefi t in terms of PFS 
(Avastin in Lung [AVAiL] study and ECOG 4599 
study) (66,67) or OS (ECOG 4599) (67). AVAiL 
trial failed to demonstrate an OS benefi t but it 
should be noted that its primary endpoint was PFS, 
and the study was not powered to demonstrate an 
OS diff erence. In these trials, bevacizumab was 
continued until disease progression. Th e optimal 
dose of bevacizumab was not determined because 
ECOG 4599 trial (67) used a dose of 15mg/
kg while the European AVAiL trial (66) yielded 
positive results for both doses tested (7.5mg/kg 
and 15mg/kg). Exclusion criteria of both trials 
included squamous histology, history of hemop-
tysis (greater than one-half teaspoon of bright 

statistically signifi cant increase in 1-year survival 
was found when platinum therapies were compared 
to third-generation-based combination regimens 
(OR, 1.11; 95% CI, 0.96–1.28; P = .17). Finally, 
in a third meta-analysis reported by Rajeswaran 
et al. (54) (17 trials with a total of 4,792 patients), 
the use of a platinum-based regimen resulted in a 
slightly higher 1-year survival (RR, 1.08; 95% CI, 
1.01–1.16, P = .03). All three meta-analyses dem-
onstrated higher response rate and higher toxicity 
for the platinum-based arm.

On the basis of these meta-analyses, the more 
recent ASCO guidelines for NSCLC support that 
platinum-based doublets should be preferred over 
nonplatinum ones because of their higher response 
rate and marginal superiority in OS (6).

Cisplatin Versus Carboplatin

In an attempt to circumvent cisplatin-induced 
toxicities, carboplatin—another platinum ana-
log—was developed for clinical use (55). Several 
randomized Phase III trials have evaluated carbopl-
atin-based regimens and found them to be feasible 
and active as fi rst-line NSCLC treatment (56–58) 
but concerns still exist about whether carboplatin 
has equivalent effi  cacy to cisplatin or not (59).

Th ree meta-analyses have tried to answer this 
question. A meta-analysis based on abstracted data 
(eight trials, n = 2,948) comparing cisplatin ver-
sus carboplatin was reported by Hotta et al. (60). 
Cisplatin-based chemotherapy produced a higher 
response rate, but the survival advantage was not 
signifi cant (HR, 1.050; 95% CI, 0.907–1.216; P = 
.515). Subgroup analysis revealed that combination 
chemotherapy consisting of cisplatin plus a new 
agent yields 11% longer survival than carbopla-
tin plus the same new agent (HR, 1.106; 95% CI, 
1.005–1.218; P = .039). A second meta-analysis was 
published by Ardizzoni et al. (61). Th is was an indi-
vidual patient data meta-analysis (nine trials with 
2,968 patients). Cisplatin-treated patients had a 
median survival of 9.1 months and a 1-year survival 
probability of 37%, while for carboplatin-treated 
patients, the median survival was 8.4 months and 
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Mutations of the tyrosine kinase coding domain 
(exons 18–21) of the EGFR gene have been iden-
tifi ed as the strongest predictive factor for clinical 
benefi t for treatment with EGFR tyrosine kinase 
 inhibitors (71).

Th e eff ects of single agent gefi tinib versus 
chemotherapy as fi rst-line treatment of NSCLC 
have been tested in the context of three Phase III 
studies (72–74). Th e trial by Mok et al. (72) (IPASS 
trial) enrolled clinically selected patients (Asian 
ethnicity only, with adenocarcinoma histology, and 
never or light ex-smokers [<100 cigarettes lifetime]), 
while the other two enrolled patients selected on 
the basis of the EGFR mutation status of their 
tumor (73,74). All these trials demonstrated a pro-
vocative PFS (primary endpoint in all three trials) 
benefi t in favor of gefi tinib over chemotherapy in 
patients bearing tumors with EGFR mutations. 
Furthermore, gefi tinib was associated with a more 
favorable toxicity profi le in all trials. Similarly, two 
Phase III trials evaluated erlotinib versus chemo-
therapy in the fi rst-line treatment of NSCLC in 
patients with EGFR mutated tumors (75,76) and 
demonstrated a striking PFS diff erence in favor 
of erlotinib. Th ese data support the use of EGFR 
tyrosine kinase inhibitors as fi rst-line treatment for 
NSCLC patients with activating EGFR mutations.

PATIENT POPULATIONS WITH  ■

SPECIAL CONSIDERATIONS

Elderly Patients

Due to the aging of the Western world population, 
there is signifi cant increase in the number of older 
patients diagnosed with NSCLC. Approximately 
50% of NSCLC incidence occurs in patients older 
than 65 years, while 30% to 40% of cases are diag-
nosed in patients older than 70 years; therefore, the 
median age at diagnosis in NSCLC patients is 69 
years (77). Despite this high part of disease burden 
in older patients, these patients are generally under-
represented in clinical trials due to considerations 
for increased toxicity (78) although the chemo-
therapy effi  cacy in the elderly is similar to that in 

red blood per event), CNS metastases, history of 
thrombotic or hemorrhagic disorders, therapeutic 
anticoagulation, patients with tumors invading or 
abutting major blood vessels, clinically signifi cant 
cardiovascular disease, or medically uncontrolled 
hypertension due to signifi cant risk of hemorrhage. 
Th us, bevacizumab should be used only in selected 
patients with NSCLC.

Epidermal Growth Factor Receptor

Cetuximab
Epidermal growth factor receptor (EGFR) is a 
transmembrane receptor, which is highly expressed 
in NSCLC (68). EGFR is activated upon binding 
of ligands (epidermal growth factor, tumor growth 
factor-α, beta-cellulin, epiregulin, and amphi-
regulin) and then initiates an intracellular signal 
transduction cascade that aff ects cell proliferation, 
motility, and survival (68).

Cetuximab is a monoclonal antibody against 
the extracellular part of EGFR. Cetuximab in com-
bination with chemotherapy has been evaluated in 
the context of Phase III trials as fi rst-line treatment 
of NSCLC (69,70). A trial by Pirker et al. (69) 
(FLEX trial) evaluated cisplatin/vinorelbine doub-
let plus or minus cetuximab in 1,125 chemo-naive 
NSCLC patients with EGFR immunohistochem-
istry positive tumors. Cetuximab arm resulted in 
a statistically signifi cant although moderate OS 
prolongation (11.3 vs. 10.1 months; P = .044) (69). 
A second smaller Phase III trial (BMS099 study) 
of taxane/carboplatin with cetuximab also failed 
to show any improvement in the study’s primary 
endpoint, that is, PFS (70). On the basis of these 
results, cetuximab was not registered by EMEA for 
fi rst-line treatment and further studies are needed 
to elucidate its role in the treatment of NSCLC.

EGFR Tyrosine Kinase Inhibitors

Erlotinib and gefi tinib are orally administered, 
which are inhibitors of the tyrosine kinase 
domain of the intracellular part of EGFR (47). 
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to yield any benefi t in terms of OS or time to 
tumor progression in favor of vinorelbine/gemcit-
abine doublet compared with either single agent 
(83). Th e confl icting results between the SICOG 
(81) and MILES (83) trials could be due to dif-
ferences regarding patient sample. However, it 
should be noted that the SICOG trial reported a 
very poor median survival of 18 weeks for patients 
treated with single-agent vinorelbine, unusually 
lower than the 28 weeks median survival reported 
for vinorelbine monotherapy in Phase III trials for 
elderly population (80,83) and is similar to that 
reported for BSC in the ELVIS trial (80).

Confl icting results also exist regarding the 
role of platinum-based doublets in the treat-
ment of elderly NSCLC patients. A recently 

younger patients and age has not been established 
as a negative prognostic factor for  survival (79).

A number of prospective, randomized Phase 
III trials have evaluated the role of chemotherapy 
in the elderly NSCLC patients (80–84) (Table 5). 
Although published trials have clearly demon-
strated that single-agent chemotherapy off ers 
a survival benefi t versus BSC in older NSCLC 
patients (80), the role of platinum-free chemother-
apy doublets is controversial (81,83). Th e South 
Italian Cooperative Oncology Group (SICOG) 
reported a signifi cant OS prolongation in favor 
of the vinorelbine/gemcitabine doublet compared 
to single-agent vinorelbine (81). However, a much 
bigger Phase III trial, the multicenter Italian lung 
cancer in the elderly Phase III trial (MILES) failed 

TABLE 5 Elderly-specifi c, prospective randomized Phase III trials

Trial
Number of 
Patients

PFS
(weeks) P Value

OS
(weeks) P Value 1-Year OS

ELVIS (80)
VNB
BSC

78
76

28
21 .03

32%
14%

SICOG (81)
VNB
VNB/GMB

60
60

18
29

13%
30%

WJTOG 99004 (82)
VNB
D

92
90

3.1 mo
5.5 mo < .001

9.9 mo
14.3 mo .138

36.7%
58.6%

MILES (83)
VNB
GMB
VNB/GMB

233
233
232

18
17
19

36
28
30

.93a

.65a
38%
28%
30%

IFCT-0501 (84)
Single agent (VNB or GMB)
wPa/mCarbo

226
225

3.0 mo
6.1 mo < 10–6

6.2 mo
10.3 mo .00004

JCOG0803/WJOG4307 (85)
D
D/C

137
139

4.4 mo
4.7 mo

.37 14.8 mo
13.3 mo

.824 58.2%
54.5%

BSC = best supportive care; VNB = vinorelbine; D = docetaxel; GMB = gemcitabine; mCarbo = monthly carboplatin; 
wPa = weekly paclitaxel; C = cisplatin; ELVIS = Elderly Lung Cancer Vinorelbine Italian Study; SICOG = Southern 
Italy Cooperative Oncology Group; WJTOG = West Japan Th oracic Oncology Group; MILES = Multicenter Italian 
Lung Cancer in the Elderly Study; IFCT = Intergroupe Francophone de Cancerologie Th oracique; JCOG = Japan 
Clinical Oncology Group.
a Versus combination treatment.
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be considered as “standard” choices for second-line 
therapy.
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ABSTRACT ■

Maintenance therapy has emerged as a promising approach for the management of patients with advanced 
non-small cell lung cancer (NSCLC). Although the extension of fi rst-line platinum-based chemotherapy 
beyond four to six cycles is not associated with a survival advantage, the continuation of selected agents 
included in the induction regimen has produced encouraging results (“continuation maintenance”). Another 
promising strategy has been maintenance therapy with an active agent that was not a part of the fi rst-line reg-
imen (“switch maintenance”). Th e choice of agent and the overall duration of treatment for advanced NSCLC 
remain empiric. In this chapter, we review current clinical data on maintenance therapy and discuss their 
implications on treatment strategies for NSCLC.
Keywords: non-small cell lung cancer, maintenance therapy, continuation maintenance, switch maintenance
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INTRODUCTION ■

Non-small cell lung cancer (NSCLC) accounts for 
approximately 85% of all lung cancer cases and is 
the leading cause of cancer death in both men and 
women in the United States and worldwide (1,2). 

Although signifi cant advances have been made in 
the treatment of NSCLC over the last decade, the 
prognosis for advanced stage disease remains poor 
with reported median survival rates following the 
fi rst-line treatment ranging between 10 and 13 
months (3–5).

Platinum-based chemotherapy has been the 
cornerstone of treatment for NSCLC (6). Th e 
incorporation of third-generation chemotherapy 
agents (taxanes, vinorelbine, gemcitabine, peme-
trexed) produced a superior response rate (RR) and 

Argiris_PTR_CH03_19-04-12_27-44.indd   27Argiris_PTR_CH03_19-04-12_27-44.indd   27 4/19/2012   12:06:52 PM4/19/2012   12:06:52 PM



28  Lung Cancer

At progression, all patients received prespecifi ed 
second-line treatment with weekly paclitaxel. 
Fifty-seven percent of the patients in arm A com-
pleted the planned four cycles of chemotherapy; 
in arm B, only 42% of the patients received fi ve 
or more cycles. Th ere were no diff erences in terms 
of objective response rate (ORR; P = .80) or OS 
between the two arms (P = .63). Th e toxicity pro-
fi le was similar in both groups, with the excep-
tion of neuropathy, which was more frequent in 
arm B. No diff erences in QoL parameters were 
noted. Less than half of the patients (42% in arm 
A and 47% in arm B) were able to receive second-
line treatment (P = .42) (11). von Plessen et al. 
(12) randomly assigned 297 patients with stage 
IIIB or IV NSCLC to three or six cycles of car-
boplatin and vinorelbine. Seventy-eight percent 
of patients in the three cycles arm (arm A) com-
pleted the planned therapy as opposed to 54% of 
those assigned to the six cycles arm (arm B). OS 
(P = .75) and progression-free survival (PFS; 
P = .21) were similar between the two arms. 
Second-line chemotherapy was administered 
to 12% and 10%, in arms A and B, respectively 
(P = .4). Th ere were no signifi cant diff erences in 
QoL between the two arms (12). In a phase III study, 
314 patients with stage IIIB (with pleural eff usion) 
or IV NSCLC who did not progress after two 
cycles of platinum-based chemotherapy (cisplatin 
plus either paclitaxel, docetaxel, or gemcitabine) 
were randomized to receive two or four additional 
cycles of the same regimen. Median time to tumor 
progression (TTP) was 6.2 months (95% CI, 
5.7–6.7) for patients who underwent four addi-
tional cycles and 4.6 months for those who received 
two additional cycles of chemotherapy (P = .001); 
however, this diff erence did not translate into OS 
benefi t (15.9 months [95% CI, 12.4–19.4] versus 
14.9 months [95% CI, 13.0–16.8], respectively; 
P = .461). Th e frequencies of hematologic and 
nonhematologic toxicities were not signifi cantly 
diff erent between the two arms. However, QoL 
was signifi cantly better for the patients treated 
with four cycles of chemotherapy compared with 
those treated with six cycles (P < .05) (13).

an improved overall survival (OS) when compared 
with older, more toxic regimens (7). However, sur-
vival results remain poor (8), which has prompted 
investigators to examine several treatment strategies 
to improve patient outcomes. Th e role of mainten-
ance therapy has been extensively investigated, 
and it recently emerged as a promising treatment 
strategy in advanced NSCLC. Maintenance ther-
apy is prescribed with the intent of maintaining a 
successful clinical outcome after several cycles of 
fi rst-line (or induction) chemotherapy (9). Th ree 
diff erent strategies involving longer duration of the 
fi rst-line therapy can be distinguished as follows: 
(a) continuing induction cytotoxic therapy until 
progression or a preplanned additional number of 
cycles over the standard, (b) continuing only part 
of the induction chemotherapeutic treatment or 
the molecular component (“continuation mainten-
ance”), and (c) switching to another active agent 
that has not been given in the induction therapy 
(“switch maintenance”).

CONTINUING INDUCTION  ■

THERAPY

Several trials have investigated the optimal dura-
tion of the fi rst-line chemotherapy in patients 
with NSCLC (Table 1). In a phase III trial, 308 
patients with stage IIIB or IV NSCLC were ran-
domly assigned to three versus six cycles of mito-
mycin, vinblastine, and cisplatin. No diff erences 
in median time to progression (5 months for both 
arms; P = .4) or median OS (6 vs. 7 months) for 
three versus six cycles, respectively (P = .2) were 
observed. Although early in the treatment course 
(after 9 weeks), the quality of life (QoL) was not 
infl uenced by chemotherapy, after completion of 
six cycles of chemotherapy, fatigue was signifi -
cantly (P = .03) increased as well as nausea and 
vomiting (P = .06) (10). Socinski et al. (11) con-
ducted a phase III trial in patients with advanced 
or metastatic NSCLC, comparing four cycles of 
paclitaxel and carboplatin (arm A) with the same 
regimen until disease progression (PD; arm B). 
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In a subsequent randomized phase III trial, 
patients responding to fi rst-line treatment with 
carboplatin and gemcitabine were randomized to 
maintenance gemcitabine plus BSC versus BSC 
alone. Th e primary endpoint was OS. After ran-
domization of 255 patients, the study was closed 
prematurely due to slow accrual. More than two-
thirds of the patients had an Eastern Cooperative 
Oncology Group (ECOG) performance status (PS) 
of 2 and 28% had responded to the fi rst-line treat-
ment. Most common grade 3 and 4 adverse events 
on the gemcitabine arm were anemia (9%), neutro-
penia (13%), thrombocytopenia (9%), and fatigue 
(4%). A median number of four maintenance gem-
citabine cycles were administered. Th e ORR was 
28% with gemcitabine compared to 6% with BSC. 
Although both PFS (7.4 vs. 7.7 months) and OS 
(8.0 vs. 9.3 months) were numerically lower with 
gemcitabine compared with BSC, the diff erences 
were not statistically signifi cant; notably, 16% of 
patients in the gemcitabine arm and 17% in the 
BSC arm received poststudy  chemotherapy (15).

Pemetrexed
Th e PARAMOUNT trial evaluated the effi  cacy of 
maintenance pemetrexed compared with placebo 

CONTINUATION MAINTENANCE ■

Cytotoxic Agents (see Table 2)

Gemcitabine
Brodowicz et al. (14) conducted a randomized 
phase III trial to evaluate the eff ect of gemcitabine 
maintenance following four cycles of cisplatin 
and gemcitabine. Responding and stable disease 
(SD) patients (206 patients) were randomized 
2:1 to gemcitabine or best supportive care (BSC). 
Th e primary endpoint was TTP. Almost half of 
the patients had a Karnofsky performance status 
(KPS) of ≤ 80. Patients on the gemcitabine arm 
had a signifi cantly better TTP of 3.6 months (95% 
CI, 2.8–4.1), compared with 2 months (95% CI, 
1.6–2.6) on the BSC arm (P < .001). Although 
median OS increased by 2 months in the mainte-
nance arm (10.2 vs. 8.1 months), this diff erence was 
not statistically signifi cant (P = .17). Remarkably, 
patients with KPS > 80 had signifi cantly longer 
TTP and OS. Maintenance gemcitabine was well-
tolerated and was not associated with deterioration 
of QoL. Th e most notable adverse events included 
neutropenia (14.9%), anemia (2.6%), and alopecia 
(4.3%). Approximately, 57% of patients in each 
arm received second-line treatment (14).

TABLE 1 Phase III studies of continuing the induction chemotherapy regimen

Treatment N Outcome References

Th ree vs. six cycles of cisplatin/
mitomycin/vinblastine

308 TTP: 5 months for both arms (P = .4); 
OS: 6 vs. 7 months (P = .2)

Smith et al. (10)

Four cycles of paclitaxel/
carboplatin vs. paclitaxel/
carboplatin until PD

230 OS: 6.6 vs. 8.5 months (P = .63) Socinski et al. (11)

Th ree vs. six cycles of 
carboplatin/vinorelbine

297 PFS: 16 vs. 21 weeks (P = .21); OS: 28 vs. 
32 weeks (P = .75) 

von Plessen et al. (12)

Four vs. six cycles of platinum-
based doublet (if no progression 
after the fi rst two cycles)a

314 TTP: 6.2 vs. 4.6 months (P = .001); OS: 
15.9 vs. 14.9 months (P = .461)

Park et al. (13)

PD = disease progression; TTP = time to tumor progression; PFS = progression-free survival; OS = overall survival.
aNoninferiority trial.
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P < .001). However, a trend toward an improved 
QoL in favor of bevacizumab alone was observed 
(19). Th e median OS had not been reached for 
pemetrexed plus bevacizumab arm and was 
15.7 months for bevacizumab arm (HR = 0.75; 
P = .23) (17).

Molecularly Targeted Agent (see Table 2)

Bevacizumab
Two phase III trials tested the role of the addi-
tion of bevacizumab to a standard platinum-
based doublet therapy in stage IIIB (with pleural 
eff usion) or IV nonsquamous NSCLC (4,20). 
In these trials, the control arm consisted of up 
to six cycles of chemotherapy (carboplatin and 
paclitaxel or cisplatin and gemcitabine), whereas 
the experimental arms included the same che-
motherapy regimen and bevacizumab adminis-
tered until PD or unacceptable toxicity. In E4599 
(n = 878), the addition of bevacizumab to pacli-
taxel plus carboplatin conferred an improved 
ORR (35% vs. 15%; P < .001), PFS (6.2 vs. 
4.5 months; HR = 0.66; 95% CI, 0.57–0.77; 
P < .001), and OS (12.3 vs. 10.3 months; 
HR = 0.79; 95% CI, 0.67–0.92; P < .001) (4). 
In the AVAiL trial, 1,043 patients were randomly 
assigned to cisplatin and gemcitabine plus either 
bevacizumab (7.5 mg/kg), bevacizumab (15 mg/
kg), or placebo every 3 weeks. PFS was signifi cantly 
improved with bevacizumab 7.5 mg and bevaci-
zumab 15 mg (HR = 0.75; 95% CI, 0.62–0.91; 
P = .003 and HR = 0.82; 95% CI, 0.68–0.98; 
P = .03, respectively) compared with placebo; the 
median PFS was 6.7, 6.5, and 6.1 months for the 
7.5 mg/kg, 15 mg/kg, and placebo groups, respec-
tively (20); the diff erence in OS was not statis-
tically signifi cant (13.6, 13.4, and 13.1 months, 
respectively) (21). Notably, these trials were not 
designed to evaluate the effi  cacy of the mainte-
nance approach. Th us, they did not address the 
incremental benefi t of maintenance bevacizumab, 
since they did not include an arm without contin-
uation of bevacizumab after front-line therapy.

in 539 patients with advanced nonsquamous 
NSCLC after four cycles of induction therapy 
with pemetrexed and cisplatin. In this phase III 
randomized trial of which the primary endpoint 
was PFS, patients were randomized (2:1) to pem-
etrexed versus placebo. All patients had an ECOG 
PS of 0 or 1 (PS 0: 91%), 87% had adenocarcinoma 
histology and 45% had responded to induction 
chemotherapy. Median number of administered 
cycles was four in both groups, whereas 23% of 
patients in the pemetrexed group and 14% in the 
placebo group were treated with more than six 
cycles of maintenance therapy. Th e most com-
mon grade 3/4 toxicities associated with pem-
etrexed included fatigue (4.2% vs. 0.6%), anemia 
(4.5% vs. 0.6%), and neutropenia (3.6% vs. 0%). 
Treatment discontinuation due to toxicity was 
required in 5% of the patients on the pemetrexed 
arm and 3% on the placebo arm. Th e indepen-
dently reviewed ORR was 2.8% for pemetrexed 
compared with 0.6% for placebo (P = .176); how-
ever, disease control rate was signifi cantly higher 
on the pemetrexed arm (72% vs. 60%; P = .009). 
Similarly, the independently reviewed median PFS 
was 3.9 months on the pemetrexed arm and 2.6 
months on the placebo arm (hazard ratio [HR] = 
0.64; 95% CI, 0.51–0.81; P = .00025). QoL was 
not diff erent between two groups. Survival data 
have not been reported yet (16).

Pemetrexed plus Bevacizumab
Th e results of a randomized phase III trial 
(AVAPERL1) were recently presented. Patients 
with advanced, recurrent, or metastatic NSCLC 
who had not progressed after completion of four 
cycles of front-line treatment with cisplatin, pem-
etrexed, and bevacizumab (253 patients) were 
randomized 1:1 to continue their treatment with 
pemetrexed plus bevacizumab or bevacizumab 
alone. Th e primary endpoint was PFS from the 
initiation of fi rst-line treatment (17). Th e occur-
rence of grade 3/4 adverse events was more com-
mon in the combination arm (33% vs. 18%) (18). 
PFS was improved with the combination regimen 
(median PFS 10.2 vs. 6.6 months; HR = 0.50; 
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two groups (4.8 months in both groups; HR = 
0.94; 95% CI, 0.83–1.08) (22). Similarly, the 
BMS-099 phase III trial compared carboplatin 
plus a taxane (paclitaxel or docetaxel) for up to six 
cycles with the same regimen plus cetuximab in 
676 patients with stage IIIB (with pleural eff usion) 
or IV NSCLC, not selected on the basis of EGFR 
expression. Cetuximab was off ered until PD or 
unacceptable toxicity. Th e addition of cetuximab 
improved the ORR (26% vs. 17%; P = .007), but 
not the PFS (4.4 vs. 4.2 months; HR = 0.90; 95% 
CI, 0.76–1.07; P = .24) or the OS (9.69 vs. 8.38 

Cetuximab
In the FLEX trial, 1,125 patients with stage IIIB 
(with pleural eff usion) or IV NSCLC expressing 
epidermal growth factor receptor (EGFR) were 
randomized to receive vinorelbine and cisplatin 
for up to six cycles or the same chemotherapy reg-
imen plus cetuximab administered until PD or 
unacceptable toxicity. Th e addition of cetuximab 
to chemotherapy signifi cantly increased the ORR 
(36% vs. 29% with chemotherapy alone) and OS 
(11.3 vs. 10.1 months; HR = 0.87; 95% CI, 0.762–
0.996; P = .044); PFS did not diff er between the 

TABLE 2 Completed phase III studies of continuation maintenance treatment in NSCLC

Maintenance Schedule N First-Line Treatment Outcome References

Gemcitabine plus 
BSC vs. BSC

206 Cisplatin/gemcitabine TTP: 3.6 vs. 2 months 
(P < .001); OS: 10.2 vs. 
8.1 months (P = .172)

Brodowicz 
et al. (14)

Gemcitabine plus 
BSC vs. BSC

255 Carboplatin/gemcitabine PFS: 7.4 vs. 7.7 months 
(HR = 0.97; P = .575); 
OS: 8.0 vs. 9.3 months 
(HR = 1.09; P = .838)

Belani 
et al. (15)

Pemetrexed vs. placebo 539 Ciplatin/pemetrexed PFS: 3.9 vs. 2.6 months 
(HR = 0.64; P = .00025); 
OS: not reported

Paz-Ares 
et al. (16)

Pemetrexed plus 
bevacizumab vs. 
bevacizumab

253 Ciplatin/pemetrexed/
bevacizumab

PFSa: 10.2 vs. 6.6 months 
(HR = 0.50; P < .001);

OSa: NR vs. 15.7 months 
(HR = 0.75; P = .23)

Barlesi 
et al. (17)

Bevacizumab vs. 
observation

878 Paclitaxel/carboplatin/
bevacizumab vs. 
paclitaxel/carboplatin

PFS: 6.2 vs. 4.5 months 
(P < .001); OS: 12.3 vs. 
10.3 months (P < .001)

Sandler 
et al. (4)

Bevacizumab (7.5 mg/kg) 
vs. bevacizumab 
(15 mg/kg) vs. placebo

1,043 Cisplatin/gemcitabine plus 
bevacizumab (7.5 mg/
kg)/bevacizumab 
(15 mg/kg)/placebo

PFS: 6.7 vs. 6.5 vs. 6.1 months 
(P = .03); OS: 13.6 vs. 
13.4 vs. 13.1 (P = .761)

Reck et al. 
(20,21)

Cetuximab vs. observation 1,125 Cisplatin/vinorelbine/
cetuximab vs. cisplatin/
vinorelbine

PFS: 4.8 months in both 
groups; OS: 11.3 vs. 
10.1 months (P = .044)

Pirker et al. 
(22)

Cetuximab vs. observation 676 Carboplatin/taxane/
cetuximab vs. 
carboplatin/taxane

PFS: 4.40 vs. 4.24 months 
(P = .2358); OS: 9.69 vs. 
8.38 months (P = .1685) 

Lynch et al. 
(23)

TTP = time to tumor progression; PFS = progression-free survival; OS = overall survival; BSC = best supportive care; 
NR = not reached.
aFrom start of fi rst-line treatment.
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90% had an ECOG PS of 0 or 1 and 46% had 
responded to a fi rst-line regimen. Of 153 patients 
in the immediate docetaxel arm, 95% received at 
least one cycle compared with only 63% of the 156 
patients in the delayed docetaxel arm. Th e inci-
dence of severe grade 3/4 toxicities was similar 
between the two arms. ORR was 12% and 11% 
in immediate and delayed docetaxel arms, respec-
tively. Despite a statistically signifi cant improve-
ment in median PFS in favor of the immediate 
docetaxel (5.7 vs. 2.7 months; P = .001), a numer-
ical improvement in median OS did not reach sta-
tistical signifi cance (12.3 vs. 9.7 months; P = .085). 
QoL results were not statistically diff erent between 
the two arms (25).

Pemetrexed
JMEN was a pivotal phase III randomized trial 
that tested the role of switch maintenance with 
pemetrexed in patients with advanced or met-
astatic NSCLC. After four cycles of a platinum-
based doublet chemotherapy (not including 
pemetrexed), patients with no evidence of PD were 
randomly assigned 2:1 to pemetrexed versus pla-
cebo. A total of 663 patients with an ECOG PS 
of 0 or 1 were enrolled in the study and 49% had 
responded to fi rst-line chemotherapy. Th e median 
number of maintenance cycles delivered was 5 
in the pemetrexed group and 3.5 in the placebo 
group. Forty-eight percent of patients in the pem-
etrexed arm and 27% in the placebo arm received 
six or more cycles. Pemetrexed was generally well-
tolerated with modest toxicity. Fatigue (5% vs. 
< 1% with placebo), neutropenia (3% vs. 0%), and 
anemia (3% vs. 0%) were the most common grade 
3/4 adverse events. Treatment discontinuation due 
to drug-related toxic eff ects was rare (5% for pem-
etrexed and 1% for placebo). Th e ORR was higher 
in the pemetrexed group than in the placebo 
group, according to both investigator assessment 
(7% vs. 2%; P = .005) and independent review 
(3% vs. 0.5%; P = .042). Consistently, the dis-
ease control rate was signifi cantly higher for pem-
etrexed, evaluated by investigators (52% vs. 33%; 
P < .0001) or by an independent review (49% vs. 

months; HR = 0.89; 95% CI, 0.75–1.05; P = .17) 
(23). Th ese two phase III trials with cetuximab did 
not examine the incremental benefi t from mainte-
nance cetuximab.

SWITCH CONTINUATION ■

Cytotoxic Agents (see Table 3)

Vinorelbine
Westeel et al. (24) examined the role of vinore-
lbine in the maintenance setting in a phase III 
randomized trial. Patients with stage IIIB and IV 
NSCLC were eligible for the study. Four cycles 
of induction treatment with mitomycin-C, ifos-
famide, and cisplatin (MIC), or two cycles of 
MIC followed by radiation in patients with stage 
IIIB without pleural or pericardial eff usion, or 
supraclavicular node involvement were off ered. 
Responders to induction treatment were then ran-
domized to weekly intravenous vinorelbine for up 
to 6 months or to observation alone. Forty-eight 
percent out of the 181 randomized patients had 
stage IV disease. Th e mean duration of therapy 
in the vinorelbine group was 13.8 weeks. Th ree 
quarters of the patients in the vinorelbine arm 
discontinued their therapy earlier, primarily due 
to PD (38%) or toxicity (21%). Most frequent 
grade 3/4 toxicities included leukopenia (46%) 
and infection (12.6%). Although more than half 
of the patients (53%) responded to the treat-
ment, no signifi cant diff erence in the OS (12.3 
months in both arms) or PFS (5 vs. 3 months) was 
observed (24).

Docetaxel
Fidias et al. (25) investigated switch maintenance 
therapy with docetaxel in patients with NSCLC 
who had an objective response or SD after four 
cycles of gemcitabine and carboplatin. Th ree hun-
dred nine patients were assigned to immediate 
(maintenance) docetaxel for up to six cycles or 
delayed administration of the same drug at PD 
(second-line treatment). Among them, more than 
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TABLE 3 Completed phase III studies of switch maintenance therapy in NSCLC

Maintenance 
Schedule N First-Line Treatment Outcome References

Vinorelbine vs. 
observation

181 Mitomycin-C/
ifosfamide/cisplatin 
(MIC) or MIC + 
RTa

PFS: 5 vs. 3 months (HR = 0.77; 
P = .11); OS: 12.3 vs. 12.3 months 
(HR = 1.08; P = .65)

Westeel 
et al. (24)

Immediate docetaxel 
vs. docetaxel at PD

309 Carboplatin/
gemcitabine

PFS: 5.7 vs. 2.7 months (P = .001); 
OS: 12.3 vs. 9.7 months (P = .0853)

Fidias et al. 
(25)

Pemetrexed vs. 
placebo

663 Platinum-based 
doublet (not 
including 
pemetrexed)

PFS: 4.3 vs. 2.6 months (HR = 0.50; 
P < .0001); OS: 13.4 vs. 10.6 months 
(HR = 0.79; P = .012); For the 
nonsquamous NSCLC population: 
PFS: HR = 0.44; OS: HR = 0.70

Ciuleanu 
et al. (26)

Gefi tinib until PD 
vs. three more 
cycles of fi rst-line 
chemotherapy

604 Platinum-based 
doublet (three 
cycles)

PFS: 4.6 vs. 4.3 months (HR = 0.68; 
P < .001)

OS: 13.7 vs. 12.9 months 
(HR = 0.86; P = .11)

Takeda 
et al. (28)

Gefi tinib vs. placebo 173 Platinum-based 
doublet

PFS: 4.1 vs. 2.9 months (HR = 0.61; 
P = .0015)

OS: 10.9 vs. 9.4 months 
(HR = 0.83; P = .2)

Gaafar 
et al. (29)

Erlotinib vs. placebo 889 Platinum-based 
doublet

PFS: 12.3 vs. 11.1 weeks 
(HR = 0.71; P < .0001)

OS: 12.0 vs. 11.0 months 
(HR = 0.81; P = .0088)

Cappuzzo 
et al. (30)

Erlotinib plus 
bevacizumab 
vs. placebo plus 
bevacizumab

768 Platinum-based 
doublet plus 
bevacizumab

PFS: 4.8 vs. 3.7 months (HR = 0.722; 
P = .0012); OS: 15.9 vs. 13.9 months 
(HR = 0.90; P = .2686)

Miller 
et al. (32)

Gemcitabine or 
erlotinib vs. 
observation

464 Cisplatin/
gemcitabine

Gemcitabine vs. observation: PFS: 3.8 
vs. 1.9 months (HR = 0.55; 95% CI, 
0.43–0.70); OS: 12.1 vs. 10.7 months 
(HR = 0.86; 95% CI, 0.66–1.12); 
Erlotinib vs. observation: PFS: 2.9 vs. 
1.9 months (HR = 0.82; 95% CI, 
0.73–0.92); OS: 11.8 vs. 10.7 months 
(HR = 0.91; 95% CI, 0.8–1.04)

Perol et al. 
(34)

PFS = progression-free survival; OS = overall survival; PD = disease progression; BSC = best supportive care; 
RT = radiation therapy; 95% CI = 95% confi dence interval.
aFor patients with stage IIIB NSCLC without pleural eff usion or supraclavicular lymph node involvement.

29%; P < .0001). PFS, the primary endpoint of 
the study (4.3 vs. 2.6 months; HR = 0.5; 95% 
CI, 0.42–0.61; P < .0001), and OS (13.4 vs. 10.6 
months; HR = 0.79; 95% CI, 0.65–0.95; P = .012) 
were signifi cantly improved with pemetrexed. 

Subgroup analysis revealed a signifi cant benefi t, 
in terms of PFS and OS, for patients with a non-
squamous histology who were treated with pem-
etrexed (PFS: HR = 0.44; 95% CI, 0.36–0.55 and 
OS: HR = 0.70; 95% CI, 0.56–0.88) compared 
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9.4 months; HR = 0.83; 95% CI, 0.60–1.15; 
P = .2) (29).

Erlotinib
Th e use of erlotinib as maintenance therapy was 
evaluated in a randomized, placebo-controlled 
trial comparing erlotinib with placebo (SATURN 
trial). In this trial, 889 patients with inoperable 
NSCLC not progressing after four cycles of plat-
inum-based doublet chemotherapy were assigned. 
Approximately, 45% of patients had adenocar-
cinoma and 40% had squamous cell carcinoma 
histology in each arm. Th e primary endpoint was 
the PFS, and the patients were stratifi ed by a num-
ber of clinical factors, including EGFR protein 
expression status assessed by immunohistochem-
istry (IHC) and EGFR gene copy number assessed 
by fl uorescent in situ hybridization (FISH). All 
patients had an ECOG PS of 0 or 1, 44% had 
responded to fi rst-line treatment and 5% had 
tumors with an EGFR-activating mutation. Grade 
3/4 toxicities occurred in 12% of patients in the 
erlotinib arm compared with 1% in the placebo 
arm. Most common adverse events with erlotinib 
included rash (any grade: 60%) and diarrhea (any 
grade: 18%). Higher ORR was observed in main-
tenance erlotinib arm (12% vs. 5%; P = .0006). 
Th e study met its primary endpoint for PFS (HR = 
0.71; P < .0001), although the improvement (12.3 
vs. 11.1 weeks) was numerically small (1.2 week). 
Th e biomarkers’ analysis revealed no signifi cant 
interaction of EGFR protein expression or EGFR 
gene copy number. Th e benefi t in PFS was observed 
in both patients with EGFR-activating mutations 
and those with wild-type EGFR, and was con-
sistent across all patient subgroups (ECOG PS, 
smoking status, age, ethnic origin, sex, and histol-
ogy). In the overall population, erlotinib conferred 
a statistically signifi cant improvement in OS (12.0 
vs. 11.0 months; HR = 0.81; 95% CI, 0.70–0.95; 
P = .0088). Similarly, patients with EGFR IHC-
positive tumors had also a survival benefi t (HR = 
0.77; P = .0063).

Th e data for the erlotinib arm patients with 
EGFR-activating mutations in exon 19 or 21 

with squamous histology (PFS: HR = 0.69; 95% 
CI, 0.49–0.98 and OS: HR = 1.07; 95% CI, 0.77–
1.50). A signifi cant treatment-by-histology interac-
tion with both PFS (P = .036) and OS (P = .033) 
was noted. Th e prolonged treatment did not infl u-
ence negatively the QoL of the patients. Th e rate of 
crossover to postdiscontinuation pemetrexed was 
only 18% (26,27).

Molecularly Targeted Agents (see Table 3)

Gefi tinib
A randomized trial in advanced or metastatic 
NSCLC that enrolled 604 patients compared six 
cycles of platinum-doublet chemotherapy with 
three cycles of the same chemotherapy followed 
by gefi tinib until PD. Approximately, 57% of 
patients in the latter arm received gefi tinib after 
completion of three cycles of chemotherapy; one-
third of patients developed early disease relapse 
and did not receive gefi tinib. An additional 11% 
of patients refused to receive gefi tinib because of 
a report about the risk for gefi tinib-induced inter-
stitial lung disease. Th e ORR was 29% for chemo-
therapy alone and 34% for chemotherapy followed 
by gefi tinib (P = .20). Th e PFS was 4.3 months in 
the chemotherapy alone arm and 4.6 months in 
the gefi tinib arm (HR = 0.68; 95% CI, 0.57–0.80; 
P < .001), while the median OS was 12.9 months 
for chemotherapy alone and 13.7 months for the 
gefi tinib arm (HR = 0.86; 95% CI, 0.72–1.03; P 
= .11) (28). Th e European Organization for the 
Research and Treatment of Cancer (EORTC) 
conducted a randomized phase III trial (08021) 
that enrolled patients with stage IIIB (with 
pleural eff usion) or IV NSCLC not progress-
ing after standard fi rst-line chemotherapy to 
gefi tinib or placebo. After enrollment of 173 
patients, the study closed prematurely due to 
low accrual. PFS was found to be signifi cantly 
longer in the gefi tinib arm (median PFS: 4.1 vs. 
2.9 months; HR = 0.61; 95% CI, 0.45–0.83; 
P = .0015); there was no diff erence in OS 
between the two arms (median OS: 10.9 vs. 
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Gemcitabine or Erlotinib
Perol et al. (34) designed a randomized clinical 
trial (Intergroupe Francophone de Cancérologie 
Th oracique [IFCT] trial) to evaluate the effi  cacy of 
maintenance gemcitabine or erlotinib versus obser-
vation in patients with NSCLC after four cycles of 
cisplatin and gemcitabine. Th e primary endpoint was 
PFS. Th e study was not powered to compare gemcit-
abine versus erlotinib. Second-line treatment with 
pemetrexed at PD was prespecifi ed. Four hundred 
seventy-six patients with ECOG PS of 0 or 1 were 
randomized. Predominant grade 3/4 toxicities were 
neutropenia (20.8%) and thrombocytopenia (6.5%) 
with gemcitabine, and rash (9.0%) with erlotinib. 
Median PFS by independent review was 3.8 months 
with gemcitabine (HR = 0.55; 95% CI, 0.43–0.70 vs. 
observation), 2.9 months with erlotinib (HR = 0.82; 
95% CI, 0.73–0.92 vs. observation), and 1.9 months 
with observation. OS data were not mature at the 
time of study analysis; in a preliminary analysis, OS 
was not signifi cantly diff erent with gemcitabine or 
erlotinib compared with observation (34).

WHICH PATIENTS MAY BENEFIT  ■

FROM MAINTENANCE?

It has been suggested that the patients with poor 
PS after fi rst-line treatment, large tumors at the 
time of diagnosis, or modest response to the front-
line therapy are less likely to receive second-line 
treatment (35). Although these factors are determi-
nants of the likelihood of response to second-line 
treatment, it seems that they are also determinants 
for the outcome of maintenance therapy. Indeed, 
in the Central European Cooperative Oncology 
Group (CECOG) trial of maintenance gemcit-
abine, patients with good KPS (> 80) had signifi -
cantly prolonged survival (22.9 vs. 8.3 months). In 
contrast, patients with KPS of 70 to 80 had almost 
identical survival regardless of receiving chemo-
therapy or not (14). Similarly, in a study presented 
by Socinski et al. (11), for patients who continued 
their front-line treatment beyond the standard four 
cycles, an improved survival of about 3 months in 
favor of the patients with better KPS was observed 

showed a signifi cantly improved PFS (HR = 0.10; 
P < .0001) compared to those with wild-type EGFR 
(HR = 0.78; P = .018). In contrast, a longer OS 
was not achieved presumably due to the extensive 
crossover to erlotinib at the time of progression. 
Interestingly, patients who had SD after fi rst-line 
chemotherapy had a more pronounced OS benefi t 
with maintenance erlotinib (11.9 vs. 9.6 months; 
HR = 0.72; P = .002) than those who had a pre-
viously complete or partial response (12.5 vs. 12.0 
months; HR = 0.94; P = .618). Th e same propor-
tion of patients in both groups (71%) received sec-
ond-line treatment. QoL was not diff erent between 
groups (30,31).

Erlotinib plus Bevacizumab
Th e combination of bevacizumab and erlotinib 
was compared with bevacizumab alone in the 
maintenance setting, following front-line che-
motherapy plus bevacizumab, was evaluated in 
the ATLAS trial. Th is phase III randomized 
study enrolled 768 patients with advanced/
metastatic disease. All patients had an ECOG 
PS of 0 or 1 and 82% had adenocarcinoma his-
tology. Th e observed toxicity profi le was char-
acteristic and within the range expected based 
on a single-agent administration of both drugs. 
Rash (0.5% for bevacizumab plus placebo vs. 
10% for bevacizumab plus erlotinib), diar-
rhea (0.8% vs. 9%), infection (5% vs. 4%), and 
hypertension (6% vs. 5%) were the most com-
mon grade 3/4 toxicities. Hemorrhagic grade 
3/4 adverse events were rare. Th e trial stopped 
recruitment after the second planned interim 
effi  cacy analysis, because it met the primary 
endpoint. Th e median PFS in the intent-to-treat 
population was 4.76 months for the combina-
tion arm and 3.75 months for the bevacizumab/
placebo arm (HR = 0.722; 95% CI, 0.59–0.88; 
P = .0012). Subsequent therapy was admin-
istered in 55% versus 50% (32). Although the 
median OS numerically favored the combina-
tion arm (15.9 vs. 13.9 months), this diff erence 
did not reach statistical signifi cance (HR = 0.90; 
95% CI, 0.74–1.09; P = .2686) (33).
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and EGFR mutations was observed (P < .001), 
confi rming that EGFR mutation positivity can 
predict a favorable clinical outcome with erlotinib 
compared with EGFR wild type. Nevertheless, 
patients with EGFR-sensitizing mutations did 
not derive a signifi cant improvement of OS from 
erlotinib versus placebo, which can be potentially 
explained by the small number of patients with 
EGFR mutations and the high level of crossover 
from the placebo group to erlotinib (67%) (37).

Histology has been proposed as another fac-
tor that plays a predictive role in the treatment of 
NSCLC (38,39). In the JMEN study, pemetrexed 
improved PFS and OS (HR = 0.51 and 0.73, 
respectively) among patients with adenocarcinoma 
Th e PFS for patients who received pemetrexed and 
placebo was 4.6 and 2.7 months, respectively and 
the OS was 15.5 and 10.3 months, respectively. On 
the other hand, the administration of pemetrexed 
to patients with squamous NSCLC was potentially 
detrimental (HR = 1.03 and 1.07, respectively) 
(26). A trend toward more pronounced benefi t 
from erlotinib in patients with adenocarcinoma 
was observed in the SATURN trial; the HR for 
OS for the patients with squamous cell carcinoma 
treated with erlotinib was 0.76 compared with 
0.60 for the patients with adenocarcinoma (30). 
Gefi tinib maintenance also contributed to the 
reduction of the risk of death in adenocarcinoma 
patients only (HR = 0.79; P = .03), while the HR 
was 1.24 for those with nonadenocarcinoma (28).

UNANSWERED QUESTIONS  ■

ABOUT MAINTENANCE

Th e results of maintenance studies should be 
interpreted cautiously since their methodological 
design varies.

An important aspect is the variability among 
maintenance studies in the number of patients in 
the control arm who eventually received second-
line treatment at the time of PD. About 40% to 
50% of the NSCLC patients are unable to receive 
a second-line treatment due to PS deterioration 

(9.1 vs. 6.2 months) (11). Th e inclusion of patients 
with a PS ≥ 2 is one of the possible explanations for 
the negative results of the trial by Belani et al. (15) 
that evaluated gemcitabine maintenance. In their 
study, PS ≥ 2 was found as a prognostic factor for 
survival in the overall multivariate analysis (HR 
= 1.5; P = .009) (15). In contrast, all positive tri-
als such as JMEN, SATURN, and the most recent 
PARAMOUNT and AVAPERL1 included patients 
with good PS (ECOG PS of 0–1) (16,17,26,30).

Response to front-line treatment has been 
suggested as a predictive marker for the outcome 
of maintenance therapy. In the SATURN study, 
patients who experienced disease stabilization 
derived greater survival benefi t from the mainten-
ance erlotinib than those who exhibited complete 
(CR) or partial response (PR). Patients with SD who 
received erlotinib had an OS of 11.9 months versus 
9.6 months of those who were enrolled in the obser-
vational arm (HR = 0.72; P = .002). In contrast, for 
the patients whose disease responded to the fi rst-
line therapy, the survival was 12 and 12.5 months, 
respectively (HR = 0.92; P = .62) (30). Accordingly, 
in the JMEN study, patients with SD after comple-
tion of the front-line treatment achieved an OS of 
16.6 months with pemetrexed maintenance versus 
8.6 months for those treated with placebo (HR = 
0.61; P = .0017). Among patients who achieved CR 
or PR, the median OS was 14.4 and 11.4 months 
for those treated with pemetrexed and placebo, 
respectively (HR = 0.81; P = .198) (36). However, 
the HR for PFS among the patients treated with 
gemcitabine in the IFCT trial was 0.44 for those 
who responded to the fi rst-line treatment compared 
with 0.68 for those with SD (34).

Th e identifi cation of biomarkers that are 
potentially predictive for the response to a particu-
lar treatment is under extensive investigation. So 
far, only the presence of activating EGFR muta-
tions has been correlated with the clinical outcome 
of maintenance therapy. Indeed, in the SATURN 
trial patients with EGFR-sensitizing mutations 
treated with erlotinib had a profound PFS benefi t 
with a reduced risk of PD by 90%. Furthermore, 
a highly signifi cant interaction between treatment 
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So far, the survival benefi t observed with 
maintenance strategy has been primarily observed 
in studies using switch maintenance. Th e 
PARAMOUNT trial showed a superior PFS for 
the patients who continued receiving pemetrexed 
after completion of the prespecifi ed number of 
cycles of cisplatin and pemetrexed. However, the 
OS analysis is still awaited (16). A phase II study 
testing maintenance pemetrexed in combination 
with bevacizumab in nonsquamous NSCLC fol-
lowing nonprogression after six cycles of peme-
trexed, carboplatin, and bevacizumab showed 
promising results (43) and led to a phase III trial 
(AVAPERL1 study [MO22089]), which compared 
continued maintenance with bevacizumab versus 
the combination of bevacizumab and pemetrexed 
in nonsquamous patients with no progression 
after completion of four cycles of pemetrexed, cis-
platin, and bevacizumab. Patients on the combin-
ation arm had a signifi cantly longer PFS (10.2 vs. 
6.6 months), which numerically far exceeded the 
outcome of other fi rst-line trials, where PFS typ-
ically ranges between 5 and 7 months. However, 
no OS data have been presented from this study. 
A shortcoming of this study is that it did not 
answer whether bevacizumab maintenance is at 
all required in this setting. Th is question may be 
answered by the ongoing phase III trial conducted 
by ECOG (E5508), where patients with nonsq-
uamous NSCLC who have no progression after 
front-line treatment with paclitaxel, carboplatin, 
and bevacizumab will be randomized to receive 
bevacizumab or pemetrexed or the combination 
(NCT01107626).

Th e best endpoint of the studies investigat-
ing the role of maintenance remains controversial. 
Most of the trials used PFS as primary endpoint 
(14,16,17,34). However, improvement in PFS does 
not necessarily translate into improvement in OS. 
In the trial by CECOG (14), as well as in the IFCT 
trial (34), although the PFS was signifi cantly 
increased in the continuing arm, the OS was almost 
the same. Similarly, in most of the switch mainten-
ance trials (25,32,34) that failed to demonstrate a 
prolongation of OS, eligibility criteria have varied 

(40). In the maintenance trials that have been 
conducted so far, a large imbalance was shown 
among the patients in the observational arm who 
eventually received second-line treatment. Gerber 
et al. (41) have proposed that the insurance type, 
the number of administered cycles of chemo-
therapy in the fi rst-line setting, and the preche-
motherapy palliative radiation therapy negatively 
infl uence the patients’ ability to receive second-
line  treatment (41).

Th e percentage of patients from the observa-
tional group who eventually receive second-line 
therapy ranges from 17% to 82%; furthermore, 
a similar discrepancy (3%–63%) appears regard-
ing crossover in the second-line setting (15,25,26,
30,34,41).

In the JMEN study, as well as in others, sec-
ond-line treatment was not prespecifi ed but left 
to the discretion of treating physicians. Th us, it is 
not clear if the favorable results of the study can 
be attributed to the positive eff ect of the main-
tenance therapy or to the eff ectiveness of the 
selected second-line regimen. Moreover, given 
that only 19% of the patients in the placebo arm 
received pemetrexed at any time point, this study 
did not assess the potential impact of pemetrexed 
as second-line therapy in this group of patients. 
Similarly, in the SATURN trial, only 21% of 
patients in the placebo arm received erlotinib 
after progression. Th e Fidias’ study was more 
appropriately designed from that perspective 
since patients in the observational group were to 
receive docetaxel at the time of PD. In this trial, 
the median OS of patients who did receive sec-
ond-line treatment was almost identical to that of 
patients who proceeded to immediate treatment 
with docetaxel. However, an additional issue is 
the timing and type of imaging tests used for 
disease evaluation (42). In the Fidias’ trial, the 
experimental group was being evaluated every 6 
weeks as opposed to the 3 months of the control 
arm; it is obvious that a nonsymptomatic progres-
sion of the patients in the control arm could be 
detected with such delay, which likely infl uenced 
the study’s results.
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COST OF THERAPY AND QOL  ■

CONSIDERATIONS

In a U.S.-based cost-eff ectiveness analysis of 
switch maintenance therapy with pemetrexed, the 
incremental cost per life year gained was $122,371 
for pemetrexed compared with observation and 
$150,260 for pemetrexed compared with erlo-
tinib in the subset of NSCLC patients with non-
squamous histology (47). In an analysis performed 
for the United Kingdom’s National Institute for 
Clinical Excellence, incremental cost-eff ectiveness 
ratio (ICER) for pemetrexed switch maintenance 
ranged between £33,732 and £51,192, per quality 
adjusted life year (QALY) gained, for patients with 
nonsquamous NSCLC (48). Similarly, the analy-
sis for erlotinib, showed an ICERs of £44,812 and 
£68,120 per QALY gained for the SD in squamous 
and nonsquamous population; when erlotinib was 
compared with pemetrexed, the ICER was £84,029 
per QALY gained (49).

So far, few studies have performed a cost-
eff ectiveness analysis for the use of maintenance 
therapy in NSCLC. Most of the analyses have 
been done retrospectively, from data collected 
from the patients’ charts (36). A prospective inves-
tigation of the cost-eff ectiveness of this approach 
is considered of great interest for the future main-
tenance trials and may help to the recognition of 
the patients who should proceed to the imme-
diate administration of a potential active agent. 
Undoubtedly, the identifi cation of patients who 
are likely to benefi t more from the use of a spe-
cifi c maintenance agent, will increase benefi ts 
and lower the cost of the treatment. However, 
even the cost-eff ectiveness studies may not always 
refl ect the real benefi t of the maintenance ther-
apy. A recently presented retrospective analysis 
by Bradbury et al. (50) surprisingly showed that 
the cost per year of life gained with mainten-
ance erlotinib was not favorable for patients with 
EGFR-sensitizing mutations. Th is was because 
these patients stayed on treatment longer, thereby 
incurring considerably higher drug acquisition 
costs (50).

between maintenance trials. Some trials included 
patients with a PS of 2 to 3, while other studies 
enrolled patients with a PS of 0 to 1 only. Th is 
factor is a known strong predictor of any survival 
benefi t obtained from chemotherapy in NSCLC 
and poor PS has been associated with worse tol-
erability (44). Th e favorable results observed in 
JMEN (26), SATURN (30), and Fidias et al. (25) 
trials could also be attributed to the better PS of 
the patients who participated in those studies. 
Th ese particular studies also revealed no diff erence 
in the QoL between the two arms, indicating that 
immediate therapy was better tolerated and was 
more eff ective in patients with good PS.

Several studies, as shown in Table 4, are cur-
rently ongoing and may shed light to many issues 
surrounding maintenance.

PATIENT SELECTION ISSUES ■

Histology has emerged as a major determi-
nant of treatment selection in NSCLC (45,46). 
Accordingly, patient selection for maintenance 
therapy on the basis of histology has become essen-
tial. Th e SATURN trial demonstrated superiority 
of erlotinib in patients harboring EGFR mutations, 
although a modest survival benefi t was observed in 
all patients regardless the EGFR status. Similarly, 
treatment with gefi tinib showed survival benefi t 
for adenocarcinomas only (28). Pemetrexed main-
tenance strikingly improved PFS and OS in the 
subset of patients with nonsquamous histology 
with a reported improvement in median OS of 
5 months (26). Moreover, as stated above, other 
factors including SD as best response to fi rst-line 
therapy and good PS should be also taken into 
consideration for the decision making given that 
maintenance therapy has been proven more effi  -
cacious in these subgroups of patients. Th e era 
of “one size fi ts all” seems old-fashioned, and the 
need of careful selection of the patients who are 
most likely to benefi t from such approach has cur-
rently emerged as the primary goal of the modern 
oncology.
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TABLE 4 Selected ongoing phase III studies of maintenance therapy in NSCLC

Regimen First-Line Treatment Sponsor
Primary 
Endpoint

Identifi cation 
Number

Maintenance erlotinib vs. 
erlotinib at PD

Stage IIIB or IV, after four 
cycles of platinum-based 
chemotherapy without PD

Hoff mann–La 
Roche

OS NCT01328951

Imetelstat plus standard 
of care (bevacizumab 
or observation) vs. 
standard of care 
(bevacizumab or 
observation)

Stage IV or recurrent locally 
advanced, after four to six 
cycles of platinum-based 
chemotherapy (with or 
without bevacizumab) 
without PD

Geron Corporation PFS NCT01137968

Pazopanib vs. 
pemetrexed

Stage IVA or IVB 
nonsquamous NSCLC, 
after four–six cycles of 
cisplatin or carboplatin plus 
pemetrexed without PD

GlaxoSmithKline PFS NCT01313663

Pemetrexed and 
carboplatin followed 
by maintenance 
pemetrexed 
vs. paclitaxel, 
carboplatin, and 
bevacizumab followed 
by maintenance 
bevacizumab

Stage IV nonsquamous 
NSCLC four cycles of 
initial treatment

Eli Lilly and 
Company

PFS without 
grade 4 
toxicity

NCT00948675

Bevacizumab vs. 
pemetrexed plus 
bevacizumab 

Stage IV or inoperable, 
locally advanced 
nonsquamous NSCLC, 
after four cycles of 
cisplatin, pemetrexed, 
and bevacizumab, with 
response

Hoff mann–La 
Roche

PFS NCT00961415

Sunitinib vs. placebo Stage IV or IIIB 
not candidate for 
chemoradiation NSCLC, 
after four cycles of 
platinum-based doublet 
chemotherapy with or 
without bevacizumab, 
without PD

Cancer and 
Leukemia 
Group B

PFS NCT00693992

Gemcitabine vs. erlotinib 
vs. observation

Stage IV or IIIB with 
pleural eff usion NSCLC, 
after four to six cycles of 
cisplatin and gemcitabine 
chemotherapy, without PD

Hospices Civils de 
Lyon, France

PFS NCT00300586

(Continued)
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metastatic nonsquamous NSCLC whose disease 
has not progressed after four cycles of platinum-
based doublet induction chemotherapy, whereas the 
FDA has approved erlotinib for the fi rst-line main-
tenance therapy in unselected patients with locally 
advanced or metastatic NSCLC whose disease has 
not progressed after four cycles of platinum-based 
chemotherapy, while EMEA only for unselected 
patients who have SD after front-line therapy.

It is meaningful to discuss maintenance ther-
apy with patients who are candidates for drug 
holiday after completion of the front-line therapy. 
Most of the studies in this setting have shown that 
the maintenance therapy prolongs tumor stability 
without deteriorating QoL. Patients with bulky 
and symptomatic disease should be considered for 
immediate treatment switch to take the advantage 
of receiving a potential active drug earlier in their 
disease course.

Clearly, maintenance therapy should not 
be off ered to all patients. Th e identifi cation of 

It is likely that the extended use of chemother-
apy has a deleterious eff ect on QoL (42). However, 
the results of some of the trials that prospectively 
investigated the eff ect of maintenance on QoL did 
not confi rm these concerns (25,26,30). It is appar-
ent that this issue needs to be addressed in the 
future trials’ design.

CONCLUSIONS ■

Maintenance therapy is a proven strategy in the 
management of NSCLC. Erlotinib and pemetrexed 
are registered by regulatory agencies in the United 
States and Europe as maintenance therapy options 
in patients with NSCLC not progressing after four 
cycles of standard platinum-based doublet chemo-
therapy. Th e U.S. Food and Drug Administration 
(FDA) and the European Medicines Agency 
(EMEA) approved pemetrexed for maintenance 
therapy of patients with locally advanced or 

TABLE 4 Selected ongoing phase III studies of maintenance therapy in NSCLC (Continued)

Regimen First-Line Treatment Sponsor
Primary 
Endpoint

Identifi cation 
Number

Pemetrexed vs. 
bevacizumab

Stage IIIB or IV 
nonsquamous NSCLC, 
four cycles of paclitaxel, 
carboplatin, and 
bevacizumab, without 
progression

Eli Lilly and 
Company

OS NCT00762034 

Pemetrexed vs. 
bevacizumab vs. 
pemetrexed plus 
bevacizumab

Stage IV (M1a M1b) or 
IIIB not candidate for 
chemoradiation, after 
four cycles of paclitaxel, 
carboplatin, and 
bevacizumab, without PD

Eastern Cooperative 
Oncology Group

OS NCT01107626

Pazopanib vs. placebo Stage IIIB or IV, after 
four cycles of initial 
chemotherapy, without 
PD

European 
Organization 
for Research and 
Treatment of 
Cancer

OS NCT01208064

OS = overall survival; PFS = progression-free survival.
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cancer: a randomized trial of three versus six 
courses of mitomycin, vinblastine, and cisplatin. 
J Clin Oncol. 2001;19:1336–1343.

11. Socinski MA, Schell MJ, Peterman A, et al. Phase 
III trial comparing a defi ned duration of therapy 
versus continuous therapy followed by second-line 
therapy in advanced-stage IIIB/IV non-small-cell 
lung cancer. J Clin Oncol. 2002;20:1335–1343.

12. von Plessen C, Bergman B, Andresen O, et al. 
Palliative chemotherapy beyond three courses con-
veys no survival or consistent quality-of-life ben-
efi ts in advanced non-small-cell lung cancer. Br J 
Cancer. 2006;95:966–973.

13. Park JO, Kim SW, Ahn JS, et al. Phase III trial of 
two versus four additional cycles in patients who 
are nonprogressive after two cycles of platinum-
based chemotherapy in non small-cell lung cancer. 
J Clin Oncol. 2007;25:5233–5239.

14. Brodowicz T, Krzakowski M, Zwitter M, et al. 
Cisplatin and gemcitabine fi rst-line chemotherapy 
followed by maintenance gemcitabine or best sup-
portive care in advanced non-small cell lung cancer: 
a phase III trial. Lung Cancer. 2006;52:155–163.

15. Belani CP, Waterhouse DM, Ghazal H, et al. Phase 
III study of maintenance gemcitabine (G) and 
best supportive care (BSC) versus BSC, following 
standard combination therapy with gemcitabine-
carboplatin (G-Cb) for patients with advanced 
non-small cell lung cancer (NSCLC) [abstract 
7506]. J Clin Oncol. 2010;28 (suppl 15).

16. Paz-Ares LG, De Marinis F, Dediu M, et al. 
PARAMOUNT: Phase III study of maintenance 
pemetrexed (pem) plus best supportive care (BSC) 
versus placebo plus BSC immediately following 
induction treatment with pem plus cisplatin for 
advanced nonsquamous non-small cell lung can-
cer (NSCLC) [suppl; abstract CRA7510]. J Clin 
Oncol. 2011;29.

17. Barlesi F, de Castro J, Dvornichenko V, et al. 
LATE BREAKING ABSTRACT: AVAPERL 
(MO22089): fi nal effi  cacy outcomes for patients 
(pts) with advanced non-squamous non-small cell 
lung cancer (nsNSCLC) randomised to continu-
ation maintenance (mtc) with bevacizumab (bev) 
or bev+pemetrexed (pem) after fi rst-line (1L) bev-
cisplatin (cis)-pem treatment (tx) [abstract 34]. Eur 
J Cancer. 2011;47 (suppl 2):16.

patients who are best suited to receive maintenance 
therapy will likely improve treatment outcomes. 
Furthermore, the identifi cation of reliable, pre-
dictive biomarkers for agents used in maintenance 
therapy is of great interest.
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ABSTRACT ■

Vascular endothelial growth factor (VEGF) is one of the most important proangiogenic factors involved in 
tumorigenesis. Elevated VEGF expression is associated with poor prognosis in lung cancer. Extensive preclini-
cal studies have proven that VEGF promotes neovascularization and metastatic foci in addition to facilitating 
growth of primary tumor itself in lung cancer. Th is chapter focuses on the role of antiangiogenic agents in the 
treatment of non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). Bevacizumab, a recom-
binant humanized monoclonal antibody (rhuMAB) against VEGF, was approved by the United States FDA 
in 2006 for use in combination with carboplatin and paclitaxel in advanced diagnosed nonsquamous NSCLC. 
Several multitargeted tyrosine kinase inhibitors (TKIs) that bind to the internal domain of the VEGF recep-
tor, including sunitinib, sorafenib, vandetanib, cediranib, and linifanib, have also been studied in lung cancer. 
So far, none of the VEGF TKIs have conferred survival benefi t when used in combination with chemotherapy 
in NSCLC. Vascular disrupting agents that directly target existing tumor vasculature are also currently being 
studied in lung cancer. Th e lack of a predictive biomarker for patient selection has been the biggest hurdle in 
the development of antiangiogenic agents.
Keywords: lung cancer, angiogenesis, bevacizumab, VEGF, TKIs
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ANGIOGENESIS AND LUNG  ■

CANCER

Angiogenesis

In 1971, Judah Folkman described the importance 
of tumor angiogenesis and laid the pathway for 
future antiangiogenic drugs. Angiogenesis is a fun-
damental event needed for growth of tumor cells 
and metastatic dissemination (10,11). It is a com-
plex process where new blood vessels are formed 
from preexisting vasculature, and the process is 
implicated in a variety of disorders. Angiogenesis 
is crucial in normal physiologic processes, includ-
ing fetal development, reproductive function, and 
wound healing. In normal physiologic processes, 
a balance is maintained between proangiogenic 
and antiangiogenic factors. However, during neo-
plastic growth, this well-controlled balance shifts 
toward proangiogenic activities, and this facilitates 
tumors to develop their own blood supply sys-
tem. Proangiogenic factors include VEGF, fi bro-
blast growth factor (FGF), tumor necrosis factor, 
platelet-derived growth factor (PDGF), integrins, 
nitric oxide, COX-2, interleukin-8, and others. 
Antiangiogenic factors include alpha, beta, and 
gamma interferons; angiostatin; endostatin; inter-
leukin-12 (IL-12); platelet factor-4; and others 
(10,11). Th us, molecular basis of tumor angiogen-
esis has been of keen interest in the fi eld of cancer 
research. Tumors can grow without neovascular-
ization up to a certain size; however, angiogenesis 
is necessary for tumor growth beyond 1 to 2 mm 
and for metastasis (12). Th e critical role of angio-
genesis is well established in lung cancers, and 
high microvessel density has been widely studied 
as a prognostic factor.

VASCULAR ENDOTHELIAL  ■

GROWTH FACTOR

VEGF is an important mediator of angiogene-
sis. VEGF expression is increased in a variety of 
tumors such as colorectal cancer, NSCLC, and 

INTRODUCTION ■

Lung cancer is the second most common cancer 
and the leading cause of cancer-related deaths 
in both men and women in the United States 
(1). Th ere has been a gradual decrease in deaths 
from lung cancer in men over the past 50 years. 
Nearly 70% of patients have inoperable locally 
advanced tumors or metastatic disease at the 
time of diagnosis (2). Historically, the two most 
common histological types of lung cancer based 
on size and appearance of malignant cells seen 
under a conventional microscope are non-small 
cell lung cancer (NSCLC) and small cell lung 
cancer.

NSCLC accounts for nearly 85% of all 
cases of lung cancer (3,4). More than 50% of 
cases are seen in patients greater than 70 years 
of age (5,6). NSCLC can be further divided in 
to three major histologic subtypes: squamous-
cell carcinoma, adenocarcinoma, and large 
cell lung cancer (4). Surgery is the preferred 
treatment for early-stage NSCLC with cura-
tive intent. Five-year survival rates for patients 
with Stage I and Stage II disease range from 
54% to 73% and 38% to 48%, respectively 
(7). Platinum-based chemotherapy remains the 
standard treatment for advanced and metastatic 
NSCLC (8). Although treatment options for 
NSCLC have improved substantially in the past 
few years with newer generation chemothera-
pies and targeted agents, cure is still elusive. 
Hence, there is an urgent need to develop novel 
therapeutic options for systemic therapy of lung 
cancer. Approximately 40% of patients with 
advanced disease initially respond to cytotoxic 
chemotherapy, but they eventually will experi-
ence disease progression or recurrence (9). In 
the modern era, better understanding of the 
biology of cancer has led to exciting molecu-
lar targeted therapies. The vascular endothelial 
growth factor (VEGF) and epidermal growth 
factor receptor (EGFR) have been identified as 
key molecular targets in NSCLC.
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liver kinase 1 [kdr/fl k-1]), and VEGFR3 (fms-
like tyrosine kinase 4 [Flt-4]), which are located 
on the host vascular endothelial cells, monocytes, 
and hematopoietic precursors (10,11,16,17). Th e 
VEGFRs are made of an extracellular domain 
that binds specifi c VEGF ligand, a transmem-
brane domain and an intracellular region that 
contains a tyrosine kinase domain. When VEGF 
ligand–receptor interaction occurs, tyrosine 
kinase domain is activated; this in turn leads to 
the activation of intracellular signal transduction 
pathways. VEGFR2, which is commonly over-
expressed by tumor vasculature, appears to play 
the most important role in tumor angiogenesis. 
Several strategies have been developed to target 
VEGF as blockade or as a therapeutic strategy 
for inhibiting angiogenesis, and hence tumor 
growth.

Th e proven approach to inhibit VEGF 
in lung cancer involves the use of an antibody 
directed against the endothelial receptor for 
VEGF. Other approaches to inhibit angiogenesis 
include, but are not limited to, VEGFR tyrosine 
kinase inhibitors (TKIs), matrix metalloprotei-
nase inhibitors, and vascular disrupting agents 
(VDAs).

breast and ovarian cancers (13). VEGF is one 
of the most important proangiogenic factors 
involved in tumor angiogenesis; hence, it has 
emerged as a key target for pharmacological inhi-
bition of tumor angiogenesis. Hypoxia is the trig-
gering event to VEGF production (13). When a 
cell becomes hypoxic, it produces hypoxia induc-
ible factor, which stimulates the release of VEGF. 
Circulating VEGF then binds to VEGF receptors 
(VEGFRs) on endothelial cells, triggering the 
activation of tyrosine kinase pathway, which in 
turn leads to angiogenesis. VEGF family consists 
of fi ve dimeric glycoproteins of approximately 
40 kDa: VEGF-A, VEGF-B, VEGF-C, VEGF-D 
and placental growth factor (11,14). Th e major 
mediator in tumor angiogenesis is VEGF-A, 
which is commonly referred as VEGF (15). VEGF 
can facilitate tumor dissemination through 
increasing vascular permeability, hence increas-
ing nutrient supply to tumor cells. Th is increased 
permeability can cause tumor dissemination 
through the blood circulation. VEGF ligands are 
secreted by tumor cells and macrophages. VEGF 
binds to three-cell surface distinct VEGFRs 
(Figure 1): VEGFR1 (fms-like tyrosine kinase 
1 [Flt-1]), VEGFR2 (kinase domain region/fetal 

Angiogenesis

VEGFR-1 
(Flt-1) 

VEGFR-2 
(Flt-1/KDR) 

VEGF-A 
VEGF-B 

VEGFR-3 
(Flt-4) 

VEGF-C VEGF-D PIGF

Angiogenesis
Lymphangiogenesis

Lymphangiogenesis

FIGURE 1
VEGF ligands and recep-
tors. PIGF = placental growth 
factor.
Source: Image printed with per-
mission from medscape.com, 
2011.
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against VEGF or its receptor, and small-molecule 
TKIs (19) (Figure 2).

Anti-VEGF Monoclonal Antibodies

Bevacizumab (Avastin)
Bevacizumab is an anti-VEGF recombinant 
humanized monoclonal antibody (rhuMab 
VEGF). It comprises 93% human and 7% murine 
protein sequence (11,20). Th e human fraction 
and murine region constitutes the framework and 
complementary determining regions respectively. 
It inactivates all isoforms of VEGF and inhibits 
angiogenesis, tumor growth, and proliferation. It 
has a molecular weight of 149 kD and a half-life of 
20 days. Bevacizumab has demonstrated clinical 
activity in variety of cancers including breast, colo-
rectal, renal, and lung cancers (21). Bevacizumab 
was approved by Food and Drug Administration 
(FDA) in United States for metastatic NSCLC in 
October 2006, in combination with carboplatin 
and paclitaxel.

An initial three-arm Phase II study of 
newly diagnosed patients with advanced 
NSCLC showed that 15mg/kg of bevacizu-
mab in combination with carboplatin and 
paclitaxel resulted in an improved time to pro-
gression (TTP), response rate and trend in over-
all survival (OS). Chemotherapy-naive patients 
were randomized to carboplatin and paclitaxel 

WHY IS VEGF IMPORTANT IN  ■

LUNG CANCER?

VEGF promotes neovascularization and in addi-
tion plays a key role in establishing new metastatic 
foci along with facilitating growth of primary 
tumor itself. Previous studies have shown that 
VEGF is overexpressed in 42% to 75% of NSCLC 
patients, and increased VEGF expression is asso-
ciated with poor prognosis. VEGF expression and 
micro vessel density (MVD) are associated with a 
poor prognosis in NSCLC (18).

VEGF acts as a potent mitogen for endothe-
lial cells and has minimal eff ects on other cell 
types. In addition, host vasculature is more stable 
compared with tumor vasculature and is therefore 
less susceptible to the eff ects of VEGF inhibition. 
In addition to promoting vascular growth, VEGF 
also causes inhibition of antitumor immune 
response, providing yet another mechanism by 
which VEGF inhibition could be eff ective for the 
treatment of cancer (11). Certain studies have also 
noted that VEGF inhibition improves delivery of 
chemotherapy to the tumor tissues, thereby allow-
ing for enhanced effi  cacy of standard chemothera-
peutic agents (17).

ANTI-VEGF AGENTS ■

Two classes of drugs have primarily gained impor-
tance in inhibition of VEGF function: Antibodies 

Anti-VEGF 
antibodies 

(bevcizumab) 
VEGF Soluble 

VEGF 
receptors 

(VEGF-TRAP) 

Anti-VEGFR 
antibodies 

(IMC-1121b) 

VEGFR-1 

Endothelial cell 

Small-molecule 
VEGFR Inhibitors 

(PTK787, SU11248. ZD6474)  

VEGFR-2 
FIGURE 2
Agents targeting VEGF and 
the VEGF pathway.
Source: Image printed with permis-
sion from medscape.com, 2011.
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to fatal pulmonary hemorrhage. Other salient 
adverse events with the addition of bevacizumab 
included Grade 3 or 4 neutropenia, Grade 3 or 
4 thromboembolism and Grade 3 hyperten-
sion. Th e favorable effi  cacy data resulted in the 
approval of bevacizumab for fi rst line treatment 
in unresectable, recurrent, locally advanced, or 
metastatic NSCLC with non-squamous hist-
ology, in combination with carboplatin and 
paclitaxel (24).

Another Phase III trial AVAIL (Avastin in 
lung cancer) evaluated the combination of cis-
platin and gemcitabine with bevacizumab in pre-
viously untreated Stage IIIB or IV or recurrent 
non-squamous NSCLC. PFS was the primary end-
point. In contrast to E4599, this trial was placebo-
controlled. Patients were randomized to cisplatin 
plus gemcitabine with placebo or bevacizumab at 
7.5 or 15 mg/kg. Th ere was a statistically signifi -
cant, but clinically modest, improvement in PFS 
with the addition of bevacizumab to chemother-
apy (25). However, there was no improvement in 
OS. Th e effi  cacy results were similar between the 
two doses of bevacizumab.

Th ough these studies excluded patients with 
brain metastasis, recent evidence indicates the 
safety of using bevacizumab in this setting. Brain 
metastasis is a common in NSCLC and occurs 
in 25% to 30% of patients with NSCLC (26). A 
Phase II (PASSPORT) multi-center trial addressed 
the safety of bevacizumab in patients with non-
squamous NSCLC and previously treated brain 
metastasis. Th is single-arm study enrolled 115 
patients out of which majority received whole 
brain radiation with or without radiosurgery. Th e 
primary endpoint was to assess the incidence of 
symptomatic Grade ≥ 2 central nervous system 
(CNS) hemorrhage for bevacizumab treatment 
with fi rst- or second-line systemic therapy. Patients 
received bevacizumab at 15 mg/kg every 3 weeks 
until disease progression or unacceptable toxicity, 
for a maximum of one year. When administered as 
fi rst line, bevacizumab was given with platinum-
based doublet chemotherapy for up to six cycles 
or erlotinib orally daily. Patients on second-line 

with or without bevacizumab 7.5 or 15 mg/kg 
every 3 weeks. Th e median time to tumor pro-
gression was improved with the addition of beva-
cizumab to standard chemotherapy (7.4, 4.3, and 
4.2 months for high–dose bevacizumab, low-dose 
bevacizumab, and chemotherapy-alone group, 
respectively) (22). Response rates were 32% 
for high-dose bevacizumab, 28% for low-dose 
bevacizumab, and 19% for chemotherapy-alone 
group. Th ere were nine treatment-related deaths 
(four in each of the bevacizumab arms and one 
in the control arm). Six episodes of fatal hemop-
tysis occurred in bevacizumab-treated patients, 
out of which four episodes were in patients with 
squamous histology (22). Th is led to the exclu-
sion of patients with squamous histology in sub-
sequent confi rmatory studies with bevacizumab 
in advanced NSCLC. Th e encouraging effi  cacy 
results with bevacizumab in the study laid the 
platform for the Phase III study by the Eastern 
Cooperative Oncology Group 4599 (ECOG 
4599). Th e 15 mg/kg dose of bevacizumab was 
chosen for this study based on the favorable 
results over the lower dose in the Phase II study.

ECOG 4599 randomized 878 chemotherapy-
naive patients with Stage IIIB and IV NSCLC 
to a combination of carboplatin (AUC = 6) and 
paclitaxel (200 mg/m2) every 3 weeks for 6 cycles 
with or without bevacizumab at 15 mg/kg every 
3 weeks until disease progression. Th e primary 
endpoint was the OS. Patients with squamous 
cell histology, brain metastasis, and history of 
gross hemoptysis and those on anticoagulation 
therapy were excluded. Patients receiving chemo-
therapy plus bevacizumab had a signifi cantly 
increased objective response rate (35% vs. 15%, 
respectively), median OS (12.3 vs. 10.3 months, 
respectively), and progression-free survival (PFS) 
(6.2 vs. 4.5 months, respectively) compared with 
patients receiving chemotherapy alone. One-
year and two-year survival rates in bevacizumab 
arm and chemotherapy-alone arm were 51% 
versus 44% and 23% versus 15%, respectively 

(23). Th ere were 15 treatment-related deaths in 
the bevacizumab arm, of which 5 were related 
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target multiple other tyrosine kinases and hence 
have varying toxicity profi les. Table 3 summa-
rizes the key Phase III trials with VEGF TKIs in 
NSCLC.

Sunitinib

Sunitinib (Sutent, Pfi zer) is an oral small-molecule, 
multitargeted tyrosine kinase inhibitior, which 
prevents the growth of new tumor vessels and 
regression of existing tumor vasculature. It inhibits 
a wide range of protein kinases such as VEGFR1, 
VEGFR2, VEGFR3, PDGFR, c-kit, and Flt-3. 
Sunitinib has a higher affi  nity to PDGFR and 
Flt-3 than to VEGFR-2 and VEGFR-3, and hence 
it targets pathways that are not targeted by beva-
cizumab (29).

A Phase II trial evaluated the clinical activ-
ity of single-agent sunitinib in previously treated 
advanced NSCLC patients. Patients with Stage 
IIIB or IV received sunitinib 50 mg/day for 4 
weeks followed by 2 weeks of treatment holi-
day. Of the 63 patients treated with sunitinib, 
11.1% had partial responses and 28.6% had sta-
ble disease. Th e study showed that sunitinib had 
promising single-agent activity in patients with 
previously treated NSCLC, with an acceptable 
safety profi le (30).

A Phase II trial SABRE-L treated patients 
with locally advanced, recurrent, or metastatic 
non-squamous NSCLC with a combination 
of carboplatin, paclitaxel, bevacizumab, and 
sunitinib (29). Preclinical model studies sug-
gested that combining bevacizumab and sunitinib 
could have an additive eff ect. However, the study 
showed that addition of sunitinib to bevacizumab 
had an increased toxicity profi le at 25-mg dose 
of sunitinib and could not be escalated to 37.5-
mg dose secondary to frequent dose reductions 
and discontinuations (29). Unexpected high inci-
dence of myelosuppression was a major concern 
in the study. Th erefore, the combination of the 
four drugs was not tolerated well, and so it has not 
been developed further.

therapy received bevacizumab with single-agent 
erlotinib, pemetrexed, or docetaxel, or another 
chemotherapy regimen chosen at the investiga-
tor’s discretion. Th ere were no Grade 1 to Grade 5 
CNS hemorrhages in patients treated with bevaci-
zumab. Th e study demonstrated that bevacizumab 
could be safely administered in combination with 
a variety of chemotherapy regimens in fi rst- and 
second-line settings, in patients with treated brain 
metastasis (26).

Table 1 summarizes the key Phase II and 
Phase III trials with bevacizumab in NSCLC.

DOSING AND ADMINISTRATION ■

Th e FDA-approved dose for bevacizumab in 
NSCLC is 15 mg/kg administered intravenously 
once every 3 weeks in combination with carbopla-
tin and paclitaxel and then as maintenance mono-
therapy until disease progression. In patients who 
develop hypertensive crisis, gastrointestinal per-
foration, serious bleeding, or nephritic syndrome, 
permanent discontinuation of bevacizumab is 
recommended. Tracheoesophageal fi stula (TEF) 
is a rare complication of lung cancer and its treat-
ment, and it is often fatal. Spigel et al. described 
TEF as a new complication of bevacizumab in 
combination with chemotherapy and radiation 
based on two independent trials, one with lim-
ited-stage SCLC and other with locally advanced 
NSCLC (27).Th e study identifi ed four confi rmed 
and one suspected TEF. Bevacizumab’s role in 
inhibition of angiogenesis and consequent delayed 
would heal likely accounts for this rare side eff ect 
(27,28). Th erefore, the use of bevacizumab con-
currently or immediately after thoracic radiation 
is not recommended.

VEGFR TYROSINE KINASE  ■

INHIBITORS

TKIs are small-molecule compounds that inhibit 
VEGFR activation (Table 2). Many of these agents 
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hand-foot skin reaction, and fatigue. In ECOG 
2501 Phase II trial, all patients received sorafenib 
400 mg oral twice daily for 2 cycles, after pro-
gressing on at least 2 prior lines of chemotherapy 
(34). Patients with stable disease after 2 cycles 
were randomized to sorafenib or placebo. Results 
showed that sorafenib increased PFS (3.6 months 
versus 1.9 months) in heavily pretreated patients 
with slow growing disease and thus established 
evidence of biological eff ects with this agent.

A Phase III study ESCAPE (evaluation of sor-
afenib, carbopaltin, and paclitaxel effi  cacy) rand-
omized 926 patients with unresectable Stage III 
or metastatic NSCLC to sorafenib at 400 mg oral 
twice daily or placebo on days 2 to 19, with car-
boplatin (AUC = 6) and paclitaxel (200 mg/m2) 
therapy every 3 weeks for 6 cycles. Th e study was 
closed prematurely in 2008 as an interim analysis 
showed there was no benefi t when sorafenib was 
added to carboplatin and paclitaxel in fi rst-line set-
ting (32). In patients with squamous histology, the 
combination of sorafenib with chemotherapy was 
inferior. Th ese results were confi rmed by a second 
Phase III study that showed no effi  cacy benefi t 
with the combination of sorafenib with chemo-
therapy (35).

A Phase III trial evaluated the combination 
of sunitinib and erlotinib versus erlotinib alone 
in previously treated advanced NSCLC patients. 
Th e study demonstrated a statistically signifi cant 
improvement in PFS with sunitinib but no increase 
in OS (31).Based on these data, the optimal setting 
for use of sunitinib is not well defi ned. An ongoing 
study evaluates sunitinib as maintenance therapy 
in advanced NSCLC patients.

Sorafenib

Sorafenib (Nexavar, Bayer) inhibits VEGFR-2, 
VEGFR-3, PDGFR-B, Flt-3, and c-kit (32). Phase 
II studies of single-agent sorafenib in chemother-
apy-naive or previously treated NSCLC patients 
have demonstrated modest benefi ts. A single-arm 
Phase II study enrolled 54 patients with relapsed 
or refractory NSCLC to sorafenib 400 mg oral 
twice daily until disease progression on accept-
able toxicity. Primary objective of the study was 
to measure response rate. Fifty nine percent of 
the enrolled patients achieved stable disease, but 
there were no objective response (33). Most com-
mon adverse events in the study were diarrhea, 

TABLE 2 Selected small-molecule inhibitors of VEGFRs

Inhibitors VEGFR-1 VEGFR-2 VEGFR-3 PDGFR c-KIT EGFR

Sunitinib + + + + + −
Sorafenib + + + + + −
Vandetanib − + + +/− − +
Cediranib + ++ + + − −
Pazopanib + + + −
Linifanib + + ++   −

Source: Adapted from Ref. (75–77).
VEGFR = vascular endothelial growth factor receptor; PRGFR = platelet-derived growth factor 
receptor; EGFR = epithelial growth factor receptor.
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or without cediranib as initial chemotherapy for 
advanced NSCLC (43). Response rates were higher 
with cediranib (38% versus 16%), but there was 
signifi cant toxicity even with a reduction in dose 
of cediranib to 30 mg/day. A follow-up study, 
NCIC BR29, evaluated a lower dose of cediranib 
(20 mg QD) in combination with chemotherapy 
for advanced NSCLC (44).

Pazopanib

Pazopanib, another oral angiogenesis inhibitor 
that targets VEGFR, PDGFR, and c-Kit, has 
demonstrated clinical activity as monotherapy in 
renal cell carcinoma, ovarian cancer, and sarcoma 
(45,46). A Phase II study evaluated the effi  cacy of 
pazopanib monotherapy in patients with operable 
Stage I/II NSCLC. Patients received pazopanib 
800 mg oral daily preoperatively for 2 to 6 weeks. 
Approximately 86% of patients achieved tumor 
volume reduction after pazopanib treatment (47). 
Grade 2 hypertension, diarrhea, and fatigue are 
the most common side eff ects associated with 
pazopanib. Th is is the fi rst study to demonstrate 
effi  cacy and safety of a targeted agent in preopera-
tive setting in early-stage NSCLC.

Linifanib (ABT-869)

Linifanib is a novel, orally active dual inhibitor of 
VEGF and PDGFR tyrosine kinases and is being 
investigated in several diff erent cancers. A Phase 
II trial assessed the activity and safety of linifanib 
in patients with locally advanced or metastatic 
NSCLC. Patients who received one or two prior 
systemic therapy were randomized to linifanib 0.10 
mg/kg or 0.25 mg/kg once daily. Primary endpoint 
was progression free rate at 16 weeks. Secondary 
endpoints included objective response rate, TTP, 
PFS, and OS. Results showed that linifanib had 
an objective response rate of 5.0% (3.1% and 6.8% 
for low dose and high dose, respectively), progres-
sion-free rate at 16 weeks was 33.1% (32.3% and 
33.8%), median TTP was 3.6 months (3.6 and 

Vandetanib

Vandetanib (Caprelsa, Astrazeneca) is an oral 
antagonist of VEGFR-1, VEGFR-2, and VEGFR-3 
and EGFR. It was approved by FDA in 2011 for 
treatment of patients with metastatic medullary 
thyroid cancer that are ineligible for surgery (36). 
A randomized Phase II study in 160 patients with 
advanced NSCLC compared the eff ects of 300 
mg of vandetanib and 250 mg of gefi tinib oral 
daily. Vandetanib showed a statistically signifi cant 
improvement in TTP compared with gefi tinib 
(11.9 and 8.1 weeks, respectively). Based on this 
study, further Phase III trials were designed (37).

Four Phase III trials, ZEST, ZEAL, ZEPHYR, 
and ZODIAC, evaluated the use of vandetanib in 
various settings of NSCLC. ZODIAC and ZEAL 
were second-line trials that combined docetaxel 
and pemetrexed, respectively, with vandetinib. 
ZODIAC study (docetaxel with or without vande-
tanib) showed a statistically signifi cant PFS and a 
statistically nonsignifi cant OS improvement with 
vandetinib (38). No statistically signifi cant PFS 
and OS were seen with addition of vandatenib with 
pemetrexed in the ZEAL study (39). Th e ZEST 
trial showed similar PFS and OS when vandetanib 
was compared with erlotinib (40). ZEPHYR trial 
compared vandetanib plus best supportive care 
and best supportive care in patients with locally 
advanced or metastatic NSCLC after prior ther-
apy with an EGFR inhibitor (41). Th e trial did not 
meet its primary endpoint of prolonging OS in 
these patients. Th e common side eff ects of vande-
tanib include rash, diarrhea, neutropenia, hyper-
tension, and QTc prolongation (42). Because of 
the disappointing results of these studies, vande-
tanib is not being developed further for lung can-
cer treatment.

Cediranib (AZD 2171)

Cediranib inhibits VEGFR-1, VEGFR-2, VEGFR-
3, PDGFR-beta, and c-kit. A randomized Phase 
II/III study (NCIC BR24) compared carbopla-
tin (AUC = 6) and paclitaxel (200 mg/m2) with 
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with advanced NSCLC after failure of stand-
ard fi rst-line chemotherapy to a combination of 
erlotinib at 150 mg oral daily with bevacizumab 
at 15 mg/kg every 3 weeks or erlotinib plus pla-
cebo (2). Th e study excluded patients with prior 
bevacizumab therapy. Th e primary endpoint was 
the OS. Median PFS was 3.4 months in the beva-
cizumab arm versus 1.7 months in placebo arm. 
Th e trial however failed to meet its primary end 
point, with similar OS between the two arms (9.3 
months for bevacizumabarm versus 9.2 months in 
placebo arm) (2). Th e toxicitis of bevacizumab and 
erlotinib in the study were similar to the known 
toxicities of individual drugs.

Th e ATLAS trial (n = 1160) randomized 
patients with locally advanced, recurrent or meta-
static NSCLC to upfront platinum-based chemo-
therapy with bevacizumab for four cycles. If patients 
had stable disease, they were randomized to beva-
cizumab or placebo or a combination of bevaci-
zumb with erlotinib. Th e study included patients 
with treated brain metastasis and patients on low–
molecular weight heparin. Th ough the median 
PFS was 4.8 months in bevacizumab plus erlotinib 
arm versus 3.7 months for bevacizumab plus pla-
cebo arm, there was no improvement in the OS 
(50). Based on these results, the combined block-
ade of EGFR and angiogenesis does not appear to 
be a promising approach for the treatment of lung 
cancer in an unselected group of patients.

VEGF Trap

Afl ibercept is a fusion protein containing VEGFR-1 
and VEGFR-2 domains. Th e advantage of afl iber-
cept over other VEGF inhibitors is that it has a 
high VEGF-A binding affi  nity, nearly 1000 times 
more than bevacizumab, and the ability to bind 
VEGF-B, and longer half-life (51). Leigh et al. 
showed that afl ibercept had single agent activity in 
heavily pretreated patients with adenocarcinoma 
histology, resistant to platinum and erlotinib. It is 
well tolerated, and the most common adverse eff ects 
seen with this drug were hypertension, proteinuria, 

3.7 months), median PFS was 3.6 months (3.5 and 
3.6 months), and median OS was 9 months (10.0 
and 8.3 months) (48). Th e most common adverse 
events with linifanib were diarrhea, hypertension, 
and fatigue. Hence, linifanib has single-agent 
activity in advanced NSCLC patients in second- or 
third-line setting with an acceptable safety profi le. 
It is presently being studied in a randomized study 
in combination with chemotherapy for fi rst-line 
therapy of advanced non-squamous NSCLC.

Combined VEGF and EGFR Blockade

Preclinical studies suggest that multiple signal-
ing pathways are dysregulated in tumorigenesis. 
Hence, combining drugs to target multiple critical 
molecular pathways is an attractive option. EGFR- 
and VEGF-dependent angiogenesis pathways play 
a crucial role in lung cancer, including disease pro-
gression. Erlotinib (Tarceva, Genentech) is a selec-
tive, reversible EGFR tyrosine kinase inhibitor 
(49). Preclinical studies demonstrated a favorable 
interaction when both EGFR and VEGF pathways 
were blocked simultaneously, compared with either 
blockade alone. Th e greater growth inhibition with 
the combination of these targeted drugs is attrib-
uted to the common downstream signaling of the 
VEGF and EGFR pathways (49). Several preclin-
ical studies in xenograft models demonstrated 
that the combined inhibition of anti-VEGF and 
anti-EGFR produced a favorable outcome (49). 
Hence, a number of trials were designed focus-
ing on the eff ects of erlotinib in combination with 
bevacizumab in a wide range of tumors including 
NSCLC.

A multicenter, Phase II trial randomized 
patients with refractory and relapsed non-squa-
mous NSCLC to a combination of bevacizumab 
with erlotinib or bevacizumab with chemotherapy 
and compared it with chemotherapy alone (9). Th e 
trial showed a favorable OS with the combination 
of bevacizumab and erlotinib. To further assess 
the combination of bevacizumab with erlotinib, 
a Phase III trial BeTA randomized 636 patients 
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ATTRACT-1 trial randomized patients with 
newly diagnosed advanced NSCLC to carboplatin, 
paclitaxel, and placebo, or carboplatin, paclitaxel, 
and ASA404 1800 mg/m2. Th ere was no diff erence 
in OS between the two arms; median OS was 13.4 
months for ASO404 and 12.7 months for placebo 
arm; hence ASAO404 failed to improve outcomes 
in advanced NSCLC (57). ATTRACT-2 trial ran-
domized patients with newly diagnosed advanced 
NSCLC to docetaxel with or without ASA404 
1800 mg/m2. Th e study was terminated after 
interim analysis showed that the study would not 
meet its primary endpoint of OS.

ABT-751 is an oral VDA that binds to the 
colchicine-binding site on B-tubulin, inhibit-
ing polymerization of microtubules. A Phase 
I/II study of pemetrexed with and without ABT-
751 was conducted on patients with recurrent 
advanced or metastatic NSCLC. Patients received 
pemetrexed 500 mg/m2 on day 1 and ABT-751 or 
placebo on days 1 to 14 of 21-day cycles. PFS was 
primary endpoint. Median PFS in ABT-751 arm 
was 2.3 months versus 1.9 months in placebo arm, 
hence addition of ABT-751 to pemetrexed does 
not improve outcome in an unselected patient 
 population (58).

BIOMARKERS ■

Th ere is an important need to pursue biomark-
ers that can refl ect the eff ect of drug and predict 
response to therapy in clinical practice. Th e classi-
cal endpoints used in clinical trials routinely may 
not be suffi  cient to evaluate the biological eff ects 
of antiangiogenic drugs (59). Identifi cation of such 
markers may lead to better planning and interpre-
tation of future studies.

An et al. sought to fi nd blood-based biomark-
ers that can be used to predict effi  cacy in advanced 
and recurrent NSCLC treated with bevacizumab 
and chemotherapy. Based on the mechanisms of 
action of bevacizumab, it was hypothesized that 
plasma VEGF levels can be aff ected by addition of 
bevacizumab and predict clinical outcomes (60). 

fatigue, arthralgia, and myalgia. A Phase III trial 
randomized patients with advanced or metastatic 
non-squamous NSCLC to afl ibercept or placebo 
in combination with docetaxel in second-line set-
ting. Th e study failed to meet its primary endpoint 
of OS. Median OS was 10.4 months in placebo 
arm and 10 months in afl ibercept arm (52).

VASCULAR DISRUPTING AGENTS ■

VDAs cause disruption of existing tumor vascu-
lature, leading to tumor necrosis. VDAs diff er 
in mechanism of action from vascular targeting 
agents (VTAs) such as angiogenesis inhibitors; 
VDAs cause collapse of existing solid tumor vas-
culature, whereas VTAs prevent the formation of 
new blood vessels and do not target existing vas-
culature (53). Preclinical models have led to the 
development of two main classes of VDAs: tubulin 
polymerization inhibitors such as combretastatin 
A4 phosphate and the fl avonoid class such as fl a-
vone acetic acid (FAA) and ASA404 (vadimezan) 
(54). One of the more promising VDAs in clinical 
trials in recent years is ASA404.

A Phase II study evaluated the feasibility of add-
ing ASA404 to carboplatin (AUC 6) or paclitaxel 
175 mg/m2 in patients with untreated, advanced 
NSCLC. Patients were randomized to carbopla-
tin plus paclitaxel or carboplatin plus paclitaxel 
plus ASA404 1200 mg/m2. Tumor response rate 
(31% vs. 22%), median time to tumor progression 
(5.4 vs. 4.4 months) and median survival (14 vs. 8.8 
months) were improved in the ASA404 combin-
ation group compared with standard chemother-
apy group (55).Th ese outcomes were confi rmed in 
a single-arm evaluation of ASO404 1800 mg/m2 
with same chemotherapy. Median survival was 
8.8 months in chemotherapy arm, 14 months in 
chemotherapy plus ASO 404 1200 mg/m2 and 
14.9 months in chemotherapy plus ASO 404 1800 
mg/m2 (55,56). Th ese encouraging results have led 
to two Phase III trials: ATTRACT-1 (Antivascular 
Targeted Th erapy: Researching ASA404 in Cancer 
Treatment) and ATTRACT-2.
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in VEGF gene have been identifi ed that may have 
functional activity. Heist et al. showed that VEGF 
polymorphisms may aff ect survival in early-stage 
lung cancer (67). However, large, independent 
studies are needed to further investigate polymor-
phisms in VEGF for their predictive potential.

A number of invasive and noninvasive meth-
ods such as tissue biopsy, MVD, and imaging have 
been studied to accurately monitor the eff ects of 
antiangiogenic treatment, but no method so far 
has been universally validated. In particular, MVD 
has been indicated as a marker for disease progres-
sion and OS (68). However, its utility in evaluating 
response to antiangiogenic treatment has been dis-
appointing. Future clinical trials of antiangiogenic 
agents should focus on discovery of new biomark-
ers and validate the markers already studied.

ANTIANGIOGENIC AGENTS IN  ■

SMALL CELL LUNG CANCER

Elevated VEGF expression is associated with poor 
prognosis in small cell lung cancer. Based on this 
idea, a Phase II trial ECOG 3501 was initiated, 
which investigated the safety and effi  cacy of beva-
cizumab in combination with cisplatin and etopo-
side in patients with extensive stage small cell lung 
cancer (ES-SCLC). Patients received cisplatin 60 
mg/m2 and etoposide 120 mg/m2 with bevaci-
zumab 15 mg/kg (69). Primary endpoint was PFS 
at 6 months. Th e study showed that addition of 
bevacizumab to chemotherapy results in improved 
favorable PFS and OS. Th e 6-month PFS was 
30.2%, median PFS was 4.7 months, and 1 year 
OS was 38.1% with combination of bevacizumab 
to chemotherapy.

A Phase II study CALGB 30306 studied the 
combination of cisplatin 30 mg/m2 and irinote-
can 65 mg/m2 on days 1 and 8 plus bevacizumab 
15 mg/kg every 3 weeks for four cycles, in untreated 
ES-NSCLC (70). A higher response rate of 75%, 
PFS of 7.1 months, and OS of 11.7 months were 
reported (69,70). Th ese results were followed by a 
randomized Phase II study to assess the effi  cacy of 

Th e study showed that VEGF levels decreased with 
marginal signifi cance at 6 weeks or later, com-
pared with the baseline. OS was improved in the 
low posttreatment VEGF levels group compared 
with the high group using the median posttreat-
ment plasma VEGF level as the cutoff  point (60). 
Disorganized expression of adhesion molecules 
has been observed in a variety of cancers includ-
ing lung, gastric, breast, head-and-neck, and colo-
rectal cancers. Major adhesion molecules involved 
in lung cancer include E-cadherin, intercellu-
lar adhesion molecule (ICAM)-1 and E-selectin. 
Gogali et al. showed that ICAM-1 serum levels 
were signifi cantly elevated in both SCLC and 
NSCLC (61). Dowlati et al. evaluated VEGF, 
basic FGF (bFGF), ICAM, and E-selectin within 
the E4599 randomized trial to determine the 
prognostic and predictive value of these markers. 
Pretreatment VEGF, and pretreatment and week 
7 bFGF, ICAM, and E-selectin were measured. 
Th e study showed that patients with a low baseline 
ICAM had a higher response rate and better OS 
than those with high baseline ICAM, irrespective 
of treatment arm (62). Patients with high VEGF 
levels were more likely to respond to carboplatin 
plus paclitaxel plus bevacizumab than to carbo-
platin and paclitaxel alone. Th e authors concluded 
that baseline ICAM levels were prognostic for sur-
vival and predictive of response to chemotherapy 
with or without bevacizumab, and VEGF levels 
were predictive of response to bevacizumab but 
not survival.

Circulating endothelial cell (CEC) is a surro-
gate of angiogenesis, so CEC number may refl ect 
the extent of tumor angiogenesis. Previous stud-
ies have shown that CECs increase in lung can-
cer and decrease following antiangiogenic therapy 
(63,64). Heymach et al. showed that pazopanib 
therapy was associated with signifi cant changes of 
eight cytokine and angiogenic factors in patients 
with early-stage NSCLC (65). Another study dem-
onstrated that low baseline circulating VEGF may 
be predictive of PFS in advanced NSCLC receiv-
ing vandetanib versus gefi tinib or vandetanib plus 
docetaxel versus docetaxel (66). Polymorphisms 
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the only agent to gain approval by the FDA among 
the class of these drugs. While bevacizumab does 
not cause objective responses when used as mono-
therapy, several VEGF TKIs have demonstrated 
response rates of 7% to 10%. However, they have 
not been easy to combine with chemotherapy or 
have not led to improved survival when used in 
combination with chemotherapy. Th e inability to 
develop predictive biomarkers has been a stum-
bling block for continued evaluation of antian-
giogenic agents in NSCLC patients. Given that 
the target is the host, responses in the host occur 
regardless of antitumor eff ects in patients treated 
with antiangiogenic therapy. Th is has been the 
major impediment to biomarker discovery.

A number of novel agents with distinct mech-
anisms of action are still under development for 
NSCLC. Th is includes the humanized mono-
clonal antibodies IMC-1121B (Ramucirumab), 
which targets VEGFR-2, and IMC-18F1, which 
targets VEGFR-1 (75). It remains to be seen if 
these agents will exert greater biological and clin-
ical effi  cacy. An ongoing study will determine the 
addition of antiangiogenic therapy to patients with 
surgically resected early-stage NSCLC (ECOG 
1505). Another area of investigation that might 
prove useful involves the combination of antian-
giogenic therapy with other molecularly targeted 
agents. In addition, a greater understanding of the 
escape pathways that are activated in response to 
VEGF inhibition could lead to novel combination 
regimens.
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ABSTRACT ■

Lung cancer has evolved from an incurable, uniformly fatal disease to a disease where competing therapeutic 
options off er clinical benefi t for an increasing proportion of the patients. While recent observations showed 
that tumor histology may assist in optimizing patient care, the use of cytotoxic agents in unselected patients 
is no longer a winning strategy for the future. Exciting fi ndings from basic research of lung cancer have now 
led to the emergence of aberrant genetic and molecular changes that present valid target that can be exploited 
for clinical benefi t in patients. Th is chapter focuses on the emergence of echinoderm microtubule-associated 
protein-like 4-translocated lung cancer and anaplastic lymphoma kinase-translocated lung cancer and the 
promise of new generation of HSP90 inhibitors as examples of the recent advances in lung cancer therapeutics 
and a model for the future evolution of novel therapies in this disease.
Keywords: lung cancer, EML4–ALK, heat shock protein, crizotinib, ganetespib
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INTRODUCTION ■

Lung cancer remains the most common and highly 
fatal cancer encountered in the United States. (1). 
Th e lack of a validated and eff ective screening strat-
egy until very recently meant that the majority of 
cases present with advanced disease at diagnosis. 
Platinum-based doublet regimen was established in 

the last decade as the bedrock of systemic therapy. 
Th is regimen provided the foundation to incorpo-
rate newer agents such as bevacizumab and cetux-
imab as a means of improving effi  cacy outcomes 
(2). Improved understanding of the biology and 
pathogenesis of lung cancer has led to the identifi -
cation of an increasing number of signaling path-
ways whose alteration serves as key driver events 
and, therefore, presents potential targets for novel 
therapeutic agents. Th is review provides an over-
view of emerging and newly established treatment 
strategies in lung cancer with particular empha-
sis on patients harboring the anaplastic lymphoma 
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Th e EML4–ALK translocation has been 
described in up to 7% of non-small cell lung can-
cer (NSCLC) patients. ALK-rearranged NSCLC 
occurs more frequently in patients with history of 
never having used tobacco or light smokers defi ned 
as less than 10 pack years (9). Th is is similar to 
patients with EGFR mutations. However, unlike 
the female predominance seen in EGFR-mutated 
lung cancer, patients with EML4–ALK transloca-
tion tend to be male (58%) versus only 26% in 
EGFR patients. Also, patients with EML4–ALK 
fusion protein tend to be younger than the gen-
eral population of lung cancer patients, with a 
median age of 52 years compared with 66 years 
in EGFR-mutated lung cancer and 64 years in 
wild-type group (6). Similar to other driver genetic 
and molecular aberrations described in NSCLC, 
EML4–ALK translocations occur more com-
monly in adenocarcinomas (10,11). Depending on 
the population studied, such tumors tend to have 
unique histology. For instance, a review of patients 
with EML4–ALK-translocated tumors in a U.S. 
lung cancer population found that 60% of tumors 
have sheet-like pattern, and 82% have signet-ring 
cell appearance (6,8). In contrast, ALK-positive 
tumors in Asian patients tend to have acinar pat-
tern of growth (65%) with mucin production (7).

Shortly after the initial characterization of 
the EML4–ALK translocation, a small molecule 
inhibitor PF-02341066, which acts as a competi-
tive inhibitor at the adenosine triphosphate (ATP) 
binding site of tyrosine kinases, was found to be 
active against the ALK fusion protein in cell lines 
(12). Th is compound, later named crizotinib, was 
subsequently tested in a multicenter Phase I study 
enriched for ALK-translocated tumors (13). Th e 
dose escalation phase employed broad solid tumor 
patient population with treatment-refractory dis-
ease to defi ne toxicities and maximum tolerated 
dose of the compound. Subsequently, an expansion 
cohort exclusively made up of patients with ALK-
rearranged lung cancer identifi ed by fl uorescence 
in situ hybridization (FISH) testing was treated at 
the recommended Phase 2 dose of 250 mg BID. 
Th e demographics of the 82-patient expansion 

kinase (ALK) and the echinoderm microtubule-
associated protein-like 4 (EML4) translocation.

ALK-REARRANGEMENT AS A  ■

THERAPEUTIC TARGET IN NON-
SMALL CELL LUNG CANCER

Th e chromosomal translocation involving the ALK 
and the EML4 genes was fi rst described in 2007 as 
a driver molecular aberration in lung adenocarci-
noma (3). Th is translocation results in an inver-
sion of the short arm of chromosome 2, fusing the 
N-terminal domain of EML4 to the intracellular 
kinase domain of ALK, resulting in a constitu-
tively active kinase. EML4–ALK activity modu-
lates many downstream pathways, which mediate 
cell proliferation and cell survival, including the 
PI3K/Akt and Ras/Mek/Erk pathways (Figure 1) 
(4). Th e transforming activity of this fusion pro-
tein was demonstrated using both tumor xenograft 
and transgenic mouse models (3,5). Furthermore, 
ALK mutation has been shown to be mutually 
exclusive of both epidermal growth factor receptor 
(EGFR) and KRAS mutations (6–8).

CC CC

EML4-ALK

Cell growth

ALK Ligand

FIGURE 1
Activation mechanisms for EML4–ALK.
Wild-type ALK undergoes transient homodimeriza-
tion in response to specifi c ligand receptor bind-
ing, which results in activation and downstream 
mitogenic signal transduction. Constitutively oli-
gomerized EML4–ALK via the coiled coil domain 
of EML4 results in persistent mitogenic signaling 
and malignant transformation.
Source: Adapted from Ref. (28).
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vomiting (39%), and diarrhea (29%) and vis-
ual (45%) disturbances. Th ere were nine deaths 
including two that were deemed treatment-related. 
Th e impressive clinical benefi t observed in these 
early phase trials led to an expedited approval by 
the U.S. Food and Drug Administration (FDA) for 
crizotinib for the treatment of patients with locally 
advanced or metastatic NSCLC, whose tumor 
harbors the ALK rearrangement as determined by 
break-apart FISH probe.

It is noteworthy that despite the impressive 
objective response with crizotinib and the expe-
dited FDA approval, defi nitive evidence for an 
overall survival benefi t remains to be proven in 
a prospective fashion. A recent retrospective ana-
lysis reported on the survival of patients with 
ALK-translocated tumors treated with crizotinib 
compared with ALK-positive control patients that 
did not receive crizotinib as well as ALK-negative 
and EGRR mutation-positive patients treated with 
EGFR tyrosine kinase inhibitors (16). Among 
82 ALK-positive patients treated with crizotinib, 
median overall survival from the time of initiation 
of crizotinib had not been reached at the time of 
reporting (95% CI: 17 months to not reached) 
with 1-year and 2-year overall survival rates of 74% 
(95% CI: 63–82) and 54% (95% CI: 40–66). Th is 
survival outcome was not impacted by age, gender, 
or ethnicity. ALK-positive patients treated with cri-
zotinib had a superior survival outcome compared 
with those treated with other agents: 1-year and 
2-year overall survival of 70% (95% CI: 50–83) 
versus 44% (CI: 23–64), and 55% (CI: 33–72) 
versus 12% (CI: 2–30); hazard ratio, 0.36; 95% 
CI: 0.17 to 0.75; P =·.004. Th e survival in ALK-
positive patients who did not receive crizotinib 
was similar to that in 253 patients without ALK 
translocation (median overall survival 20 months 
[95% CI: 13–26] vs. 15 months [CI: 13–17]; 
P = 0.244) suggesting that ALK translocation did 
not confer any prognostic benefi t. Although this 
analysis suggests that crizotinib therapy is associ-
ated with a survival benefi t in patients with ALK-
rearranged NSCLC, defi nitive evidence is awaited 
from ongoing prospective studies of crizotinib.

cohort were similar to other ALK-positive cohorts: 
96% adenocarcinomas, younger age patients with 
median age 51 years, and 94% never or light smok-
ers. Although it was a heavily pretreated group as 
79 patients (94%) had received prior therapy, the 
overall response rate was 57% (47 of 82 patients) 
with mean duration of therapy of 6.4 months, 
and estimated progression-free survival (PFS) at 6 
months was 72%. Th e treatment was well tolerated 
with notable adverse events being Grade 1 or 2 
nausea and diarrhea as well as transient visual dis-
turbances such as fl ashing or trailing lights follow-
ing moving objects, fl oaters, or blurry vision with 
light adaptation. Th e visual disturbance started 
at a median of 2 weeks into treatment and usu-
ally resolved with continued therapy. Th is Phase 
I study demonstrated the safety of crizotinib and 
confi rmed that interrupting aberrant ALK signal-
ing with a small molecule inhibitor could result in 
clinical benefi t. An updated report from a total of 
119 patients enrolled on the study was presented at 
the 2011 American Society of Clinical Oncology 
annual meeting (14). Out of 116 patients evaluable 
for response, the overall response was 61% (71 of 
116 patients) including 2 patients with complete 
response after a median follow-up period of 11 
months. Th e median time to response and median 
duration of response were 8 and 48 weeks, respect-
ively, while the median PFS was 10 months (95% 
confi dence interval [CI]: 8.2–14.7).

Based on the promising results seen in Phase 
I setting, a number of confi rmatory Phase II and 
Phase III studies were initiated to better defi ne the 
effi  cacy of crizotinib. PROFILE 1005 is a Phase 
II study of crizotinib in patients with advanced 
NSCLC with disease progression after prior 
chemotherapy (15). Th e study enrolled a total of 
136 patients to receive crizotinib 250 mg BID con-
tinuously until disease progression. During interim 
analysis, 88% of patients remained on therapy 
with median treatment duration of 9 weeks, and 
objective tumor shrinkage was reported in 83% 
of patients. Th e adverse event profi le mirrored 
the experience in Phase I setting with the most 
frequently reported events being nausea (46%), 
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crizotinib (19). X-376 and X-396 are potent ALK 
inhibitors from Xcovery pharmaceuticals with a 
10-fold greater specifi c binding to the ALK kin-
ase domain compared with crizotinib (20). Th ese 
agents also displayed greater in vitro and in vivo 
potency than crizotinib against parental and resist-
ant cell lines. While crizotinib is the established 
therapy for the ALK-positive subset of lung cancer, 
treatment strategies continue to evolve due to the 
emergence of acquired resistance to this agent and 
the need to further improve the clinical outcome 
of these patients in the future.

HEAT SHOCK PROTEIN (HSP)  ■

INHIBITORS IN LUNG CANCER

HSPs are chaperone proteins that play a central 
role in the regulation of protein folding to ensure 
accurate conformation and intracellular traffi  cking 
while preventing protein aggregation. Excessive 
accumulation of HSPs is known to accompany 
malignant transformation leading to a reduced 
effi  ciency of the cells to degrade oncogenic pro-
teins. Many tumors show increased levels of HSPs, 
which promote cell survival, growth, and metas-
tasis (21,22). Inhibition of diff erent components 
of the HSP machinery as an anticancer treatment 
strategy is predicated on the expected degradation 
of these oncogenic proteins such as signal trans-
ducers, receptors, and growth factors.

Hsp90 is one of the important members of 
this family of chaperone proteins that act to sta-
bilize a wide variety of intracellular client proteins. 
HSP90 is a constitutively expressed protein with 
fi ve diff erent isoforms. It binds to client proteins in 
cooperation with another chaperone, HSP70 and 
its cofactor HSP40. An adapter protein known 
as HSP organizing protein (HOP) binds through 
its small helical tetratricopeptide repeat (TPR) 
domains to link HSP90 and HSP70. Th e ATPase 
activity of HPS90 is stimulated by a cofactor, 
Aha1 leading to a conformational change that dis-
sociates ADP from the HSP70/HSP40/HOP com-
plex, thereby allowing ATP-dependent interaction 

Development of resistance is a well-recog-
nized setback when biologically targeted agents 
are introduced into the clinic as witnessed with 
erlotinib and gefi tinib in NSCLC as well as imat-
inib in chronic myelogenous leukemia. Not sur-
prising therefore, resistance to crizotinib has been 
described both under experimental laboratory 
condition as well as in the clinic in patients receiv-
ing crizotinib. Two gatekeeper mutations, C1156Y 
and L1196M, similar to the T315 mutation in 
BCR-ABL and the T790M gatekeeper muta-
tion in EGFR, were described in a patient who 
developed resistance to therapy approximately 
6 months into his treatment with crizotinib (17). 
Protein crystal structure analysis showed that both 
of these mutations are located close to the ATP-
binding pocket of the kinase domain of the ALK 
enzyme, thereby interfering with the binding of 
the inhibitor to the tyrosine kinase. Similarly, an 
in vitro model of acquired resistance to crizotinib 
using continuous exposure of a highly sensitive 
EML4–ALK-positive NSCLC cell line to crizo-
tinib until the emergence of resistance revealed 
two mechanisms of resistance. Th ere was gene 
amplifi cation involving the EML4–ALK gene 
in cells exposed to intermediate concentrations 
of crizotinib, and the L1196M gatekeeper muta-
tion was detected in cells resistant to higher drug 
concentration (18). Intriguingly, two structur-
ally diff erent ALK inhibitors, NVP-TAE684 and 
AP26113, retained activity against the resistant 
cells in vitro and in vivo, thus indicating potential 
use of these agents in patients who are resistant to 
crizotinib. Furthermore, the fortuitous observa-
tion that 17-AAG, a geldanamycin Hsp90 inhibi-
tor, was also active against the crizotinib-resistant 
cell lines provided further preclinical support for 
the clinical effi  cacy of the new generation, non-
geldanamycin heat shock protein (HSP) inhibitors 
against ALK-translocated NSCLC (18).

Other small molecule inhibitors are currently 
in various stages of preclinical and clinical evalu-
ation including CH5424802, which is unaff ected 
by the L1196M gatekeeper mutation since its 
kinase-binding mechanism is dissimilar to that of 
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More recently, encouraging clinical results are 
beginning to emerge through the use of improved 
drug formulation and the development of non-
geldanamycin class of HSP90 inhibitors.

IPI-504 (or retaspimycin) is a water-solu-
ble hydrochloride salt of 17-AAG. Th is agent 
was evaluated in a Phase II study that enrolled 
76 patients with advanced NSCLC previously 
treated with EGFR TKI therapy (25). While the 
overall response rate was not impressive at 7% 
with a median PFS of 2.86 months, there was 
a very interesting observation in three patients 
with ALK-rearranged cancer. Two of these three 
patients achieved partial response and all three 
remained on study for approximately 7 months. 

with other members of the multiprotein complex 
such as CDC37 and p23 in order to form a mature 
complex (Figure 2). Th e mature complex prevents 
client protein degradation, thereby ensuring their 
maturation and activation under various states of 
cellular stresses. HSP90 inhibitors prevent mature 
complex formation by inhibiting ATP-binding, 
thereby causing a shortened half-life of the mul-
tichaperone protein complex and consequently 
rapid degradation of the oncogenic proteins by the 
proteasome machinery (23).

Th e initial attempt to exploit this dependence 
of cancer cells on HSP function met with little suc-
cess due to poor pharmacological properties of the 
lead compounds derived from geldanamycin (24). 
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CONCLUSIONS ■

Th e era of personalized medicine has fi rmly taken 
root in oncology. Th e fi eld of thoracic oncology 
has no doubt adopted this paradigm shift to drive 
the management of lung cancer. Th e success of 
tyrosine kinase inhibitors, gefi tinib and erlotinib, 
against mutant EGFR has fueled the discovery 
of an increasing number of targets. EML4–ALK 
translocation is the most recently defi ned subset of 
patients with NSCLC, but other molecular subsets 
have been characterized including PIK3CA, Raf, 
and HER2 driven tumors. Several specifi c inhibi-
tors of the constitutively active tyrosine kinase 
activity of this fusion protein are already in clin-
ical testing with crizotinib, the most advanced of 
these agents, already approved for routine clinical 
use by the FDA. Th e development of resistance to 
ALK-targeted therapy has evolved quite rapidly 
from a laboratory curiosity to become an impor-
tant clinical reality. Inhibitor of the protein chap-
erones, HSP90, off ers potential treatment option 
for such patients. More importantly, this class of 
agents may also fi nd use in other subsets of lung 
cancer including K-Ras mutant lung cancer and 
other oncogene-driven pathways.
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ABSTRACT ■

Lung cancer, the leading cause of cancer-related deaths worldwide, with a median incidence age of 71 years, is 
a disease that is closely linked with the elderly. Th e limited representation of the elderly in most clinical trials, 
the presence of comorbidities, and the progressive reduction of organ functional reserve are the most impor-
tant aspects infl uencing treatment decision. Th is means that heterogeneity represents the main characteristic 
of older patients. Th us, the comprehensive geriatric assessment, a useful but very complex tool in evaluating 
all of these aspects, could help in elderly patients’ selection and in the best treatment choice. Non-small cell 
lung cancer (NSCLC) accounts for about 85% of all new lung cancer diagnoses, while small cell lung cancer 
(SCLC) makes up the remaining 15%. Most data address metastatic NSCLC, implying that recommenda-
tions can be drawn specifi cally for this subgroup. In early-stage and locally advanced NSCLC, the lack of 
adequate trials leaves the choice of the therapeutic approach dependent on the general condition of every single 
patient. Unfortunately, studies specifi cally addressing the treatment of elderly with SCLC have enrolled too 
few patients to produce any useful guideline. Th us, the treatment of elderly patients is still a challenge.
Keywords: NSCLC, SCLC, chemotherapy, targeted therapy, radiotherapy, surgery
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INTRODUCTION ■

Cancer is an age-associated disease, and the num-
ber of people aged ≥65 years will double by the 

year 2040 (1). Th e increased risk for cancer associ-
ated with older age can be expected to increase the 
number of cancer patients by 60% in the next 30 
years (2). Lung cancer is the most common can-
cer and the leading cause of cancer-related deaths 
worldwide, both in men and women (3). According 
to an analysis by the Surveillance Epidemiology 
End Results (SEER) database, on 373,489 lung 
cancer diagnoses, more than 50% were diagnosed 
in people aged ≥70 years, and about 15% of cases 
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When the age cut-off  was set at 70 years, the pro-
portions were 13% and 47%, respectively (P < .001) 
(8). Th e underrepresentation of the elderly in clini-
cal trials might be due to trial protocol (restrictions 
on comorbidities or organ function requirements), 
physicians skepticism (the patient would not be 
able to tolerate treatment due to comorbidities and 
advanced age), and patient-related barriers (hospi-
tals accessing diffi  culties, lack of adequate infor-
mation) (9,10).

Comorbidities are serious medical conditions 
that are not directly related to the cancer itself but 
involve mainly metabolism or the cardiovascular, 
respiratory, renal, and hepatic systems, adversely 
aff ecting the patient’s functional status. It has been 
reported that among individuals aged 65 to 74, the 
mean number of chronic diseases is 6. Th e most 
important coexisting pathologies in lung cancer 
patients are cardiovascular and pulmonary dis-
eases, common among heavy smokers (11).

Th e physiological progressive reduction of 
functional reserve that occurs in several organs 
with aging might cause an increase in the suscep-
tibility of elderly patients to adverse eff ects with a 
potential impairment of the quality of life (QoL) 
(12). A pooled analysis evaluated outcomes for 
elderly patients who participated in elderly spe-
cifi c (required age ≥65 years) or age-unspecifi ed 
trials (required age ≥18 years), demonstrating that 
those who were treated on elderly specifi c trials 
experienced fewer severe adverse events with simi-
lar survival outcomes (13). Hence, the enrollment 
of elderly patients in specifi c trials improves the 
understanding of physiological and pharmacody-
namic changes related to aging, with a substantial 
eff ect on outcomes and toxicities.

Elderly patients represent a very heteroge-
neous group. Th e comprehensive geriatric assess-
ment (CGA) is a useful but very complex tool 
which includes several self-assessed questionnaires 
assessing the patient’s functional status, presence 
of comorbidities, mental status and emotional 
conditions, social support, nutritional status, poly-
pharmacy, and geriatric syndromes. Th is allows 
the classifi cation of elderly patients into three 

in patients ≥80 years (4,5). Th ese data suggest that 
with a median incidence age of 71 years, lung can-
cer is a disease that is closely linked with the elderly. 
Th e incidence and the mortality from lung cancer 
have decreased among individuals aged ≤50 years, 
but has increased among those aged ≥70 years (6). 
In particular, the 5-year survival rate was lower in 
the octogenarians compared with patients aged 70 
to 79 or younger than 70 years (7.4% vs. 12.3% vs. 
15.5%; P < .0001) across sex, histologic subtypes, 
stages, and racial categories (5).

Th ere is no clear cut-off  age to defi ne an eld-
erly. Th is is because aging is a highly individualized 
process in which all the changes involved cannot be 
predicted solely on the basis of chronological age. 
Th us, it is important to evaluate a patient’s “func-
tional age” rather than chronological age especially 
in oncology, where chemotherapy and radiother-
apy have substantial side eff ects. Unfortunately, to 
establish the biologic age is still diffi  cult nowadays 
due to the lack of adequate laboratory tests and 
tools. Consequently, the chronological age is the 
only indicator in defi ning the elderly, and 70 years 
may be the most appropriate threshold because the 
incidence of age-related changes starts to increase 
after this cut-off  age (7).

Undoubtedly, lung cancer in elderly patients 
is an increasingly common problem which the 
practitioner of oncology must face.

FACTORS AFFECTING ELDERLY  ■

LUNG CANCER TREATMENT

Several factors infl uence the reluctance to use che-
motherapy in the elderly. Among these, the most 
important are the general lack of studies in this 
age group and the limited representation of the 
elderly population in most clinical trials for cancer. 
A retrospective analysis of patients enrolled onto 
Southwest Oncology Group trials between 1993 
and 1996 reported that the proportion of cancer 
patients aged ≥65 years was signifi cantly smaller 
than the percentage of older patients in the U.S. 
population (25% vs. 63%, respectively; P < .001). 
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(VES-13), which includes 13 simple questions 
(17), are being investigated in this setting.

All these considerations underline the need 
to perform an adequate baseline evaluation of the 
elderly patient to better choose the most appropri-
ate therapy.

NON-SMALL CELL LUNG CANCER ■

Non-small cell lung cancer (NSCLC), including 
squamous carcinoma, adenocarcinoma, and large 
cell carcinoma, accounts for about 85% of all new 
lung cancer diagnoses. Unfortunately, roughly 
one-third of these receive curatively intended treat-
ment, leaving the majority of candidates to pallia-
tive chemotherapy (18).

Early Stages

About 35% of all patients aff ected by NSCLC were 
diagnosed having Stages I, II, and IIIA (19) with 
a 5-year survival rate of 60% to 70% for patho-
logic Stage I, 35% to 45% and 25% for pathologic 
Stages II and IIIA, respectively (20). Th e therapeu-
tic strategy includes surgery for a complete resec-
tion of the tumor, whenever surgery is not feasible, 
curative radiotherapy could be a valid option. Th e 
postsurgical approach includes adjuvant chemo-
therapy and/or radiotherapy when indicated.

Surgery
NSCLC surgery still remains the treatment of 
choice off ering the greatest likelihood of a cure for 
patients diagnosed with early-stage disease. Age 
used to be considered a relative contraindication 
to thoracic surgical procedures due to a limited life 
expectancy. However, the improvements in thoracic 
surgical techniques, anesthesia, and postoperative 
care allowed the inclusion of an increasing number 
of elderly patients in surgical trials. Retrospective 
analyses support that all the thoracic surgical pro-
cedures are feasible regardless of patient age (21). 
But since these data are retrospective, they could 
be susceptible to selection bias.

categories: fi t patients with no serious comorbid-
ity and dependence; frail patients with signifi cant 
dependency and comorbidities; and vulnerable 
patients with some instrumental activity of daily 
living (IADL) dependency with or without severe 
comorbidities (14,15). On the basis of the CGA 
results, fi t patients, who have similar prognosis, 
treatment tolerance, and outcome compared with 
their younger counterparts, may receive the stand-
ard therapeutic approaches, while a less aggressive 
treatment or only the best supportive care (BSC) 
should be considered for the other categories. 
However, the CGA is too lengthy to be applied in 
the daily clinical practice (Table 1); therefore, other 
faster and easier tools such as the Cardiovascular 
Health Study (CHS), which includes only fi ve 
items (16), and the Vulnerable Elderly Survey 13 

TABLE 1 Main parameters and methods of the 
assessment included in a CGA

Parameters Methods of the Assessment

Functional 
status

Performance status
Activities of daily living
Instrumental activities of daily 

living
Comorbidities Number of comorbid conditions

Severity of comorbid conditions 
(comorbidity index)

Socioeconomic 
conditions

Living conditions
Presence and adequacy of a caregiver

Cognitive 
conditions

Folstein mini-mental state 
evaluation

Emotional 
conditions

Geriatric depression scale

Pharmacy Number of medications
Appropriateness of medications
Risk of drug interactions

Nutritional 
status

Mini-nutritional assessment
Body mass index

Geriatric 
syndromes

Dementia
Delirium
Depression
Falls
Neglect and abuse
Spontaneous bone fractures
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amenable for surgery due to medical concerns or 
who do not want to undergo surgery, thus result-
ing in a feasible and tolerable option also in the 
elderly population (33). Nevertheless, despite no 
signifi cant diff erences were reported in terms of 
recurrence-free survival or OS, a greater num-
ber of elderly patients experienced weight loss 
compared with their younger counterparts 
(34–36).

More eff ective and better tolerated newer 
radiation techniques have been explored also in 
the elderly (37). Stereotactic body radiation is a 
safe and eff ective method of treating lung cancer 
in medically inoperable or elderly patients, with 
OS potentially comparable with those of surgery 
(38). In fact, when administered to 193 patients 
aged ≥75 years (73 octogenarians) with Stage I 
NSCLC, reported 1- and 3-year survival of 86% 
and 45%, respectively and minimal toxicity (39). 
Radio-surgery is a novel and promising concept 
which enables the selective delivery of an intense 
dose of high-energy radiation to destroy a tumor 
with precise targeting, without signifi cant compli-
cations for inoperable patients (40).

Overall, radiotherapy and, in particular, 
stereotactic radio-surgery, which avoids the mor-
bidity, recovery, and potential mortality connected 
with surgery, would be useful for a vulnerable 
population, including octogenarians.

Adjuvant Chemotherapy
Cisplatin-based adjuvant chemotherapy, improv-
ing OS after radical resection, is recommended 
in general patient population with Stages II to 
IIIA NSCLC (41,42). Unfortunately, to date, 
there are no prospective, elderly specifi c results 
but only retrospective analyses which show that 
the benefi t of adjuvant chemotherapy is indepen-
dent of age (43,44). In the JBR.10 trial, patients 
radically resected for Stages IB to II were ran-
domized to four cycles of adjuvant cisplatin plus 
vinorelbine or control. OS by age revealed a 
trend favoring the young (age ≤65 years) in both 
univariate (hazard ratio [HR] for death 0.77, 
P = .084) and multivariate analyses (HR for 

Comorbidities and the potential morbidity 
and mortality related to surgery are important key 
points in evaluating elderly patients for surgery. A 
careful patient selection with preoperative evalu-
ation based on cardiac and respiratory assessment 
is crucial for the accurate prediction of operative 
risk, postoperative performance, and QoL leading 
to an improvement of the results (21). A marked 
diff erence was found in postoperative outcome 
between elective and emergency operations, pneu-
monectomy and lobectomy or wedge resection, 
regardless of age (22). In fact, analyzing patients 
aged ≥70 years, postoperative complications 
occurred in 78.5% of 42 patients who had under-
gone pneumonectomy and in 58% of 48 patients 
who had received lobectomy or wedge resections, 
and all postoperative deaths occurred in the 
patients undergoing pneumonectomy (23). In an 
attempt to reduce operative morbidity and mor-
tality, video-assisted thoracic surgery (VATS) has 
been proposed, resulting particularly interesting 
in elderly patients, with encouraging results also 
in octogenarians (24,25). Hence, in experienced 
hands and after a careful selection of candidates, 
VATS may be a safe and acceptable procedure.

A very important point is the outcome of eld-
erly patients. Age is not a negative prognostic factor 
for long-term postoperative overall survival (OS), 
with 5-year survival rates ranging between 21% and 
58% depending on the stage of patients included in 
the study (21). Moreover, studies comparing out-
comes between elderly and younger patients have 
not demonstrated signifi cant diff erences in OS 
(26–30) or change in functional status (31,32). Yet, 
considering cancer-specifi c survival in the elderly, 
the importance of taking into account the cancer-
unrelated deaths should be clearly underlined.

All in all, surgery should not be denied to 
early-stage NSCLC elderly only on the basis of 
chronological age. But, a careful selection of the 
patient is mandatory to optimize surgical results.

Radiotherapy With Curative Intent
Radiotherapy administered with curative intent 
could be a valid option for elderly patients not 
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the OS benefi t comes from retrospective analyses 
based on highly selected patients and may be due 
to lack of potency; so their extrapolation to the 
general elderly population should be made with 
caution. To date, no data support the use of adju-
vant chemotherapy in patients older than 75 years, 
implying individual decisions should be made on 
a case-by-case basis after a discussion of the risks, 
potential benefi ts, life expectancy, comorbidities, 
and available results.

Adjuvant Radiotherapy
Th ere is no role for adjuvant radiotherapy in 
Stages I and II NSCLC, while its role in Stage 
IIIA/N2 remains controversial (46,47). A retro-
spective analysis of a Phase III randomized trial 
comparing cisplatin plus vinorelbine versus con-
trol in radically resected Stage IB to IIIA NSCLC 
patients showed a higher OS for the N2-positive 
subgroup receiving postoperative radiotherapy 
(48). A prospective randomized trial, addressing 
this question in the general population, is ongoing 
in Europe (49).

To sum up, due to an almost total lack of data 
regarding the role of adjuvant radiotherapy, espe-
cially for elderly NSCLC populations, and given 
the lack of demonstrated benefi t for its use in the 
general population, it is not advisable to use this 
therapy in clinical practice for elderly NSCLC 
patients.

Neoadjuvant Therapy
Th e role of neoadjuvant chemotherapy for the 
treatment of early-stage NSCLC is still controver-
sial in the general population. A systematic review 
suggests a 12% relative OS benefi t with the addi-
tion of neoadjuvant chemotherapy (1,507 patients, 
HR 0.88, 95% CI 0.76–1.01, P = .07) (50). No 
data are available specifi cally for the elderly pop-
ulation. However, this topic is particularly inter-
esting because preoperative chemotherapy is 
generally more tolerable than postoperative che-
motherapy and, as a consequence, potentially more 
suitable for elderly patients than standard adjuvant 
chemotherapy.

death 0.75, P = .059). OS for patients aged >65 
years was signifi cantly better with chemotherapy 
versus observation, with a 5-year survival rate of 
68% versus 48%, respectively (HR for death 0.61, 
P = .04). However, patients aged >75 years had 
signifi cantly shorter OS than those aged 66 to 74 
(HR for death 1.95, P = .02). Th e elderly received 
signifi cantly fewer doses of both cisplatin and 
vinorelbine. Fewer elderly patients completed 
treatment and more refused treatment compared 
with the young (P = .03). Th ere were no signifi -
cant diff erences in hospitalization, toxicities, or 
granulocyte-colony stimulating factor (G-CSF) 
use (43). A pooled analysis evaluated the effi  cacy 
and toxicity of adjuvant cisplatin-based chemo-
therapy by three age groups: 3,269 young (<65 
years), 901 midcategory (65–69 years) and 414 
elderly (≥70 years). No diff erence in the severe 
toxicity rate was observed among the age groups. 
Elderly patients received signifi cantly lower fi rst 
and total cisplatin doses, and fewer chemother-
apy cycles (P < .0001). In the young patients, the 
HR for death was 0.86 (95% confi dence interval 
[CI] 0.78–0.94), 1.01 (95% CI 0.85–1.21) for the 
midcategory, and 0.90 (95% CI 0.70–1.16) for 
the elderly patients (P = .29). Th e HR for event-
free survival was 0.82 (95% CI 0.75–0.90) for the 
young, 0.90 (95% 0.76–1.06) for the midcate-
gory, and 0.87 (95% CI 0.68–1.11) for the elderly 
patients (P = .42). More elderly patients died from 
nonlung cancer-related causes (12% young, 19% 
midcategory, 22% elderly; P < .0001) (44).

A retrospective analysis, using the SEER data-
base from 1992 to 2005, included 3,324 patients 
aged ≥65 years with resected Stages II to IIIA 
NSCLC. Platinum-based chemotherapy admin-
istered in 684 (21%) patients was associated with 
improved OS (HR 0.80, 95% CI 0.72–0.89) but 
also with increased serious adverse events (odds 
ratio [OR] 2.0, 95% CI 1.5–2.6). Moreover, 
chemotherapy was not benefi cial for patients aged 
≥80 years (HR 1.33, 95% CI 0.86–2.06) (45).

Th us, also the adjuvant cisplatin-based 
chemotherapy should not be withheld from eld-
erly patients purely on the basis of age. However, 
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treatment is the standard of care with a 5-year sur-
vival rate less than 2% (20). Th e largest amount of 
clinical data for the treatment of elderly is available 
in this stage of disease.

First-Line Chemotherapy
Retrospective analyses showed that older patients 
were less likely to receive chemotherapy, however 
when they were treated the benefi t of platinum-
based doublets was greater than single-agent drug 
but with more adverse events, independently of 
comorbidities (55,56).

Two randomized Phase III trials evaluated the 
role of single-agent chemotherapy in patients aged 
≥70 years (57,58). Vinorelbine was well-tolerated, 
and improved OS versus BSC (57) while when 
compared with docetaxel, the latter scored better 
in terms of objective response rate (ORR), progres-
sion-free survival (PFS) and, a trend not statistically 
signifi cant, in terms of OS, the primary endpoint 
of the trial (58). Further two studies investigated 
a nonplatinum-based doublet, the combination of 
gemcitabine and vinorelbine, versus single-agent 
drug (59,60). Th e fi rst study, involving 120 elderly 
patients, suggested the superiority of gemcitabine 
plus vinorelbine over single-agent vinorelbine in 
terms of ORR, OS, and QoL (59). However, a lar-
ger trial, randomizing nearly 700 older patients, 
concluded that the combination of gemcitabine 
and vinorelbine did not provide an OS benefi t 
over single-agent vinorelbine or gemcitabine, and 
that the two-drug combination was more toxic 
than single-agent therapy (60). Th e discrepancies 
in the results reported by these last two trials may 
be ascribed to the diff erent sample size. A meta-
analysis assessed the effi  cacy and tolerability of a 
gemcitabine third-generation agent doublet versus 
single-agent treatment in elderly NSCLC patients. 
A signifi cantly higher ORR was observed (OR 
0.65; P < .001), but there was only a trend toward 
higher OS favoring the combination treatment 
(OR 0.78; P = 0.169). Toxicity was not signifi -
cantly diff erent, except for thrombocytopenia (61). 
Based on these available data, also the American 
Society of Clinical Oncology (ASCO) guidelines, 
2003 update, recommended  third-generation 

Locally Advanced Disease

Patients aff ected by locally advanced unresectable 
NSCLC account for about 27% (19) with a 5-year 
survival rate of 10% (20). Concurrent chemo-
radiotherapy is the standard approach reporting an 
OS improvement (HR 0.84, 95% CI 0.74–0.95; 
P = .004) a better locoregional control (HR 0.77, 
95% CI 0.62–0.95; P = .01) but at the cost of man-
ageable increased acute esophageal toxicity (rela-
tive risk [RR] 4.9, 95% CI 3.1–7.8; P < .001) (51).

A total of 6,325 locally advanced NSCLC 
patients aged ≥66 years and treated with chemo-
radiotherapy were identifi ed in the SEER data-
base. A survival benefi t was reported, but patients 
receiving concomitant chemo-radiotherapy experi-
enced the greatest mortality risk, suggesting that 
a less aggressive strategy may be more appropriate 
for the elderly (52). Further retrospective analyses 
reported similar results but may suff er from selec-
tion bias, thus possibly rendering the conclusions 
not representative of the whole elderly population, 
but only of highly selected group of patients (53).

A prospective Phase III trial randomly assigned 
patients >70 years with unresectable Stage III 
NSCLC to either radiotherapy alone or radiother-
apy and concurrent daily carboplatin. Th is trial was 
stopped early because of four deaths due to treat-
ment toxicity (one on the radiotherapy alone arm 
and three on the radiotherapy plus carboplatin arm). 
Only 46 patients were treated reporting an OS of 
14.3 months with radiotherapy versus 18.5 months 
with chemotherapy plus radiotherapy (54).

Th us, concomitant chemo-radiotherapy should 
be off ered to elderly patients selected on the basis 
of performance status, comorbidities, and life 
expectancy due to the lack of specifi c prospective 
randomized trials and the higher risk of toxicity 
showed by available data. A sequential approach 
should be considered when the concurrent treat-
ment is evaluated not feasible.

Metastatic Disease

Most NSCLC patients (40%) are diagnosed in 
Stage IV disease (19) when a systemic, palliative 
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two arms (65). Th e second study randomized 276 
elderly patients to receive 3-weekly docetaxel or 
weekly cisplatin plus docetaxel. Th e study failed 
to reach the primary endpoint, that is, OS. In fact, 
at the fi rst interim analysis, OS was 17.3 months 
for the docetaxel and 13.3 months for the doub-
let (HR 1.557, 99.99% CI 0.624–3.884; P = .969). 
Th e predictive probability that the doublet could 
be superior to docetaxel at the fi nal analysis was 
0.996%, so the study was stopped. Th e updated 
OS was 13.3 months for the doublet and 14.8 for 
the single agent (HR 1.183, 95% CI 0.830–1.687; 
P = .824), PFS was 4.7 and 4.4 months (HR 0.924, 
95% CI 0.714–1.197; P = .303) and ORR 34.4% 
and 24.6% (P = .101), respectively. Hematologic 
toxicities were higher in 3-weekly docetaxel, while 
nonhematologic toxicities were higher for the 
doublet arm. A subset analysis evaluated the OS 
of the patients aged <75 years (n = 62) and of those 
aged ≥75 years (n = 210), reporting no diff erences 
between the two arms of each group but a higher 
OS for the younger (66).

Another Phase III randomized trial com-
pared, in 181 elderly patients, two doublets: car-
boplatin plus gemcitabine or plus paclitaxel. Th e 
main endpoint was QoL. Overall, Grade 3 to 4 
toxicity occurred in 75% and 60% of patients 
treated with carboplatin plus gemcitabine or 
paclitaxel, respectively. Mean global QoL score 
at 18 weeks analysis did not diff er between the 
two arms. Th e number of QoL responders (12% 
and 5% in carboplatin plus gemcitabine or pacli-
taxel, respectively) was not signifi cantly diff erent. 
A CGA was also carried out, with 38% and 25% 
of patients enrolled in the gemcitabine-based arm 
and the paclitaxel-based arm, respectively, report-
ing ≥2 comorbidities. Almost half of the patients 
had limitations in IADL, and more than a quar-
ter had abnormal depression scores. Th e ORR 
was 27% and 19% with a median PFS of 4.7 and 
4.5 months and an OS of 8.6 and 6.9 months, 
respectively (67).

Th e doses and schedules employed in these 
trials were similar to the ones generally adminis-
tered in younger patients. Despite the data seem 
to favor the platinum-based combinations, the 

single-agent chemotherapeutic, that is, vinorel-
bine, gemcitabine, taxanes (docetaxel, paclitaxel), 
as a reasonable treatment choice in unselected 
elderly patients with advanced NSCLC (62). In 
clinical practice, the choice of the single agent 
should take into account the expected toxicity 
profi le, pharmacokinetics, organ function, and 
comorbidities.

Th ird-generation platinum-based  doublets 
represent the standard of care for advanced 
NSCLC in adult patients (63), but they are associ-
ated with signifi cant toxicity, and the evaluation 
of the risk versus benefi t ratio should be particu-
larly strict in elderly patients due to the concerns 
discussed above. However, several retrospective 
analyses of large randomized trials found no dif-
ferences in survival between elderly and younger 
patients, with a small increase in toxicity in 
the elderly, suggesting that advanced age alone 
should not preclude platinum-based chemother-
apy. Nevertheless, these trials may be biased due 
to the enrollment of elderly patients considered by 
investigators to be eligible for aggressive treatment 
and thus not representative of the whole elderly 
population but rather of a small subgroup (64). 
Consequently, any extrapolation of these results 
to the general elderly population should be made 
with caution. Two prospective randomized Phase 
III trials investigated platinum-based regimens 
versus single-agent therapy in patients aged ≥70 
years (65,66). Single-agent gemcitabine or vinor-
elbine was compared with the combination of 
carboplatin plus weekly paclitaxel in 451 elderly 
patients. Primary endpoint was OS, which was 
signifi cantly longer for patients treated with com-
bination chemotherapy (10.3 vs. 6.2 months; HR 
0.64, 95% CI 0.52–0.78; P < .0001). Th e 1-year 
survival rate was 44.5% for the doublet and 25.4% 
for the monochemotherapy with a median PFS 
of 6.0 versus 2.8 months, respectively (HR 0.51, 
95% CI 0.42–0.62; P < .0001), while ORR was 
27.1% versus 10.2%, respectively. However, Grade 
3 to 4 hematologic toxicities and treatment-related 
deaths were signifi cantly more frequent in patients 
treated with doublet than single-agent therapy. At 
week 6 and week 18, the QoL was similar in the 
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vascular endothelial growth factor (VEGF) and 
the epidermal growth factor receptor (EGFR).

A randomized Phase III trial showed that 
the addition of bevacizumab (15 mg/kg), an anti-
VEGF monoclonal antibody, to the paclitaxel plus 
carboplatin doublet as fi rst-line treatment of non-
squamous NSCLC patients resulted in signifi cant 
prolongation of PFS and OS. Th e squamous hist-
ology was excluded due to a higher incidence of 
pulmonary hemorrhage reported in this NSCLC 
histotype (71). A subgroup analysis performed in 
the 224 (26%) elderly patients (≥70 years) enrolled 
onto the trial showed no diff erences between 
young and elderly patients (P = .34). In the elderly 
population, there was no signifi cant prolongation 
of OS, with a trend toward higher PFS in favor of 
the bevacizumab arm, which resulted in a signifi -
cantly higher number of Grade ≥3 toxicities than 
in chemotherapy alone (72). Another retrospective 
analysis was performed in 304 elderly (≥65 years) 
out of 1,430 patients randomized to receive cis-
platin plus gemcitabine alone or in combination 
with two doses of bevacizumab (7.5 or 15 mg/kg). 
Th e elderly patients receiving both doses of bevaci-
zumab derived an improvement of ORR and PFS 
than placebo. OS was similar in all the treatment 
arms regardless of age. Th ere were no safety signals 
of concern in older patients (73). Unfortunately, 
only retrospective data are available; therefore, 
bevacizumab should be used only in carefully 
selected advanced NSCLC elderly patients.

Gefi tinib and erlotinib, two small-molecule 
EGFR tyrosine kinase inhibitors (TKIs), admin-
istered orally daily, were investigated in the eld-
erly population. A large Phase II randomized trial 
compared gefi tinib to vinorelbine as fi rst-line 
treatment of unselected patients aged ≥70 years, 
showing similar effi  cacy with a lower toxicity pro-
fi le and a better QoL favoring gefi tinib (74). Also, 
erlotinib was investigated in 80 unselected eld-
erly patients with previously untreated advanced 
NSCLC, reporting an interesting ORR of 10% 
and OS of 10.9 months with a signifi cant improve-
ment of key symptoms (dyspnoea, cough, fatigue, 
and pain) and a good tolerability (75). However, it 

toxicities reported by the elderly should be strongly 
considered before standardizing this approach to 
the whole elderly population. In view of these 
considerations, of interest are the several Phase II 
studies investigating innovative third-generation 
platinum-based doublets modifi ed with attenuated 
platinum doses or weekly schedules that would be 
more suitable in the elderly. Overall, these trials 
showed that these regimens could maintain the 
effi  cacy without increasing toxicity (64). A larger 
Phase I/II randomized trial evaluated the feasibil-
ity of cisplatin at attenuated doses combined with 
gemcitabine or vinorelbine in elderly patients with 
advanced NSCLC (68). In both arms, the treat-
ments were active and feasible, but a better activity 
was reported by cisplatin plus gemcitabine, prob-
ably due to the higher cisplatin dose administered; 
thus, this regimen (cisplatin plus gemcitabine) is 
now being investigated versus single-agent gem-
citabine in an ongoing Phase III randomized trial 
performed in patients aged ≥70 years (69). Smaller 
retrospective series demonstrate the feasibility and 
possible benefi t of chemotherapy also in octoge-
narians (70).

Th us, in view of most of the last data shown, 
the ASCO guidelines, update 2009, recommend 
that the selection of a specifi c fi rst-line chemo-
therapy drug or combination should no longer be 
based on age alone, as there is no evidence sup-
porting this (63). However, platinum-based dou-
blets should be reserved for fi t older patients, with 
single-agent drug considered for the other elderly 
population. Table 2 summarizes the randomized 
Phase III trials performed in advanced NSCLC 
elderly patients.

Targeted Therapy
Th e major progresses in the understanding of lung 
cancer molecular abnormalities have led to the 
identifi cation of genes involved in lung carcinogen-
esis which are being used as targets for the devel-
opment of new biologic agents. Two pathways, 
studied in particular, provided specifi c inhibitors, 
which are currently in the clinical practice for 
the treatment of advanced NSCLC patients: the 
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counterpart. Pemetrexed produced a more favor-
able toxicity profi le with less febrile neutropenia 
(2.5% vs. 19%; P = .025) than docetaxel, and no 
toxic deaths (one treatment-related death was 
reported in the docetaxel arm) (78). Th e second 
was performed in 163 elderly patients out of 731 
randomized to receive erlotinib or placebo. Th e 
elderly treated with erlotinib gained survival and 
QoL benefi ts similar to younger patients, but 
experienced greater toxicity (79).

A prospective Phase II trial investigated a 
modifi ed schedule of docetaxel given as second-line 
therapy to 33 elderly patients. ORR was 21.2%, 
with Grade 3 hematologic and nonhematologic 
toxicities reported in less than 10% of patients (80) 
(Table 4).

Unfortunately, there is lack of data regard-
ing the role of second-line treatment in the eld-
erly NSCLC population. Considering the available 
results, age alone should not prevent the admin-
istration of second-line therapy, which should be 
chosen on the basis of life expectancy, expected 
benefi t, comorbidities, and patient’s preferences.

SMALL CELL LUNG CANCER ■

Approximately 15% of all new lung cancer cases 
are small cell lung cancer (SCLC), whose inci-
dence has decreased during the last two decades 
probably as a result of decreased tobacco use (20). 
In an analysis of the SEER database, while SCLC 
represents about 14% to 16% of all lung cancer 
cases in patients with age <70 years and in those 70 
to 79 years old, the proportion falls to only 9% to 
11% in patients aged ≥80 years, with a 5-year sur-
vival rates of 7.1%, 3.9%, and 2.2%, respectively 
(P < .0001) (5). According to the two-stage sys-
tem of the Veterans Administration Lung Cancer 
Group, more than two-thirds of patients are diag-
nosed as having an extensive disease (ED), while 
the remaining part as limited disease (LD) (81). 
However, the International Association for the 
Study of Lung Cancer staging project showed that 
tumor, node, metastasis (TNM) staging is also 
applicable to SCLC (82).

has been largely proven that the EGFR-TKIs are 
particularly active in patients aff ected by NSCLC-
harboring EGFR-activating mutations. Th ese data 
come from randomized Phase III trials demon-
strating that fi rst-line EGFR-TKIs scored better 
than standard chemotherapy in terms of ORR 
and PFS in advanced NSCLC patients selected by 
clinical features (adenocarcinoma histology, never 
smoker status, female gender, and Asian ethnicity) 
known to be related to a higher frequency of EGFR 
mutations or by biologic characteristic, that is, the 
presence of an activating EGFR mutation (76). 
Th ese trials were not specifi cally addressed to eld-
erly patients, but since the EGFR-TKI recognizes 
a specifi c target, the results could be generalized 
to all populations which harbor the EGFR muta-
tions. In addition, the EGFR-TKIs also seem to be 
a viable treatment option in patients older than 80 
years (70). Table 3 summarizes the results of the 
main trials performed in advanced NSCLC elderly 
patients with new biologic agents.

Overall, the availability of these new biologic 
agents and of pemetrexed, a new chemotherapeu-
tic which, due to its specifi c greater eff ectiveness, 
is licensed only for the treatment of nonsquamous 
NSCLC histology (77), underlined an important 
topic: the need of an adequate amount of can-
cer tissue to perform the diagnosis of the type of 
NSCLC histology and the biomolecular analyses, 
in order to better address the treatment.

Second-Line Therapy
In clinical practice, two chemotherapeutics, doc-
etaxel and pemetrexed (only for nonsquamous 
NSCLC histology), and one targeted agent, erlo-
tinib, are registered for second-line treatment of 
the general population, while only erlotinib is 
licensed also for third-line therapy (63).

Th is issue was addressed in the elderly 
patients (≥70 years) by two retrospective ana-
lyses (78,79). Th e fi rst was performed in 86 eld-
erly out of a total of 571 patients enrolled in a 
randomized Phase III trial comparing second-
line pemetrexed to docetaxel. Th e outcomes were 
similar between the elderly and their younger 
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86  Lung Cancer

neuropsychological impairments (89). In this view, 
neurological examinations and the use of tools in 
order to evaluate the mental status of the elderly 
could be useful.

A Phase II trial enrolled 55 patients aged >70 
years to receive one cycle of CAV and one cycle 
of PE plus radiotherapy. ORR was 89% with a 
complete response in 51% of patients. Th e OS 
was 12.6 months. Despite overall toxicity was not 
pronounced, three treatment-related deaths were 
reported (90). In another Phase II trial, 72 elderly 
patients received only two courses of carboplatin 
and oral etoposide and accelerated hyperfraction-
ated radiotherapy. ORR was 75% with complete 
response observed in 57% of patients. Th e OS 
was 15 months. Treatment was well tolerated with 
Grade 4 thrombocytopenia observed in one patient 
(91) (Table 5).

To sum up, chemo-radiotherapy in LD-SCLC 
elderly patients is still questionable and must be 
studied within trials specifi cally addressed to this 
subgroup of patients, while PCI should be accur-
ately evaluated and not generally advised in elderly 
patients, considering most likely preexisting neu-
rocognitive problems.

Extensive Disease

Systemic chemotherapy represents the standard 
treatment for patients aff ected by ED-SCLC, 
and radiotherapy plays a local palliative role (84). 
Single-agent chemotherapy, that is, oral etoposide, 
epidoxorubicin, and teniposide, is largely used for 
the treatment of ED-SCLC elderly patients, but 
resulted inferior to polychemotherapy; hence, sin-
gle-agent drug should not be an “a priori” planned 
strategy in this subgroup of patients (83).

Several prospective trials investigated in the 
elderly the combination of carboplatin plus etopo-
side, the latter given orally or intravenously or plus 
teniposide at the same dose employed in younger 
patients, reporting an interesting activity (ORR, 
59–81%; OS, 7.9–11.6 months), albeit with 
increased, prevalently hematologic toxicity (83).

Th ree options can be identifi ed for the treat-
ment of SCLC elderly patients: (a) to use the same 
chemotherapy as in the younger counterpart, 
although the relevant toxicity shown by retro-
spective analyses would make it inadvisable; (b) 
to empirically reduce drug doses (usually of about 
25%), but this may be criticized too because cer-
tain drugs, such as anthracyclines or cisplatin, are 
absolutely contraindicated in the cases of relevant 
cardiac or renal comorbidities; and (c) to design 
specifi c active and well-tolerated regimens for the 
elderly—the approach considered the most accept-
able. Unfortunately, most of the prospective trials 
enrolled both LD- and ED-SCLC elderly patients, 
reporting results not always divided for each 
group, resulting in a diffi  cult interpretation of the 
data (83).

Limited Disease

Th e standard of care for patients with good per-
formance status and LD-SCLC is concurrent 
chemo-radiotherapy with four to six cycles of 
platinum-based regimen (CAV: cyclophospha-
mide, doxorubicin, and vincristine; PE: platinum 
and etoposide) and early (with cycle 1 or 2) tho-
racic radiotherapy. Prophylactic cranial irradiation 
(PCI) is indicated in patients who obtain a remis-
sion of disease. Th is intensive approach appears 
to be superior to sequential chemo-radiotherapy 
and yields higher OS, but (84) its feasibility is an 
important issue to be taken into account in the 
treatment of the elderly.

A meta-analysis showed that the survival 
advantage reported by thoracic radiotherapy in the 
general population was not observed in patients 
aged ≥70 years (85). However, retrospective ana-
lyses showed that also elderly LD-SCLC patients 
benefi ted from this approach even though with 
higher percentage of severe adverse events (86,87). 
Concerning the role of PCI, the increase in sur-
vival reported by a meta-analysis was not infl u-
enced by age (88). However, clinical trials have 
shown that PCI could be potentially related to 
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a small number of residual tumor in sensitive cells 
or stem cells. Th e prognosis is very poor indeed: 
median OS is 2 to 3 months for individuals who 
do not receive second-line therapy. However, while 
second-line chemotherapy results in tumor regres-
sion, in the majority of patients this response tends 
to be short-lived, and OS, even in treated patients, 
is rarely greater than 6 months (84).

Topotecan is currently the only approved drug 
for the second-line treatment of SCLC patients. 
Generally, in clinical practice, sensitive patients 
who relapsed ≥90 days after a response to fi rst-line 
therapy may be re-treated with the same induction 
regimen, usually PE (97). Th e amrubicin mono-
therapy was investigated in 31 relapsed SCLC 
patients (22 ≥ 70 years old), ORR and toxicities 
did not signifi cantly diff er between age groups 
(98). Hence, it is mandatory that an adequate 
patient selection should drive the second-line ther-
apy of SCLC elderly.

CONCLUSIONS ■

Much of the data presented are limited by small 
sample size, selection bias, and the retrospective 
nature of the analyses. Categorizing patients by 
chronologic age alone is to some degree arbitrary 
but, although general agreement exists that patient 
selection is important, no data are available on the 
optimal methods to assess fi tness in the elderly for 
all therapies.

Since, as stated earlier, the majority of data 
are available for metastatic NSCLC patients, it is 
specifi cally for this subgroup that recommenda-
tions can be drawn. Unfortunately, for early-stage 
and locally advanced NSCLC disease, due to lack 
of adequate trials, the therapeutic approach should 
be based on the evaluation of the general condi-
tion of every single patient. Th is last consideration 
should be applied also to elderly SCLC patients. 
In fact, all the studies addressing this issue have, 
up to now, enrolled only few elderly, making it dif-
fi cult to draw any conclusion. Although very little 
data exist on octogenarians, there are small case 

In a randomized Phase II trial, 95 elderly 
ED-SCLC patients received two diff erent doses 
(full vs. low) of cisplatin plus etoposide with 
G-CSF support in the full-dose arm. Th e accrual 
was stopped due to low activity and impaired sur-
vival in the low-dose arm, with an ORR of 39.3% 
and 1-year survival of 18%, compared with 68.7% 
and 39%, respectively, for the full-dose arm (92). 
A Phase I/II study investigated four diff erent 
gemcitabine-based doublets (plus vinorelbine, or 
etoposide, or carboplatin, or cisplatin) in 78 eli-
gible patients. Th ree of the doublets failed to pro-
gress beyond Phase I due to lack of acceptable 
clinical activity. Only gemcitabine plus carbopla-
tin (n = 26) reported an ORR of 61.5% with a PFS 
of 25 weeks and OS of 37 weeks, resulting the only 
combination that may be worth further investiga-
tion (93). A Phase III study compared the effi  cacy 
and the safety of carboplatin plus etoposide versus 
split doses of cisplatin plus etoposide with G-CSF 
support in 220 elderly (≥70 years in 92% of cases) 
or poor-risk patients (<70 years with performance 
status 3). No signifi cant diff erences in ORR, OS, 
or major toxicities were observed between the two 
groups, except for Grade 3 to 4 thrombocytopenia, 
which was higher in the carboplatin receiving 
cohort (56% vs. 16%; P < .01) (94) (Table 5).

Amrubicin was administered in 27 patients, 
either ≥75 years or with a performance status ≥2, 
reporting an ORR of 70% with an OS, in the eld-
erly, of 9.0 months (95). Carboplatin plus amru-
bicin was investigated in 21 patients reporting an 
ORR of 89% with an OS of 12.8 months (96). Th e 
amrubicin therapy was well tolerated, and despite 
it is classifi ed as an anthracycline cardiac, toxicity 
was not reported in these trials. To date, amrubicin 
is approved for use only in Japan.

Overall, based on the available results, fi t eld-
erly ED-SCLC patients should receive as fi rst-line 
therapy a PE regimen paying attention to adverse 
events.

Second-Line Therapy
Despite high initial response rates, SCLC patients 
relapse frequently because of the rapid selection of 
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series indicating that the specifi c therapy might 
be safe in selected patients and may be of bene-
fi t in terms of relieving symptoms and improving 
outcomes.

In conclusion, the treatment of elderly 
patients is still a challenge. Future progress in 
defi ning appropriate treatment options for this 
rapidly growing population will require carefully 
designed prospective trials in which important 
prognostic variables, such as performance status 
and comorbidities, are fully accounted for through 
a CGA at baseline, in order to select the best treat-
ment to be administered to individual elderly 
patients.
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ABSTRACT ■

Th is chapter provides a brief perspective on the evolution of the surgical management of early-stage lung can-
cer over the last century. It then describes the current clinical considerations that infl uence the surgical plan 
for each patient with early-stage, non-small cell lung cancer (NSCLC). At one time, surgeons believed that 
radical pneumonectomy was the best treatment for all lung cancer, but in the 1960s, it became evident that 
lobectomy was suffi  cient for early-stage NSCLC. Since then, the morbidity, mortality, and oncologic effi  cacy 
of lesser resections have been explored. Sublobar resections are associated with oncologic outcomes that are 
comparable to lobectomy in subcentimeter Stage IA NSCLC. However, for larger lesions, particularly those 
greater than 3 cm in size, several surgical series have suggested that lobectomy results in the best long-term 
survival. Additionally, in younger patients with Stage I NSCLC, survival may to be enhanced with lobectomy 
as the resective procedure. Although the use of computed tomography scanning has improved the staging of 
NSCLC, it is important for the physician to recognize the frequency of clinical upstaging following pathologic 
review of the resected  specimen, and modify the patient’s treatment plan accordingly.
Keywords: non-small cell lung cancer, Stage I, lobectomy, segmentectomy, thoracic surgery, history
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INTRODUCTION ■

Th e surgical management of early-stage non-small 
cell lung cancer (NSCLC) has continued to evolve 
as our understanding of the biologic nature of lung 

cancer matures. Similarly, a more accurate esti-
mate of the clinical stage of the tumor as “early” 
and regionally confi ned allows us to more accu-
rately identify those patients who may benefi t from 
surgical resection of their primary lung cancer. 
Like most areas of medicine, the evolution of sur-
gical care of lung cancer has been largely empirical 
in nature (1). Th is is not necessarily a bad thing; 
however, refi nement of the care of the patient is 
enhanced and expedited with steadfast attention 
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died from pulmonary insuffi  ciency and pneumo-
nia, which was related to the lack of closed chest 
drainage, and resultant pulmonary collapse a week 
after his surgery (5,6). Lilienthal saw similarly 
poor results, greater than 40% mortality with pul-
monary resection, even though he recognized the 
importance of positive pressure ventilation during 
surgery, as he also neglected the use of closed chest 
drainage following thoracotomy (7). Although 
many primarily acclaim Evarts Graham with the 
performance of the fi rst single-staged pneumonec-
tomy in 1933, an accomplishment independently 
performed by fi ve other surgeons in the same year 
(8,9), possibly Graham’s most important contribu-
tion to the fi eld of thoracic surgery was his identi-
fi cation of the importance of closed chest drainage 
of streptococcal emypema (10,11). It was not until 
Brunn demonstrated success with pulmonary lob-
ectomy using closed chest drainage of the pleural 
space following pulmonary lobectomy that the 
basic strategies for pulmonary resection necessary 
to achieve success in the management of lung can-
cer were realized (12).

Certainly, improvement in perioperative 
management of the patient with suspected lung 
cancer, including enhanced clinical staging, blood 
transfusion (13,14), enhanced anesthetic manage-
ment, introduction and acceptance of minimally 
invasive surgical approaches (15,16), and intensive 
care strategies for the high-risk patient have made 
surgical resection of the early-stage lung cancer the 
standard of care. Now, rather than having a “coin 
toss” for survival between surgical resection and 
death as a result of the primary lung cancer, the 
patient and the surgeon must choose from a variety 
of surgical and nonsurgical image-guided ablative 
approaches for the cure of early-stage lung cancer.

CLINICAL PERCEPTIONS OF  ■

CANCER AND “ADEQUATE 
SURGERY FOR CURE”

It has long been appreciated that total removal of 
a malignant neoplasm is the only eff ective surgical 

to an honest, objective enquiry into the relative 
benefi t of various surgical (or ablative) approaches 
being used for the management of “early-stage” 
lung cancer.

In this chapter, a brief perspective of the 
evolution of surgical management of early-stage 
lung cancer over the last century is provided. 
In addition, the clinical considerations at play 
today that infl uence the surgical plan for an “indi-
vidual” patient with presumed early-stage lung 
cancer are described.

HISTORICAL PERSPECTIVE  ■

RELATED TO PERFORMING 
THORACOTOMY FOR LUNG DISEASE

Th e fi rst successful resection of a “lung tumor” was 
accomplished by a rural Georgia surgeon Milton 
Anthony in 1823 (2). Th is surgery involved the 
removal of a two-pound suppurative tumor involv-
ing the chest wall and lung from the unfortunate 
patient who was eased his pain only through the 
eff ects of “strong spirits” as local anesthetics, and 
general anesthetics were yet to be a reality for the 
surgical patient. It was not until the end of the 
19th century that the use of general anesthesia, 
achieved through inhalational ether and chloro-
form, allowed surgeons to contemplate and eventu-
ally perform open thoracotomy to manage benign 
and malignant problems (3).

Other problems that retarded the surgical 
approach to thoracic disease, and lung cancer 
in particular, were the result of misconceptions 
regarding the importance of closed chest drainage 
following thoracotomy and delay in implement-
ing endotracheal intubation with positive pressure 
ventilation during the operation. Jules Emil Pean 
is believed to be the fi rst to perform open thora-
cotomy and cautery excision of a peripheral lung 
tumor in 1861. He sutured the lung edge to the 
thoracic incisional wound to avoid pulmonary 
collapse and pneumothorax after the lung resec-
tion (4). Davies is credited with the fi rst anatomic 
lobectomy for lung cancer in 1912, but his patient 
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when they were symptomatic and advanced 
locally. Like breast cancer, the late presentation of 
lung cancer also aff ected decision making regard-
ing the extent of pulmonary resection required to 
completely extirpate the malignancy.

Th e morbidity of mastectomy and the mor-
tality associated with pneumonectomy inspired a 
natural aversion toward these procedures by many 
patients and thoracic surgeons alike. It was not until 
the experience with safer and more appealing lesser 
resections demonstrated equivalent cancer-related 
survival that radical mastectomy and pneumon-
ectomy were generally abandoned as the standard 
of care for the “early” cancer patient (23,24). Th e 
contrast in surgical morbidity between pneumon-
ectomy and lobectomy and the steady shift toward 
lobectomy as the preferred operation for small per-
ipheral cancers was clearly noted in 1962 in a com-
parison of surgical outcomes between the Ochsner 
clinic where radical pneumonectomy remained the 
standard of care and the New England Deaconess 
Hospital where lobectomy was being favored for 
early lung cancer (Figure 1) (24). Th is study dem-
onstrated long-term survival equivalent to radical 
pneumonectomy when lobectomy was used for can-
cer localized to the lung and completely resected 
by this lesser, less morbid approach rather than 
by pneumonectomy. Although even lesser resec-
tions for primary early lung cancer were explored 
(25,26), by the mid-1960s anatomic lobectomy 
with mediastinal nodal dissection had become the 
standard of care for early-stage lung cancer (27).

Jensik and Read independently explored the 
utility of anatomic segmentectomy in the 1970s as 
the primary anatomic surgical resection for small, 
peripheral lung cancer (28,29). Th eir clinical 
results with anatomic segmentectomy appeared 
equivalent to those of lobectomy or pneumonec-
tomy for appropriate clinical circumstances. Th e 
controversy regarding the most appropriate resec-
tion for the small peripheral lung cancer became 
even more acute after Erret’s report of equivalent 
long-term survival among his patients with poor 
pulmonary function who underwent wedge resec-
tion only for early, Stage I lung cancer as compared 

therapeutic option. Indeed, the great John Hunter, 
anatomist and leading surgical educator of the 18th 
century, stated plainly that partial removal of the 
tumor was as good as not approaching the tumor 
at all surgically (17). Th e concept of total removal 
of the tumor and aff ected organ became the stan-
dard of surgical oncologic practice for most of the 
19th century, as well as into the mid-20th century. 
Th e surgical treatment of breast cancer is a good 
example of philosophy of most surgeons during 
this period.

Th e radical mastectomy popularized by 
William Halsted was the “poster child” for surgi-
cal management of all cancers. It was believed that 
the malignancy spread as a spilt can of paint from 
primary site to conjoining tissues without interrup-
tion. Th e only eff ective surgical treatment was to 
remove the entire breast and its associated lymph-
atic bed. Contiguous organs potentially aff ected by 
the cancer would also have to be extirpated even if 
it meant the loss of the ipsilateral upper extremity 
(18). Surgeons recognized that they could off er lit-
tle help to their cancer patients beyond local control 
of the disease. Th ey fully realized that the patient’s 
fate was usually sealed due to the eventual systemic 
progression of the malignancy. Certainly, the late 
presentation of most breast cancer patients usually 
meant that the disease was locally advanced and 
local control would necessarily require a radical 
resection. As the results of mastectomy improved, 
more patients sought surgical care at an earlier clin-
ical stage of disease. As more “cures” were observed 
with the total mastectomy being employed, the 
mindset of mid-20th century surgeons was that if 
even more radical surgery was performed, the cure 
rate should also improve. Th is latter assumption of 
improved survival with even greater radicality of 
resection was not realized.

Th oracic surgeons of this era were similarly 
infl uenced by this “Halstedian” surgical oncologic 
concept, and most believed that total pneumon-
ectomy was the only appropriate therapy for lung 
cancer even though the surgical mortality and mor-
bidity in reported series were high (19–22). Again, 
most lung cancers were diagnosed and resected 
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among patients who underwent sublobar resec-
tion. Landreneau et al., representing the emerging 
minimally invasive thoracic surgical era, reported 
similar outcomes the following year for Stage I 
NSCLC patients chosen for sublobar resection 
because of impairment in cardiopulmonary func-
tion compared with good-risk patients who under-
went lobectomy. Again, no diff erence in survival 
was seen between resection groups; however, local 
recurrence was signifi cantly more common among 
the sublobar resection group (all sublobar resection 
patients underwent wedge resection in this series) 
(32). Th e general conclusions for the surgical man-
agement of the early-stage NSCLC by the thoracic 
surgical community by the middle of the 1990s 
were therefore, “Wedge resection, done by open 
thoracotomy or video-assisted techniques, appears 
to be a viable “compromise” surgical treatment of 
Stage I (T1N0M0) NSCLC for patients with car-
diopulmonary physiologic impairment. Because 
of the increased risk for local recurrence, ana-
tomic lobectomy remains the surgical treatment of 
choice for patients with Stage I NSCLC who have 
adequate physiologic reserve” (32).

With the infl ux of patients with severe emphy-
sema referred for lung volume reduction surgery 
(LVRS) in the mid-1990s (33,34), many patients 
coming in for evaluation for LVRS were found to 
have incidental lung cancers. Pigula et al. from 
the University of Pittsburgh reported a prevalence 
of 10 lung cancers found among 125 patients ini-
tially referred for lung volume  reduction (35).

Additionally, the increased number of patients 
with signifi cant emphysema having surprisingly 
satisfactory outcomes following LVRS, particu-
larly those procedures done by video-assisted 
thoracoscopic surgery (VATS), encouraged thor-
acic surgeons that sublobar resection of malig-
nant peripheral nodules identifi ed in such patients 
could be safely accomplished. Th e scourge of local 
recurrence continued to be an issue for patients 
with Stage I NSCLC who had undergone sublo-
bar resection. External beam radiation therapy 
had been reported by Hatcher and Miller as “post-
age stamp” adjuvant radiation following sublobar 

with his patients with superior cardiopulmonary 
reserve with Stage I lung cancer for whom he chose 
lobectomy to manage their disease (30).

Consequently, the Lung Cancer Study Group 
(LCSG) initiated and completed a randomized 
study of lobectomy compared with sublobar resec-
tion of Stage I NSCLC, which resulted in a mixed 
review of the points of discussion (31). Note that 
the trial was limited to resection of T1 tumors 
(a tumor less than 3 cm in diameter without vis-
ceral pleural invasion) and the confi rmation of 
the absence of mediastinal and hilar lymph node 
involvement by intraoperative frozen section ana-
lysis was required prior to randomization to either 
lobectomy or sublobar resection. Interestingly, no 
signifi cant diff erence in 5-year survival between 
lobectomy and sublobar resection was noted; 
however, an important increased incidence in 
local recurrence (6% vs. 17% P = .008) was noted 
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sublobar resection with intraoperative brachy-
therapy (Z4032). Patient accrual to this study has 
been completed, but the results are still pending. 
Hopefully, this study will give us insight into 
proper patient selection for the use of adjuvant 
brachytherapy among high-risk patients cho-
sen for sublobar resection of peripheral Stage I 
NSCLC.

CLINICAL IMPORTANCE OF  ■

SURVEILLANCE AND IMPACT ON 
SURGICAL APPROACHES

So with the historical background and the gen-
eral concepts of “adequacy of resection” described 
above, how is it that the general pattern of resec-
tion for many cancers has changed from “radical” 
to less extensive and parenchymal preserving?

A great deal of the credit for this trend relates 
to cancer surveillance measures leading to early, 
subclinical diagnosis of suspected malignancy for 
the disease screened. Using breast cancer as the pri-
mary model, we see that historically breast cancer 
presented at an advanced stage where only radical 
extirpation of the breast and matted lymph nodes 
of the axilla could have any chance for local con-
trol and the faintest possibility of cure. Th e con-
cept of self-breast examination was not a popular 
practice during the conservative Victorian age and 
the thought of undergoing a horrifi c deforming 
operation with little if any anesthesia was certainly 
a fearful thought. William Halsted must be cred-
ited with turning the tide toward surgery for this 
awful disease of the time through the use of the 
now available “ether” general anesthesia, meticu-
lous surgical technique, and the championing of 
strict antiseptic surgical principles. His surgical 
concepts of complete extirpation of the involved 
organ and its lymphatic drainage gained popular-
ity throughout the surgical culture, and indeed 
these concepts are still honored today. As surgical 
success defi ned primarily by local control was more 
commonly realized, super radical mastectomy was 
also advocated by some surgeons aiming to eff ec-
tuate a greater cure rate from the cancer (3).

resection of peripheral cancers by open thoracot-
omy in physiologically impaired patients (36). 
Th ey identifi ed a reduction in local recurrence; 
however, the reproducible benefi ts in overall con-
trol and pulmonary function preservation with 
this external beam radiation approach were tem-
pered by the diffi  culty in radiation treatment plan-
ning along the serpiginous arrangement of wedge 
resection staple lines commonly resulting in sig-
nifi cant local radiation damage to the lung paren-
chyma and associated loss of pulmonary reserve. 
Th e addition of intraoperative radiobrachytherapy 
immediately following sublobar resection began 
to be explored as a means of reducing this local 
recurrence problem. Hilaris, Martini, and their 
associates at Memorial Sloan Kettering had 
reported on the use of intraoperative brachyther-
apy to manage advanced lung cancer with close 
or positive margins following surgical resection 
(37). Th ey reported an improvement in local con-
trol for these advanced stage patients but with no 
improvement in survival. Of note, d’Amato et al. 
were the fi rst to report the use of intraoperative, 
radioactive I-125 brachytherapy as an adjunct to 
VATS resection of peripheral Stage I NSCLC to 
reduce local recurrence in these otherwise curable 
lung cancers identifi ed in functionally impaired 
patients (38). Santos expanded upon d’Amato’s 
results when he reported an extended experience 
with intraoperative I-125 brachytherapy follow-
ing sublobar resection in 99 consecutive patients 
from the same institution. In the report, Santos 
reported a postoperative local recurrence rate of 
1%, which faired favorably against the reported 
local recurrence of nearly 20% in earlier series 
(39). Th e group at Boston University also reported 
a similar reduction in local recurrence follow-
ing sublobar resection with intraoperative I-125 
brachytherapy (40).

Th e results of these two retrospective clin-
ical investigations led the American College of 
Surgeons Oncology Group (ACOSOG) to con-
duct a study of over 200 Stage I NSCLC patients 
with impaired cardiopulmonary reserve rand-
omized to undergo sublobar resection alone or 
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led the way to more frequent use of lobectomy and 
anatomic segmentectomy for the defi nitive man-
agement of smaller lesions that could be completely 
removed by these parenchymal sparing, less morbid 
surgeries (25–30,32,44,45).

Now, computed tomography (CT) scan sur-
veillance is coming to fore as a potential means 
of identifying even more lung cancers at a highly 
curable stage. Although overdiagnosis bias and 
lead-time bias are considerations, the recent results 
of the National Lung Screening Trial and the 
International Early Lung Cancer Action Program 
suggest that lung cancers can be identifi ed at an 
early curable stage and that a signifi cant reduction 
in lung cancer-related deaths and deaths from all 
causes may be aff ected with routine CT surveil-
lance of patients at high risk for lung cancer (older 
smokers with impaired pulmonary reserve) (46,47). 
Investigators at the University of Pittsburgh have 
identifi ed similar clinical fi ndings (48).

With the identifi cation of small peripheral 
tumors, easily resected by generous wedge resec-
tion or anatomic segmentectomy with generous 
parenchymal margins of resection, the debate over 
the necessity of lobectomy in this clinical setting 
has reemerged (Figures 2 and 3). With national 
chest CT surveillance in place for several decades 
in Japan, surgical investigators there have led the 
way in exploring this clinical issue (49–51). Th e 
remaining aspects of this discussion will explore 
the information at hand today regarding the 
management of the Stage I NSCLC in this era of 
enhanced diagnostics and minimally invasive sur-
gical approaches to resection.

As would naturally occur, with the identifi -
cation of smaller, minimally symptomatic lesions, 
local control and cure were seen more commonly; 
however, the morbidity, deformity, and psycho-
logical trauma related to radical mastectomy 
remained an important negative characteristic of 
breast cancer treatment. Nonsurgical alternatives 
and lesser surgery were certainly a tempting pos-
sible alternative for many patients and physicians.

Radiographic examination of the breast, 
mammography, was introduced by the German 
surgeon Albert Salomon in 1913 who used radi-
ography to study the pathologic spread of breast 
cancer to regional lymph nodes (41). We must 
credit Robert L. Egan a radiologist who gradu-
ated from the University of Pittsburgh and was 
recruited to MD Anderson Cancer Center, in the 
1950 and 1960s, who “spread the gospel of mam-
mography.” He coined the term “occult carcin-
oma” as mammographically, “one which remains 
totally unsuspected following examination by the 
usual methods used to examine the breast by an 
experienced and competent physician.” To qualify 
for this defi nition, no symptoms or signs should be 
present (42). Th ese advances in identifying small, 
truly early breast cancers, and the advent of more 
eff ective systemic therapy for breast cancer ultim-
ately encouraged breast surgeons, radiation oncol-
ogists, and medical oncologist to explore the use of 
lesser surgery and expanded the use of nonsurgical 
options for breast cancer (23).

Th e diagnosis of lung cancer and this disease’s 
therapy have followed a similar pathway. In 1951, 
Overholt was early in recommending surgical treat-
ment of “silent lung disease” identifi ed by radio-
graphic examination serendipitously or associated 
with minimal symptoms (43). At that time, the 
incidence of primary lung cancer was dramatically 
rising across the world with growing tobacco expos-
ure. In an eff ort to identify lung cancer at a poten-
tially more curable state that could also be handled 
with lesser resections than pneumonectomy, he 
recommended close attention to radiographic fi nd-
ings and aggressive surgical removal of suspicious 
lesions. Th is strategy of early intervention ultimately 

BA

FIGURE 2
CT images of subcentimeter lung nodules identi-
fi ed by screening CT.
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manage the patients’ lung cancer (52). Th e primary 
message of their analysis was that cancer-related 
and overall survival for older patients (> 75 years of 
age) was the same regardless of whether the patient 
had undergone lobectomy or sublobar resection. 
Th is message has been supported by the work of 
other investigators (53–55). For younger patients, 
survival appeared to be enhanced with lobectomy 
as the resective procedure (52). Th ese results were 
predictable among older patients due to associated 
comorbidities contributing to postoperative sur-
vival time. Intrinsic biases that would be hard to 
extract from the limited data available in the SEER 
database leave questions open as to why the survi-
vorship was greater among younger patients under-
going lobectomy. Selection bias due to comorbidity 
among younger patients who underwent sublobar 
resection may have aff ected overall results with this 
lesser procedure (Figures 4 and 5). Th ese results, 
and the overall analysis of the role of any surgery for 
cancer, may also be a result of an “overtreatment” 
bias related to removal of biologically indolent can-
cers that would not have an impact on the patient’s 
survival. Th is “overtreatment” bias associates salu-
tary cancer treatment eff ects for patients who may 
“die with” but not “die from” their cancer, such as 
some breast, prostate, and thyroid malignancies.  

Our group has also explored the eff ects of 
age upon postoperative morbidity and long-term 

PHYSIOLOGIC CONSIDERATIONS ■

As discussed earlier, sublobar resection may often 
be the only surgical approach that can be safely 
considered for patients with impaired cardiopul-
monary reserve or advanced age. Mery et al. exam-
ined the clinical outcomes of 14,555 patients with 
Stage I or II NSCLC whose records were present 
within the national Surveillance, Epidemiology, 
and End Results (SEER) database to identify var-
ious parameters associated with long-term survival 
related to the surgical approach used to primarily 

FIGURE 3
CT image of small peripheral nodule amenable to 
complete resection with clear margins by anatomic 
segmentectomy or extended wedge resection.
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FIGURE 4
Survival differences among early lung 
cancer patients older than 75 years 
of age: sublobar resection versus 
lobectomy.
Source: Reproduced with permission from 
the American College of Chest Physicians. 
From Ref. (52).
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of the most appropriate surgical approach to periph-
eral lung cancer (57). Th ese investigators retrospec-
tively reviewed their surgical outcomes among 1,272 
patients with early-stage NSCLC based upon tumor 
size and type of resection used (Table 1). Th e results 
of this analysis demonstrated that for Stage I tumors 

survival following resection of Stage I NSCLC by 
either lobectomy or sublobar resection (56). As dis-
cussed earlier, sublobar resection appears to be a rea-
sonable compromise procedure when approaching 
the patient with impaired cardiopulmonary reserve 
(32,38,39). Several other investigators have also 
looked at the utility of anatomic segmentectomy 
compared to lobectomy for the management of the 
elderly patients with Stage I NSCLC (56–59). Th e 
clinical outcomes of 184 patients who underwent 
surgery (78 segmentectomy; 106 lobectomy) from 
2002 through 2007 with equivalent mean age of 78 
years were analyzed. Surgical mortalilty and mor-
bidty were signifi cantly less among elderly patients 
undergoing segmentectomy compared to lobec-
tomy, and there was no diff erence in long-term sur-
vival between the surgical groups (Figure 6).

ANATOMIC/PATHOLOGIC  ■

CONSIDERATIONS

Size matters, among other things! As we further ana-
lyze the results with surgical resection of early-stage 
NSCLC, we come to fi nd that several pathologic 
tumor characteristics aff ect prognosis depending 
upon the nature of the surgical resection performed. 
Okada et al. have been leaders in the investigation 
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FIGURE 6
Survival among elderly (average age = 78) early 
cancer patients: anatomic segmentectomy versus 
lobectomy.
Source: Reprinted from Ref. (56). Copyright (2009) with 
permission from The Society of Thoracic Surgeons/
Elsevier. 
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FIGURE 5
Survival differences among early 
lung cancer patients younger than 75 
years of age: sublobar resection versus 
lobectomy.
Source: Reproduced with permission from 
the American College of Chest Physicians. 
From Ref. (52).
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less than 2 cm in diameter, survival was equivalent 
between lobectomy and anatomic segmentectomy. 
Indeed for lesions of this size, wedge resection in 
their experience was also appeared to be a reason-
able surgical option. However, for larger lesions, 
particularly those greater than 3 cm, it appeared 
that lobectomy provided the best long-term survival 
rates (57). Schuchert and colleagues demonstrated 
similar results with anatomic segmentectomy 
compared to lobectomy for Stage IA NSCLC (58) 
(Table 2 and Figure 7).

TABLE 1 Differential survival by tumor size between resective approaches 
used for early-stage NSCLC

Tumor Size Segmental Resection Lobectomy Wedge Resection

20 mm or less 96.7 92.4 85.7
20–30 mm 84.6 87.4 39.4
More than 30 mm 62.9 81.3 0

Source: Adapted from Ref. (57).

TABLE 2 Distribution of Stage IA NSCLC can-
cers resected by anatomic segmentectomy or 
lobectomy

 

Anatomic 
Segmentectomy
(n = 182)

Lobectomy
(n = 246)

Stage IA 109
(60%)

114
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FIGURE 7
Survival among Stage IA NSCLC 
patients undergoing anatomic seg-
mentectomy or lobectomy.
Source: Reprinted from Ref. (58). Copy-
right (2007) with permission from The 
Society of Thoracic Surgeons/Elsevier. 
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Indeed, Schuchert and associates recently 
published their clinical results in the management 
of 524 Stage I NSCLC patients undergoing sur-
gical resection by lobectomy (n=285) or anatomic 
segmentectomy (n=239) (63). Survival was signifi -
cantly improved with the use of lobectomy when 
angiolymphatic invasion and pleural invasion were 
present compared to segmentectomy (Figure 9). 
Horne et al. have also noted the association of 
tumor infi ltrating lymphocytes within Stage IA 
NSCLC and long-term survival. When angiolym-
phatic invasion is absent in the surgical specimen, 
the association with lymphatic infi ltration appears 
to provide even further improvement in early can-
cer prognosis irrespective of the extent of surgical 
resection performed (64).

In addition to these pathologic features of the 
primary tumor, the surgeon must also be focused 
on the adequacy of the surgical margin of resec-
tion so as to reduce the likelihood of local recur-
rence. Th e resected marginal distance from the 
tumor should be at least equivalent to the diam-
eter of the tumor (58,65,66). Accordingly, a 2 cm 
tumor should have a 2 cm parenchymal margin of 

Schuchert and associates have also looked at 
the survival among patients with subcentimeter 
lung cancers treated by sublobar resection or lob-
ectomy (59). Th e outcomes of 104 patients with 
this most favorable Stage IA disease who under-
went lobecotomy (n=32) segmentectomy (n=40), 
or extended wedge resection (n=35) were analyzed 
for long-term survival (Figure 8). Th e conclusions 
of this work were “Sublobar resections are asso-
ciated with oncologic outcomes that are com-
parable to lobectomy in subcentimeter Stage IA 
NSCLC, suggesting that they may be appropri-
ate surgical interventions in this patient cohort.” 
Th ese conclusions have also been supported by 
others (60–62).

Th e presence of visceral pleural invasion is 
also another important clinical parameter, which 
may portend a diff erential prognosis dependent 
upon the surgical resection chosen for early-stage 
lung cancer. Visceral pleural invasion and angi-
olymphatic invasion by the tumor are commonly 
associated and both have been associated with a 
generally less optimistic prognosis for otherwise 
localized node negative lung cancer (63).
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randomization intraoperatively—similar to the 
ear lier mentioned LCSG trial).

SURGICAL MORBIDITY AND  ■

MORTALITY

When the primary care physician is considering 
a patient with a newly diagnosed early-stage lung 
cancer for surgical resection, there are several 
parameters that should be considered. Th e phy-
sician should make the patient and their family 
aware of the standard of care for early-stage lung 
cancer in the United States and internationally. 
Th e physician should also be aware of the standard 

resection to optimize the local control status fol-
lowing sublobar resection. When these parameters 
cannot be met, consideration for adjuvant brachy-
therapy may be considered if the cardiopulmonary 
reserve of the patient is in question, or lobectomy 
should be performed if the patient’s functional 
reserve can tolerate this resection.

All of this information has led the thoracic 
surgical community to engage in the present 
intergroup trial initiated by Cancer and Leukemia 
Group B (CALGB 140503) led by Nasser Altorki, 
in which sublobar resection by extended wedge 
resection or segmentectomy is being compared 
with lobectomy for Stage Ia NSCLC (tumors 
> 2 cm with node negativity determined before 
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that the surgeon caring for their patients perform 
adequate preoperative and intraoperative staging 
of the patient’s disease so as to avoid loss of recog-
nition of this upstaging, which would potentially 
prevent the patient from receiving the benefi ts of 
adjuvant chemotherapy should hilar or medias-
tinal node positivity be identifi ed in  pathologic 
review.

SURGICAL RESECTION  ■

OR IMAGE-GUIDED ABLATIVE 
TREATMENT

To date, there has been no objective review of 
image-guided ablative procedures compared with 
surgical resection for early-stage NSCLC. Such 
protocols are being contemplated for high-risk 
patients with otherwise resectable NSCLC.

In this era of increasing emphasis upon indi-
vidualized therapy for the NSCLC patient, “tissue 
remains the issue.” Th ere are several advantages 
of surgical resection over image-guided ablative 
techniques (stereotactic body radiation therapy 
(SBRT) or radiofrequency ablation (RFA)) for 
the patient with peripheral lung cancer patient 
in a potentially early stage. Parenchymal/pul-
monary functional preservation with the use 
of anatomic segmentectomy over lobectomy 
is a consideration for those small peripheral 
lesions anatomically amenable to this approach. 
Certainly, surgical resection provides clear delin-
eation of the adequacy of the margins of extir-
pation of the malignancy as compared with the 
mystery associated with image-guided ablations. 
Complete mediastinal and hilar nodal sampling/
dissection is done to identify those patients with 
more advanced pathologic disease in whom adju-
vant systemic therapy may be considered. Finally, 
pathologic assessment and pharmacogenomic 
testing of the malignant tissue and surrounding 
lung tissue to assess individualized future therapy 
for the high-risk patient for recurrent cancer are 
made available.

of care regarding preoperative staging by noninva-
sive means (CT scans, PET scans, etc), endoscopic 
staging measures (i.e., bronchoscopy and endo-
scopic bronchial ultrasound), and surgical staging 
(i.e., mediastinoscopy and VATS diagnostic eval-
uation). Th e physician should make the patient 
aware of the national standards related to accepted 
morbidity and mortality for the procedure in 
question and accordingly weigh the risk-benefi ts 
of the procedure versus cancer risk to the patient. 
Allen et al., representing ACOSOG, have recently 
published new standards for surgical morbidity 
and mortality for Stage I NSCLC based upon the 
outcomes of over 1,100 early-stage lung cancer 
patients involved in clinical trials supported by 
ACOSOG (67). In this large national series, oper-
ative mortality for anatomic lung resection was less 
than 2% and signifi cant perioperative morbidity 
was less than 15%. Th is work by ACOSOG has set 
the standard of care for the early-stage lung can-
cer patient. Our group has independently noted 
clinical results related to improved morbidity and 
mortality among patients who undergo segment-
ectomy for early-stage NSCLC (58,68,69).

CLINICAL STAGING AND  ■

TREATMENT PLANNING

Finally, in this age of adjuvant therapy following 
resection of “surprise” node-positive NSCLC iden-
tifi ed in clinically early-stage disease, it is impor-
tant for the physician to recognize the frequency 
of clinical upstaging following pathologic review 
of the resected specimen. Schuchert et al. recently 
presented their occurrence among clinically Stage 
I NSCLC patients at the University of Pittsburgh. 
Among 1,300 patients who underwent defi nitive 
resection following modern preoperative clinical 
staging (PET/CT, bronchoscopy, mediastinos-
copy), clinical upstaging was noted in approxi-
mately 30% of patients (70). Th is fi nding is similar 
to previous authors reporting of this  subject (71).

Certainly, physicians managing lung cancer 
patients must be aware of these issues and ensure 

Argiris_PTR_CH07_19-04-12_95-110.indd   106Argiris_PTR_CH07_19-04-12_95-110.indd   106 5/8/2012   2:40:52 PM5/8/2012   2:40:52 PM



Surgical Approaches to Early-Stage Lung Cancer  107

concepts and intercostal approach strategies. Ann 
Th orac Surg. 1992;54:800–807.

17. Wendy Moore. Th e Knife Man. Blood, Body 
Snatching, and the Birth of Modern Surgery. New 
York: Broadway Books of the Doubleday Broadway 
Publishing group; 2005.

18. Halsted WS. Th e results of operations for the 
cure of cancer of the breast performed at the Johns 
Hopkins Hospital from June, 1899, to January, 
1894. Th e Johns Hopkins Hospital Reports 
4:297.

19. Graham EA, Singer JJ. Successful removal of an 
entire lung for carcinoma of the bronchus. JAMA. 
1933;101:1371–1374.

20. Ochsner A, DeBakey M. Signifi cance of metasta-
sis in primary carcinoma of the lung. J Th or Surg. 
1942;11:357–387.

21. Graham EA. Indications for total pneumonec-
tomy. Dis. Chest. 1944;10:87–94.

22. Brock R, Whytehead LL. Radical pneumonectomy 
for bronchialcarcinoma. Br J Surg. 1955;43:8–24.

23. Fisher B, Anderson SJ. Th e breast cancer alterna-
tive hypothesis. Is there evidence to justify replac-
ing it? JCO. 2010;28:366–374.

24. Shimkin MB, Connelly BS, Marcus BS, Cutler SJ. 
Pneumonectomy and lobectomy in bronchogenic car-
cinoma. J Th orac Cardiovasc Surg. 1962;44:503–519.

25. Churchill ED, Belsey R. Segmental pneumonec-
tomy in bronchiectasis; lingula segment of the left 
upper lobe. Ann Surg. 1939;109:481–499.

26. Overholt, A. A new technique for pulmonary seg-
mental resection. Surg Gyn Obst. 1947;84,257–268.

27. Churchill ED, Sweet RH, Scannell JG, Wilkins 
EW Jr. Further studies in the surgical manage-
ment of carcinoma of the lung: A further study 
of the cases treated at the Massachusetts General 
Hospital from 1950 to 1957. J Th orac Surg. 
1958;36:301–308.

28. Jensik RJ, Faber LP, Milloy FJ, Monson DO. 
Segmental resection for lung cancer: a fi fteen year 
experience. J Th orac Cardiovasc Surg. 1973;63:
433–438.

29. Read RC, Yoder G, Schaeff er RC. Survival after 
conservative resection for TINOMO non-small cell 
lung cancer. Ann Th orac Surg. 1990;49:242–247.

30. Erret LE, Wilson J, Chiu RC-J, Munro DD. Wedge 
resection as an alternative procedure for peripheral 

REFERENCES ■

 1. Conner CF. A People’s History of Science: Miners, 
Midwifes, and Low Mechanicks. New York: Nation 
Books; 2005.

 2. Brewer LA. Historical notes on lung cancer before 
and after Graham’s successful pneumonectomy in 
1933. Am J Surg. 1982;143:650–659.

 3. Imber G. Genius on the Edge: Th e Bizarre Double 
Life of Dr. William Stewart Halsted. New York: 
Kaplan Publishing; 2010.

 4. Pean JE. Chirurgie des poumons. Congres Francais 
de Chirurgie. 1895;9:Session 72.

 5. Meyer JA. Hugh Morriston Davies and lobec-
tomy for cancer, 1912. Ann Th orac Surg. 1988;Oct;
46(4):472–474.

 6. Davies, HM. Recent advances in surgery of the 
lung and pleura. Br.J. Surg. 1913;1:228–258.

 7. Lilienthal H. Resection of the lung for suppurative 
infections with a report based on 31 operative cases 
in which resection was done or intended. Ann Surg. 
1922;75:257–320.

 8. Mountain CF, Hermes KE. Surgical treatment of 
lung cancer. Past and present. Methods Mol Med. 
2003;75:453–487.

 9. Ellis H. Th e fi rst pneumonectomies for lung can-
cer. J Perioper Pract. 2008;18:130–131.

10. Aboud FC, Verghese AC. Evarts Ambrose Graham, 
empyema, and the dawn of clinical understanding 
of negative intrapleural pressure. Clin Infect Dis. 
2002;34:198–203.

11. Graham EA. Some Fundamental Considerations in 
the Treatment of Empyema Th oracis. St. Louis, MO: 
CV Mosby; 1925.

12. Brunn H. Surgical principles underlying one stage 
lobectomy. Arch Surg. 1929;180:490.

13. Katz J. George Washington Crile, anoci-associa-
tion, and pre-emptive analgesia. Pain. 1993;53(3):
243–245.

14. MacLean LD, Entin MA. Norman Bethune and 
Edward Archibald: Sung and unsung heroes. Ann 
Th orac Surg. 2000;70:1746–1752.

15. Landreneau RJ, Hazelrigg SR, Ferson PF, et al. 
Th oracoscopic resection of 85 pulmonary lesions. 
Ann Th orac Surg. 1992;54:415–419.

16. Landreneau RJ, Mack MJ, Hazelrigg SR, et al. 
Video-assisted thoracic surgery: Basic technical 

Argiris_PTR_CH07_19-04-12_95-110.indd   107Argiris_PTR_CH07_19-04-12_95-110.indd   107 5/8/2012   2:40:53 PM5/8/2012   2:40:53 PM



108  Lung Cancer

42. Egan R. Fifty three cases of carcinoma of the 
breast, occult until mammography. AJR. 1962;88:
1095–1101.

43. Overholt RH. Th e value of exploration in silent 
lung disease. Dis Chest. 1951;20:111–125.

44. Bonfi ls-Roberts EA, Clagett OT. Contemporary 
indication for pulmonary segmental resections. 
J Th orac Surg. 1972;63:433.

45. Lewis RJ. Th e role of video-assisted thoracic sur-
gery for carcinoma of the lung: Wedge resection 
to lobectomy by simultaneous individual stapling. 
Ann Th orac Surg. 1993;56:762–768.

46. Th e International Early Lung Cancer Action 
Program Investigators. Survival of patients with 
stage I lung cancer detected on CT screening. 
N Engl J Med. 2006;355:1763–1771.

47. McLoud TC. Initial results of the National 
Lung Cancer Screening Trial Cancer Imaging. 
2011;3(11):S85.

48. Wilson DO, Weissfeld JL, Fuhrman CR, et al Th e 
Pittsburgh Lung Cancer Screening Study (PLuSS): 
Outcomes within three years of a fi rst computed 
tomography scan. Am J Respir Crit Care Med. 
2008;178:956–961.

49. Yoshikawa K, Tsubota N, Kodama K, et al. 
Prospective study of extended segmentectomy for 
small lung tumors: Th e fi nal report. Ann Th orac 
Surg. 2002;73:1055–1059.

50. Koike T, Yamato Y, Yoshiya K, et al. Intentional 
limited pulmonary resection for peripheral 
TINOMO small-sized lung cancer. J Th orac 
Cardiovasc Surg. 2003;125:424–928.

51. Okada M, Yoshikawa K, Hatta T, et al. Is segmen-
tectomy with lymph node assessment an alterna-
tive to lobectomy for non-small cell lung cancer 
of 2 cm or smaller? Ann Th orac Surg. 2001;71:
956–961.

52. Mery CM, Pappas AN, Bueno R, et al. Similar 
long-term survival of elderly patients with non-
small cell lung cancer treated with lobectomy 
or wedge resection within the surveillance, epi-
demiology, and end results database. Chest. 
2005;128(1):237–245.

53. Osaki T, Shirakusa T, Kodate M, Nakanishi R, 
Mitsudomi T, Ueda H. Surgical treatment of 
lung cancer in the octogenarian. Ann Th orac Surg. 
1994;57:188–192.

bronchogenic carcinomas in poor-risk patients. 
J Th orac Cardiovasc Surg. 1985;90:656–661.

31. Ginsberg RJ, Rubinstein LV. Randomized trial of 
lobectomy versus limited resection for T1 N0 non-
small cell lung cancer. Lung Cancer Study Group. 
Ann Th orac Surg. 1995;60:615–622.

32. Landreneau RJ, Sugarbaker DJ, Mack MJ, et al. 
Wedge resection versus lobectomy for stage I 
(T1NOMO) non-small cell lung cancer. J Th orac 
Cardiovasc Surg. 1997;113:691–700.

33. Keenan RJ, Landreneau RJ, Sciurba FC, et al. 
Unilateral thoracoscopic surgical approach for dif-
fuse emphysema. J Th orac Cardiovasc Surg. 1996;
111:308–316.

34. Sciurba FC, Rogers RM, Keenan RJ, et al. 
Improvement in pulmonary function and elas-
tic recoil after lung-reduction surgery for dif-
fuse emphysema. New Engl J Med. 1996;334:
1095–1099.

35. Pigula FA, Keenan RJ, Ferson PF, Landreneau 
RJ. Unsuspected lung cancer found in work-up 
for lung reduction operation. Ann Th orac Surg. 
1996;61:174–176.

36. Miller JI, Hatcher CR. Limited resection of bron-
chogenic carcinoma in the patient with marked 
impairment of pulmonary function. Ann Th orac 
Surg. 1987;44:340–343.

37. Hilaris BS, Martini N.Th e current state of intra-
operative interstitial brachytherapy in lung can-
cer. Int J Radiat Oncol Biol Phys. 1988;15(6):
1347–1354.

38. d’Amato TA, Galloway M, Szydloski G, et al. 
Intraoperative brachytherapy following thoracos-
opic wedge resection of stage I lung cancer Chest. 
1998;114(4):1112–1115.

39. Santos R, Colonias A, Parda D, et al. Comparison 
between sublobar resection and 125 Iodine 
brachytherapy after sublobar resection in high-risk 
patients with Stage I non-small-cell lung cancer. 
Surgery. 2003;134:691–697.

40. Ketchedjian A, DiPetrillo TA, Daly B, Fernando 
HC. Role of adjuvant radiation (external beam/
brachytherapy) for stage I NSCLC. Th orac Surg 
Clin. 2007;17(2):273–278.

41.  Gold RH, Bassett LW, Widoff  BE. Highlights 
from the history of mammography. Radiographics. 
1990;10:1110–1131.

Argiris_PTR_CH07_19-04-12_95-110.indd   108Argiris_PTR_CH07_19-04-12_95-110.indd   108 5/8/2012   2:40:53 PM5/8/2012   2:40:53 PM



Surgical Approaches to Early-Stage Lung Cancer  109

associated with improved recurrence-free survival 
in stage 1A non-small-cell lung cancer. J Surg Res. 
2011;171(1):1–5.

65. Sawbata N, Ohta M, Matsumura A, et al. Optimal 
distance of malignant negative margin excision of 
non-small cell lung cancer: a multicenterprospec-
tive study. Ann Th orac Surg. 2004;77(2):415–420.

66. El-Sherif A, Gooding WE, Santos R, et al. 
Outcomes of sublobar resection versus lobectomy 
for stage I non-small cell lung cancer: A 13-year 
analysis. Ann Th orac Surg. 2006;82(2):408–415.

67. Allen MS, Darling GE, Pechet TT, et al Morbidity 
and mortality of major pulmonary resections in 
patients with early-stage lung cancer: initial results 
of the randomized, prospective ACOSOG Z0030 
trial Ann Th orac Surg. 2006;81:1013–1019.

68. Keenan RJ, Landreneau RJ, Maley RH Jr, et al. 
Segmental resection spares pulmonary function in 
patients with stage I lung cancer. Ann Th orac Surg. 
2004;78:228–233.

69. Fernando HC, Santos R, Benfi eld JR, et al. 
Lobar and sublobar resection with and without 
brachytherapy for small stage IA non-small cell 
lung cancer. J Th orac Cardiovasc Surg. 2005;129:
261–267.

70. Schuchert MJ, Abbas G, Pennathur A, et al. 
Anatomic lung resection for clinical stage I non-
small cell lung cancer (NSCLC): equivalent out-
comes following anatomic segmentectomy and 
lobectomy. Proceedings of the Th e American College 
of Chest Physicians, Vancouver, BC, Canada, 
November 4, 2010.

71. Stiles BM, Servais EL, Lee PC, Port JL, Paul S, 
Altorki NK. Clinical stage IA non–small cell lung 
cancer determined by computed tomography and 
positron emission tomography is frequently not 
pathologic IA non–small cell lung cancer: Th e 
problem of understaging. J Th orac Cardiovasc Surg. 
2009;137:13–19.

54. Yancik R. Population aging and cancer: a cross-
national concern. Cancer J. 2005;11:437–441.

55. Castillo MD, Heerdt PM. Pulmonary resection in 
the elderly. Curr Opin Anaesthesiol. 2007;20:4–9.

56. Kilic A, Schuchert MJ, Pettiford BL, et al. 
Anatomic segmentectomy for stage I non-small 
cell lung cancer in the elderly. Ann Th orac Surg. 
2009;87(6):1662–1666; discussion 1667–1668.

57. Okada M, Nishio M, Sakamoto T, et al. Eff ect of 
tumor size on prognosis in patients with non-small 
cell lung cancer: the role of segmentectomy as a 
type of lesser resection. J Th orac Cardiovasc Surg. 
2005;129:87–93.

58. Schuchert MJ, Pettiford BL, Keeley S, et al. 
Anatomic segmentectomy in the treatment of stage 
1 non-small cell lung cancer. Ann Th orac Surg. 
2007;84:926–932.

59. Schuchert MJ, Kilic A, Pennathur A, et al. 
Oncologic outcomes after surgical resection of 
subcentimeter non-small cell lung cancer. Ann 
Th orac Surg. 2011;91(6):1681–1687.

60. Ketchedjian A, Daly B, Landreneau R, Fernando 
H. Sublobar resection for the subcentimeter pul-
monary nodule. Sem Th orac Cardiovasc Surg. 
2005;17:128–133.

61. Kondo D, Yamada K, Kitayama Y, Hoshi S. 
Peripheral lung adenocarcinomas: 10 mm or less in 
diameter. Ann Th orac Surg. 2003;76:350–355.

62. Okada M, Koike T, Higashiyama M, Yamato Y, 
Kodama K, Tsubota N. Radical sublobar resec-
tion for small-sized nonsmall cell lung cancer: 
a multicenter study. J Th orac Cardiovasc Surg. 
2006;132:769–775.

63. Schuchert MJ, Schumacher L, Kilic A, et al. Impact 
of angiolymphatic invasion on outcomes following 
resection of stage I non-small cell lung cancer. Ann 
Th orac Surg. 2011;91:1059–1065.

64. Horne ZD, Jack R, Gray ZT, et al. Increased 
levels of tumor-infi ltrating lymphocytes are 

Argiris_PTR_CH07_19-04-12_95-110.indd   109Argiris_PTR_CH07_19-04-12_95-110.indd   109 5/8/2012   2:40:53 PM5/8/2012   2:40:53 PM



Argiris_PTR_CH07_19-04-12_95-110.indd   110Argiris_PTR_CH07_19-04-12_95-110.indd   110 5/8/2012   2:40:53 PM5/8/2012   2:40:53 PM



ABSTRACT ■

Small cell lung cancer (SCLC) accounts for up to 20% to 25% of lung cancer. It is an aggressive subtype and 
carries a poor prognosis. Over the past years, there have been numerous research and clinical trials looking 
into improving the survival of patients with SCLC. However, there has been little progress made beyond the 
discovery of use of platinum plus etoposide chemotherapy, which is the standard chemotherapy treatment in 
Europe. Other modalities that have established survival benefi t include modifi cation in thoracic radiation in 
limited disease (LD) SCLC patients and the role of prophylactic cranial irradiation in reducing intracranial 
relapses in both LDSCLC and extensive disease (ED) SCLC. SCLC is one of the most complex genetic human 
cancers, and its cell’s molecular biology remains poorly understood. To date, in the era of targeted therapy, 
there is still no agent that has been approved in the treatment of SCLC. Th is review aims to focus on the 
advances made, current knowledge, and progress made in the treatment of SCLC, which improves the survival 
of patients with this lethal disease.
Keywords: small cell lung cancer, advances, chemotherapy, targeted therapy
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widespread metastases. Nowadays, SCLC is dis-
tinguished morphologically by small cells, mor-
phological features like hyperchromatic nuclear 
staining, crush artifact, and an immunohistochem-
istry pattern of staining for nonspecifi c enolase and 
CD56 (N-CAM). Th yroid transcription factor 1 
(TTF1) can also be positive in SCLC patients but 
EGFR mutations are not present (3,4).

Th e Veteran’s Administration Lung Cancer 
Study Group study, which was revised in 1989 
by the International Association for the Study of 
Lung cancer, staged patients as having LD or ED. 
Th is may be replaced by the seventh edition of 
the TNM classifi cation (5). Clinical staging with 
conventional radiology often underestimates the 
severity of NSCLC, and fl uorodeoxyglucose–pos-
itron emission tomography (FDG PET) imaging 
appears reliable but more work is needed to defi ne 

INTRODUCTION ■

Small cell lung cancer (SCLC) is a classic smoking 
induced lung cancer. Its incidence has decreased 
in the last 30 years; in the United States, SEER 
database and U.K. database (LUCADA), SCLC 
now accounts for 13% to 15% of all lung cancers. 
However, there are reports of increasing incidence 
in China, and there appears to be a trend to increas-
ing incidence in young women with female smok-
ing in Western countries. Currently, the majority 
of patients are elderly men; however, if the inci-
dence in this group continues to decrease and we 
begin to see SCLC in young individuals then the 
public health need will increase (1,2).

SCLC is a subtype of lung cancer character-
ized by neuroendocrine features, rapid growth 
and doubling time, and early development of 

FIGURE 1
Transaxial PET (left) with corresponding CT (right) images showing intense FDG-avid disease in the liver 
which was negative on CT.
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mucositis, myelosuppression, and cardiopulmon-
ary toxicity (9) Th e advantages of the platinum-
based regimens are the ability to give them safely 
with concomitant radiotherapy and the fact that 
four courses of platinum-based regimen is equiva-
lent to six courses of the anthracycline treatment 
in ED (10).

Although advances in the treatment of SCLC 
have been limited, advanced made in other areas of 
oncology and supportive care are helping patients 
with SCLC. Th e EORTC 2010, ESMO 2007, and 
ASCO 2006 guidelines recommend prophylactic 
G-CSF or pegylated fi lgrastim in patients receiv-
ing a chemotherapy regimen with high risk of 
febrile neutropenia (age, performance status, and 
chemotherapy regimens associated with febrile 
neutropenia in 10%–20% of patients). Most treat-
ments for SCLC fi t these criteria, but despite this, 
there are varying uptakes of these guidelines in 
institutions and countries.

Despite the high response rate in patients with 
ED, the relapse rate is still high and the overall 
prognoses remain poor, probably caused by rapidly 
development of drug resistance. Little is known 
about the mechanism of drug resistance in SCLC 
or indeed if it is any diff erent from the mechanisms 
of drug resistance in other tumors.

Th e topoisomerase II alpha gene in the context 
of HER 2/neu amplifi cation may be a predictor of 
effi  cacy of anthracyclines in breast cancer (11). 
Th is data needs to be validated, but this approach 
may be useful in picking up SCLC patients who 
would preferentially benefi t from anthracyclines 
over platinum-based treatments.

Other drugs (antifolates, taxane, and camp-
tothecins) and strategies have been investigated 
in the treatment of extensive-stage SCLC, includ-
ing dose intensifi cation, maintenance treatment, 
extending treatment cycle number, intensive 
weekly therapy, and high-dose chemotherapy, 
without major breakthroughs (12,13).

Irinotecan and topotecan are topoisomerase 1 
inhibitors. Irinotecan with cisplatin was reported 
as superior to EP in SCLC patients in a Japanese 
Phase III trail in 2002. Th is trial showed higher 

the role of FDG PET in staging of this disease (6). 
Figure 1 shows the report of a patient with SCLC 
with liver metastasis detected only with FDG PET 
and negative at CT scan.

Chemotherapy Treatment of SCLC

Th e prognosis remains very poor and despite a rel-
atively robust initial response to chemotherapy, 
a high percentage of patients develop refractory 
disease. Th e median survival time for patients 
with ED and LD is approximately 9 months and 
18 months, respectively.

In the last 10 years, signifi cant improvements 
have been achieved in the treatment of LDSCLC, 
thanks to a multidisciplinary treatment approach: 
better staging, platinum-based chemotherapy, 
and use of prophylactic cranial irradiation (PCI). 
Surgery is not considered very often, but there is 
a small subset of patients with small peripheral 
tumors and LD (T1–2, N0) who could be consid-
ered for surgical resection, given the good outcome 
of these patients in the reported series. However, 
with better staging, these patients would probably 
do well with chemotherapy and radiotherapy, and 
a trial to address this question would be a recruit-
ment challenge (7).

Etoposide plus cisplatin (EP) or carboplatin 
(EC) are the chemotherapy regimens commonly 
used in SCLC treatment. Th e superiority in terms 
of overall survival (OS) of the EP combination as 
fi rst-line standard treatment over anthracycline-
based regimes has been hard to demonstrate with 
only one randomized trial showing a clear bene-
fi t in LD and a trend in ED (8). Th e Cochrane 
review in SCLC failed to show signifi cant diff e-
rence between platinum-based and non-platinum-
based chemotherapy regimens in LD or ED in 
terms of survival and overall tumor response, but it 
showed an improvement in complete response rate 
with the platinum-based combination. Toxicity 
was higher in the platinum-based treatment in 
terms of nausea, vomiting, anemia, and thrombo-
cytopenia, while the anthracyclines caused more 

Argiris_PTR_CH08_19-04-12_111-128.indd   113Argiris_PTR_CH08_19-04-12_111-128.indd   113 5/5/2012   4:28:19 PM5/5/2012   4:28:19 PM



114  Lung Cancer

combination has a lower grade of alopecia and 
nausea but higher rate of haematological toxicity 
Grade 3 and 4. In conclusion, the GC regimen is 
noninferior compared with EP, and it could be an 
alternative option for patients with mixed small 
cell and non-small cell, and for the patients for 
whom alopecia is a real problem.

Th e most recent fi rst-line contender has been 
amrubicin, a third generation synthetic anthracy-
cline agent that does not appear to cause anthra-
cycline-related cardiomyopathy. It has shown 
comparable response rate as a single agent (61%) 
to cisplatin/etoposide (63%) and a promising 
response of 77% in combination with cisplatin 
(25). Toxicity was largely myelosuppression in all 
three arms. New combinations in SCLC patients 
must show a survival advantage over cisplatin/
etoposide unless there is a signifi cantly diff erent 
toxicity profi le.

Maintenance Therapy

Maintenance therapy is being revisited in NSCLC 
and may well be useful in SCLC. A recent meta-
analysis of all reported trials (11 trial employing 
chemotherapy, 6 interferon, and 4 other biological 
agents) analyzed 3,688 patients and suggested a 
small increase in OS in the maintenance arm with 
chemotherapy (less than 1 month) and an abso-
lute improvement in survival (9% at 1 year) (26). 
Maintenance therapy with intravenous topotecan 
versus observation was associated with improved 
progression-free survival (PFS) (3.6 versus 2.3 
months, P < .001) but not OS (8.9 versus 9.3 
months, P = .43) (27). It is unlikely that oral topo-
tecan would be diff erent from the intravenous, but 
the oral schedule may improve compliance.

Radiotherapy

Research continues on optimizing the use of 
radiotherapy in the treatment of SCLC. Timing 
of radiotherapy has been addressed in eight dif-
ferent trials. Th irty day after the beginning of 

response rate (84% versus 68%), longer median 
survival (12.8 versus 9.4 months) and higher 2-year 
survival rate (19% versus 5%), but these results 
were not confi rmed in two successive trial from 
the United States, Australia, and Canada and the 
S0124 trial of Southwest Oncology group (SWOG) 
(14,15). A recent study from Norway reported a 
moderate benefi t of treatment with carboplatin 
and irinotecan compared with EC, but doses were 
not standard in either arm and therefore the clin-
ical relevance is not clear (16). Pharmacogenomic 
diff erences between study populations—in par-
ticular, genetic diff erences of metabolic enzyme 
UGT as already described for toxicity—may be 
relevant for irinotecan (17,18).

Topotecan has been tested in several Phase 
II and III trial for ES-SCLC in comparison with 
standard treatment in fi rst- and second-line, and it 
has shown signifi cant antitumor activity and symp-
tom palliation in relapsed SCLC patients, but, as it 
is not superior in activity and has a diffi  cult intra-
venous administration schedule, it has not been 
widely adopted as fi rst-line treatment (19). Oral 
topotecan with cisplatin has also been tested and 
again is not superior to a standard EP regimen in 
the fi rst-line setting (20). However, oral topotecan 
is the fi rst drug to be licensed for the treatment of 
relapsed SCLC as it gave both improved survival 
and symptom control when it was compared with 
best supportive care (21).

Pemetrexed with cisplatin was compared in a 
Phase III trial with EP, which gave inferior results; 
however, no thymidylate synthetase (TS) expres-
sion data has been presented, and high predicted 
levels in SCLC may have contributed to the fail-
ure of this regimen, as an association is now rec-
ognized between low TS expression and improved 
outcomes with pemetrexed (22,23).

Paclitaxel is active in SCLC patients; how-
ever, of the three trials done to date, none of them 
have replaced EP or EC as a standard treatment. 
Again, no biomarker data on taxane sensitivity 
was available. Gemcitabine (G) in combination 
with Carboplatin (C) was tested to fi nd a less toxic 
and better-tolerated treatment (24). Th e G–C 
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Relapsed SCLC

Despite high initial response rates to chemother-
apy (45%–75% CR) was reported in patients 
with LD and 20% to 30% in patients with ED, 
the duration of response is usually short with PFS 
time of 4 months for patients with ED and 12 
months for patients with LD. At the time of sus-
pected fi rst recurrence of cancer, it still is unclear 
whether biopsy confi rmation has to be performed 
to confi rm the diagnosis or to look for new molec-
ular mutation, but this is an area for further 
exploration.

Patients who relapse within 3 months of com-
pletion of fi rst-line treatment are called refrac-
tory, and patients who relapse after 3 months are 
called sensitive. However, these defi nitions have 
been called into questions as with active second-
line agents; responses can be seen in both cat-
egories (21). Patients with sensitive relapses can be 
treated with the same induction regimen used ini-
tially, and we do not know if current second lines 
are superior, but on balance, we assume there is 
equivalence. Patients with early relapse are treated 
with non-cross-resistant combination chemother-
apy or single agents.

Th e only approved drug for second-line SCLC 
is topotecan, which is available in both intravenous 
and oral formulation. Randomized studies have 
suggested that the activity on single agent intra-
venous topotecan is similar to an anthracycline 
combination, but the patients treated with topo-
tecan had greater improvement of the symptoms, 
dyspnoea, anorexia, fatigue, insomnia, and energy 
levels (32). Th e overall response rate was 2% to 7% 
with 45% to 23% of patients achieving SD as a best 
response. Th is is a low response rate and therefore 
its meaning has been investigated by a trial com-
paring oral topotecan to no topotecan in patients 
with performance status 0 to 2. In the oral topote-
can group, the OS was signifi cantly longer (median 
survival 25.9 versus 13.9 weeks), and the QoL and 
symptoms control were signifi cantly improved. A 
survival advantage for oral topotecan was seen in 
all subgroups including the refractory patients.

the chemotherapy is considered the cut-off  to dis-
tinguish early from late. A recent meta- analysis 
reported a signifi cant improvement in 3- to 
5-year survival (absolute benefi t of 5.7%–7.7%) 
in patients with good compliance to chemother-
apy in favor of early radiotherapy over late. Th e 
advantages of early RT was most impressive when 
the trials using non-platinum-based chemotherapy 
were excluded (5-year survival rate of 20.2 % for 
early versus 13.8% for late). Th e toxicities related 
to treatment (anemia, esophageal, and cardiac) 
were worse in patients treated with early radiother-
apy (28). Improved 5-year survival rates of greater 
than 20% were observed when the interval was less 
than 30 days from day one of chemotherapy (29). 
Th e advantage of twice-daily compared with once-
daily RT need further data from ongoing trials 
like the CONVERT randomized trial in United 
Kingdom and Europe.

Prophylactic Cranial Irradiation

Brain metastasis are common in SCLC; approxi-
mately 14% to 24% of SCLC patients have brain 
metastasis at the time of diagnosis, and over the 
next two years, it will emerge into about 50% to 
60% of patients, and 20% to 30% of these metas-
tasis will be the sole site disease recurrence.

SCLC patients with no progression on fi rst-
line chemotherapy with either limited or ED have 
a survival benefi t with PCI as it reduces the risk of 
brain metastases at fi rst year by 26% versus 15% 
without PCI. In the study of PCI in ED, the qual-
ity of life analysis of the study showed that the 
irradiated group had more prolonged hair loss and 
increased fatigue but a trend to improved overall 
global health (30). Further studies on dose did not 
confi rm a dose response and therefore the recom-
mendation remains at 20 to 25 Gy in 10 fractions. 
In these later studies, age at baseline and the PS 
were predictors of neurocognitive decline which 
took the form of mild deterioration in commu-
nication, weakness of legs, intellectual defi cit and 
memory deterioration (31).
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irinotecan), Abraxane (containing paclitaxel), and 
obatoclax are in early clinical trials. A Phase II trial 
was performed by Spiegal et al. to evaluate NK012 
(delivering SN-38) in 40 patients with sensitive 
SCLC relapse (38). Th is study showed the activity 
of NK012 with a 22% overall response rate and 
68% disease control rate (DCR); the treatment was 
generally well tolerated, and the most common side 
eff ects were myelotoxicity and diarrhea. Abraxane 
is the nanoparticle albumin-bound formulation of 
paclitaxel, which has effi  cacy in breast cancer and 
also shown activity with carboplatin in SCLC (39).

Th is leads us into the era of new treatment 
development for SCLC, and obatoclax will be dis-
cussed with other antiapoptotic agents.

Current Cancer Biology as 
Applicable to SCLC

Figure 2 shows the signaling pathways that are 
therapeutic targets or potentially could be targeted 
in SCLC. Table 1 lists some of the members in the 
cell-survival pathways that are involved in carcino-
genesis and that have shown therapeutic activities 
in SCLC and other tumor types when targeted.

Better understanding of SCLC’s molecular 
biology and oncogenic drivers will require more tis-
sue from repeat biopsies at diagnosis and at relapse. 
However, rebiopsies are rare or not possible in 
most SCLC cases, and the tissues obtained are fre-
quently inadequate to perform molecular profi ling. 
CTCs may fi ll this tissue gap and serum biomark-
ers could potentially have diagnostic, prognostic, 
and predictive values in SCLC. CTCs are detected 
in SCLC, and higher numbers have been shown to 
be associated with poorer prognosis (40). Th ey are 
currently being incorporated into the clinical stud-
ies with temozolomide (above) and PARP inhibi-
tors (below). Th e “magic number” of 5 seems also 
to be applicable to SCLC as a prognostic cut-off  
for CTCs (37). Studies have shown that cell death 
biomarkers, M30 and M65, and CTC number are 
prognostic for survival in patients with SCLC (41). 
Nucleosomal DNA and M30 levels are associated 

Th ere are other active drugs in the second-
line setting: gemcitabine had only modest activity 
against refractory relapses (response rate, 0–13%) 
and paclitaxel plus carboplatin for second line after 
EP or CDE (cyclophosphamide, doxorubicin and 
etoposide) had a 25% response rate but similar OS 
as other drugs (33,34).

Picoplatinum is a cisplatinum analogue 
designed to avoid the development of platinum 
resistance, but recent data presented at ASCO 
2011 showed no statistical signifi cance survival 
benefi t in picoplatin compared with placebo in the 
second-line setting (35). Th ere was a suggestion of 
activity in the primary refractory patients in a sub-
group analysis.

Amrubicin is a third generation synthetic 
anthracycline agent, which does not appear to 
cause anthracycline-related cardiomyopathy. Th e 
ACT-1 Phase III randomized trial enrolled 637 
patients with ED SCLC including sensitive and 
resistant relapse disease randomized in amrubicin 
or topotecan regimen. Th e OS were similar in 
both arms, but amrubicin had improved response 
rates and PFS, and achieved symptom control with 
acceptable toxicity. Amrubicin appears to have a 
modest advantage OS in refractory patients com-
pared with topotecan (median OS of 6.2 mo versus 
5.7 mo respectively), but not in sensitive patients, 
and amrubicin improved survival after 6 months 
in the refractory subgroup (36).

Temozolomide is a cytotoxic agent that is 
currently in use for the treatment of brain cancers 
and melanoma. A Phase II nonrandomized trial is 
ongoing for relapsed sensitive or refractory SCLC 
with collection of circulating tumor cells (CTCs) 
to study the biology of these patients (37).

Ones to Watch For in the Future

Nanotechnology is presently contributing scientif-
ically to the progress of medical science, as it can 
target tumor tissues and deliver water-insoluble 
drugs, and thus give enhanced activity. Drugs 
such as SN-38 (the biologically active metabolite of 
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models (45). A randomized Phase II study on car-
boplatin and etoposide with or without oblimersen 
was conducted, and, disappointingly, it showed no 
diff erence in response rate; instead patients receiv-
ing oblimersen had worse survival outcome (46).

Th e Bcl-2 antagonist, obatoclax, inhibits 
BCL-2 proteins and in combination with topotecan 
have shown activity in relapsed SCLC, but failed to 
show improvement in response rate compared with 
topotecan alone (47). However, in newly diagnosed 
ED-SCLC, a randomized Phase II study involv-
ing 155 patients treated with EC with or without 
obatoclax was presented at meetings in 2011 (48). 
EC plus obatoclax versus EC demonstrated an 
improvement in terms of response rate (64.9% ver-
sus 53.8%), PFS (6 versus 5.4 months, HR = 0.795, 
P = .08) and OS (10.5 versus 9.8 months, HR = 
0.724, P = .05), and therefore a confi rmatory Phase 
III trial is planned.

Navitoclax, another inhibitor of Bcl-2, has 
shown preliminary effi  cacy data on SCLC, with 
one patient with PR lasting more than 2 years and 
8 patients having SD. Th is drug is well tolerated 

with early response to chemotherapy and severe 
toxicity, respectively (42). Other novel biomark-
ers that have been recently indentifi ed include 
pro-opiomelanocortin, a precursor of ACTH, and 
microRNA, miR-92–2 that are associated with 
chemoresistance and decreased survival (43,44).

Antiapoptotic Inhibitors

One of the characteristics of SCLC tumors is the 
substantial alterations in its apoptotic system. 
High levels of anti-apoptotic protein such as Bcl-
2, bcl-xL, and survivin are characteristic of many 
SCLC tumors. Chemotherapy including platinum 
compounds and topoimerase II inhibitors exert 
their cytotoxic eff ects by inducing apoptosis via the 
intrinsic pathway regulated by Bcl-2. Upregulation 
of antiapoptotic proteins results in resistance to 
chemotherapy in vitro and in vivo. Oblimersen 
(G3139) is an antisense nucleotide and is the fi rst 
targeted Bcl-2 inhibitor that has demonstrated syn-
ergistic effi  cacy with chemotherapy in preclinical 

TABLE 1 Cell survival pathways shown to be upregulated in SCLC

Targets SCLC (in vitro) SCLC (in vivo) NSCLC Others

P53 + + + +
K-Ras mutation NK NK + +
Raf mutation NK NK + +
Akt NK NK + +
PTEN loss/mutation + NK + +
C-Kit + + + +
IGF + NK + +
C-met + + + +
Her 2 − − + +
VEGF + + + +
EGFR + + + +
FGF + + + +
Alk NK NK + +
Hedgehog + + + +
Bcl 2 + + + +

+ Positive antitumor activity.
− Negative antitumor activity.
NK = Not known.
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no added toxicity, and QOL was improved (53). 
Another mycobacterium is being tested in combi-
nation with chemotherapy in NSCLC in India and 
has resulted in survival benefi t (54).

Ipilimumab is a new class of fully human-
ized MAb that potentiates the immune system 
by inhibiting cytotoxic T lymphocyte-associated 
antigen 4 (CTLA-4, which is in itself a T cell sup-
pressor antigen). It is the fi rst agent to improve sur-
vival in advanced melanoma. SCLC was one of the 
subgroups treated in the large Phase II studies of 
the addition of ipilimumab to a standard regimen 
as fi rst line treatment (55). Data on SCLC patients 
showed sequenced ipilimumab in combination 
with paclitaxel/carboplatin resulted in statistically 
signifi cant benefi t in immune-related PFS of 6.4 
months (P = .03) and improvement in OS of 12.9 
months (P = .13) compared with concurrent regi-
men. Th is data supports investigation of ipilimu-
mab in SCLC in a Phase III setting.

CD56 (NKH-1; neural cell adhesion molecule 
[NCAM]) antigen is expressed on the surface of 
virtually all SCLC cases. Conjugated MAbs have 
been developed to target specifi cally the epitopes 
of CD56. BB-10901 is a chimeric humanized anti-
CD56 MAb that is conjugated to a maytansinoid 
toxin (DM1), as in T (trastuzumab)-DM1 which 
is being tested in Her2 positive breast cancer. Once 
bound to CD56, the conjugate is internalized and 
releases DM1. DM1 then inhibits tubulin poly-
merization and microtubule assembly, causing cell 
death. Clinical response has been observed in SCLC 
patients (and Merkel cell tumor patients) in the Phase 
I and II trials (56). Th e agent will now be combined 
with chemotherapy and taken to Phase III.

Angiogenesis

Vascular endothelial growth factor (VEGF) expres-
sion is present in 80% of SCLC patients, and over-
expression is a poor prognostic factor for survival 
in SCLC (57).

Th alidomide, a nonspecifi c, multitargeted anti-
angiogenic agent, has been tested in combination 

with dose-dependent thrombocytopenia seen as 
the major toxicity (49).

AT-101 is an oral BH3 (subfamily of proapop-
totic) mimetic that mimics the natural antagonists 
of prosurvival proteins, and its functions include 
inhibiting the heterodimerization of antiapoptotic 
proteins, upregulating the proapoptotic proteins, 
and inhibiting angiogenesis. It has shown good 
responses in combination with cisplatin/etopo-
side in NSCLC and high-grade neuroendocrine 
tumor patients and is now recruiting treatment-
naive EDSCLC patients into the MTD expansion 
cohort (50).

Borrtezomib blocks the activity of the ubiq-
uitin–proteosome, which is responsible for the 
degradation of the vast majority of intracellular 
proteins including p21; p27; p53; cyclins D,E, 
and A; and nuclear factor kB and members of Bax 
family, thus aff ecting multiple signaling pathways 
within cells. Bortezomib is the fi rst proteasome 
inhibitor to be evaluated in human studies and is 
approved for use in multiple myeloma. Bortezomib 
in relapsed SCLC patients did not show suffi  cient 
effi  cacy (only 1 patient had partial response in plat-
inum refractory and none in platinum sensitive) in 
the Phase II SWOG 0327 study (51). Bortezomib 
in combination with topotecan is currently under-
way in the second-line setting.

Vaccine/ Immunotherapy

Immunotherapy makes a comeback every 10 years 
creating excitement and hope in many tumors 
including SCLC. Th e last big trial was with BEC2, 
an anti-idiotypic monoclonal antibody (MAb) that 
mimics GD3 (a ganglioside involved in cell growth 
regulation and cell adhesion), and it has been tested 
in combination with BCG as adjuvant therapy in 
Phase 3 trial in LDSCLC patients. Despite the 
promising Phase II result, there was no survival 
advantage compared with observation alone (52). 
Chemotherapy with or without a suspension of heat-
killed Mycobacterium vaccae (SRL 172) showed no 
survival benefi t for the combination, but there was 
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PFS observed of 8 months but Grade 3 to 4 toxici-
ties observed (61). Vandetanib, another oral inhibi-
tor of VEGFR-2/3, rearranged during transfection 
(RET) and epidermal growth factor receptor 
(EGFR) used as maintenance therapy showed no 
advantage compared with placebo (62).

Sunitinib a multitargeted inhibitor of 
VEGFR-1/2/3, PDGFR alpha/beta, Flt 3, c-kit, 
RET, in combination with cisplatin/etoposide in 
EDSCLC resulted in prolonged haematological 
toxicity and treatment-related mortality (63). A 
Phase II trial using carboplatin/irinotecan and 
sunitinib 25 mg od in treatment-naive EDSCLC 
is ongoing. Clearly, all these agents are diffi  cult 
to combine with chemotherapy at current recom-
mended doses in SCLC patients who may be less 
robust than renal patients. As monotherapy in 
second-line treatment for relapsed or refractory 
SCLC, sunitinib has anecdotally given responses 
in an EORTC second line-study (personal com-
munication, O’Brien, Royal Marsden Hospital, 
UK). A small randomized Phase II maintenance 
study after response to platinum plus etoposide 
chemotherapy in 12 patients was aborted because 
of toxicity (64). Sunitinb at 50 mg od was discon-
tinued in half of the patients due to Grade 3 or 
4 toxicities or patients’ request. Th ere were 31% 
of patients with Grade 3 or 4 thrombocytopenia, 
but dose reductions were reported in only 6% to 
13% of patients. In another trial, sunitinib, 25 mg 
od, as maintenance therapy after response to plat-
inum-doublet chemotherapy, was better tolerated 
with no Grade 3 or 4 toxicities in more than one 
patient and an encouraging 1 year OS of 54% (65). 
Th is is a drug which has some activity if the dose 
is right but predicting which patients will benefi t 
remains a challenge.

Sorafenib, a multikinase inhibitor of Raf, 
VEGFR 2,3, and PDGFR, has shown an overall 
response rate of 36% (4% had partial response) 
in relapsed SCLC patients. Median survival was 
7 months in platinum-sensitive and 5 months in 
platinum-refractory patients, which are compar-
able to or better than historical controls receiving 
salvage chemotherapy (66). In light of this, a Phase 

with chemotherapy in fi rst-line treatment of 
EDSCLC and as maintenance therapy. A large 
Phase III study by Lee et al. reported no survival 
benefi t but increased toxicity with the addition of 
thalidomide to chemotherapy (58).

Bevacizumab, an anti-VEGF-A MAb, has been 
tested in a few Phase II trials in combination with 
a doublet chemotherapy backbone (cisplatin/iri-
notecan, cisplatin/etoposide, cisplatin or carbopla-
tin/etoposide) in untreated EDSCLC. Th e results, 
in particular the randomized Phase II (SALUTE), 
showed no major superiority in effi  cacy compared 
with the same regimen without bevacizumab (59). 
Paclitaxel added to bevacizumab in relapsed SCLC 
gave an overall response rate of 18.1%, median PFS 
14.7 weeks (equivalent to historical controls) and 
median OS 30 weeks (60). It is unlikely that bev-
acuzimab will have a major impact on the treat-
ment of SCLC.

Afl ibercept, another angiogenesis inhibi-
tor, has been developed to bind to VEGF-A and 
VEGF-B, thereby preventing the ligand binding 
to cell receptors. A Phase II trial testing topotecan 
with afl ibercept is recruiting patients with plati-
num-treated EDSCLC (NCT00828139).

Fibroblast growth factors (FGF) are mitogens, 
which are involved in neoangiogenseis in vivo. 
FGF receptor-1 amplifi cation is present in smok-
ing-related lung cancer and is amplifi ed in 20% of 
squamous cell cancer and SCLC and can be sought 
to select patients for targeted treatments. FGF-2 
has been found to increase antiapoptotic proteins 
and result in chemoresistance in SCLC. FGFR 
inhibitors have been developed and undergoing 
clinical trials in advanced solid tumors and leuke-
mia and could potentially be active in SCLC.

Tyrosine Kinase Inhibitors

Multikinase inhibitors, which target not only 
angiogenesis but also tumor proliferation, have 
also been evaluated. Cediranib, a potent inhibitor 
of VEGFR-1/2, c-kit, platelet-derived growth fac-
tor (PDGF)-beta showed good activity in combi-
nation with cisplatin and etoposide with a median 

Argiris_PTR_CH08_19-04-12_111-128.indd   120Argiris_PTR_CH08_19-04-12_111-128.indd   120 5/5/2012   4:28:20 PM5/5/2012   4:28:20 PM



Advances in First- and Second-Line Therapy of SCLC  121

of the PI3K/Akt/mTOR pathway in SCLC patients 
including mutations in PTEN gene, expression 
of specifi c P13K isoforms, secretion and activ-
ity of cytokines or growth factors including SCF 
that activates tyrosine kinase kit, and insulin-like 
growth factor (IGF), and adhesion to extracellu-
lar matrix (ECM). Th is pathway has a biomarker, 
and targeted treatments are in Phase I studies but 
should be developed in SCLC.

ECM-mediated activation of the PI3K/Akt/
mTOR pathway confers resistance to standard and 
novel therapeutic agents including doxorubicin, 
etoposide, and cisplatin. Laminin-mediated (an 
ECM component) activation of PI3K/Akt pathway 
promotes resistance to cisplatin, etoposide as well as 
tyrosine kinase inhibitor of c-kit, imatinib (71). Th is 
may be one of the reasons for the negative results 
seen with imatinib and future studies combining 
Akt/mTOR inhibitor with imatinib, chemotherapy 
or other agents may be eff ective in SCLC.

Th e mTOR is downstream of the PI3K/Akt 
pathway, which is involved in cell growth, prolifer-
ation, cell motility, survival, protein synthesis, and 
transcription. Th e mTOR inhibitors, temsorilimus 
and evirolimus, have been tested in SCLC patients 
with disappointing results. Temsorilimus was 
tested in a randomized Phase II studies with 2 dif-
ferent doses and showed an overall median survival 
of 2 months, and 1-year PFS rate was 5%, which 
were similar in the two treatment arms (72). Two 
Phase II trials evaluated evorolimus in EDSCLC 
failed to show any benefi ts in the relapsed or main-
tenance setting (73,74).

Insulin-Like Growth Factor

Another common molecular abnormality is over-
expression of IGF-1 and its receptor. IGF-1 is also 
an important regulator of VEGF expression and 
angiogenesis in SCLC. Inhibition of IGF receptors 
with MAbs in combination with chemotherapy is 
in trials in NSCLC and other tumors with lim-
ited success and some toxicity to date. As described 
above, the PI3K/Akt pathway is also mediated by 
c-kit. Th erefore, a dual inhibition of both c-kit and 

1 trial on sorafenib in combination with weekly 
four topotecan in relapsed patients, and a Phase II 
study of maintenance sorafenib in patients achiev-
ing CR or PR after induction chemotherapy are 
under way in the Far East (NCT01159327).

Pazopanib is a new ATP-competitive tyrosine 
kinase inhibitors of VEGFR-1/2/3, PDGFR alpha/
beta and c-kit. Preliminary data from Phase I and 
II studies have demonstrated antitumor activity in 
subjects with a variety of malignancies including 
renal cell cancer, soft tissue sarcoma, breast cancer, 
ovarian cancer, and lung cancer. Pazopanib has 
shown single agent activity in preoperative early-
stage NSCLC (67). Th is compound is now being 
tested as monotherapy in a Phase II trial for relapsed 
or refractory SCLC patients (NCT01253369).

C-kit

Elevated expression of c-kit and its ligand stem cell 
factor (SCF) is present in 30% to 70% of SCLC 
patients. C-kit encodes a transmembrane recep-
tor kinase of PDGF receptor subfamily and upon 
SCF binding, c-kit homodimerizes and initiates an 
intracellular signalling cascade, including the phos-
phoinositide-dependent kinase-1–Akt–mammalian 
target of rapamycin (PI3K/Akt/mTOR) pathway. 
Phase II studies of imatinib, a small-molecule c-kit 
inhibitor, in combination with chemotherapy in fi rst-
line treatment of EDSCLC failed to show improve-
ment in survival rates compared with chemotherapy 
alone (68). It is also surprising that in patients with 
c-kit expressing SCLC, imatinib failed to show any 
clinical activity in relapsed SCLC patients or as 
maintenance therapy (69,70). Th is may suggest that 
c-kit expression is not adequate or a main driver in 
SCLC survival and proliferation.

Phosphoinositide-Dependent Kinase-1–Akt–
Mammalian Target of Rapamycin Pathway

PI3K is constitutively active in SCLC cells, thereby 
promoting anchorage-independent proliferation. 
Multiple mechanisms can contribute to activation 

Argiris_PTR_CH08_19-04-12_111-128.indd   121Argiris_PTR_CH08_19-04-12_111-128.indd   121 5/5/2012   4:28:20 PM5/5/2012   4:28:20 PM



122  Lung Cancer

replicative potential of most tumors. Ganetespib 
(STA-9090), an Hsp 90 inhibitor, is able to induce 
cell cycle arrest of SCLC cells at G2/M check-
point (78). An ongoing Phase II study is under-
way in SCLC (NCT01173523). Geldanamycin not 
only is an Hsp 90 inhibitor but also has shown to 
aff ect c-met expression (below) resulting in reduced 
growth and viability of SCLC cell lines (79).

Targeting Hedgehog
Hedgehog (Hh) pathway is an essential embryonic 
signaling cascade that regulates the diff erentia-
tion of stem and progenitor cells, thus regulating 
tumorigenesis. Th e membrane spanning receptor, 
Smoothened (Smo), is involved in the malignant 
activation of the Hh pathway resulting in cell dif-
ferentiation, migration and proliferation. Th is has 
provided a new insight into the progression and 
recurrence of cancer and could provide an alterna-
tive means for targeting tumor growth.

Preclinical study on SCLC cell lines showed 
that Smo localized to primary cilium in a sub-
population of tumor cells and blocking the path-
way inhibited the self-renewing capacity of SCLC 
cells in vitro. GDC-0449 is the fi rst-in-human, 
potent systemic inhibitor of Hh signal pathway. 
It has shown impressive effi  cacy in basal cell car-
cinoma (55% clinical response with 2 complete 
remissions). A randomized Phase II study (E1508) 
that include three-arms is currently recruiting in 
SCLC. Th is trial compares cisplatin plus etoposide 
with and without the Hh inhibitor GDC-0449 or 
IGF-1R MAb A12 (cixutumumab).

C-Met/Hepatocyte Growth Factor
Th e c-Met receptor tyrosine kinase and its ligand 
hepatocyte growth factor have been shown to be 
involved in angiogenesis, cellular motility, growth, 
invasion, and diff erentiation. Th e overexpression 
of c-Met mRNA has been found in SCLC tis-
sues. Th ere are numerous clinical trials looking 
at c-Met pathway antagonists including tyrosine 
kinase inhibitors, MAb blocking receptor/ligand 
interaction and blockade of the receptor/eff ector 
interaction.

IGF-1R may be an eff ective therapy with addi-
tional antiproliferative and proapoptotic eff ects.

Others

P53
P53, the guardian of the genome, functions as a 
tumor-suppressor gene that maintains genomic 
stability, thereby preventing genome mutation 
that leads to tumorigenesis. P53 gene is mutated in 
approximately 90% of SCLC. Preclinical studies 
using mouse models and an ex-vivo human culture 
model have shown that the induction of an anti-
p53 CTL response selectively killed tumor cells 
and spared normal cells (75). New cancer vaccine 
consisting of dendritic cells transduced with wild-
type p53 gene delivered via an adenoviral vector 
in patients with EDSCLC showed that 57% of 
patients mounted a T-cell response, and this group 
of patients were found to have a higher response 
rate to chemotherapy than those who did not (76). 
A Phase II trial on dendritic vaccine therapy to 
immunize EDSCLC patients in combination with 
chemotherapy with or without all-trans retinoic 
acid is underway (NCT00617409).

Targeting Telomerase
Telomerase is an enzyme that is essential to main-
taining telomere length and cell immortality, and 
its expression is silenced in terminally diff erenti-
ated cells but frequently activated in malignant 
cells resulting in unlimited proliferative capacity. 
Th e RNA component of telomerase is upregu-
lated in 98% of SCLC, thus representing a target 
for directed inhibition or as a tumor antigen (77). 
Synthetic peptide vaccines, telomerase-specifi c 
oncolytic virus, and telomerase inhibitors have 
been developed and are undergoing preclinical 
evaluation in advanced solid tumors.

Heat Shock Protein 90 Inhibitor
Heat shock protein (Hsp) 90 is a molecular chaper-
one protein that has crucial role in signaling path-
way necessary for the growth, survival, and limitless 
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Poly ADP Ribase Polymerase
Poly ADP ribase polymerase (PARP) inhibitors 
represent a new therapeutic option in oncology in 
potentiating the eff ects of chemotherapy and radio-
therapy and overcoming drug resistance. Tumors 
with breast cancer tumour suppressor gene (BRCA), 
mutations have defi cient homologous recombina-
tion repair leading to accumulation of unrepaired 
double-strand breaks (DSB) that confers cancer sus-
ceptibility through genomic instability. Inhibition 
of PARP leads to inability to repair DSB in BRCA 
defi cient cells, and therefore cell death. BRCA muta-
tions are not normally associated with SCLC. PARP 
inhibitors also sensitize and have therapeutic activ-
ity in tumors without BRCA1/2 mutations as they 
exploit mutations in DNA repair pathways that are 
plentiful in SCLC cells. Olaparib, with intravenous 
topotecan, was toxic in combination (80). Olaparib 
at doses up to 400 mg bd as monotherapy is gen-
erally well tolerated and has given positive results 
as maintenance therapy in ovarian cancer (ASCO 
2011), and currently, a randomized Phase II trial is 
underway in the United Kingdom testing single-
agent olaparib as maintenance in chemoresponsive 
SCLC with PFS at 4 months as the primary end-
point (STOMP trial).

CONCLUSION ■

Clinical trials in SCLC can be done rapidly as the 
disease is still relatively common in some coun-
tries, the median survival in ED is short, and the 
second-line options are limited. Th ere should be 
advances in the coming years as the molecular 
drivers of this malignant tumor are unraveled and 
targeted.
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ABSTRACT ■

Adjuvant chemotherapy has been used in many malignancies such as breast and colon cancers to improve 
survival after surgical resection. Th e use of adjuvant chemotherapy has more recently become a standard 
of care for patients with Stage II to IIIB non-small cell lung cancer. Evidence from many recent trials and 
meta-analyses supports the benefi t of adjuvant chemotherapy with cisplatin-based regimens for patients with 
resected Stage II-IIIA non-small cell lung cancer, as well as for selected patients with Stage IB disease. Recent 
studies have also demonstrated the benefi t of other non-cisplatin-based regimens including the uracil–tegafur 
(UFT) although this has only been extensively studied in Japan. Although the optimal regimen is still under 
consideration, the strongest data is with cisplatin–vinorelbine, although many newer cisplatin-doublet regi-
mens may be equally effi  cacious. Further advances in the evaluation of biomarkers and targeted therapies are 
in development. Th ese therapies are currently under investigation with hopes for continued future improve-
ments in survival of patients with non-small cell lung cancer.
Keywords: lung cancer, adjuvant therapy, chemotherapy, patient selection
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delay in median time to recurrence and most impor-
tantly a 15% survival advantage at 1 year favor-
ing chemotherapy, whereas survival of the control 
immunotherapy group was similar to that of patients 
treated with surgery alone (3). Th e second LCSG 
study failed to replicate these results; however, the 
trial examined incompletely resected NSCLC, and 
therefore was not a true “adjuvant” trial. A total of 
164 patients were randomly assigned to postopera-
tive radiotherapy with or without six cycles of CAP. 
Although initial results seemed promising and dem-
onstrated favorable fi ndings with a 14% diff erence in 
survival and a longer progression free survival favor-
ing the chemotherapy arm, the results were not sig-
nifi cant (P = .66). Additionally, median survival was 
only marginally improved with chemotherapy, and 
there was no 5-year survival benefi t (4).

Th e confl icting results of these two LCSG tri-
als led to additional randomized controlled trials. 
In 1992, Niiranen et al. evaluated 6 cycles of CAP 
in Stage T1–3N0 (WHO stages 1991) in patients 
with surgically resected disease. Out of the 110 
patients enrolled, 5-year survival rate was 67% in 
the chemotherapy group and 56% in the control 
group (P = .050). Of the patients in the chemother-
apy group, there was a diff erence in survival rate 
among those who completed therapy versus those 
who did not (72.5% versus 50.3%) although not 
statistically signifi cant (P = .15) (5).

Th ese early trials demonstrated improved 
local control and disease-free survival, but overall 
survival benefi ts were marginal and not defi ni-
tive. Th ese earlier trials used potentially ineff ective 
chemotherapy regimens and included only a small 
numbers of patients, and in the early 1990s, an 
international panel recommended against the use 
of adjuvant chemotherapy outside of clinical trials.

NSCLC Collaborative Meta-Analysis

Th e inconclusive results of earlier clinical tri-
als led to the growing role and publication of 
 meta-analyses, which were well powered to eval-
uate accurate survival diff erences. Th e  best-known 

INTRODUCTION ■

Lung cancer, the most common cause of death 
from cancer worldwide, kills over 157,000 men and 
women each year in the United States (1). Of the 
two types of lung cancer, non-small cell lung can-
cer (NSCLC) comprises 80% to 90% of the total 
cases of lung cancer. Th e best possible treatment for 
NSCLC is surgery; however, only 20% to 25% of 
patients have resectable disease. Five-year survival 
rates for NSCLC despite optimal surgery are low at 
50% to 60% for Stage IB, 40% to 50% for Stage 
II, and 20% to 30% for Stage III (1,2). Th e stan-
dard of care for resected Stage II to IIIA NSCLC 
now includes the use of chemotherapy based on the 
results of recent data from the past decade, which 
provide evidence for survival advantages in resected 
NSCLC. Th is chapter discusses the historical back-
ground of adjuvant therapy for NSCLC, the debate 
between platinum compounds, future ongoing 
trials evaluating molecular targets, and new direc-
tions in early-stage NSCLC treatment.

CHEMOTHERAPY EMERGES FOR  ■

THE ADJVUANT SETTING

Th e fi rst adjuvant chemotherapy for NSCLC, cyclo-
phosphamide, was used alone and in combination 
with other chemotherapeutics as early as the 1960s. 
Twenty years later, in the 1980s, the fi rst random-
ized clinical trials were published, which evaluated 
the role of chemotherapy in the adjuvant setting. Th e 
Lung Cancer Study Group (LCSG) conducted two 
of the earliest randomized controlled clinical trials 
to evaluate adjuvant therapy for early-stage disease 
albeit with diff ering results. Th e fi rst trial represented 
the earliest published indication of the benefi cial 
eff ect of adjuvant chemotherapy in patients with 
resected lung cancer. In this trial, 130 patients with 
completely resected Stage II or III adenocarcino-
mas were randomized to either cyclophosphamide/ 
doxorubicin/cisplatin (CAP) versus immunotherapy 
with Bacille Calmette-Guérin (bCG) or levamisole. 
Th e trial showed a statistically signifi cant 6-month 

Argiris_PTR_CH09_19-04-12_129-140.indd   130Argiris_PTR_CH09_19-04-12_129-140.indd   130 4/19/2012   12:09:40 PM4/19/2012   12:09:40 PM



Adjuvant Chemotherapy for Early-Stage NSCLC  131

disease to receive either radiation alone or radia-
tion administered concurrently with four cycles of 
cisplatin and etoposide (8). Median survival was 
39 months for the radiation-alone arm versus 38 
months for the chemotherapy plus radiation arm 
(P = .56). Toxicity was more pronounced with the 
concurrent chemotherapy and radiation treatment. 
A major concern of the study pertained to the fact 
that concurrent therapy has been shown for bulky 
disease but not for treating minimal residual dis-
ease in the adjuvant setting.

Adjuvant Lung Project Italy Trial 
and Big Lung Trial

Two large studies completed after the 1990s 
(Table 1) with negative results include the Adjuvant 
Lung Project Italy (ALPI) Trial and the Big Lung 
Trial (BLT). Th e ALPI trial enrolled 1,209 patients 
between 1994 and 1999 with Stage I, II, or IIIA 
NSCLC (9). Patients were randomly assigned to 
receive surgery with or without adjuvant mitomy-
cin, vindesine, or cisplatin dosed every 3 weeks 
for three cycles. At 5 years, there were no statisti-
cally signifi cant diff erences in overall survival (HR 
0.96, 95% CI: 0.81–1.13; P = .589) or disease-free 
survival (HR 0.89, 95% CI: 0.76–1.03; P = .128). 
Th e ALPI trial, however, was limited by poor 
compliance as only 69% patients received the full 
three cycles of chemotherapy likely due to the use 
of mitomycin C and this poor compliance could 
attribute to the negative results of the study.

Similarly, the BLT showed no advantage to 
adjuvant chemotherapy in early-stage disease (10). 
A total of 381 patients with Stage I, II, and III 
NSCLC were randomized to receive cisplatin-based 
chemotherapy with three cycles of 3-week therapy 
of cisplatin/vindesine, mitomycin/ifosfamide/cis-
platin, mitomycin/vinblastine/cisplatin, or vinor-
elbine/cisplatin. Chemotherapy was administered 
before surgery in 3% of cases while the adjuvant 
setting represented 97% of cases. A total of 95% 
of cases achieved a complete remission but after a 
median follow-up period of 34.6 months there was 

earlier meta-analysis was completed by the 
NSCLC Collaborative Group in 1995, which 
included a total of 9,387 patients in 52 random-
ized controlled trials. Subgroup analysis of 14 
randomized trials that evaluated surgical resec-
tion versus adjuvant chemotherapy after surgical 
resection included over 4,000 patients (6). Th e 
meta-analysis demonstrated the trend of cisplatin-
based regimens to provide overall survival benefi t 
in NSCLC. Overall survival with cisplatin-based 
chemotherapy was associated with a 13% reduc-
tion in the risk of death and a 5% overall survival 
benefi t at 5 years, though not statistically sig-
nifi cant (P = .08). Th e trend of benefi t was seen 
despite chemotherapy regimen chosen: platinum/
vinca/etoposide (HR 0.94, P = .27) versus plati-
num/vinorelbine (HR 0.82, P = .02) or other plati-
num combinations (HR 0.90, P = .36). Th e benefi t 
observed, only though a trend, and role of therapy 
in other malignancies prompted additional eval-
uation of chemotherapy in patients with resected 
lung cancer. Th e trials established after the 1995 
meta-analysis utilized more modern chemotherapy 
regimens and have mostly shown a more signifi -
cant survival improvements from adjuvant che-
motherapy such that updated results in another 
meta-analysis by the NSCLC collaborative group 
(Medical Research Council) in 2010 demonstrated 
a statistically signifi cant survival benefi t of adju-
vant chemotherapy for early-stage NSCLC in 34 
trial comparisons (22 of which examined a cispla-
tin-based regimen), which included 8,447 patients 
(7). Th e trial demonstrated a median follow-up of 8 
years and reiterated the benefi t of adjuvant chemo-
therapy (HR 0.86, 95% CI: 0.81–0.92, P < .0001) 
on survival, conferring a 4% absolute increase in 
survival (95% CI: 3–6) at 5 years from 60% to 
64%). A more detailed discussion of the key trials 
included in this updated meta-analysis follows.

ECOG 3590 Trial

In the ECOG 3590 trial, Keller et al. randomly 
assigned 488 patients with Stage IIA and IIIA 
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50% of patients in the treatment group received 
a combination of cisplatin plus etoposide. A total 
of 148 centers in 33 countries enrolled patients 
and the distribution by stage was 36% of patients 
with Stage I, 25% with Stage II, and 39% Stage 
III disease. Radiation was left to the discretion 
of the institution, but a consistent standard was 
maintained, and approximately 25% of patients 
received adjuvant radiation. Although the accrual 
target was 3,300 patients, the trial was closed after 
enrollment of 1,867 patients due to a planned 
interim analysis that revealed a signifi cant ben-
efi t of adjuvant chemotherapy on survival (HR 
0.86, 95% CI: 0.76–0.98; P < .03). Median OS 
improved from 44 months to 50 months, translat-
ing to a 4% improvement in OS at 5 years (44.5% 
versus 40.4%; P < .03). Disease-free survival rate 
was also higher in the chemotherapy arm than in 
the observation arm (HR 0.83, 95% CI: 0.74–0.94, 

no signifi cant diff erence in overall survival (HR 
1.02, 95% CI: 0.77–1.35; P = .90) or disease-free 
survival (HR 0.97, 95% CI: 0.74–1.26, P = .81).

IALT Trial

Despite the ALPI and BLT results, in the early 
2000s, positive results were observed with adjuvant 
chemotherapy in other studies. Th e largest trial 
that has been conducted to date, the International 
Adjuvant Lung Cancer Collaborative Group Trial 
(IALT) enrolled a total of 1,867 patients with 
completely resected I, II, or IIIA lung cancer (11). 
Patients were randomly assigned to observation or 
to three or four cycles of an investigator chosen 
cisplatin-based chemotherapy of the four follow-
ing regimens: cisplatin plus vindesine, etoposide, 
vinorelbine, or vinblastine. In this trial, more than 

TABLE 1 Adjuvant chemotherapy trials after 1990s

Trial Stage Chemotherapy Survival Benefi t

ALPI (9) I, II, IIIA Cisplatin 100 mg/m2 × 3
Mitomycin C 8 mg/m2 × 3
Vindesine 3 mg/m2 × 6

NA

BLT (10) I, II, III Cisplatin 80 mg/m2 (biotherapies)
or Cisplatin 50 mg/m2 (tritherapies)
Vindesine 3 mg/m2 × 6 or
Vinorelbine 30 mg/m2 × 6 or
Mitomycin 6 mg/m2 × 3 and ifosfamide 

3 g/m2 × 3 or
Mitomycin 6 mg/m2 × 3 and vinblastine 

6 mg/m2 × 3 

NA

IALT (11) I, II, III Cisplatin 100 or 120 mg/m2 × 3 or
Cisplatin 80 or 100 mg/m2 × 4
Vindesine 3 mg/m2 × 6–8 or
Vinblastine 4 mg/m2 × 6–8 or
Vinorelbine 30 mg/m2 weekly × 13 or
Etoposide 100 mg/m2 × 9–12

5 year; No benefi t at 7 years

JBR.10 (13) IB, II Cisplatin 50 mg/m2 × 2
Vinorelbine 25 mg/m2 × 16 

5 years; Benefi t at > 9 years

ANITA (14) I-IIIA Cisplatin 100 mg/m2 × 4
Vinorelbine 30 mg/m2 × 16

5 years; Benefi t at 7 years

CALGB (16,17) IB Carboplatin AUC 6 × 4
Paclitaxel 200 mg/m2 × 4

4 years; No benefi t at 57 and 
74 months
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ANITA Trial

A third large study, which also demonstrated the 
benefi t of adjuvant chemotherapy in early NSCLC, 
was a large international study, the Adjuvant 
Navelbine International Trialist Association 
(ANITA). Th e trial investigated the benefi t of the 
cisplatin–vinorelbine regimen in patients with 
Stage 1B-IIIA NSCLC (14). Patients were ran-
domized to receive adjuvant chemotherapy con-
sisting of four cycles of vinorelbine at 30 mg/m2 
on days 1,8,15, and 22 (16 doses) plus 100 mg/m2 
cisplatin (n = 407) on day 1 (4 doses) or obser-
vation (n = 433). Postoperative radiotherapy was 
optional and was initiated according to the pol-
icy of individual centers. A total of 301 patients 
had Stage IB (36%), 203 (24%) had Stage II dis-
ease, and 325 (39%) had Stage IIIA disease. After 
median follow-up of 76 months, median survival 
was 65.7 months in the chemotherapy group versus 
43.7 months in the observation group (HR 0.80; 
P = .017). Chemotherapy improved overall survival 
at 5 years by 8.6% and this survival advantage was 
maintained at 7 years. Toxicity included neutro-
penia (92%) and seven (2%) toxic deaths. In this 
study, compliance was greater with cisplatin than 
with vinorelbine. Th e favorable impact of chemo-
therapy on survival was observed in Stages II and 
IIIA, but there was no benefi t for overall survival 
in patients with Stage IB NSCLC.

LACE Meta-Analysis

Given the mixed results of the fi ve large recent 
trials, ALPI, ANITA, BLT, IALT, and JBR.10, 
the Lung Adjuvant Cisplatin Evaluation (LACE) 
meta-analysis, the second largest meta-analysis, 
pooled individual patient data for evaluation of 
the benefi t of adjuvant chemotherapy for NSCLC. 
Th e meta-analysis included 4,584 patients with a 
median follow-up of 5.1 years and demonstrated 
a positive overall HR of death of 0.89 (95% CI: 
0.82–0.96; P < .005) corresponding to a 5-year 
absolute benefi t of 4.2% with chemotherapy (15). 
Th e benefi t varied with stage, with no benefi t seen 

P < .003). Th ese results were the fi rst to demon-
strate the very clear benefi t of adjuvant platinum-
based chemotherapy in the adjuvant early-stage 
setting for NSCLC. Th is trial was a pivotal trial 
in helping to lead the path for changing treatment 
standards. Recent subset analysis after a long-term 
follow-up in 2008 revealed no trend for benefi t on 
either stage of disease or chemotherapy regimen 
chosen (12) and no signifi cant eff ect of adjuvant 
chemotherapy on overall survival at 7 years (HR 
0.91, 95% CI: 0.8–1.02; P = .10). Despite the long-
term follow-up results, clearly the survival benefi t 
observed at 5 years was signifi cantly diff erent and 
confi rmed the eff ect of chemotherapy at least for 
the fi rst 5 years after surgery.

JBR.10 Trial

Similar results emerged from the trial conducted 
by the North American Intergroup, led by the 
National Cancer Institute of Canada (13). Th e 
JBR.10 study included completely resected 1B 
or Stage II NSCLC patients with good perfor-
mance status. Out of 482 patients enrolled, 45% 
had Stage I and 55% had Stage II disease with a 
median age of 61 years. Patients were randomly 
assigned to observation or four cycles of cis-
platin 50 mg/m2 on days 1 and 8 plus vinorel-
bine 25 mg/m2 weekly (days 1,8,15, and 22) for 
a 28-day regimen for 16 weeks.. Th is trial dem-
onstrated the most striking benefi t to date of 
adjuvant therapy with an overall and relapse-free 
survival prolonged in the chemotherapy group 
relative to the observation group (94 versus 73 
months, HR 0.69, CI: 0.52–0.91; P = .04; not 
reached vs. 46.7 months HR 0.60, 95% CI: 
0.45–0.79; P < .001, respectively). Five-year sur-
vival rates were 69% and 54% in the adjuvant 
and control arms, respectively (P = .03), a 15% 
improvement in 5-year survival favoring chemo-
therapy. Toxicity of the regimen was as expected 
with chemo-related deaths in two patients. 
Recent updates in 2009 demonstrated the bene-
fi t of adjuvant therapy retained at >9 years (13).
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initial accrual target was 500. In 2004, prelimi-
nary results of the trial demonstrated a statisti-
cally signifi cant improvement in disease-free and 
overall survival in patients receiving the chemo-
therapy with a 12% improvement in 4-year over-
all survival at a median follow-up of 34 months 
(P = .028) (16). Because of this planned interim 
analysis, the study was terminated by the Data 
Safety Monitoring Board. At 57 months, however, 
survival was not diff erent between the arms (60% 
versus 58%; P = .32). Additionally, at a median 
follow-up of 74 months the signifi cance of the fi rst 
report could not be confi rmed with overall sur-
vival of 60% versus 58% for the chemotherapy and 
observation groups, respectively (HR 0.83, 95% 
CI 0.64–1.08, P = .125) (17). Disease-free survival 
however favored chemotherapy in the intention 
to treat analysis (HR 0.74, P = .27) with a trend 
toward improvement in overall survival (HR 0.80; 
P = .10). An exploratory analysis demonstrated a 
signifi cant survival diff erence though in favor of 
adjuvant chemotherapy for patients with tumors 
>4 cm in diameter (HR 0.69, 90% CI: 0.48–0.99; 
P = .043)

Th is negative trial highlighted the hazards 
of terminating a trial early based on short follow-
up, the need for suffi  cient sample sizes to detect 
small but potentially signifi cant improvements in 
survival, and the use of adequate chemotherapy 
regimens that had previously been proven signifi -
cant in other stages. Regardless of the limitations 
of this study, current data do not support the use of 
chemotherapy in patients undergoing resection of 
stage IB NSCLC whose tumors are less than 4 cm 
in size. Th ese results are similar to subset analyses 
observed in the JBR.10 study (18).

CISPLATIN VERSUS CARBOPLATIN ■

Th e advantage of cisplatin-based therapy on sur-
vival from NSCLC is evident for patients with 
Stage II and III cancer given that all three positive 
trials since 2003, IALT, JBR.10, and ANITA, used 
a cisplatin-based therapy (two with vinorelbine) for 

in Stage IA (HR 1.41, 95% CI: 0.96–2.09). All 
other stages, which were included in the clinical 
trials, however, demonstrated benefi t. Th is was 
not statistically signifi cant for Stage IB (HR 0.93, 
95% CI: 0.78–1.10) but was statistically signifi -
cant for the higher stages, including Stage II (HR 
0.83, 95% CI: 0.73–0.95) and stage III (HR 0.83, 
95% CI: 0.73–0.95). Th e benefi t also varied with 
therapy used. Two studies exclusively examined 
cisplatin–vinorelbine combinations (JBR.10 and 
ANITA) while the other three (BLT, IALT, and 
ALPI) allowed investigator’s choice of cisplatin-
based regimens. Subgroup analyses in the LACE 
meta-analysis demonstrated a trend of superiority 
toward cisplatin paired with vinorelbine (HR 0.80, 
95% CI: 0.70–0.91) versus with cisplatin/etopo-
side or cisplatin/vinca-alkaloid (HR 0.92, 95% CI: 
0.80–1.06). Most of the positive studies used the 
cisplatin–vinorelbine combination, and 86% of 
these used a cisplatin dosing of greater than 300 
mg/m2. Cisplatin dosing of <300 mg/m2 versus 
>300 mg/m2 demonstrated a trend toward overall 
survival in favor of higher dosing (P = .10). (Th is 
is further discussed in Optimal Chemotherapy 
section.) Despite chemotherapy regimen used, 
the LACE meta-analysis further confi rmed the 
role of cisplatin-based chemotherapy in adjuvant 
early-stage NSCLC, as was also demonstrated in 
the updated NSCLC collaborative group (Medical 
Research Council) meta-analysis in 2010.

CALGB9633 Trial

Unlike the studies discussed above, the CALGB 
9633 trial conducted by the Cancer and Leukemia 
B group, RTOG and the North Central Cancer 
Treatment group exclusively evaluated the role of 
adjuvant chemotherapy in patients with resected 
stage IB. Unlike other studies that used a cisplatin-
based backbone, this study randomized patients fol-
lowing complete resection to paclitaxel 200 mg/m2 
and carboplatin (area under the curve = 6) every 
3 weeks for four cycles or observation. Th e total 
number of patients enrolled was 344 although the 
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Our only data in early-stage disease with car-
boplatin comes from the CALGB9633 trial, which 
utilized carboplatin/paclitaxel for resected stage IB 
NSCLC and was discussed in detail earlier (16). 
Th is study failed to show a survival advantage in 
the population with the carboplatin regimen but 
was small and included only patients with Stage IB 
NSCLC, and therefore the results may not be solely 
attributable to the superiority of cisplatin. Th e cur-
rent guidelines from the National Comprehensive 
Cancer Network, a professional organization of 21 
of the world’s largest leading cancer centers, rec-
ommend adjuvant chemotherapy using a cisplatin-
based regimen (24). Given the current evidence 
to date, as there are no future studies planned to 
evaluate carboplatin versus cisplatin in the adju-
vant setting cisplatin is the favored platinum of 
choice. Th e substitution of carboplatin is a fre-
quent practice, however, especially in the elderly 
(as discussed in the section on chemotherapy in the 
elderly below) and those with contraindications to 
cisplatin such as renal impairment.

OPTIMAL ADJUVANT  ■

CISPLATIN-BASED REGIMEN

Although the role of adjuvant therapy in early- 
stage NSCLC became standard of care in the 
past 10 years, there is a paucity of data regarding 
the best cisplatin-based regimen. Although the 
NCCN guidelines recommend any combination 
cisplatin-based therapy with previously studied 
third-generation agents such as vinorelbine, vin-
cristine, and etoposide, the guidelines also sug-
gest combinations with other, newer agents that 
have not been thoroughly and extensively tested 
in the adjuvant setting such as gemcitabine, doc-
etaxel, or pemetrexed. Th e NSCLC Meta-analysis 
Collaborative Group, which analyzed randomized 
control clinical trials from 1965 onward, demon-
strated little variation depending on the chosen 
chemotherapy regimen. Although there was no 
signifi cant diff erence in eff ect between chemother-
apy categories in the fi rst meta-analysis, the use of 

4 cycles. Despite the pivotal role of cisplatin-based 
chemotherapy, treatment with cisplatin is associ-
ated with a number of serious side eff ects, which 
has led many clinicians to use the cisplatin analog, 
carboplatin. Most of the data demonstrating the 
role of carboplatin has been from the metastatic 
settings, but these studies have led to the use of 
carboplatin in the adjuvant setting for early-stage 
disease. Two North American Phase III trials in 
the advanced stage setting have evaluated carbopl-
atin versus cisplatin and demonstrated equivalence 
in survival when combined with paclitaxel (19,20). 
Th e only large meta-analysis, however, although in 
the metastatic setting, the cisplatin versus carbopl-
atin (CisCa) meta-analysis provides our strongest 
evidence of a trend of superiority of cisplatin over 
carboplatin (21). Among 2,968 patients analyzed 
in CisCa, cisplatin therapy was associated with 
improved response rates with chemotherapy (30%) 
compared with carboplatin (24%) (OR of 1.37, 
95% CI: 1.16–1.62; P < .001). Carboplatin was 
associated with a statistically signifi cant increase 
in mortality in subgroup analysis of patients with 
nonsquamous tumors and those treated with 
third generation chemotherapy, (HR 1.12, 95% 
CI: 1.01–1.23 and HR 1.11, 95% CI: 1.01–1.21, 
respectively). Th e trial showing the largest bene-
fi t for carboplatin over cisplatin was an outlier in 
that it was restricted to patients with squamous 
histology and used an older regimen and was com-
prised of primarily younger males with Stage III 
cancers compared with others studies included in 
the meta-analysis. Furthermore, the study used a 
higher carboplatin dosing (500 versus 325 or 300 
mg/m2) compared with other studies in the CisCa 
meta-analysis (22). When this trial was excluded 
from the meta-analysis, the test for heterogeneity 
no longer reached statistical signifi cance, and the 
modifi ed CisCa meta-analysis affi  rmed that cis-
platin is the preferred platinum agent for treatment 
of NSCLC in advanced disease. A recent British 
study combining gemcitabine with either carbo-
platin or cisplatin though did not fi nd a superior-
ity for the cisplatin regimens and the debate over 
cisplatin versus carboplatin continues (23).
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TREAT (randomized Phase II trial on refi nement 
of early-stage NSCLC adjuvant chemotherapy with 
cisplatin and pemetrexed versus cisplatin and vinore-
lbine preliminary results were presented at American 
Society of Clinical Oncology (ASCO) in 2011 and 
demonstrated feasibility of and high drug delivery 
with cisplatin/pemetrexed regimen (26). Effi  cacy 
from this trial will be diffi  cult to interpret though as 
38% of patients have Stage IB and 45% of patients 
in the study have squamous histology, which will 
likely reduce pemetrexed effi  cacy. Despite limited 
data with other regimens, many oncologists are now 
substituting other doublets for cisplatin–vinorelbine, 
and we await further data from ongoing trials of 
these regimens as adjuvant therapy.

NONPLATINUM REGIMENS ■

As an alternative to platinum-based treatment, inves-
tigators in Japan developed an oral antimetabolite, 
Uracil–tegafur (UFT), composed of a fi xed ratio of 
uracil and tegafur. Th is compound has been stud-
ied extensively in Japan for adjuvant treatment after 
complete resection, and the treatment has demon-
strated benefi cial eff ects with the addition of UFT.

Th e West Japan Study Group for Lung Cancer 
Surgery conducted two studies, the second of which 
was the fi rst trial to confi rm a survival benefi t of 
UFT in the adjuvant setting. Th ree arms consisting 
of 323 patients with resected Stage I to III NSCLC 
were randomly assigned to surgery alone, UFT 
alone, or cisplatin plus vindesine followed by UFT 
group (CVUft) (27). Th e overall 5-year survival 
rates were 60.6% for the CVUft group, 64.1% for 
the UFT group, and 49% for the control group (P = 
.044). A larger study comparing UFT versus obser-
vation was performed by the Japan Lung cancer 
Research Group (JLCRG) (28). In this study, Kato 
et al. randomized 979 patients with Stage I disease 
to observation alone or 2 years of postoperative 
UFT (250 mg/m2/day). At a median follow-up of 
73 months, adjuvant UFT was associated with a 
small (3%) but statistically signifi cant improvement 
in 5-year survival. Subgroup analysis suggested 

older platinum combinations with a vinca-alkaloid 
or etoposide had a slightly lower eff ect (HR 0.94; 
P = .27) than the trials that used platinum with 
vinorelbine (HR 0.82; P = .02). Similarly, data 
from the LACE meta-analysis show a marginal 
trend of superiority when using cisplatin/vinorel-
bine combinations compared with other cisplatin 
combinations (P = .04) and the trial with the most 
positive outcome used cisplatin/vinorelbine. Th e 
results of these trials, however, may have more do 
to with the delivery and higher dosing intensity of 
the regimen as opposed to the superiority of the 
actual cisplatin–vinorelbine regimen. For instance, 
cisplatin–vinorelbine was dosed at a higher cis-
platin dosing (> 300 mg/m2) in 86% of patients 
who received this regimen suggesting that the dose 
intensity of cisplatin may account for the benefi t 
observed compared to the other regimens. In the 
adjuvant setting, there are many modern drugs 
that have not been studied, and because the only 
defi nitive data exists in the metastatic setting, the 
questions about which is the best regimen remain 
unanswered in the adjuvant setting. Despite the 
lack of data in the adjuvant setting, however, many 
diff erent cisplatin-based doublets are being used in 
the United States in the adjuvant setting. Th is is 
clear from the preliminary data from the Eastern 
Cooperative Group 1505 trial, which is currently 
underway to investigate the value in the adjuvant 
setting of the antivascular endothelial growth fac-
tor receptor monoclonal antibody bevacizumab. 
Preliminary data from the study indicate that 
trial oncologists (primarily in the United States) 
are choosing from all of the combinations of treat-
ment available on the trial, which include cisplatin 
with gemcitabine, docetaxel, vinorelbine, or pem-
etrexed (25). In the fi rst 636 patients (of a planned 
1500) enrolled in the trial, 27% received cisplatin/
vinorelbine, 33% received cisplatin/docetaxel, 25% 
received cisplatin/gemcitabine, and 16% received 
cisplatin/pemetrexed (which was added for only 
nonsquamous histology after enrollment had 
already begun). Data with these regimens, other 
than cisplatin/vinorelbine, in the adjuvant set-
ting is very limited. For cisplatin/pemetrexed the 
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over 70 years increased from 3% to 16% over the 
years of 2001 to 2006 and correlated with an over-
all survival improvement from 47% to 50% (30). 
Despite concerns of toxicity from chemotherapy, 
more patients were treated with cisplatin than 
with carboplatin (70% of elderly were treated with 
cisplatin and 28% treated with carboplatin). Th e 
other abstract examined SEER data from 1992 to 
2005 and demonstrated that in the United States, 
19% of patients greater than 65 years received che-
motherapy in the adjuvant setting (31), but the use 
of carboplatin was more extensive than cisplatin, 
unlike what was seen in Canada. Th e evidence of 
benefi t of adjuvant therapy for elderly patients has 
therefore been demonstrated and should be con-
sidered for patients with good performance status, 
regardless of age.

IMPROVING PATIENT SELECTION  ■

AND FUTURE OUTCOMES

Th e research from the past decade has clearly indi-
cated the role of chemotherapy in the adjuvant 
setting for NSCLC. However, the lack of benefi t 
in certain subsets such as stage IB tumors and the 
small benefi t provided to other patients indicate the 
need to better understand who will benefi t most 
from adjuvant therapy. Recently, investigation of 
predictive biomarkers help to select which patients 
are most at risk for recurrence and help deter-
mine which chemotherapy is the most effi  cacious 
for individual patients. Th e excision repair cross-
complementation group 1 (ERCC1) for instance 
is a protein that is required for proper repair of 
DNA damage after insults such as from cisplatin. 
Th is protein functions in the nucleotide excision 
repair pathway and was one of the fi rst proteins 
to be studied in the International Adjuvant Lung 
Trial. Th e patients low expression of ERCC1 in 
tumors showed prolonged survival (HR 0.65, 95% 
CI: 0.50–0.86; P = .002) with chemotherapy com-
pared with observation, however this was not true 
among patients with tumors with higher ERCC1 
expression (HR 1.14, 95% CI: 0.84–1.55; P = .40) 

that the magnitude of benefi t was for patients with 
T2N0 carcinomas 84.9% versus 73.5% in the con-
trol group (HR 0.48, 95% CI: 0.29–0.81) and for 
patients with T1 disease with tumor sizes greater than 
2 cm in diameter (P = .05). Th e benefi t of UFT has 
been replicated in several other smaller studies in 
Japan. Meta-analyses of these additional studies 
included over 2,000 patients and revealed a reduc-
tion in mortality for adjuvant chemotherapy with 
UFT relative to treatment with surgery alone with 
a pooled HR of 0.77 (P = .15), results of which are 
similar to those of cisplatin-based doublet therapy 
in the adjuvant setting. UFT, therefore, has been 
used in Japan in lieu of cisplatin-based therapy and 
may be a possible option for patients in other coun-
tries as well.

ADJUVANT CHEMOTHERAPY  ■

IN THE ELDERLY

Th e role of adjuvant therapy in the elderly is a 
research question of particular signifi cance given 
that the median age of diagnosis of NSCLC is 
among the elderly population at 70 years of age. 
Although elderly patients receive less adjuvant 
therapy due to toxicities and hospitalizations from 
treatment, recent studies indicate that the survival 
benefi ts seen with adjuvant chemotherapy may also 
extend to the elderly patient population despite the 
side eff ects of therapy, Th e JBR.10 trial showed a 
prolonged overall survival among 155 patients age 
65 years and older (HR 0.61; 95% CI: 0.38–0.98; 
P = .04) (JBR.10). Th e LACE meta-analysis, 
which also included JBR.10, demonstrated a sim-
ilar trend toward overall survival benefi t for this 
patient population in a pooled analysis of patients 
aged 70 years and older. (HR 0.90, 95% CI: 
0.70–1.16; P = .29) (29). Recent data presented at 
the ASCO annual meeting in 2011 demonstrate 
that these fi ndings have increased chemotherapy 
administration for the elderly in the United States 
and Canada. One abstract demonstrated that out 
of a population-based study in Ontario, Canada, 
that administration of adjuvant therapy in patients 
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in the adjuvant treatment of patients with resected 
Stage IB–IIIA NSCLC. Th e double-blinded, pla-
cebo-controlled study randomized 945 patients 
with EGFR expression detected by either FISH 
or immunohistochemistry to either two years of 
daily erlotinib at 150 mg/day or placebo. Th is trial 
has completed accrual and full EGFR and other 
molecular analyses are being completed.

Inhibition of angiogenesis is also an area 
of study. Two trials, the ECOG4599 trial and 
Avastin in Lung cancer trial, have demonstrated 
the improvement of outcomes for patients with 
advanced NSCLC when combining bevacizumab, 
a monoclonal antibody that targets angiogen-
esis, with fi rst-line doublet chemotherapy (33,34). 
Based on these positive results, the ongoing ran-
domized ECOG 1505 trial evaluates four cycles 
of cisplatin-based doublet chemotherapy with or 
without bevacizumab (15 mg/kg) every 3 weeks.

Th e MAGE-A3 antigen-specifi c cancer immu-
notherapeutics is being evaluated by the MAGRIT 
(MAGE-A3 as adjuvant, non-small cell lung can-
cer immunotherapy) trial in the adjuvant setting. 
Th is trial is expected to help establish the role of 
vaccinations as adjuvant therapy for patient popu-
lations. Gene expression patterns are also an area 
investigated by multiple groups to both prognosti-
cate and guide therapy.

CONCLUSION ■

Th e importance of adjuvant cisplatin-based therapy 
has been clearly demonstrated for patients with 
resected Stage II to IIIA and selected Stage IB 
NSCLC. Th e results of three large Phase III trials, 
the IALT, JBR.10, and ANITA, are largely respon-
sible for standardizing adjuvant chemotherapy for 
NSCLC. Although the best regimen is still under 
evaluation, the data so far show a trend favoring 
cisplatin–vinorelbine, but there are many other cis-
platin doublets that may be equally effi  cacious. Th e 
most defi nitive data exists in the metastatic setting 
and indicates that cisplatin–pemetrexed, cisplatin–
docetaxel, or cisplatin–gemictabine are equivalent 

(32). Th is result, which was updated at ESMO in 
2011, further indicated the benefi t of adjuvant cis-
platin-based chemotherapy in completely resected 
ERCC-1 negative tumors. Validation of these 
results are underway with multiple trials ongoing 
in the United States and Europe including SWOG 
0720, which evaluated adjuvant therapy with cis-
platin/gemcitabine for Stage 1 (tumors >2 cm) in 
patients with low tumor expression of ERCC1 and 
RRM1. Th e tailored postsurgical therapy in early-
stage NSCLC trial and the international tailored 
chemotherapy adjuvant trial are Phase III trials 
evaluating the use of diff erent chemotherapy pos-
sibilities based on expression levels of ERCC1 and 
other markers.

Other studies, such as the Spanish Customized 
Adjuvant Trial, are looking at BRCA1 mRNA lev-
els to customize therapy in patients with resected 
early-stage (1–IIIA) disease. Th e trial is evaluating 
the rationale that patients with low BRCA1 mRNA 
levels have longer survival when treated with 
cisplatin-based chemotherapy, whereas patients 
with high BRCA1 mRNA levels have longer sur-
vival when treated with taxane-based therapy. 
Patients with high levels of BRCA1 mRNA receive 
docetaxel, intermediate levels receive docetaxel/
cisplatin, and low-level expressions of BRCA1 
mRNA receive cisplatin/gemcitabine.

Targeted pathways are also of extreme import-
ance and have already lead to focused treatment in 
the metastatic setting for patients whose tumors 
express particular gene mutations. Th e epidermal 
growth factor receptor (EGFR) gene mutations 
are one example. Studies of EGFR-targeted drugs 
in earlier stages of disease have been ongoing. 
Although the negative results from the NCIC 
CTG BR.19 trial, which evaluated the EGFR tar-
geted agent gefi tinib in completely resected stage 
IB–IIIA NSCLC (only a small number of whom 
had EGFR mutations), raised questions regard-
ing the effi  cacy of gefi tinib; the trial was halted 
early and the small numbers make the interpret-
ations diffi  cult. Th e current randomized double-
blinded trial in Adjuvant NSCLC with Tarceva 
trial is evaluating the role of EGFR-TKI erlotinib 
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and may be reasonable alternatives to cisplatin–
vinorelbine. Th ere are other alternatives as well 
including the use of UFT in Japan. Better under-
standing of how to predict which patients need 
adjuvant therapy and which therapy is optimal for 
a given patient is critical. Current studies are exam-
ining chemotherapy regimens in the adjuvant set-
ting paired with evaluation of specifi c biomarkers 
in prospective randomized controlled clinical trials. 
Other studies are examining novel adjuvant treat-
ments with non-chemotherapy agents. Th e results 
of these future studies will hopefully improve our 
understanding of NSCLC and improve the survival 
of patients with resected disease.
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ABSTRACT ■

Lung cancer remains the leading cause of cancer death for both men and women in the United States. 
Advancements in technology have enabled radiation oncologists to achieve highly conformal treatment plans 
that allow for safer dose escalation while sparing greater amounts of critical organs within the thorax. Positron 
emission tomography–computed tomography (CT) and four-dimensional CT are now incorporated into the 
planning armamentarium in an eff ort to better delineate tumor volume and take into consideration the move-
ment of cancers in the various planes during radiation treatments. Advancements in treatment planning, 
delivery, and patient immobilization have contributed greatly to our recent ability to safely and eff ectively treat 
early-stage non-small cell lung cancer (NSCLC) with short course, high-intensity stereotactic body radiation 
therapy. Th e goals of therapy have remained constant over the years: improve patient outcomes while mini-
mizing side eff ects from radiation therapy. Overall survival (OS) rates still remain disappointing for locally 
advanced NSCLC and small cell lung cancer (SCLC) patients. Over the past several decades, randomized tri-
als within the United States and Europe have explored important questions designed to improve locoregional 
control and OS including evaluation of concurrent or induction chemoradiation, dose escalation, and targeted 
high-dose stereotactic radiation for NSCLC; accelerated versus conventional fractionated radiation for SCLC 
as well as the role of consolidative radiation in this disease.
Keywords: lung, NSCLC, SCLC, SBRT, IMRT, 4D-CT
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radiation in one to fi ve treatments to extracranial 
tumors (8). Techniques for SBRT in the liver and 
lungs were pioneered at the Swedish Karolinska 
University hospital in the early 1990s (9) around 
the same time Japan was developing a method for 
lung SBRT which was clinically introduced in the 
mid-1990s. Th e biggest surge in adopting SBRT 
techniques in the United States began around 
2008, with lung being the most common disease 
site treated with SBRT (10). Practice guidelines 
have been published pertaining to the conduct and 
technical requirements of SBRT (11). A recent sur-
vey of SBRT use in the United States revealed that 
the lung was the most common disease site treated 
with SBRT, and most physicians use a three-frac-
tion regimen, with either 20 or 18 Gy per frac-
tion, for peripheral lung lesions (10). As compared 
with conventional radiation for early-stage inop-
erable NSCLC patients, this approach has shown 
improved local control as well as signifi cantly redu-
cing overall treatment times with acceptable acute 
and late morbidities (12). Th e usage of SBRT will 
likely continue to grow in the upcoming years.

Th e technologic advancements that have made 
SBRT a possibility, and have also been applied 
when delivering conventional radiation treatment 
schedules (1.8–2 Gy per fraction), will be discussed 
in detail below as they have addressed three major 
reasons thought to contribute to local failure after 
radiation: geographic misses due to respiratory 
motion during treatment delivery, inadequacy and 
inaccuracy of radiologic scans for cancer staging 
and RT planning, and the inability to delivery 
adequate dose or escalate dose due to normal tissue 
complications.

Treatment Planning

Simulation: Two-Dimensional to Three-
Dimensional to Four-Dimensional
Th e radiation treatment process begins with a sim-
ulation where images of the patient in a reproduc-
ible treatment position are obtained and used for 
planning. Th ere has been a natural progression 

INTRODUCTION ■

Lung cancer is the leading cause of cancer death in 
the United States and in men worldwide (1,2). To 
reduce the incidence of this disease, great eff ort has 
been put forth by governments and cancer societies 
to educate the general public about environmental 
factors that increase an individual’s risk of devel-
oping lung cancer, which primarily include smok-
ing and second-hand smoke exposure, and, to a 
lesser extent, exposure to radon gas and asbestos 
(3–6). Despite these eff orts, the United States pop-
ulation will have an estimated 221,130 new cases 
of lung cancer and 156,940 estimated deaths from 
lung cancer in 2011 (7). Global estimates from 
2008 reported 1,608,800 new cases and 1,378,400 
deaths from lung cancer (2).

Surgery, chemotherapy, and radiation therapy 
all play a role in the curative treatment or palli-
ation of both non-small cell lung cancer (NSCLC) 
and small cell lung cancer (SCLC). Th is chapter 
highlights some of the more recent studies in lung 
cancer and advancements in the technical aspects 
of radiation therapy to the lung. Included in this 
discussion will be refl ections on the recent advance-
ments in technological innovations and treatment-
planning systems that have allowed for delivery of 
highly conformal radiation therapy (CRT) plans 
with reduced treatment times and greater sparing 
of organs such as the esophagus, lungs, and heart.

TECHNICAL ASPECTS OF  ■

RADIATION THERAPY FOR LUNG 
CANCER

Th ere have been advancements in radiation plan-
ning and delivery that have been applied to both 
conventional radiotherapy (RT) and stereotac-
tic body radiation therapy (SBRT) used to treat 
NSCLC and SCLC patients.

In particular, SBRT has become more popu-
lar in the past decade. SBRT is a form of external 
beam radiation therapy that uses multiple highly 
focused radiation beams to deliver large doses of 
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per slice) also allowed for the intrafractional 
motion of the tumor to be captured (20,21).

4D-CT scans became commercially avail-
able in the mid-2000s and are being used more 
frequently for conventional RT and SBRT plan-
ning in lung cancer. When using the 4D-CT, one 
full respiratory cycle is captured and the respira-
tory waveform is recorded. Th e patient’s anatomy 
at each specifi c phase of the respiratory cycle can 
be used to create multiple 3D sets that can be dis-
played in movie loops to visualize motion of the 
tumor, lymph nodes, and normal organs during a 
breathing cycle (22). One of the potential down-
sides to using 4D-CT scans to account for breath-
ing-related tumor movement is that it could lead to 
an enlarged PTV which could increase chances of 
radiation pneumonitis, esophagitis, or chest wall 
pain depending on where the lesion is located (23). 
Abdominal compression plates (ACP) and respira-
tory-gating techniques have been used to limit the 
diaphragmatic movement with the goal of decreas-
ing target volumes. Th ese topics will be discussed 
below in more detail.

Lung tumors and mediastinal lymph nodes 
are both subject to respiratory-related movement, 
but there is no correlation of their respective 
amount of motion to each other. Th e major-
ity of displacement occurs near the diaphragm 
(24,25). Maxim et al. evaluated 20 patients with 
lung tumors in various locations within the lung 
and described the motion of these tumors dur-
ing normal breathing. No breathing coaching or 
abdominal compression was used to limit dia-
phragm movement. All of the tumors had the 
greatest displacement in the superior–inferior 
(SI) direction (compared with anterior–posterior 
and right–left directions), with tumors in the 
upper thorax moving less than those in the lower 
thorax. Surprisingly, centrally located tumors 
near the carina and hilum had more movement 
than initially expected. Th e mean and range SI 
movements included: carina 6.9 mm [3–19 mm], 
left hilum 5.7 mm (2.4–14.8 mm), right hilum 
6.6 mm (2–13.2 mm), upper lung 3.7 mm (0.5–
6.5 mm), and lower lung 10.4 (4.9–23 mm). 

of simulation for radiation planning from two-
dimensional (2D) to three-dimensional (3D) com-
puted tomography (CT) to four-dimensional (4D) 
CT planning. When the 2D plain fi lms were used 
from the 1980s to the mid-1990s, simple anterior–
posterior/posterior–anterior beam arrangements 
were used with 2 to 3 cm margins around the gross 
tumor volume (GTV) to create the planning tar-
get volume (PTV) (13). Due to these generous 
margins and volumes, and limited beam arrange-
ments, it was diffi  cult to escalate the radiation dose 
to the tumor without increasing dose to normal 
tissues, thus increasing the chances of normal 
tissue complications (14). With the transition to 
3D-CT-planning in the mid-1990, it was possible 
for more accurate localization of both the tumor 
and normal structures and an accurate body con-
tour. Th is allowed for increased dose to the tumor 
while either maintaining or decreasing dose to nor-
mal structures, since an increased number of non-
coplanar beams could be used for more conformal 
treatments. Th e CT also allowed for inhomoge-
neity corrections to achieve improved dosimetric 
accuracy. When 2D thorax radiation plans were 
compared with 3D plans, the 2D proposed treat-
ment volumes had to be adjusted in about 30% 
of cases due to inadequate tumor coverage or to 
reduce the tumor volume after CT visualization 
(15). Th e use of 3D planning is currently the min-
imum standard of care (16).

While 3D-CT scans allowed for better 
delineation of the tumor volumes than 2D, they 
lacked the ability to incorporate the motion of the 
tumor obtained in 4D scans, which in some cases 
may have led to inadequate tumor coverage (17). 
4D-CTs enable the respiratory-induced movement 
of the tumor and lymph nodes to be incorporated 
into treatment volumes to decrease geographic 
miss (18). Prior to 4D-CTs, fl uoroscopy and slow 
CT scans had been used to try to capture the 
tumor movement during the radiation treatment. 
Fluoroscopy had been used widely but lung tumors 
were poorly visualized, and the mobility could not 
be accurately translated to the margins used in the 
planning CT scans (19). Slow CT scans (4 seconds 

Argiris_PTR_CH10_19-04-12_141-166.indd   143Argiris_PTR_CH10_19-04-12_141-166.indd   143 4/19/2012   1:57:50 PM4/19/2012   1:57:50 PM



144  Lung Cancer

margin of the ribs and inferior to the xiphoid pro-
cess. Th e force of the ACP can be measured and 
adjusted. Heinzerling et al. (28) reported on 10 
patients, of which 4 patients had lower lobe lung 
tumors and 6 had liver tumors, and he observed 
that the mean SI movement without abdominal 
compression of 12 mm was reduced to 7.5 and 
6.1 mm with medium and high levels of compres-
sion, respectively. Th is study did not observe the 
extent of tumor movement that has been previ-
ously reported (26); however, it did show the ben-
efi t of abdominal compression. Since the amount 
of pressure placed on the abdominal compression 
aff ects tumor movements, and the location of the 
tumor may dictate the amount of movement with 
or without abdominal compression, an individual-
ized examination of the benefi t of compression on 
patients should be performed.

Other variations of immobilization devices 
that apply abdominal compression include the 
BodyFIX® system, Elekta Stereotactic Body 
Frame® system (Elekta, Norcross, GA), or the 
Couch Integrated Immobilization System 
(Indiana University, Department of Radiation 
Oncology, Indianapolis, IN). Some potential 
disadvantages of abdominal compression include 
patient discomfort and diffi  culty with reprodu-
cing the setup (28).

Breathing Control
Active breathing control or other breath-hold tech-
niques have been used to try to minimize the eff ects 
of breathing motion by trying to achieve the same 
breath-hold position during treatment delivery 
(29–31). Breath-hold techniques have been shown 
to improve the therapeutic ratio by allowing for 
decreased radiation to the volume of normal lung 
surrounding the tumor (32,33). A breath-hold 
can either be voluntary or assisted with an occlu-
sion valve, and most methods use a spirometer to 
measure airfl ow. After monitoring several cycles of 
normal breathing, a reproducible baseline, usually 
at end exhalation, is established so that one can 
monitor if reproducible breath holds are achieved. 
Another variation of breath hold includes deep 

It can be assumed that tumors adjacent to the 
diaphragm would move the most, since this 
study reported SI displacements of the left and 
right diaphragms to be 20 mm (8.8–47.4 mm) 
and 16.9 mm (2.9–47.5 mm), respectively (26). 
Th e motion of mediastinal lymph nodes is also 
greatest in the lower mediastinum due to the dia-
phragmatic contraction and relaxation. An ana-
lysis of 100 mediastinal lymph nodes on 4D scan 
revealed the average nodal motion during quiet 
breathing was 0.68 cm (range, 0.17–1.64 cm), 
77% moved greater than 0.5 cm, and 10% moved 
greater than 1.0 cm (27). Th erefore, it is import-
ant to incorporate the movement of target lesions 
during radiation planning to decrease changes of 
underdosing the lesion.

Lung Motion Control
In addition to patient immobilization with a 
wing board, t-bar, alpha-cradle or its equivalent, 
it is also important to try to reduce the motion 
of the lung. Lung motion can compromise treat-
ment outcomes due to either inadequate tumor 
coverage or by increasing the normal tissue com-
plication rates when larger margins are needed. 
Abdominal compression and breath holding can 
be used starting at the time of simulation to help 
minimize target volumes, and then continued 
usage during treatment delivery to replicate the 
reduced tumor motion obtained at simulation. 
Respiratory gating and real-time tumor tracking 
(RTRT) can be used during treatment delivery 
and will be discussed later. In the United States, 
about 55% of physicians use abdominal compres-
sion or respiratory gating, while only about 15% 
use breath-hold techniques or RTRT (10). All of 
these techniques have been used to try to over-
come the issue of lung motion during treatment 
delivery.

Abdominal Compression
Breathing-induced motion of the tumor can be 
reduced by applying external pressure near the 
diaphragm to decrease the diaphragm’s motion. 
ACP are often placed 3 to 4 cm below the costal 
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disease. Th e only diff erence in volumes when plan-
ning for conventional radiation treatments is that 
the CTV is created by volumetrically expanding 
the GTV or ITV by 0.5 to 1 cm.

Margins placed on the GTV or CTV to cre-
ate the PTV or ITV during SBRT and conven-
tional treatments should refl ect the estimated 
tumor motion and setup error depending on the 
devices used to limit tumor and patient motion 
during treatment. If helical scanning with abdom-
inal compression is used, a 0.5-cm axial and 
1.0-cm craniocaudal margin should be added to 
the GTV to create the PTV. If a 4D-CT scan with 
compression is used, the ITV can be contoured on 
the MIP and expanded uniformly 5 mm to create 
the PTV.

Maximum Intensity Projection
If a 4D-CT is being used for the CT simulation, 
the MIP scan is a reliable clinical tool to delineate 
the ITV. Th e MIP scan combines the voxels with 
maximum intensity from each phase of the breath-
ing scan, therefore capturing the motion of the 
tumor throughout the breathing cycle and delin-
eating the ITV. Th e MIP is ideal when contour-
ing parenchymal lesions, since these lung tumors 
often surrounded by normal lung and therefore 
will have the maximum intensity voxel. Th e MIP 
is more diffi  cult to use and less useful when try-
ing to distinguish a target volume near a normal 
structure of equal or greater density; for example, 
a tumor that is adherent to the diaphragm. MIP 
has been shown to be superior to averaged inten-
sity 4D-CT and to 3D helical images when delin-
eating the extent of tumor motion from breathing 
during SBRT (39). Th e ratio between ITVs gener-
ated from all 10 phases and those from MIP scans 
is about 1.04 (40). Th is ITV needs to be copied 
to the free-breathing scan for treatment planning, 
since MIP scans do not have the correct lung or 
electron densities needed for planning. Th e ITV 
may also need to be expanded after it is copied to 
the free-breathing scan if the free-breathing tumor 
movements exceed the ITV contours created using 
the MIP.

inspiration breath hold (34,35). Th ese methods 
necessitate patient coaching prior to its use. Th e 
provider must consider patient comfort, coopera-
tion, and the ability to reproduce the breath hold, 
especially in patients with compromised respira-
tory status (35,36).

Target Delineation
Being able to correctly defi ne the tumor for treat-
ment planning is important for treatment outcomes 
and for minimizing normal tissue complications. 
Target location and accounting for respiratory-
induced target motion are especially crucial in 
SBRT accuracy due to the high dose per fraction 
delivered (37). It may be diffi  cult to diff erentiate 
the tumor from atelectasis, eff usions, or to identify 
the active components of the disease on a CT scan. 
However, the use of maximum intensity projection 
(MIP) scans, intravenous (IV) contrast, barium 
contrast, and positron emission tomography/CT 
(PET/CT) scans may help to better identify the 
normal structures and target volume.

Target Defi nitions
Th e following volumes are often drawn on planning 
CT scans during radiation planning. Th e GTV 
outlines the visible disease. Th e clinical target vol-
ume (CTV) incorporates microscopic disease. Th e 
internal target volume (ITV) is the volume that 
incorporates both the GTV/CTV and the internal 
margin (IM). Th e IM includes internal variations 
due to physiologic changes, like movements due to 
respiration. Th e PTV includes margins needed for 
anticipated setup error or patient movement dur-
ing therapy.

When planning for SBRT, the GTV or ITV 
should be contoured using lung windows and IV 
contrast should be used for central lesions. Th e 
CTV is identical to the GTV for SBRT planning 
(38). Th e microscopic disease is assumed to be 
well covered by the surrounding penumbra dose. 
For example, if 54 to 60 Gy in three fractions is 
prescribed to the GTV, the dose falloff  delivers 40 
to 45 Gy to area 6 to 8 mm from GTV, which is 
suffi  cient to cover the usual extent of microscopic 
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Barium Oral Contrast
Th e use of esophageal oral contrast can help to 
identify the esophagus; however, oral contrast is 
not always necessary unless there is gross tumor 
surrounding the esophagus. Th e esophagus is 
sometimes diffi  cult to track if there is no air in it. 
Th e esophagus can also move with normal breath-
ing. Since the contrast could aff ect the dose com-
putation due to its higher density, the esophagus 
with contrast should be assigned the density of soft 
tissue, so that it does not interfere the dose distri-
bution. Th e ability to better defi ne the esophagus 
may not result in less toxicity since it may be sur-
rounded by involved lymph nodes, but does allow 
for overall improved accuracy of defi ning organs 
at risk (OAR) and being able to calculate a more 
accurate dose–volume histogram (45).

Positron Emission Tomography
Fluorodeoxyglucose (FDG) PET–CT scans can 
aid in delineating tumor volumes that can help to 
decrease geographic misses while also reducing RT 
volumes. PET reduces GTV volumes by enabling 
the diff erentiation between tumor and collapsed 
lung (or atelectasis) and identifying involved lymph 
node stations (46–49). Th ese decreased target vol-
umes enable dose escalation (48,50) and reduction 
of dose to normal structures (51).

Sensitivity and Specifi city of PET

Many studies have evaluated the sensitivity and 
specifi city of FDG PET scans for indeterminate 
lung lesions and mediastinal lymph node staging 
(52,53). In the evaluation of indeterminate lung 
lesions, the sensitivity and specifi city range from 
79% to 96% and from 40% to 83%, respectively 
(52). Th e specifi city is often reduced in areas of 
infl ammation.

Mediastinal staging and accurate identifi ca-
tion of nodal metastases are clinically relevant for 
planning radiation in NSCLC patients since rou-
tine elective nodal irradiation (ENI) is no longer 
recommended in NSCLC (16). A CT scan off ers a 
sensitivity and specifi city of 56% and 81%, respect-
ively. Th e current gold standard mediastinoscopy 

Intravenous Contrast
Multidetector CT scans of the thorax now allow 
for acquisition of large numbers of thin (3–5 mm) 
contiguous images that provide more detailed 
images than those provided by older CT technol-
ogy that used nonhelical or single helical scan-
ning, and thick slices of about 10 mm. However, 
assessment of the abnormal mediastinal and hilar 
lymph nodes continues to be a challenging aspect 
of thoracic imaging. Previous studies have ana-
lyzed if intravenous (IV) contrast administration 
prior to CT scans aids in assessing nodal stage 
and found that the contrast did not signifi cantly 
aid in detecting mediastinal nodes; however, it 
was benefi cial for detecting hilar nodes (41–43). 
In general, the mediastinal lymph nodes are more 
detectable than hilar nodes without contrast 
because they are surrounded by fatty tissue. Th e 
hilar nodes are near hilar vessels and lymphatic 
tissue with little fat between them, making them 
more diffi  cult to detect without the aid of con-
trast (44). IV contrast may also be benefi cial for 
centrally located tumor contiguous with vessels 
with the same density. Tumors surrounded by 
lung parenchyma can easily be detected without 
IV contrast.

While IV contrast can be benefi cial in RT 
planning, it is not always necessary. It is likely 
that a lung cancer patient would have already had 
a staging diagnostic CT scan with IV contrast to 
identify abnormal lymph nodes. Th is patient may 
have also had a mediastinoscopy to obtain patho-
logic staging. It would be possible to fuse the IV 
contrast diagnostic scan or the PET/CT to the 
planning CT scan, especially if that patient has a 
contraindication for IV contrast. Th erefore, it is 
not essential to administer IV contrast at the time 
of simulation unless the patient had pathologically 
enlarged hilar nodes.

If IV contrast is necessary for RT planning, 
it is important to get both a scan with and with-
out IV contrast. Th e radiation planning will take 
place on the noncontrast scan, so that the changes 
in densities from the IV contrast will not aff ect the 
dose distributions.
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is not respiration-gated, and the current 4 to 6-mm 
spatial resolution of PET scans is much lower than 
the 1-mm resolution that modern CT scanners can 
obtain (59,60). Th ere are also variations in scanning 
protocols, patient position, immobilization devices, 
image reconstruction, and data analysis software 
that need standardization to compare between 
patients. One way to improve the fusion of the PET 
scan and planning CT is to obtain the PET scan in 
the treatment position, including immobilization 
device and a fl at top table (61,62). A respiratory-
gated PET combined with 4D-CT may reduce the 
blurring from free-breathing images, better defi ne 
the extent of moving tumors, and improve radia-
tion treatment planning for lung tumors (63).

FDG PET-Based Adaptive Radiation Th erapy

FDG PET-based adaptive radiation therapy 
(ART) may help to further customize treatments 
to allow for tumor escalation and reduced NTCP. 
Additionally, it may be possible to align the dis-
tribution of PET activity within a tumor to the 
distribution of radiation doses within the tumor, 
that is, pushing hot spots or adding boosts to areas 
of higher standard uptake value (SUV) (52). PET 
is more sensitive in assessing therapeutic response 
than CT alone, and the metabolic activity of a 
tumor has been seen to change after 40 to 50 Gy 
(64). Th is response to treatment can be incorpo-
rated into ART if a mid-RT PET volume is used 
to adjust a plan midtreatment course. Patient out-
comes after ART are currently being evaluated 
(65). Th e Radiation Th erapy Oncology Group 
(RTOG) is planning a study that is assessing the 
value of ART based on an FDG PET scan done 
after 4 to 5 weeks of concurrent chemoradiation 
therapy for Stage III NSCLC.

Dosimetry
Inhomogeneity Correction
During radiation therapy to a lung lesion, the 
beam must transverse multiple tissues with varying 
densities, including fat, bone, muscle, and lung. 
Th ese tissue inhomogeneities change the amount 
of radiation delivered to the target volume and 

has a specifi city of 100%, but a lower sensitivity of 
78% for all stages, 82% when the CT scan shows 
enlarged lymph nodes, and 42% for normal-sized 
lymph nodes. PET has a well-established role in 
mediastinal lymph node staging: sensitivity and 
specifi city are 83% and 89% for all stages, 91% 
and 70% when the CT scan shows enlarged lymph 
nodes, and 70% and 94% for normal-sized lymph 
nodes. Despite PET/CT scans reported high sensi-
tivity rates, the mediastinoscopy remains the gold 
standard and the addition of endosonography can 
further improve sensitivity for mediastinal nodal 
metastases (54). Of note, chemotherapy can mark-
edly reduce the accuracy of PET scans (55). Th e 
main clinical advantage of using PET is that it has 
a very high negative predictive value (>90%) for 
the detection of mediastinal lymph nodes.

Outcomes Using PET-Defi ned Volumes

Th ere have not been any randomized studies that 
show that patient outcomes are better when using 
FDG PET-defi ned volumes; however, the out-
comes have shown good local control. PET-based 
selective irradiation of involved lymph nodes in 
NSCLC patients has resulted in isolated nodal 
failures (INF) in less than 5% of patients (50,56). 
Fleckenstein et al. (57) reported on a prospective 
pilot trial on NSCLC patients that confi ned the 
target volume to only PET-positive areas using an 
autocontour-derived technique. Elective nodal sta-
tions were not irradiated. Patients were treated with 
concurrent chemoradiation therapy. Th is method 
allowed dose escalation in almost half of the treated 
patients, was associated with a low risk of isolated 
nodal recurrences (INR), and yielded favorable 
results with respect to survival and locoregional 
tumor control. Similarly, in a prospective trial of 
60 patients with limited stage SCLC (LS-SCLC), 
selective nodal irradiation based on PET scans 
resulted in a low rate of INR of 3% versus a higher 
rate of INR of 11% when CT-based selective nodal 
irradiation was used (58).

Weaknesses of PET

Some weaknesses of using FDG PET images 
include the fact that the acquisition of the image 
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steeper dose gradient around the target volume 
in IMRT plans could result in higher chances of 
geometric miss, especially with the component of 
lung motion. IMRT should not be used when the 
target motion exceeds 1 cm. Th ere is also more 
normal tissue receiving a lower radiation dose, 
which could contribute to toxicities, especially 
in the setting of concurrent chemoradiation (80). 
With an appropriate margin to account for lung 
motion and setup error, IMRT plans are equiva-
lent to 3D plans in terms of tumor coverage 
and outcomes (81,82). IMRT requires increased 
time and eff ort in planning, quality assurance 
checks, and to a lesser extent time and resources 
on the machine. When a 3D plan cannot provide 
an acceptable plan in terms of dose to PTV or 
excessive radiation to normal tissues, then a fi ve- 
to seven-fi eld IMRT plan may off er a balance 
between a more conformal plan that also allows 
for practical plan delivery.

Commercial treatment-planning systems that 
are used for conventional RT planning are also 
used for SBRT planning. IMRT or 3D-conformal 
planning can be used. SBRT plans use about 10 to 
12 nonopposing highly collimated beams or rota-
tional arcs to produce a plan that has rapid dose 
falloff  in all directions from the target (83–85). 
Multileaf collimators help to shape the beams and 
are preferred over customized blocks due to the 
ability to rapidly and accurately transfer treatment 
fi elds from the planning computer to the treat-
ment machine, quicker treatment delivery, and 
superior geometric accuracy over alloy-blocked 
fi elds (86,87). Th e beam angles may be limited 
by potential collisions between the accelerator 
head and the patient or couch. Accurate beam 
modeling, including profi les and depth doses, is 
important for the smaller fi eld sizes used in SBRT. 
Treatments should be planned as if to be delivered 
in less than 30 minutes to reduce patient motion 
during the lengthy time on the treatment table.

Protons
Proton therapy is an old modality that has been 
used more recently for the treatment of lung 

normal tissues due to diff erences in the absorption 
of the primary beam, scatter of the photons, and 
the secondary electron fl uence. Th e lower density 
of lung compared with other tissues causes higher 
dose within and beyond the lung (66). Radiation 
treatment planning to the lung requires tissue 
heterogeneity corrections for accurate dose com-
putation for both conventional treatment (67,68) 
and SBRT (69). Accurate dose calculations are 
necessary to prevent large discrepancies between 
planned and actually delivered doses to individual 
patients.

Th e extent of the deviation of calculated dose 
depends on the algorithms and irradiation tech-
niques investigated. Th e calculated diff erences in 
tumor dose with and without heterogeneity correc-
tions range between 5% and 10% in both SBRT 
and conventionally fractionated treatment plans 
(69–73). Monte Carlo simulations are considered 
to be the gold standard in the presence of inhomo-
geneities (74). However, the collapsed cone algo-
rithm, a type of convolution/superposition-based 
algorithm, has an accuracy of 2% to 5% and can 
be considered as a reasonably accurate representa-
tion of the actual dose given to the patient (75,76). 
Many past lung protocols did not require lung 
corrections in the dose prescription; however, cur-
rent cooperative group lung protocols do require 
inhomogeneity corrections.

3D-Conformal Versus IMRT
3D-CRT and intensity-modulated radiotherapy 
(IMRT) are two techniques used in planning radia-
tion therapy. IMRT uses inverse-planning to provide 
more conformal plans than 3D-CRT which could 
allow for about 10% to 15% dose escalation to the tar-
get volume while minimizing dose to the surround-
ing normal tissues, like lung and spinal cord (77–79). 
A nine-, seven- and fi ve-fi eld IMRT plan improved 
the therapeutic ratio of the PTV coverage to the lung 
V20 when compared with a three-fi eld 3D conformal 
plan; however, this benefi t was reduced when using 
fi ve-fi eld 3D conformal plans (77).

IMRT plans require more resources than 3D 
and should be viewed with some caution. Th e 
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proportional to the duty cycle, the choice of gate 
width is usually between 20% and 40% of the 
tidal volume (with 0% being end expiration) (89). 
Th is allows for reduced tumor motion while treat-
ments can be completed in a reasonable amount of 
time. During respiratory gating, it has been found 
that breath-hold technique may be more diffi  cult 
for some patients, but when compared with using 
a free-breathing technique, it is more reproduc-
ible, there is less movement of lungs, and it is more 
effi  cient during CT simulation and treatment 
delivery (30).

Respiratory gating systems include both 
internal gating and external gating systems based 
on the location of the surrogates used to generate 
the gating signals. Internal gating uses implanted 
fi ducial markers in the tumor as the surrogates for 
RTRT. External gating uses markers on the sur-
face of the patient’s abdomen, so that the abdom-
inal surface motion is the surrogate signal for the 
lung movement. Th is is the system used by most 
gated therapy treatments like the Varian Real-
Time Position Management™ system. Since the 
relationship between the tumor motion and the 
surrogate external signal from abdominal move-
ment may be inconsistent both inter- and intra-
fractionally, it is important that the appropriate 
quality assurance checks are performed to ensure 
a clinically acceptable accuracy (37). In the United 
States, only about 30% of physicians used internal 
fi ducial markers, and mostly in the private practice 
setting (10).

Respiratory gating has been shown to add an 
additional layer of improvement in reducing the 
PTV needed to cover the target volume. Underberg 
et al. (90) retrospectively evaluated 15 patients 
with Stage III lung cancer to assess the reduction 
in PTV, mean lung dose (MLD), and lung V20 
when using a 4D-CT scan and respiratory gating 
to plan and deliver radiation. Th e PTV using a 4D 
scan was signifi cantly reduced from a conventional 
PTV created using 1.5 to 2 cm margins; the PTV 
was further reduced when using a gating window 
of treatment. Overall, the use of a PTV created 
with both 4D and gating allowed for a statistically 

cancer patients. Compared with IMRT, protons 
may allow further dose escalation, and reduce 
dose to normal tissues. Th e same concerns in 
IMRT plans about tumor motion apply when 
using protons; however, while IMRT only treats a 
portion of the target volume at a particular time, 
the proton beam treats the entire volume. Also, 
protons deliver less integral dose to the patient, 
meaning that there is a smaller volume of normal 
tissues receiving low-dose radiation as compared 
with IMRT plans (88).

In summary, the use of IMRT and protons 
may reduce the volume of irradiated lung but may 
be of minimal benefi t unless a patient has a very 
large tumor for which a 3D plan cannot meet the 
prescription dose to the PTV or stay under the 
dose constraints for OAR.

Treatment Delivery

As the planning software has developed to allow 
for more sophisticated plans, radiation treatment 
machines have also advanced to be able in deliver 
these sophisticated plans in a timely and precise 
manner. Both respiratory-gating and image-guid-
ance capabilities on the machines help to improve 
accuracy of radiation treatments to allow for more 
conformal plans while minimizing radiation to 
normal tissues. Volumetric-modulated arc therapy 
(VMAT) has also recently emerged allowing for 
reduction in the time needed to deliver sophisti-
cated RT plans.

Respiratory-Gated Radiation Therapy
In respiratory-gated treatment, the delivery of 
radiation only occurs during certain time intervals 
that are synchronous with the patient’s respira-
tory cycle. Th is “duty-cycle” or “gated-treatment” 
is often near end expiration. End expiration is a 
more reproducible anatomic position than end 
inspiration since it is a passive action resulting 
from the relaxation of inspiratory muscles, while 
end inspiration could vary based on the patient’s 
eff ort. Since the beam delivery time is inversely 
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portal imaging devices (EPID). Th e majority of 
physicians use in-room volumetric imaging, fol-
lowed by in-room planar imaging, for target local-
ization (93,94).

An additional aspect to IGRT that is more 
experimental at the moment and not widely used 
in clinical practice includes the capability to create 
3D “volumetric” imaging that provides complete 
volumetric and anatomic information based on the 
daily treatment room coordinates. Th is scan can 
then reconstruct dose distributions based on the 
planning CT scan. Th is capability could allow for 
image-guided ART where the treating physician 
could modify treatment parameters according to 
changes in the patient’s anatomy before each treat-
ment or at specifi c time points during the course 
of RT (95,96).

Volumetric-Modulated Arc Therapy
VMAT is a new method of operating the linear 
accelerator that can deliver highly conformal dose 
distributions similar to those created by other 
forms of IMRT; however, VMAT provides the 
widest range of beam orientations and can deliver 
sophisticated RT plans in the shortest time possi-
ble (97). VMAT is able to achieve these goals using 
one or more gantry arcs with a continuously vary-
ing beam aperture, gantry rotation speed, and dose 
rate (98). At the moment, VMAT plans have their 
greatest margin of benefi t in SBRT delivery due to 
the ability to shorten treatment time during high-
dose fractions. Figure 1 displays a VMAT plan 
used to deliver an SBRT treatment to a patient 
with a centrally located tumor. VMAT allowed for 
the dose to be reduced to the nearby trachea and 
esophagus. Less time on the table is more comfort-
able to patients and may reduce patient movement 
during treatments.

NON-SMALL CELL LUNG CANCER ■

Radiation therapy has an established role in 
both locally advanced and medically inopera-
ble early-stage NSCLC lung cancer. Technical 

signifi cant mean absolute reduction in MLD and 
V20 of 2.8 Gy (relative 14.2%) and 4.6% (relative 
16.2%) respectively. Similarly, Underberg et al. 
(91) studied the diff erences in PTV when plan-
ning for SBRT in Stage I lung cancer patients and 
observed that PTV was reduced by approximately 
50% when using an ITV created from the GTV 
contoured from 10 phases of the respiratory cycle 
+ 3 mm margin compared with using the GTV 
from the mid-three phases of the respiratory cycle 
+ 1 cm margin. Th is PTV was further reduced by 
approximately 70% when gating was used to create 
a PTV with a duty cycle of 20% to 40% of respir-
ation. In summary, respiratory gating does allow 
for reduced volume of PTV needed for tumor 
coverage; however, treatments can be prolonged 
and patients may not tolerate the gating.

Image-Guided Radiation Therapy
Th e availability of on-board imaging has allowed 
for image-guided radiation therapy (IGRT), which 
allows for daily image guidance to more accurately 
position the target volume. IGRT may result in 
less chance of target miss, smaller setup margins, 
less normal tissue exposed to high-radiation doses, 
and the possibility for adapting plans based on the 
changes in a patient’s anatomy and organ motion 
during and/or between (intra- and/or inter-) treat-
ment fractions (92). Some form of geometric ver-
ifi cation should especially be used prior to each 
SBRT treatment since misalignment of just one 
high-dose fraction can lead to geographic miss, 
resulting in decreased tumor control and increased 
normal tissue complication probabilities.

Many treatment machines have on-board 
imaging capabilities with either kilovoltage- or 
megavoltage (MV) based imaging. Although there 
has been concern raised regarding the image qual-
ity from MVCT, there are studies indicating that it 
is adequate for IGRT of lung targets. Th e preferred 
method is to use an in-room CT scan prior to each 
treatment, like a cone-beam CT scan, to obtain 
volumetric data on the target. Other less favorable 
options include portal fi lms compared with the 
digitally reconstructed radiograph or electronic 
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traditionally been surgical resection, which results 
in high local control and 5-year OS rates ranging 
from 60% to 70% (99,100). However, there is a 
cohort of patients who are medically inoperable 
secondary to comorbidities whose options in the 
past were limited to either no treatment or con-
ventional radiation therapy. Patients who do not 
receive any therapy for their early-stage lung can-
cer have a very low 5-year OS rate ranging from 
about 0% to 20%, and over 50% of them die from 
their lung cancer (99,101). Conventional radiation 

advancements have permitted an increased thera-
peutic ratio, that is, increased dose to the tumor 
and reduced dose to normal tissues. Controversies 
still remain in regards to optimal primary target 
volumes, elective nodal coverage, and the benefi t 
of dose escalation.

Early-Stage NSCLC

Th e treatment of choice for medically opera-
ble Stage I (T1–2, N0) NSCLC patients has 
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FIGURE 1
Radiation plan for a patient with a right hilar lesion in the (A) axial, (B) coronal, and (C) sagittal planes. 
The internal target volume (yellow) was expanded 5 mm radially and 7 mm in the superior–inferior direc-
tion to create the planning target volume (PTV) (white). A 360 degree VMAT arc was used for treatment 
delivery. The PTV was treated to 50 Gy in 5 fractions. The max dose to the PTV = 67.74 Gy, and 95.3% 
of the PTV received 50 Gy. Delivery time for each fraction was 10.8 minutes. The lung (total lung minus 
ITV) V20 = 2.32% and V10 = 10%. The trachea V18 = 12%. The esophagus mean dose = 8.3% and 
V30 = 0.07%.
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In RTOG 0236, Grade 3 and 4 pulmonary 
adverse events were observed in eight (14.5%) 
and one (2%) patient, respectively. Ideally, the 
amount of total lung minus GTV/ITV that 
receives ≥20 Gy (V20) should remain below 
10% to reduce changes of radiation pneumon-
itis (108–110). Rib fractures or chest wall pain 
is a possibility when treating tumors adjacent to 
the chest wall; however, this can be minimized 
by restricting the amount of volume of chest wall 
that receives 30 Gy to less than 30 cm3 (111,112). 
Conservative treatments with antiinfl amma-
tory medications are eff ective in reducing chest 
wall pain. In RTOG 0236, only 5% of patients 
experienced Grade 3 musculoskeletal side eff ects. 
While RTOG 0236 did not observe any Grade 5 
side eff ects, there have been a few serious Grade 
5 complications reported from Japan, and these 
morbidities were often associated with interstitial 
pneumonitis (113). Other OAR include the spine 
and brachial plexus (114). It is important to try 
to minimize normal tissue complications by fol-
lowing dose constraints to normal tissues. As the 
experience with SBRT continues to mature, we 
will get a better understanding of late toxicities 
from this treatment regimen (115).

It is still unclear if SBRT’s excellent local con-
trol rates translate into OS advantages over surgery 
in medically operable patients. Th e local control 
rates with SBRT appear comparable with local con-
trol rates reported when using surgery (116,117), 
RTOG 0618 is a Phase II trial, that is now closed, 
that treated 33 medically operable Stage I or II 
NSCLC patients with SBRT to 60 Gy in three 
fractions without heterogeneity corrections. Th e 
aim of this study is to determine whether SBRT 
achieves primary tumor control ≥90% at 2 years. 
JCOG 0403 is another closed Phase II study for 
T1N0M0 NSCLC patients, 65 operable and 100 
inoperable, treated with 48 Gy/4 fractions. Patient 
accrual was completed in 2008, so the 3-year OS 
for the operable patients should be coming out 
shortly. Th e ongoing ACOSOG/RTOG 1021 
(118) study is currently evaluating the 3-year OS 
rate in patients at high risk for surgery treated with 

to 45 to 66 Gy in 1.8 to 2.0 Gy per fraction off er 
only minimal improvement with reported 5-year 
OS rates ranging from 10% to 30% (102–104). 
Recent technical and imaging advancements have 
allowed us to steer a diff erent course—that of 
SBRT to the primary parenchymal lesion. Since 
elective nodal failure rates are low in early-stage 
lung cancer, involved fi eld-only radiation therapy 
is routine (105). SBRT is a newer option that 
shows very promising results within single- and 
multi-institutional trials to observation and con-
ventional therapy.

Stereotactic Body Radiation Therapy
SBRT has been accepted as fi rst-line therapy for 
medically inoperable early-stage NSCLC patients; 
however, the optimal dose fractionation is still in 
debate (10,12). Th e recently reported RTOG 0236 
trial was the fi rst North American multicenter, 
cooperative group study to test SBRT in treat-
ing medically inoperable patients with early-stage 
NSCLC (12). Th e results revealed that SBRT, deliv-
ered in three fractions to a corrected dose of 54 Gy, 
was safe for peripheral tumors and provided excel-
lent 3-year local control and OS rates of about 98% 
and 56%, respectively (12). Nagata et al. (106) also 
reported excellent local control rates of 100% on 
early-stage NSCLC patients using a dose fraction-
ation of 48 Gy in four fractions. RTOG 0915 (107) 
is a Phase II trial that accrued 88 medically inop-
erable patients, with peripheral T1–2N0 tumors, 
who were randomized to 34 Gy/1 fraction versus 
48 Gy/4 fractions. Th is trial closed in March 2011 
with the primary objective to evaluate Grade 3 or 
higher toxicities at 1 year and secondary objectives 
of local control and OS. Th e arm that is found to 
be superior from this study will likely be compared 
with the standard 54 Gy/3 fractions regimen estab-
lished by RTOG 0236. Th ese studies will all help 
to establish safe and eff ective treatment regimens 
when using SBRT to treat early-stage lung cancer.

Th ere have been acceptable levels of toxicity 
from SBRT thus far. Most of the complications 
are less than Grade 2 according to National 
Cancer Institute common terminology criteria. 
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Locally Advanced NSCLC

Th e current accepted “standard of care” for patients 
with locally advanced, unresectable NSCLC is pla-
tin-based chemotherapy concurrent with thoracic 
radiation therapy (TRT) to 60 to 66 Gy at 2 Gy 
per fraction. Recent investigations have focused 
on trying to optimize radiation therapy by dose 
escalation to the tumor while minimizing the dose 
received by surrounding normal tissue. A move-
ment away from elective nodal coverage and inves-
tigations in ART may help in achieving safe dose 
escalation.

Dose Escalation
For more than 30 years, the accepted standard 
radiation prescription dose for treating locally 
advanced NSCLC has been 60 to 66 Gy, as estab-
lished by RTOG 73–01 (121). Th is was not enough 
dose to achieve acceptable local control; pathologic 
local–regional failure rates were shown to be as 
high as 80% when using posttherapy broncho-
scopic biopsies (122). Th ankfully, the actual clin-
ically detected local failure rates were lower, but 
OS still remained low. Th is dose was established 
in an era where 2D planning was primarily used, 
lymph nodes were being treated prophylactically, 
and the resulting large volumes of normal tissue in 
the treatment fi eld limited the safety of escalating 
dose. Th ere have been many technologic advances 
since RTOG 73–01 that now allow for dose esca-
lation, including 3D- and 4D-CT-based treatment 
planning, CRT, and PET, which better delineates 
gross disease.

One could hypothesize that increased radi-
ation doses will kill more cancer cells, which may 
result in better local control and survival. Single-
institution Phase I/II prospective studies from 
University of North Carolina (123), RTOG 0117 
(124), and NCCTG 0028 (125) showed that dose 
escalation to 74 Gy could be given safely with con-
current chemotherapy. Th e results from RTOG 
0117 revealed a 25.9-month median survival in 
patients receiving 74 Gy, which is much improved 
from the 17-month median survival reported in 

sublobar resection versus SBRT. All of these stud-
ies will help to compare SBRT with surgery for 
early-stage NSCLC patients.

SBRT local control rates appear to be far 
superior to local control rates obtained when 
using conventional RT alone; however, it has not 
been directly compared (119). TROG 0902 is an 
ongoing Phase III trial comparing 3D-CRT with 
60 to 66 Gy at 2 Gy per fraction versus SBRT 
54 Gy in three fractions (18 Gy per fraction) in 
inoperable Stage I NSCLC patients. Similarly, 
the Scandinavian SPACE trial is a Phase II rand-
omized trial of 3D-CRT 70 Gy in 35 fractions ver-
sus SBRT 45 Gy in three fractions. Th ese trials will 
evaluate the safety and effi  cacy of SBRT compared 
with standard fractionation.

Most of the published reports and ongoing 
studies are in peripheral NSCLC but an active 
area of research, and the aim of RTOG 0813, will 
determine if SBRT can safely treat centrally located 
tumors, defi ned as located within a 2-cm radius 
around the main tracheo-bronchial tree. Th ese 
centrally located tumors became a topic of con-
cern after results from a single-institution Phase II 
study on early-stage inoperable NSCLC with 60 
Gy in three fractions for T1 and 66 Gy in three 
fractions for T2 revealed that hilar or pericentral 
tumors had an 11-fold increased risk in Grade 3 
to 5 adverse events and a 2-year freedom from 
severe adverse events of 54% compared with 83% 
of more peripheral tumors (120). RTOG 0813 has 
been designed to deliver SBRT in fi ve fractions 
on alternating days over 1.5 to 2 weeks. Th e fi rst 
cohort will receive 50 Gy in fi ve fractions and will 
either escalate or reduce the dose by 0.5 Gy per 
fraction as dictated by resulting toxicities. Figure 1 
is an example of an SBRT plan for a centrally 
located tumor. Th e highest dose fractionation will 
be 60 Gy at 12 Gy per fraction. Th e dose-limiting 
toxicity in this study is defi ned as any treatment-
related Grade 3 or worse toxicity (per CTCAE, v. 
4, MedDRA, v. 12.0), that occurs within 1 year 
from the start of SBRT including, but not limited 
to, pericarditis, pneumonitis, pulmonary hemor-
rhage, or fi stula.
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these patients may die of other comorbidities, dis-
tant metastases, or local failures prior to clinical or 
radiographic evidence of elective nodal failure. Th e 
main advantage of omitting ENI is the reduction 
of radiation to normal tissue, particularly the lung. 
In the randomized trial from China (133), the 
rates of radiation pneumonitis for the ENI group 
compared with the IFRT were 39% and 17% 
(P < .05), respectively.

ENI has not been used in recent NSCLC dose 
escalation studies that use modern technology. 
Radiation planning for the lung has evolved from 
2D- to 3D-CRT, and FDG PET scans are being 
increasingly relied upon to improve treatment 
accuracy (53). FDG PET scans have an 83% sensi-
tivity, 89% specifi city, and >90% negative predict-
ive value for the detection of involved mediastinal 
lymph nodes (52). In the 2D treatment-planning 
era, 40 to 50 Gy was often delivered to the elect-
ive regional nodal areas followed by a cone-down 
boost of an additional 20 Gy to the primary tumor 
site (13). Elective nodal regions included the ipsi-
lateral and contralateral, hilum, mediastinal, and 
supraclavicular areas. However, prophylactic-
ally irradiating clinically uninvolved nodal areas 
seemed unnecessary when the gross tumor was not 
controlled by the inability to dose escalate due to 
larger volumes when including ENI.

Adaptive Radiotherapy for NSCLC 
Lung Cancer
Another method that has been used to improve 
the therapeutic ratio is ART. Th e shape, size, and 
location of tumors and normal tissues can change 
during the standard 5 to 7 week radiation course 
used to treat NSCLC. For example, as patients 
respond to their NSCLC treatments, there can be 
changes in tumor size, which may allow for dose 
escalation. Additionally, some lung cancer patients 
also have fl uctuating pleural eff usions, atelectasis, 
and infections. For example, it is possible that the 
collapsed portions of the lungs may reexpand as 
the tumor responds. Th is reexpansion could aff ect 
the spatial relationship of the tumor to the normal 
lung, as well as the breathing-related movement of 

RTOG 9410 (126) and other trials where patients 
received the standard 60 Gy dose (127,128). 
Unfortunately, this improvement in median sur-
vival could not be reproduced in the RTOG 0617 
(129) study, a randomized Phase III study com-
paring 60 with 74 Gy. In June 2011, the 74 Gy 
dose escalation arm of the RTOG 0617 study was 
closed to accrual after an interim analysis revealed 
that 74 Gy did not result in an improved median 
survival compared with 60 Gy. Th erefore, 60 Gy 
remains the standard RT dose with concurrent 
chemotherapy. It is unclear if this question of dose 
escalation will be studied again in the near future.

Elective Nodal Irradiation
Until recent years, ENI was standard treatment in 
North America. Th is was born out of studies such 
as RTOG 73–01 in which patients with radio-
graphically negative lymph nodes had a higher 
survival rate if they had adequate coverage of the 
hilar and mediastinal lymph nodes, although the 
increased survival rate was not statistically signif-
icant (130). However, there has been a defi nite 
trend, particularly in NSCLC, to eliminate ENI. 
Th is is primarily due to the observed low rates of 
ENI INF.

Evidence from a number of studies suggests 
that there is only a low (<10%) chance of elect-
ive nodal failure when involved fi eld radiation 
therapy (IFRT) volumes are used in Stage III 
NSCLC patients (131). RTOG 9311 (132) was 
the fi rst cooperative group study to omit ENI in 
its prospective radiation dose escalation study for 
patients with Stages I to III NSCLC, and iso-
lated elective nodal failures occurred in <8% of 
patients. A randomized trial from China of inop-
erable Stage III NSCLC patients compared IFRT 
versus ENI and found that only 7% of patients in 
the IFRT group developed elective nodal failures 
in untreated lymph nodes (133). It is likely that 
these low-elective nodal failure rates are due to the 
use of chemotherapy and incidental 40 to 50 Gy 
doses that cover the ipsilateral hilum, paratracheal, 
and subcarinal nodes, especially when the primary 
tumor is located adjacent to these areas. Also, 
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50 Gy, therefore surpassing many dose thresholds 
for normal tissue toxicities. It is possible that if the 
PET–CT scan had been performed earlier, after 
the second or third week, there may have been 
greater success in adapting the RT plan to allow 
for dose escalation.

A careful analysis of the regression patterns 
of the tumor and surrounding lung is required 
before adaptive plan modifi cations can be safely 
applied, since microscopic disease may be under-
treated otherwise. A reduction in GTV does not 
imply that the CTV, which incorporates areas 
of potential microscopic disease, will likewise be 
reduced. A tumor could either push normal tissue 
away or infi ltrate into the surrounding tissue. For 
example, if a tumor is pushing on the lung, then 
the healthy lung tissue that is being pushed on will 
likely move in the same direction as the tumor 
when it regresses. Monitoring such movements of 
the surrounding healthy lung tissue would allow 
for a safe adaptive RT plan with reduction in target 
volumes, since the lung with potential microscopic 
spread would remain within the target volume. 
Additionally, normal lung tissue that was not pre-
viously part of the target volume could be spared 
radiation that is meant to target only the high-dose 
region. In contrast, if a tumor is infi ltrative and the 
normal lung remains in its original location as the 
tumor regresses, then the CTV and PTV should 
not be altered since that would compromise the 
dose to microscopic disease (141). Supporters of 
ART claim that this method does not compromise 
dose coverage nor the probability of tumor con-
trol in areas of potential microscopic disease (142). 
Such an approach would still allow for suffi  cient 
doses to control the microscopic disease from the 
dose received during the 3 or 5 weeks of treat-
ment prior to adaptation of the RT plan and from 
the distributions of dose falloff  when using either 
3D-CRT or IMRT plans.

ART still needs to be studied on a larger 
scale and in a prospective fashion. With the recent 
interim analysis of RTOG 0617 (129) establishing 
that dose escalation to 74 Gy does not off er a sur-
vival benefi t compared with 60 Gy, ART would 

the tumor. Since these changes are impossible to 
predict for individual patients, imaging during the 
course of treatment can help determine if an adap-
tive RT plan could benefi t the patient.

ART is generally most useful when tumors 
show an early response to treatment. NSCLC 
tumors have been observed to regress between 0.6% 
and 2.4% per day, as measured by EPID, or CT or 
PET–CT scans (65,134–137). Guckenberger et al. 
retrospectively analyzed 13 NSCLC patients who 
showed an average continuous tumor regression of 
1.2% per day, which resulted in an average 49% 
± 15% volume reduction of GTV after 6 weeks of 
treatment (138). Woodford et al. (139) analyzed 
GTV changes in 17 patients who received daily 
MVCT during 30 fractions of lung RT and found 
that while changes in GTV were diffi  cult to predict 
based on the patient’s initial tumor characteristics, 
that ART may be benefi cial if the GTV decreased 
by more than 30% within the fi rst 20 fractions 
of treatment. Th ere is reportedly no diff erence in 
tumor regression when radiation therapy is used 
alone compared with when it is used concurrently 
with chemoradiation (137). Multiple adaptations 
of volumes during a treatment course may allow for 
dose escalation and lung sparing, but it would be 
time-consuming to perform. A single-plan adap-
tation after 3 weeks, a single-plan adaptation after 
5 weeks, and a twice-plan adaptation after 3 and 
5 weeks reduced the MLD by 5.0% ± 4.4%, 5.6% ± 
2.9%, and 7.9% ± 4.8%, respectively. Th e amount 
of lung sparing with the twice ART allowed an 
iso-MLD escalation of the GTV dose from 66.8 ± 
0.8 Gy to 73.6 ± 3.8 Gy.

In contrast to studies showing that ART may 
be benefi cial for treating NSCLC tumors, other 
studies did not report that a reduction in tumor 
volume allowed for dose escalation. Gillham et al. 
(140) analyzed 10 NSCLC patients by performing 
a PET–CT prior to initiation of therapy, and again 
performed PET–CT after a dose of 50 Gy had 
been administered over 5 weeks. Despite a median 
PTV reduction of 20%, only 4 of 10 patients could 
safely be dose escalated to 78 Gy. Th is was mostly 
because the normal tissue had already received 
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deemed low (144). Th e Intergroup trial 0096 (INT 
0096) randomized LS-SCLC patients to TRT with 
the fi rst cycle of etoposide/cisplatin with either 45 
Gy in daily 180 cGy per fraction or an accelerated 
regimen of 45 Gy in twice a day treatments (BID) 
of 1.5 Gy per fraction (144). Th e accelerated TRT 
signifi cantly improved OS; however, this regimen 
has not been well accepted in practice as noted in 
a 2003 pattern of care study (153). It is possible 
that the increased esophageal toxicity or the logis-
tical issues with twice per day treatments make 
the 45 Gy/1.5 Gy BID unattractive. Another valid 
concern with INT 0096 is that the standard arm 
of 45 Gy did not off er an equivalent biologic eff ec-
tive dose (BED) to 45 Gy BID, and its biologic 
effi  cacy would be much lower than giving a total 
dose of 60 Gy in daily fractions.

CALGB 30610 (146) is currently enrolling 
LS-SCLC patients on their Phase III study to 
compare TRT regimens with concurrent cisplatin 
and etoposide starting day 1 of chemotherapy 
cycle 1 or 2. Th e two high-dose arms, including 
70 Gy (2 Gy once daily over 7 weeks) or 61.2 Gy 
(1.8 Gy once daily for 16 days followed by 1.8 
Gy twice daily for 9 days), will be compared with 
45 Gy (1.5 Gy twice daily over 3 weeks) to evalu-
ate if higher doses improve median and 2-year 
survival in patients with LS-SCLC. Th e BEDs 
of the 45, 63, and 70 Gy arms are estimated at 
43, 63, and 57 Gy, respectively. Th ese arms will 
also be compared in terms of side eff ect profi le, 
response rates, local relapse, distant metastases, 
and brain metastases. Concurrent Once-daily 
Verses twice daily RadioTh erapy (CONVERT) 
(154) is another ongoing Phase III trial in Europe 
and Canada that is studying 45 Gy in 30 fx BID 
versus 66 Gy in 33 fractions. All patients receive 
concurrent radiation starting on day 1 of cycle 2 
of chemotherapy, therefore allowing for after one 
cycle of induction chemotherapy. Tumor volume 
reduction with chemotherapy may allow for spar-
ing of normal tissue and better radiation therapy 
tolerance. Both of these trials will help to deter-
mine the best radiation regimen for LS-SCLC 
patients.

probably only add a marginal benefi t if the goal is 
simply dose escalation. However, ART would still 
probably be benefi cial in many applications, and 
most benefi cial in patients with centrally obstruct-
ive lesions causing atelectasis.

SMALL CELL LUNG CANCER ■

SCLC makes up approximately 20% of lung can-
cer diagnoses with a majority of these patients 
(60%–70%) presenting with extensive disease or 
Stage IV disease. Concurrent chemotherapy with 
thoracic radiation and prophylactic cranial irra-
diation (PCI) are established standard-of-care 
treatments for LS-SCLC (143,144). PCI has also 
been investigated in patients with extensive stage 
SCLC (ES-SCLC) patients (145). Recent trials 
in LS-SCLC have investigated dose escalation in 
both PCI (RTOG 0212) and in thoracic radiation 
(RTOG 0538/CALGB 30610) (146,147). In the 
hopes of improving overall outcome in ES-SCLC 
patients who demonstrate a partial or complete 
response (CR) to platinum-based systemic che-
motherapy, the ongoing RTOG 0937 trial for 
ES-SCLC patients is evaluating the potential 
benefi ts of administering consolidative thoracic 
radiation to the primary site as well as to residual 
oligometastatic disease (148).

Limited Stage Small Cell Lung Cancer

Prescription and Dose Fractionation
Th e addition of TRT to chemotherapy for the 
treatment of LS-SCLC was shown to signifi -
cantly improve long-term survival in patients with 
LS-SCLC, and has been established as the current 
standard of care (149,150). Concurrent chemora-
diation has been shown to have superior outcomes 
to sequential therapy in terms of locoregional con-
trol and survival, however, at the expense of added 
acute toxicity (151). Initially, it was believed that 
45 to 50 Gy using daily treatments was suffi  cient 
to control SCLC due to its radiosensitivity (152); 
however, the duration of clinical response was 
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in 3-year OS rates from 15.3% to 20.7%. Various 
dose fractionation schedules were used to treat 
PCI, including total doses of 8 Gy, 24 to 25 Gy, 
30 Gy, and 36 to 40 Gy. While larger doses led 
to greater decreases in the risk of brain metastasis, 
there was no diff erence in OS.

Th e question of PCI dose fractionation was 
studied in an international cooperative group set-
ting. Le Pechoux et al. (147) compared the standard 
25 Gy in 10 fractions with 36 Gy in 18 fractions 
and with 36 Gy in 24 fractions twice per day (1.5 
Gy per fraction) in 720 LS-SCLC patients with CR 
after chemoradiation. Th ere was no observed diff e-
rence in quality of life, and few patients had severe 
deterioration of neuropsychological and cognitive 
functions over the fi rst 3 years (159). While there 
was not a diff erence in the total incidence of brain 
metastases between the two groups, there was 
an unexpected signifi cantly worse survival in the 
higher PCI dose arm at 2 years (42% in the stand-
ard arm vs. 37% in the higher dose arm, P = .05). 
In conclusion, 25 Gy in 10 fractions remains the 
standard of care for PCI in LS-SCLC patients.

Extensive Stage Small Cell Lung Cancer

Th e role of radiation therapy in ES-SCLC patients 
has traditionally been reserved for palliative treat-
ment to bulky symptomatic disease and brain 
metastases. However, if a patient has a CR or 
near CR, it was not uncommon for some physi-
cians to give consolidative TRT and PCI (160). 
With platinum-based multiagent chemotherapy, 
the estimated overall response rate and CR rate is 
40% to 70% and 10% to 20%, respectively (161). 
Most patients will recur despite excellent initial 
responses. In an eff ort to improve outcomes with 
initial therapy, the use of TRT and radiation to 
oligometastatic disease is currently being tested. 
Radiation can help to maximize control of mac-
roscopic disease that has been hypothesized to 
improve survival and quality of life.

A previous study did show the benefi t of radi-
ation therapy in select ES-SCLC patients. Jeremic 
et al. (160) reported results of a Phase III trial of 

Elective Nodal Irradiation
ENI is still considered acceptable for SCLC treat-
ment; however, some feel that the role of ENI is 
unresolved (155). Th e extent of ENI often diff ers; 
some physicians may routinely electively cover the 
hilar and subcarinal nodes, but not extend elective 
coverage up to the supraclavicular lymph nodes. 
An earlier Phase II trial from the Netherlands on 
27 patients with LS-SCLC disease treated with 
concurrent cisplatin–etoposide and TRT to the 
primary disease and only involved lymph nodes 
had seven (26%) patients with INF in the ipsilat-
eral supraclavicular region (156). In contrast, when 
the same institutions in Netherlands performed a 
prospective study of 60 patients using FDG PET-
based selective nodal irradiation, there was only a 
3% rate of INF (58).

Th e ongoing studies in SCLC are evaluating 
dose escalation. It is diffi  cult to include both ENI 
and dose escalation due to excessive normal tis-
sue toxicities. Th e CONVERT study does not use 
ENI, and the CALGB 30610 study includes ENI 
to the ipsilateral hilum only. Th e results of these 
studies will add to the understanding of necessary 
volumes for ENI in SCLC patients.

Adaptive Radiation Therapy
ART has not been evaluated extensively in SCLC. 
Th ere is potential benefi t it patients who present 
with bulky disease necessitating a large volume 
of normal tissue. In the CALGB 30610 study, a 
reduction in PTV is permitted in the 70 Gy arm 
after 44 Gy (2 Gy daily) and in the 61.2 Gy arm 
after 28.8 Gy (1.8 Gy daily) has been delivered 
which is when the twice daily treatments begin.

Prophylactic Cranial Irradiation
About 10% to 15% of SCLC patients present with 
brain metastases, and the remaining patients have 
a 50% to 80% chance of metastasizing to the brain 
within 2 years of diagnosis (157,158). Th e meta-
analysis by Auperin et al. (143) established PCI 
as standard of care in LS-SCLC patients due to 
its fi ndings of reduction in intracranial relapse at 
3 years from 58.6% to 33.3% and improvement 

Argiris_PTR_CH10_19-04-12_141-166.indd   157Argiris_PTR_CH10_19-04-12_141-166.indd   157 4/19/2012   1:57:55 PM4/19/2012   1:57:55 PM



158  Lung Cancer

cancer in 2008: GLOBOCAN 2008. Int J Cancer. 
2010;127:12:2893–2917.

 2. Jemal A, Bray F, Center MM, Ferlay J, Ward E, 
Forman D. Global cancer statistics. CA Cancer 
J Clin. 2011;61:69–90.

 3. Lubin JH, Richter BS, Blot WJ. Lung cancer 
risk with cigar and pipe use. J Natl Cancer Inst. 
1984;73:377–381.

 4. Saracci R. Asbestos and lung cancer: an analy-
sis of the epidemiological evidence on the asbes-
tos-smoking interaction. Int J Cancer. 1977;20:
323–331.

 5. Samet JM, Nero AV Jr. Indoor radon and lung 
cancer. N Engl J Med. 1989;320:591–594.

 6. Taylor R, Cumming R, Woodward A, Black M. 
Passive smoking and lung cancer: a cumulative 
meta-analysis. Aust N Z J Public Health. 2001;25:
203–211.

 7. Siegel R, Ward E, Brawley O, Jemal A. Cancer sta-
tistics, 2011: the impact of eliminating socioeco-
nomic and racial disparities on premature cancer 
deaths. CA Cancer J Clin. 2011;61:212–236.

 8. Timmerman RD, Kavanagh BD, Cho LC, Papiez 
L, Xing L. Stereotactic body radiation therapy 
in multiple organ sites. J Clin Oncol. 2007;25:
947–952.

 9. Lax I, Blomgren H, Naslund I, Svanstrom R. 
Stereotactic radiotherapy of malignancies in the 
abdomen. Methodological aspects. Acta Oncol. 
1994;33:677–683.

10. Pan H, Simpson DR, Mell LK, Mundt AJ, Lawson 
JD. A survey of stereotactic body radiother-
apy use in the United States. Cancer. 2011;117:
4566–4572.

11. Potters L, Kavanagh B, Galvin JM, et al. American 
Society for Th erapeutic Radiology and Oncology 
(ASTRO) and American College of Radiology 
(ACR) practice guideline for the performance of 
stereotactic body radiation therapy. Int J Radiat 
Oncol Biol Phys. 2009;76:326–332.

12. Timmerman R, Paulus R, Galvin J, et al. Stereotactic 
body radiation therapy for inoperable early stage 
lung cancer. JAMA. 2010;303:1070–1076.

13. Movsas B, Langer CJ. RTOG 9801: a phase III 
study of amifostine mucosal protection for patients 
with favorable prognosis inoperable stage IIIIIA/B 
nonsmall cell lung cancer (NSCLC) receiving 

patients with ES-SCLC who achieved CR or PR 
after three cycles of cisplatin and etoposide and 
were then randomized to two cycles of carbopla-
tin and etoposide ± concurrent hyperfractionated 
radiation therapy (54 Gy in 36 fractions BID) to 
the thorax. Patients with brain metastases were 
excluded and all patients received PCI. Th e radi-
ation therapy group had a statistically signifi cant 
improvement in median survival and 5-year OS.

PCI in ES-SCLC patients is supported by the 
fi ndings of an EORTC Phase III trial reported 
by Slotman et al. (145) ES-SCLC patients who 
responded to four to six cycles of chemotherapy and 
did not have CT or MRI evidence of brain metasta-
ses were randomized to PCI versus no PCI. PCI sig-
nifi cantly reduced the incidence of brain metastases 
at 1 year from 40% to 15% and improved OS at 1 
year from 13% to 27% in these ES-SCLC patients.

RTOG 0937 (148) is currently investigating 
the outcomes benefi t of consolidative thoracic radi-
ation to prechemotherapy primary thoracic dis-
ease and radiation therapy to residual one to four 
extracranial oligometastatic diseases in patients 
with ES-SCLC who achieve a CR or PR with 
platinum-based systemic chemotherapy. Th is ran-
domized Phase II study will treat all patients with 
PCI to 25 Gy in 10 fractions starting on day 1 of 
TRT concurrently and other sites of metastatic sites 
if possible. Th e patients randomized to TRT will 
receive radiation to the site of the original intratho-
racic prechemotherapy primary disease, including 
involved regional lymphatics, to 45 Gy in 15 frac-
tions of 3 Gy daily. Th e one to four sites of postch-
emotherapy residual extracranial metastatic sites 
will also receive 45 Gy in 15 fractions (estimated 
to be biologically similar to 60 Gy in 30 fractions). 
Th e investigators hope to show that radiation can 
off er better early control in ES-SCLC patients that 
will hopefully result in improved OS.
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ABSTRACT ■

Lung cancer is the most common cause of cancer-related mortality in the United States. Th e standard plati-
num-doublet chemotherapy regimens have demonstrated limited effi  cacy for the treatment of non-small cell 
lung cancer (NSCLC). Over the past 5 years, the clinical importance of epidermal growth factor receptor 
(EGFR) mutations has been discovered, including as a marker of response to the tyrosine kinase inhibitors 
(TKIs) erlotinib and gefi tinib. Here, we review multiple clinical trials evaluating the use of erlotinib and 
gefi tinib in the setting of EGFR mutations. Th ese studies have led to recommendations that all patients with 
NSCLC who are being considered for EGFR TKI therapy should have their tumor tested for EGFR muta-
tions to determine whether an EGFR TKI therapy is appropriate. Th is is a major advance in the treatment 
of NSCLC as it provides patients the option of a treatment with an improved response rate, progression-free 
survival, and toxicity profi le.
Keywords: epidermal growth factor receptor, lung cancer, erlotinib, gefi tinib

Emerging Concepts in the Treatment of 
Epidermal Growth Factor Receptor 
Mutation-Positive Lung Cancer

Dustin A. Deming1,2 and Anne M. Traynor1,2*
1Division of Hematology/Oncology, Department of Medicine, 
University of Wisconsin, Madison, WI
2University of Wisconsin Carbone Cancer Center, 
Madison, WI

demosmedpub.com/ecat

*Corresponding author, 3103 WI Institute Medical 
Research, 1111 Highland Ave, Madison, WI 53705

E-mail address: amt@medicine.wisc.edu

Emerging Cancer Therapeutics 3:1 (2012) 167–184.
© 2012 Demos Medical Publishing LLC. All rights reserved. 
DOI: 10.5003/2151–4194.3.1.167

Argiris_PTR_CH11_19-04-12_167-184.indd   167Argiris_PTR_CH11_19-04-12_167-184.indd   167 4/19/2012   12:10:01 PM4/19/2012   12:10:01 PM



168  Lung Cancer

Tyrosine kinase activation then leads to propaga-
tion of downstream signaling. It activates essential 
signaling pathways in solid tumors, including the 
RAS/RAF/MEK/ERK, STAT, and PI3K/AKT/
mammalian target of rapamycin (mTOR) cas-
cades. Th ese signaling pathways are implicated in 
vital cellular functions in cancer cells, such as cell 
growth, local invasion, angiogenesis, metastasis, 
protein translation, and cell metabolism.

Mutation of the EGFR oncogene is found in 
10% to 40%, or more, of lung carcinomas, depend-
ing on the patient population (4). Th ese mutations 
are more frequently found in women, patients with 
adenocarcinomas, those who had never smoked, 
and Asians (5). Activating mutations of the tyro-
sine kinase domain of the EGFR gene result in 
activation of downstream signaling pathways 
independent of ligand binding. Nearly 90% of 
lung cancer-specifi c EGFR mutations comprise a 
leucine-to-arginine substitution at position 858 
(L858R) on exon 21 and small inframe deletions 
in exon 19 around the conserved LREA motif (6). 
Th ese mutations cause constitutive activation of 
the tyrosine kinase of the EGFR. Th e TKIs tar-
geting mutant EGFR, erlotinib and gefi tinib, are 
reversible inhibitors at the adenosine triphosphate 
(ATP) binding site of the EGFR kinase domain, 
inhibiting downstream signaling. Th e EGFR 
mutation has been shown to predict response to 
EGFR TKIs, but has also demonstrated to be a 
marker of improved prognosis regardless of the 
therapy given (7).

Clinical characteristics have not been reliable 
in predicting response to EGFR TKIs, and EGFR 
mutations can be seen in some unexpected clinical 
settings, even rarely in patients with squamous cell 
carcinomas (8). In a recent analysis, 19% of tumors 
from men with NSCLC had EGFR mutations, as 
did 40% of tumors from former or current smok-
ers (9). Th e American Society of Clinical Oncology 
(ASCO), on the basis of the results presented 
below, recommends that all patients with NSCLC 
who are being considered for fi rst-line therapy with 
an EGFR TKI have their tumor tested for EGFR 
mutations to determine whether an EGFR TKI 

INTRODUCTION ■

Lung cancer is the leading cause of cancer-related 
death with an estimated 221,130 new cases and 
156,940 deaths in 2011 in the United States (1). 
Non-small cell lung cancer (NSCLC) accounts for 
the majority of lung cancer cases, and unfortunately, 
most patients present at a stage of disease not ame-
nable to curative approaches. Conventional chemo-
therapy, consisting of platinum-doublet therapy, 
for NSCLC has been investigated over the past 
decade with limited eff ectiveness (2). Th e benefi t 
from these agents has reached a plateau, suggesting 
that another approach to therapy design is needed. 
Recent advances in understanding the biology of 
NSCLC have led to an improvement in therapies, 
most notably the use of targeted therapies directed 
at the epidermal growth factor receptor (EGFR). 
Tyrosine kinase inhibitors (TKIs) directed at the 
kinase domain of mutant EGFR have been devel-
oped, including erlotinib and gefi tinib. Th e proper 
targeting of these agents has led to an advance in 
the treatment of patients with improved response 
rates (RRs), progression-free survival (PFS), and 
decreased toxicities. In this chapter, we discuss the 
biology behind EGFR mutations and the clinical 
trials that have supplanted EGFR TKIs as a stan-
dard treatment for patients with EGFR-mutant 
lung cancer.

EGFR SIGNALING PATHWAYS  ■

AND MUTATIONS

Th e EGFR is a receptor tyrosine kinase that is nor-
mally expressed on many cell types, including cells 
of epithelial, neural, and mesenchymal origin. It 
is part of a family of receptor tyrosine kinases and 
consists of three regions: an extracellular ligand-
binding domain, a single transmembrane helix 
domain, and a cytoplasmic kinase domain (3). As 
a receptor tyrosine kinase, EGFR activation occurs 
in response to ligand binding. Th is causes dimer-
ization of the receptors, resulting in intrinsic pro-
tein tyrosine kinase activation via intermolecular 
phosphorylation within its cytoplasmic domain. 
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occurred at doses ranging from 700 to 1000 mg/
day. Pharmacodynamic studies revealed that gefi -
tinib daily doses greater than 150 mg were associ-
ated with target inhibition. Th e most common side 
eff ects were nausea, rash, and diarrhea. Dosing was 
tolerated up to 600 mg per day. Th e continuous 
250 and 500 mg per day regimens were chosen to 
be studied further, though doses even lower have 
shown effi  cacy in the setting of sensitizing muta-
tions of the EGFR gene (22).

EGFR TARGETING IN TREATMENT  ■

OF REFRACTORY ADVANCED NSCLC

Th e EGFR TKIs erlotinib and gefi tinib have 
been investigated in treatment refractory NSCLC 
patients in multiple clinical trials (Table 1). In 
two Phase II studies (Iressa dose evaluation in 
advanced lung cancer [IDEAL-1] and IDEAL-
2), improved RRs with limited toxicities from 
gefi tinib were observed in the setting of treat-
ment refractory advanced NSCLC (23,24). Th e 
subsequent Phase III Iressa Survival Evaluation 
in Lung Cancer (ISEL) and Iressa NSCLC Trial 
Evaluating Response and Survival Versus Taxotere 
(INTEREST) studies demonstrated improved RR 
and PFS with EGFR TKIs, but no prolongation of 
OS (25–28).

Th e pivotal Phase III National Cancer 
Institute of Canada Clinical Trials Group (NCIC-
CTG) BR.21 trial randomized 731 advanced 
unselected NSCLC patients to either erlotinib or 
placebo in the second- or third-line setting (29). 
Antitumor response (8.9% vs. <1%), PFS (2.2 vs. 
1.8 months), and median overall survival (OS) (6.7 
vs. 4.7 months) all favored erlotinib over placebo 
(P < .001 for all measures). Improvement in qual-
ity of life measures was also seen with erlotinib. 
Th is study demonstrated that EGFR TKI therapy 
prolonged survival in patients with NSCLC refrac-
tory to prior chemotherapy, and led to the FDA 
approval of erlotinib.

Th e largest prospective study to date evalu-
ating the EGFR mutation status in patients with 

or chemotherapy is the appropriate fi rst-line ther-
apy (10). Similarly, the National Comprehensive 
Cancer Network (NCCN) and the European 
Society for Medical Oncology (ESMO) recom-
mend EGFR mutation analysis in all patients with 
metastatic nonsquamous NSCLC prior to EGFR 
TKI use (11,12).

AGENTS TARGETING  ■

MUTANT EGFR

Erlotinib

Erlotinib (Tarceva, OSI-774, Genentech/Roche/
OSI Pharmaceuticals) is an oral anilinoquinazo-
line that can reversibly inhibit the EGFR tyrosine 
kinase with an IC50 of 2 nmol/L (13). Erlotinib is 
1,000-fold more potent against the EGFR tyro-
sine kinase than most other kinases (14). Th e 
optimal dose and schedule of erlotinib were inves-
tigated in a Phase I trial including 40 patients 
(15). Th e incidence of severe diarrhea and cutane-
ous toxicities was quite high at doses greater than 
150 mg orally daily. Th e recommended dose for 
further clinical studies is 150 mg daily. However, 
the optimal dose of erlotinib required in the set-
ting of EGFR mutations is unknown. Patients 
with EGFR-mutant NSCLC have responded to 
therapy at doses as low as 25 mg orally daily (16). 
Erlotinib is the only EGFR TKI approved by the 
U.S. Food and Drug Administration (FDA) for 
use in the United States.

Gefi tinib

Gefi tinib (Iressa, ZD1839, Astra Zeneca) is also 
an oral anilinoquinazoline derivative that can 
reversibly inhibit the EGFR tyrosine kinase with 
an IC50 of 20 nmol/L (17). Th e optimal dose and 
schedule of gefi tinib were investigated in multiple 
Phase I trials (18–21). Intermittent and continu-
ous dose schedules were assessed ranging from 
50 to 1000 mg/day. Th e main dose-limiting tox-
icities were diarrhea and cutaneous toxicity, which 
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Th ese encouraging results prompted the compari-
son of fi rst-line EGFR TKIs to chemotherapy in 
untreated EGFR mutation-positive patients.

EGFR TARGETING IN FIRST-L INE  ■

TREATMENT OF ADVANCED NSCLC 
IN PATIENTS WITH EGFR MUTATIONS

Six randomized Phase III studies have been 
conducted, including IPASS, First-SIGNAL, 
WTOG3405, NEJ002, OPTIMAL, and 
EURTAC (Table 2), evaluating EGFR TKIs in 
preselected populations. Th ese studies have made 
EGFR TKIs the standard of care for the fi rst-line 
treatment of advanced NSCLC possessing EGFR 
mutations.

Th e IPASS study was a randomized, multi-
center Phase III clinical trial examining gefi tinib 
(250 mg oral daily) versus carboplatin (AUC 5 or 
6) and paclitaxel (200 mg/m2) as fi rst-line ther-
apy in nonsmokers or former light smokers with 
advanced NSCLC in East Asia (34). It evaluated 
the appropriateness of patient selection for fi rst-line 
EGFR TKI therapy based on predictive clinical 
and demographic factors. A total of 1,217 patients 
from 87 centers with Stage IIIB or IV lung adeno-
carcinoma who had no prior systemic therapy 
enrolled. Noninferiority for PFS for the two arms 
was the primary endpoint. Th e median PFS was 
5.7 months in the gefi tinib group and 5.8 months 
in the chemotherapy group for the population as a 
whole. Of the 1,217 patients enrolled, 437 patients 
had tumor samples that were evaluated for EGFR 
mutation status. Two hundred and sixty one (21.4% 
of the enrolling population) patients were positive 
for EGFR mutations, with 140 (53.6%) exon 19 
deletions and 111 (42.5%) mutations in exon 21. 
Clinical and demographic predictors did not cor-
relate with the mutation profi le in many cases. 
Th e RR and PFS were improved for patients with 
EGFR mutations who received gefi tinib (71.2% 
and 9.5 months), compared with chemotherapy 
(47.3% and 6.3 months [PFS: HR 0.48; 95% CI 
0.36–0.64; P < .001]). In contrast, RR and PFS 

advanced NSCLC was conducted by the Spanish 
Lung Cancer Group which screened 2,105 patients 
with untreated or relapsed advanced NSCLC for 
EGFR mutations (30). A total of 350 patients 
(16.6%) carried EGFR mutations, which included 
deletions in exon 19 (62.2%) and exon 21 (37.8%). 
Th e RR in 217 mutation-positive patients who 
received erlotinib as fi rst-, second-, or third-
line therapy was 70.5%, while PFS measured 
14 months and median OS was 27 months. OS 
was similar when examining those who received 
erlotinib as fi rst- or second-line therapy. Similar 
to prior reports, mutations were more frequent in 
women, never smokers, and in those with adeno-
carcinoma histology.

EGFR TARGETING IN FIRST-L INE  ■

TREATMENT OF ADVANCED NSCLC

In addition to the pretreated advanced setting, the 
use of erlotinib and gefi tinib in fi rst-line treatment 
has been examined. Th e European TOPICAL 
study compared erlotinib with placebo in an 
unselected, untreated population of 670 NSCLC 
patients (adenocarcinoma and squamous cell carci-
noma) whose performance status was too poor for 
standard chemotherapy (31). In this nonenriched 
population, erlotinib did not improve OS (HR was 
0.98 [95% CI 0.82–1.15; P = .77]), but a trend for 
prolonged PFS was detected (HR was 0.86 [95% 
CI 0.74–1.01, P = .07]).

In terms of examining EGFR TKI activity in 
EGFR-positive patients, the multicenter iTARGET 
trial prospectively investigated a clinically enriched 
population of chemo-naive patients with nonsq-
uamous histology (32). Th irty-four (35%) of 98 
patients had tumors harboring EGFR mutations. 
Treatment with gefi tinib at 250 mg daily in 31 
of these patients yielded a RR of 55%, PFS of 
9.2 months, and OS of 17.5 months. A combined 
analysis of 7 prospective Japanese studies exam-
ining 148 patients with EGFR mutations who 
received gefi tinib showed a RR of 76%, median 
PFS of 9.7 months, and OS of 24.3 months (33). 
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In the First-Line Single Agent Iressa Versus 
Gemcitabine and Cisplatin Trial in Never-
smokers with Adenocarcinoma of the Lung 
(First-SIGNAL), fi rst-line gefi tinib was compared 
with gemcitabine and cisplatin in 313 Korean 
patients with advanced adenocarcinoma of the 
lung who had never smoked (40). In the overall 
population, the RR was 53.5% in the gefi tinib 
arm and 45.3% with chemotherapy (P = .1533) 
(41). Mutations in the EGFR gene were found in 
42 patients (13.4% of the study population). Th e 
RR in EGFR-mutant patients for gefi tinib was 
84.6% compared with 37.5% with chemotherapy 
(P = .002). In patients with WT EGFR tumors, 
the RR to gefi tinib was 25.9% versus 51.9% with 
chemotherapy (P = .051). Th ere was a trend for 
improvement in PFS and OS in patients with 
EGFR mutations treated with gefi tinib, but this 
was not statistically signifi cant. Th ere was also 
a trend for decreased PFS and OS for patients 
with EGFR WT tumors treated with gefi tinib 
compared with chemotherapy. Generalizations 
from this trial are limited by the small number of 
patients with EGFR mutations.

Th e NEJ002 Phase III trial, conducted by the 
North-East Japan Study Group, randomized the 
fi rst-line use of gefi tinib (250 mg orally daily) to 
carboplatin (AUC 6) and paclitaxel (200 mg/m2) 
in 230 patients with advanced NSCLC and known 
mutant EGFR (42). Th e RR and PFS were super-
ior in the gefi tinib arm (73.7% and 10.8 months), 
compared with the chemotherapy arm (30.7% and 
5.4 months; HR for PFS 0.30, 95% CI 0.51–0.92; 
P = .01). As expected, gefi tinib was better tolerated 
than chemotherapy in this population.

Th e West Japan Th oracic Oncology Group 
also found that RR and PFS were statistically 
superior in 177 EGFR mutation-positive fi rst-
line patients randomized to gefi tinib (62.1% and 
9.2 months), compared with treatment with cis-
platin and docetaxel (32.2% and 6.3 months), in 
their prospective, multicenter trial (43). Cross-over 
in subsequent lines of treatment again limited the 
ability to detect an OS improvement with gefi tinib 
in this population.

were superior for those in the carboplatin and pacl-
itaxel arm (23.5% and 5.5 months) compared with 
those in the gefi tinib arm (1.1% and 1.5 months) 
in patients with wild-type (WT) EGFR (PFS: HR 
2.85; 95% CI 2.05–3.98; P < .001). At fi nal OS 
analysis and data cutoff , results showed that OS for 
gefi tinib was 18.8 months (21.6 months for EGFR 
mutation positive and 11.2 months for EGFR 
mutation negative) and 17.4 months (21.9 months 
for EGFR mutation positive and 12.7 months for 
EGFR mutation negative) for the combination of 
carboplatin and paclitaxel, which were not sig-
nifi cantly diff erent (HR 0.90, 95% CI 0.79–1.02; 
P = .109) (10,35). Over half (60%) of patients on 
the gefi tinib arm subsequently received second-
line platinum-based chemotherapy, while 52% of 
patients who received initial carboplatin and pacli-
taxel went on to receive second-line EGFR TKI 
therapy. Th is cross-over likely diminished the abil-
ity of the trial to detect an OS benefi t. In a subse-
quent biomarker analysis, EGFR mutations were 
found to be the strongest predictive biomarker for 
PFS and tumor response (36).

Effi  cacy outcomes from IPASS confi rmed 
that patients with EGFR mutations have a better 
prognosis regardless of the type of therapy given. 
For example, RR and OS were superior in EGFR 
mutation-positive patients who received either 
gefi tinib or chemotherapy in IPASS, compared 
with contemporary outcomes seen in unselected 
patients treated with fi rst-line carboplatin and 
paclitaxel (37–39). Th e positive prognostic eff ect 
of the presence of the EGFR mutation was pre-
viously described in a subgroup analysis of the 
TRIBUTE trial where patients with EGFR muta-
tions demonstrated improved RR, TTP, and 
OS compared with those with WT EGFR (7). 
Importantly, IPASS also demonstrated that clin-
ical and demographic predictors are inadequate 
for selecting patients for fi rst-line EGFR TKI 
therapy, and that such treatment is most appro-
priate for patients whose tumors harbor EGFR-
sensitizing mutations, while patients with WT 
EGFR tumors will gain more benefi t from stand-
ard chemotherapy.
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TKIs is recommended prior to fi rst-line treat-
ment by ASCO, ESMO, and the NCCN. Th ird, 
PFS is prolonged in the majority of these studies 
in EGFR mutation-positive patients who receive 
an EGFR TKI up front. OS is not consistently 
improved since it is likely confounded by subse-
quent cross-over treatment. Prolongation of PFS in 
the fi rst-line setting of advanced NSCLC is highly 
clinically meaningful since every trial above 
describes fewer and less severe treatment-related 
toxicities associated with the use of EGFR TKIs, 
compared with the use of cytotoxic chemothera-
pies. Multiple trials also reported improvements in 
quality of life with the use of EGFR TKIs. Th e 
lower toxicity profi le of EGFR TKIs requires that 
EGFR testing be done, so that patients are not 
denied these better tolerated therapies based upon 
clinical and demographic parameters alone. And 
fourth, fi rst-line treatment with chemotherapy is 
strongly recommended, rather than EGFR TKIs, 
in EGFR mutation-negative patients who are fi t for 
cytotoxic treatment.

EGFR-TARGETED THERAPY IN  ■

ADJUVANT SETTING OF ADVANCED 
NSCLC

Provocative single institution retrospective non-
randomized data raise the possibility of benefi t 
from the use of peri-operative EGFR TKIs in 
early-stage patients with EGFR mutation-posi-
tive NSCLC. In a recent review from Memorial 
Sloan-Kettering Cancer Center, 167 patients 
with EGFR mutation expressing tumors who had 
completely resected Stage I to III NSCLC were 
reviewed following the use of either preoperative 
or postoperative EGFR TKI therapy (either erlo-
tinib or gefi tinib) (46). After controlling for use 
of peri-operative chemotherapy, a trend toward 
an improved disease-free survival was observed 
in patients receiving EGFR TKIs compared with 
those who did not: the 2-year disease-free inter-
val was 89% for patients who received the EGFR 
TKI and 72% for those in the control group 

Two randomized Phase III trials have com-
pared the effi  cacy of erlotinib with standard 
chemotherapy in the EGFR mutation-positive 
population in the fi rst-line setting of advanced 
NSCLC. First, the OPTIMAL study compared 
erlotinib with carboplatin and gemcitabine in 154 
Chinese patients with sensitizing EGFR mutations 
(44). PFS was the primary endpoint. As with three 
of the four trials using gefi tinib, both RR (83% vs. 
36%) and PFS (13.1 vs. 4.6 months) were statistic-
ally signifi cantly improved by the use of erlotinib, 
compared with chemotherapy, respectively.

Second, the European Randomized Trial of 
Tarceva Versus Chemotherapy (EURTAC) was 
conducted by the Spanish Lung Cancer Group. 
Th ese investigators screened 1,227 treatment-naïve 
patients with advanced NSCLC for EGFR muta-
tions, and randomized 174 patients (14.2%) found 
to have EGFR mutations to either erlotinib or to 
four cycles of a platinum-based doublet (45). In 
contrast to the fi ve studies described above, the 
EURTAC population was primarily Caucasian. 
Th e primary endpoint was PFS. Interim analyses of 
the fi rst 153 patients were presented at the ASCO 
2011 Annual Meeting. Th e RR was 54.5% for the 
erlotinib arm and 10.5% for standard chemother-
apy group (P < .0001), while PFS in the erlotinib 
arm was 9.4 versus 5.2 months in the chemother-
apy group (HR 0.42; P < .0001). Median OS was 
22.9 months in the erlotinib arm and 18.8 months 
in those given chemotherapy (HR 0.80; P = .42).

Multiple conclusions derive from analyses 
of these six prospective randomized trials. First, 
clinical and demographic patient characteristics 
are insuffi  cient in determining which patients 
will benefi t from EGFR TKI therapy. Testing 
for the presence of an EGFR mutation analysis is 
the best method to determine which patient will 
respond to gefi tinib and erlotinib. Second, the 
clinical evidence to date rests upon the presence of 
an EGFR-sensitizing mutation and does not rely 
upon the presence or absence of other mutations, 
such as in the KRAS gene. Th erefore, screening of 
patients with advanced nonsquamous NSCLC for 
EGFR mutations who are candidates for EGFR 
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EGFR TARGETING AS  ■

MAINTENANCE THERAPY IN 
ADVANCED NSCLC

Th e addition of erlotinib to bevacizumab signifi -
cantly prolonged PFS, when compared with beva-
cizumab alone (4.8 vs. 3.7 months, HR 0.72, 95% 
CI 0.59–0.88, P = .0012), in the maintenance 
setting of advanced NSCLC in 768 unselected 
patients (55). Erlotinib, alone, was assessed as 
maintenance therapy in the Sequential Tarceva in 
Unresectable NSCLC study (56). In this Phase III 
clinical trial, 889 unselected patients who had com-
pleted four cycles of chemotherapy for advanced 
NSCLC received either erlotinib (150 mg daily) or 
placebo. PFS was signifi cantly prolonged with erlo-
tinib compared with placebo for the population as 
a whole, 12.3 versus 11.1 weeks, respectively (HR 
0.71, 95% CI 0.2–0.82; P < .0001). OS was also 
lengthened with erlotinib, 12 months versus pla-
cebo 11 months (HR 0.81, 95% CI 0.70–0.95; 
P = .0088). However, the greatest benefi t with erlo-
tinib was seen in patients with EGFR mutations 
(PFS for HR 0.10, 95% CI 0.04–0.25; P < .0001). 
Erlotinib maintenance therapy was well tolerated 
with only 17% of patients requiring a dose reduc-
tion secondary to an adverse event. Th is study sug-
gests that erlotinib can be used as maintenance 
therapy for patients with NSCLC who do not pro-
gress after four cycles of standard chemotherapy, 
and these results led to the approval of erlotinib by 
the FDA for this indication.

EGFR TARGETING IN THE  ■

TREATMENT OF CENTRAL NERVOUS 
SYSTEM DISEASE

NSCLC has a high propensity to metastasize to 
the central nervous system (CNS) where meta-
static disease can exert a profound detriment on 
a patient’s performance status and quality of life. 
Standard cytotoxic chemotherapy has diminutive 
CNS penetration as these agents do not routinely 
cross the blood brain barrier. EGFR TKIs off er the 

(HR = 0.53; 95% CI 0.28–1.03; P = .06). 
Interestingly, those patients who stopped therapy 
and then recurred were still largely sensitive to the 
TKIs upon reinitiating (47).

Postoperative EGFR TKI therapy was evalu-
ated in Phase III NCIC BR.19 trial that rand-
omized unselected NSCLC patients to gefi tinib 
250 mg or placebo daily for 2 years following resec-
tion (48). No disease-free survival or OS advantage 
was observed with adjuvant gefi tinib, even when 
examining those patients with sensitizing EGFR 
mutations. However, interpretation of these results 
is unclear due to the fact that this study was closed 
prematurely in 2005 and was underpowered.

Phase III RADIANT trial randomized 945 
patients with Stage IB to IIIA NSCLC that was 
positive for the EGFR protein (by IHC) or gene 
amplifi cation (by FISH) to either placebo or erlo-
tinib (150 mg daily for 2 years) either immediately 
postoperatively or following four cycles of plat-
inum-based adjuvant therapy (49). Accrual com-
pleted in April 2010, and subset analyses on EGFR 
mutation-positive patients are eagerly anticipated. 
In addition, a multicenter Phase II trial is accruing 
patients with resected Stage I to IIIA NSCLC that 
contains somatic EGFR mutations to investigate 
the safety and effi  cacy of postoperative erlotinib in 
this setting (50).

EGFR-TARGETED THERAPY IN  ■

LOCALLY ADVANCED NSCLC

Th e SWOG 0023 study demonstrated that unse-
lected patients did not benefi t from gefi tinib 
therapy following the completion of chemoradia-
tion for Stage III NSCLC (51). Data on the use 
of EGFR TKIs in patients with EGFR mutations 
and locally advanced NSCLC are sparse and 
preliminary (52,53). A single-institution retro-
spective analysis suggested that there was an asso-
ciation between lower local recurrence rates and 
the presence of an EGFR mutation in patients 
treated with chemoradiation for locally advanced 
NSCLC (54).
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methionine at position 790 (T790M) in exon 20. 
Erlotinib and gefi tinib are reversible competitive 
inhibitors of the EGFR ATP-binding site. Th e 
T790M substitution results in an increased affi  n-
ity of the receptor for ATP compared with the 
EGFR TKIs. Th is abrogates the ability of erlotinib 
and gefi tinib to inhibit EGFR signaling (61). Th e 
T790M mutation can be found in up to 50% of 
tumors that have acquired EGFR TKI resistance 
(62). Other less common resistance mutations have 
also been described (63). Like the T790M muta-
tion, these other resistance mutations also tend not 
to exist in patients lacking a sensitizing mutation 
of the EGFR gene. Interestingly, patients with 
T790M mutations have a relatively more favor-
able postprogression course, compared with those 
whose acquired resistance to EGFR TKIs is not 
mediated by the T790M mutation (64).

Multiple strategies are under investigation 
to overcome EGFR resistance mutations. Various 
irreversible pan-EGFR inhibitors are being devel-
oped, including BIBW2992, PF00299804, and 
HKI-272 (Table 3) (65). Th ese agents are irre-
versible inhibitors of EGFR and have also demon-
strated in vitro activity against cancer cells with 
T790M mutations. In addition, heat shock protein 
90 (HSP90) inhibitors and Src kinase inhibitors 
are being investigated in this setting (66–68).

RAS/RAF/MEK Activation

Th e RAS/RAF/MEK/ERK pathway downstream 
of the EGFR is one of the most commonly inves-
tigated signaling cascades in cancer. Th is pathway 
has shown to be important for cell prolifera-
tion, diff erentiation, and growth, among others. 
Mutations of the KRAS gene are the most com-
mon abnormality of this signaling pathway in 
NSCLC, with 10% to 30% of tumors possessing 
mutations (69). Th ese mutations have been asso-
ciated with resistance to EGFR TKIs. In a meta-
analysis, the objective RR was only 3% (6/210) 
in EGFR WT NSCLC patients possessing KRAS 
mutation (70). In NSCLC, KRAS mutations and 

advantage of being able to cross the blood brain 
barrier more consistently.

Prospective studies have demonstrated intra-
cranial RRs of 10% to 30% in unselected NSCLC 
patients and up to 70% in Asian never smoking 
patients with adenocarcinomas and brain metas-
tases (57–59). Heon et al. (60) investigated the 
risk of CNS progression in patients with EGFR 
mutation-positive advanced NSCLC treated with 
gefi tinib or erlotinib as initial therapy for advanced 
NSCLC. Th ey found that the incidence of CNS 
progression was 28% after a median follow-up of 
42.2 months. Th is rate is signifi cantly decreased 
compared with historical controls receiving stand-
ard systemic chemotherapy, suggesting a lower risk 
of CNS progression in patients with EGFR muta-
tions treated with gefi tinib or erlotinib. Further 
research in this area is highly warranted.

MECHANISMS OF RESISTANCE TO  ■

EGFR-DIRECTED THERAPIES

EGFR TKIs have signifi cant effi  cacy and fewer 
and usually less severe side eff ects compared with 
standard platinum-doublet chemotherapy for the 
treatment of EGFR mutation-positive NSCLC. 
However, at some point, all tumors develop 
acquired resistance to EGFR TKIs. Th is occurs on 
average after 9 to 10 months of therapy, but can 
also be infrequently seen de novo. Tumors typically 
develop acquired resistance when downstream 
signaling cascades are reactivated despite EGFR 
TKI therapy. Some of the multiple mechanisms by 
which acquired resistance occurs and ways to over-
come them are discussed here.

EGFR Resistance Mutations

While some EGFR mutations sensitize tumors 
to EGFR TKIs, others have been associated with 
resistance to erlotinib and gefi tinib. Th e most 
commonly identifi ed EGFR resistance muta-
tion is a substitution of a threonine residue with 
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TABLE 3 Mechanisms of EGFR TKI resistance and potential therapies

Mechanisms of 
Resistance Cellular Defects Targeted Th erapies

Ongoing NSCLC-Targeted 
Th erapy Combination 
Clinical Trials

EGFR TKI 
resistance 
mutations

T790M
EGFR mutation
Other EGFR 

resistance 
mutations

Pan-EGFR TKIs
BIBW2992
XL647
HKI-272
PF-00299804
BMS-690514
BMS-599626
AZD8931
Pazopanib
Lapatinib
Vandetanib
Src inhibitors
Dasatinib
KX2–391
AZD0530
XL228
XL999

HSP90 inhibitors
AUY922
STA-9090
AT13387
IPI-504
MPC-3100
SNX-5422
CNF-2024
XL888

• AUY922 + erlotinib
• PF-00299804 + PF-

02341066
• BIBW2992 + rapamycin
• Dasatinib + erlotinib
• Pazopanib + erlotinib

Ras/Raf/MEK 
signaling

KRAS mutations
BRAF mutations

BRAF inhibitors
PLX4032
GSK2118436
XL281
RO5212054

MEK inhibitors
AZD6244
PD-325901
GDC-0973
TAK-733
AS703026
GSK11202212
RO4987655
RO5126766
MEK162
BAY86–9766

• MEK162 + BKM120
• AZD6244 + erlotinib
• GSK11202212 + 

everolimus
• GSK11202212 + erlotinib

PI3K/AKT/
mTOR 
signaling

PIK3CA mutations
AKT mutations
Loss of PTEN 

(mutation/
methylation)

PI3K inhibitors
BEZ235
XL147
GDC-0941
BKM120
PX-866
BAY80–6946
SF1126
ZSTK474
PF-04691502
PF-05212384
Palomid 529
DS-7423
XL765
AMG 319
PKC412

AKT inhibitors
MK2206
Perifosine
GSK2141795
SR13668
GSK690693
mTOR inhibitors
Rapamycin
Temsirolimus
Everolimus
Ridaforolimus
Deferolimus

• XL765 + erlotinib
• XL147 + erlotinib
• MK2206 + erlotinib
• MK2206 + gefi tinib
• Everolimus + vatalanib
• Everolimus + gefi tinib
• Rapamycin + sunitinib
• Everolimus + erlotinib
• Everolimus + sorafenib
• Everolimus + BIBF 1120

(Continued)
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TABLE 3 Mechanisms of EGFR TKI resistance and potential therapies (Continued)

Mechanisms of 
Resistance Cellular Defects Targeted Th erapies

Ongoing NSCLC-Targeted 
Th erapy Combination 
Clinical Trials

MET signaling MET amplifi cation/
mutation HGF

Met antibodies
MetMab
HGF
AV-299

MET TKIs
PF02341066
GSK1363089
ARQ197
XL880
XL184
SCH-900105
JNJ38877605
PF-02341066
INC280

• MetMab + erlotinib
• ARQ197 + erlotinib
• AV-299 + gefi tinib

IGF-1/R 
signaling

IGF-1R 
overexpression

IGF
upregulation

IGF1/R antibodies
CP-751
IMC-A12
AVE-1642
BMS 754807
BIIB022
AMG 479
CP-751,871
Figitumumab

IGF1R TKIs
OSI-906
AXL1717
MK-0646
R1507
BMS 536924
AEW541

• IMC-A12 + temsirolimus
• IMC-A12 + erlotinib
• AMG 479 + everolimus

VEGF/R 
signaling

VEGFR
Overexpression
VEGF
upregulation

VEGF Antibodies
Bevacizumab
AVE005

Antiangiogenic 
TKIs

Sorafenib
Sunitinib
Vatalanib
BIBF 1120
AMG706
Pazopanib
Axitinib
Cedirinib

• Bevacizumab + erlotinib
• Sunitinib + erlotinib
• Vatalanib + everolimus

Source: Ongoing combination clinical trials were identifi ed from www.clinicaltrials.gov.

EGFR mutations are virtually mutually exclusive 
and, thus, KRAS does not lead to acquired EGFR 
TKI resistance in the setting of EGFR mutations. 
Mutations in the BRAF gene occur infrequently 
in NSCLC, in 2% to 3% of cases (71). Clinical 
trials targeting both the EGFR and the RAS/
RAF/MEK pathways simultaneously are under-
way. Th e RAS/RAF/MEK pathway is being tar-
geted primarily with BRAF and MEK inhibitors 
at present.

PI3K/AKT/mTOR Activation

Similar to the RAF/MEK/ERK signaling cas-
cade, the PI3K/AKT/mTOR pathway is also 
involved in critical cellular functions. Mutations 
in the PIK3CA gene are identifi ed in up to 17% 
of NSCLC (72). Mutations in the AKT gene are 
much less common (73). Many new agents are 
being developed that target this pathway includ-
ing PI3K, AKT, and mTOR inhibitors. Th ese 
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combination of erlotinib and bevacizumab in 
unselected patients in the pretreated setting of 
advanced NSCLC (80,81). Other antiangiogenic 
agents are also being investigated for the treat-
ment of NSCLC in combination with EGFR 
TKIs, including sunitinib and sorafenib (82,83). 
However, clinical evidence supporting the use of 
VEGF inhibition as means to overcome acquired 
resistance to EGFR TKIs in patients with EGFR 
mutations is not yet available.

CONCLUSIONS ■

Testing advanced NSCLC tumors for the presence 
of EGFR mutations in the fi rst-line setting is now 
recommended by multiple oncology societies since 
international clinical trials have yielded superior 
effi  cacy and quality of life outcomes when patients 
harboring tumors with EGFR mutations were 
treated with EGFR TKIs. It is apparent from this 
evidence that relying solely on clinical and demo-
graphic data is inadequate in determining which 
patients will benefi t from these agents, which are 
usually better tolerated than chemotherapeutics. 
Subset analyses are eagerly awaited in determin-
ing the potential role for postoperative erlotinib 
in EGFR mutation-positive patients. And means 
to overcome acquired resistance to EGFR TKIs 
in EGFR mutation-positive patients, such as with 
inhibition of MET amplifi cation, is a highly active 
area of research.
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Abdominal compression plates (ACP), 143, 144
Abraxane, for small-cell lung cancer, 116
ABT-751

for non-small cell lung cancer, 58
plus pemetrexed, 58

Adaptive radiation therapy (ADT)
FDG PET-based, 147–148
for limited stage small cell lung cancer, 157
for non-small cell lung cancer, 154–156

Adenocarcinoma, afl ibercept for, 57
Adjuvant chemotherapy, for elderly stage NSCLC, 

76–77, 129–139. See also Chemotherapy
Adjuvant Lung Project Italy (ALPI), 131, 132t
Adjuvant Navelbine International Trialist Association 

(ANITA) Trial, 133
Adjuvant radiotherapy, for elderly NSCLC, 77. 

See also Radiotherapy
Afl ibercept

for adenocarcinoma, 57
for non-small cell lung cancer, 58
plus docetaxel, 58
for small cell lung cancer, 120

ALK-rearranged non-small cell lung cancer, 66–68
Amrubicin

plus carboplatin, 88
for small cell lung cancer, 114

extensive disease, 88
relapsed, 116

Anaplastic lymphoma kinase (ALK) receptor, 5
Anatomic segmentectomy, for early-stage lung cancer, 97
Angiogenesis, 17, 46, 119–120
Antiapoptotic inhibitors, for small cell lung cancer, 

118–119
Antifolates, for small cell lung cancer, 113

Anti-VEGF agents
for lung cancer, 48
monoclonal antibodies, 48–50

ATLAS trial, 35, 57
AT-101, for small cell lung cancer, 119
ATTRACT-1 trial, 58
ATTRACT-2 trial, 58
AVAPERL1 trial, 30, 36, 37
Avastin in Lung (AVAiL) trial, 17, 30, 49

Barium oral contrast scans, 146
Bcl-2 inhibitor, for small cell lung cancer, 118
Best supportive care (BSC)

for advanced NSCLC, 29
for elderly lung cancer, 75
plus gemcitabine, 29

Bevacizumab (Avastin). See also CEB; CIB; 
CPB; CPBS; GCB

for advanced NSCLC, 17–18, 30
for lung cancer, 48–50
for non-small cell lung cancer, 51–52t, 57, 58

metastatic, 80
plus carboplatin, 30, 48–49, 120
plus cisplatin, 30, 49, 120
plus docetaxel, 50, 52t
plus erlotinib, 35, 50, 52t, 57
plus etoposide, 120
plus gemcitabine, 30, 49
plus paclitaxel, 30, 48–49, 120
plus pemetrexed, 30, 37, 50, 52t
plus platinum-based chemotherapy, 57
plus platinum-based doublets, 30, 49
for small cell lung cancer, 120

Big Lung Trial (BLT), 131–132, 132t

Note: Page numbers followed by “f   ” and “t” denote fi gures and tables, respectively.
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plus cisplatin, 18
plus taxane, 18
plus vinorelbine, 18

Chemotherapy
adjuvant, 76–77
for advanced NSCLC, 11–20

induction, continuing, 28, 29t
for locally advanced NSCLC, 78
for metastatic NSCLC, 78–80, 81–82t, 83, 84t, 85t
neoadjuvant, 77
platinum-based. See Platinum-based chemotherapy
for small cell lung cancer, 113–114

CIB (cisplatin, irinotecan, and bevacizumab), for small 
cell lung cancer, 59–60

Circulating endothelial cell (CEC), 59
Cisplatin. See also CAP; CEB; CIB; CVUft; GCB; 

GCS; MIC; MVC
-based optimal adjuvant regimen, for early-stage 

NSCLC, 135–136
for EGFR mutation-positive lung cancer, 173
for non-small cell lung cancer, 49, 54t

advanced, 11, 12, 13t, 15, 17, 18, 20, 28–30, 37
early-stage, 131–135
elderly, 76–77
metastatic, 79, 80

plus bevacizumab, 30, 49, 120
plus cetuximab, 18
plus docetaxel, 15, 20, 28, 79, 136
plus etoposide, 88, 113, 119, 120, 132
plus gemcitabine, 15, 28, 30, 49, 54t, 80, 136
plus irinotecan, 120
plus paclitaxel, 28
plus pemetrexed, 15, 114, 136
plus sunitinib, 120
plus topotecan, 114
plus vindesine, 12, 131
plus vinorelbine, 12, 18, 76, 131, 133, 134, 136
for small cell lung cancer, 114, 119

extensive disease, 88
CI-1040, for lung cancer, 7
c-kit expression, in small cell lung cancer, 121
Clinical target volume (CTV), 145, 155. See also 

Target volume
c-Met receptor pathways, in small cell 

lung cancer, 122
Combretastatin A4 phosphate, for non-small cell lung 

cancer, 58
Comprehensive geriatric assessment (CGA), 

74–75, 75t, 89

BodyFIX® system, 144
Bortezomib, for small cell lung cancer, 119
B-RAF mutations, in lung cancer, 7
Breast cancer, systemic therapy for, 100
Breath-hold techniques, 144–145
BR.21 trial, 20

CALGB 30610 Trial, 134, 156, 157
Camptothecins, for small cell lung cancer, 113
CAP (cyclophosphamide, doxorubicin, and cisplatin), 

for early-stage NSCLC, 130
Carboplatin. See also CPB; CPC; CPM; CPV; SCP

for EGFR mutation-positive lung cancer, 
171–174, 172t

for non-small cell lung cancer, 48–49, 54t, 56, 58
advanced, 12, 15, 17, 18, 20, 28, 30–32, 37
early-stage, 134–135
locally advanced, 78
metastatic, 79

plus amrubicin, 88
plus bevacizumab, 30, 48–49, 120
plus cetuximab, 18
plus docetaxel, 15, 31
plus etoposide, 86, 88, 113
plus gefi tinib, 171–173, 172t
plus gemcitabine, 79, 114
plus paclitaxel, 15, 20, 30, 31, 51t, 54t, 79, 

116, 119, 171–173, 172t
plus taxane, 18, 31
plus vadimezan, 58
for small cell lung cancer, 113, 114, 119, 120

extensive disease, 86, 88
limited disease, 86
relapsed, 116

CAV (cyclophosphamide, doxorubicin, and vincristine), 
for limited disease small cell lung cancer, 86

CD56 antigen, 119
CD246 (cluster of diff erentiation 246), 5
CEB (cisplatin, etoposide, and bevacizumab), for small 

cell lung cancer, 59
CECOG trial, 35, 37
Cediranib. See also CPC

for non-small cell lung cancer, 53t, 56
for small cell lung cancer, 60, 120

Central nervous system (CNS) disease, EGFR targeting 
in treatment of, 175–176

Cetuximab
for advanced NSCLC, 18, 31–32
plus carboplatin, 18
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morbidity associated with, 105–106
mortality associated with, 105–106
physiologic considerations for, 101–102, 101f, 102f
staging and treatment planning for, 106
surveillance, clinical importance of, 99–101
thoractomy, 96

Eastern Cooperative Oncology Group (ECOG) 
trial, 15, 17, 29, 30, 32, 34–37, 53, 59, 60, 
131, 138, 179

E-cadherin, 59
Elderly

factors aff ecting, 74–75
non-small cell lung cancer in, 75–77

adjuvant chemotherapy for, 76–77
adjuvant radiotherapy for, 77
locally advanced, 78
metastatic, 78–83, 81–82t, 84t, 85t
neoadjuvant therapy for, 77
radiotherapy for, 76
surgery for, 75–76

small cell lung cancer in, 83, 86
extensive disease, 86, 88
limited disease, 86, 87t

Elective nodal irradiation (ENI) therapy
for limited stage SCLC, 157
for locally advanced NSCLC, 154

Electronic portal imaging devices (EPID), 150
Elekta Stereotactic Body Frame® system, 144
ELVIS trial, 19
EML4–ALK fusion gene mutations

in non-small cell lung cancer, 5, 66–68, 66f
translocation of, 6, 66

Epidermal growth factor receptor (EGFR) mutations, 80
in advanced NSCLC, 18, 38
combined with VEGF, 57
in lung cancer, 2–4, 138
oncogenic eff ect of, 3
tyrosine kinase inhibitors, 18, 83, 168–169

resistance mutations, 176, 177t
Epidermal growth factor receptor mutation-positive 

lung cancer, 167–179
advanced NSCLC, 171–175, 172t

adjuvant setting, 174–175
locally advanced, 175
mechanisms of resistance to, 176–179, 177–178t
refractory advanced NSCLC, 169–171, 170t
signaling pathways, 168–169

Epidoxorubicin, for extensive disease small cell 
lung cancer, 86

Computed tomography (CT) scanning
cone-beam, 150
in-room, 150
surveillance, 100, 100f

Cone-beam CT scanning, 150. See also Computed 
tomography scanning

CONVERT trial, 115, 156
Couch Integrated Immobilization System, 144
CPB (carboplatin, paclitaxel, and bevacizumab), for 

non-small cell lung cancer, 51t, 59
CPBS (carboplatin, paclitaxel, bevacizumab, and 

sunitinib), for non-small cell lung cancer, 50
CPC (carboplatin, paclitaxel, and cediranib), for 

non-small cell lung cancer, 54t, 56
CPM (carboplatin, paclitaxel, and motesanib), for 

non-small cell lung cancer, 54t
CPV (carboplatin, paclitaxel, and vadimezan), for 

non-small cell lung cancer, 58
Crizotinib, for non-small cell lung cancer, 5, 7, 67, 68
CVUft (cisplatin, vindesine, and UFT), for early-stage 

NSCLC, 136
Cyclophosphamide, for limited disease small cell lung 

cancer, 86. See also CAP; CAV

Docetaxel
for non-small cell lung cancer, 50, 52t, 55t, 56, 58, 59

advanced, 12, 15, 20, 28, 32, 37
early-stage, 136
metastatic, 79

plus afl ibercept, 58
plus bevacizumab, 50, 52t
plus carboplatin, 15, 31
plus cisplatin, 15, 20, 28, 79, 136
plus gemcitabine, 28
plus paclitaxel, 28
plus pemetrexed, 20
plus vadimezan, 58
plus vandetanib, 55t, 56, 59

Doxorubicin, for limited disease small cell lung cancer, 
86. See also CAP; CAV

Early-stage non-small cell lung cancer. See also 
Non-small cell lung cancer (NSCLC)

radiaotherapy for, 152–153
surgery for, 95–106

adequacy of, 96–99
anatomic/pathologic considerations for, 102–105, 

103–105f, 103t
clinical perceptions of, 96–99
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for non-small cell lung cancer, 3–5, 56, 59
advanced, 18, 20, 34, 35
metastatic, 80

plus carboplatin, 171–173, 172t
plus paclitaxel, 171–173, 172t

Gemcitabine. See also GCB; GCS
for EGFR mutation-positive lung cancer, 173, 174
for non-small cell lung cancer, 49, 54t

advanced, 12, 15, 19, 20, 27–30
early-stage, 136
metastatic, 78–80

plus best supportive care, 29
plus bevacizumab, 30, 49
plus carboplatin, 79, 114
plus cisplatin, 15, 28, 30, 49, 54t, 80, 136
plus docetaxel, 28
plus paclitaxel, 28, 79
plus vinorelbine, 19, 78
for small cell lung cancer, 114

relapsed, 116
Gross tumor volume (GTV), 143, 145, 150, 

152, 155
Guanine nucleotide triphosphatases (GTPase) KRAS 

mutation, 4. See also KRAS mutations

Heat shock protein (HSP) inhibitors
chaperone function of, 69f
HSP40, 68
HSP70, 68
HSP90, 68–69, 70, 122
for non-small cell lung cancer, 68–70

Hedgehog (Hh) pathway, in small cell lung cancer, 122
Hepatocyte growth receptor pathways, in 

small cell lung cancer, 122

Ifosfamide, for advanced NSCLC, 11. See also MIC
IGF-1/R signaling, 178t, 179
Image-guided ablative treatment, for early-stage lung 

cancer, 106
Immunotherapy, for small cell lung cancer, 119
Induction chemotherapy. See also Chemotherapy

continuing, for advanced NSCLC, 28, 29t
Instrumental activity of daily living (IADL), 75
Insulin-like growth factor-1 (IGF-1) expression, in small 

cell lung cancer, 121–122
Intensity-modulated radiotherapy (IMRT), 148, 150, 

155. See also Radiotherapy
Intercellular adhesion molecule (ICAM)-1, 59
INTEREST trial, 20, 169

Erlotinib (Tarceva, Genentech)
for EGFR mutation-positive lung cancer, 169

advanced, 171–175, 172t
refractory advanced, 170t, 171

for non-small cell lung cancer, 3–5, 50, 52t, 
53, 54t, 55t, 57

advanced, 18, 20, 34–37
metastatic, 80

plus bevacizumab, 35, 50, 52t, 57
plus sunitinib, 53, 54t

E-selectin, 59
Etoposide. See also CEB

for early-stage NSCLC, 132
plus carboplatin, 86, 88, 113, 119, 120
plus cisplatin, 88, 113, 120, 132
plus platinum, 86
plus sunitinib, 60, 120
for small cell lung cancer, 60, 113, 119, 120

extensive disease, 86, 88
limited disease, 86

European Organization for the Research and Treatment 
of Cancer (EORTC) trial, 34, 158

European Randomized Trial of Tarceva Versus 
Chemotherapy (EURTAC) trial, 174

Extensive stage small cell lung cancer (ES-SCLC), 
86, 88. See also Small cell lung cancer (SCLC)

radiotherapy for, 158

FDG PET-based adaptive radiation therapy, 147, 154. 
See also Radiation therapy

dosimetry, 147–148
FDG PET–CT scanning, 146, 154
Fibroblast growth factor receptors (FGFRs), 120
First-SIGNAL trial, 173
Flavone acetic acid (FAA), for non-small cell lung 

cancer, 58
FLEX trial, 18, 31
Fluorescence in situ hybridization (FISH), 66, 67

Ganetespib, for non-small cell lung cancer, 70
GCB (gemcitabine, cisplatin, and bevacizumab), for 

non-small cell lung cancer, 51t
GCS (gemcitabine, cisplatin, and sorafenib), for 

non-small cell lung cancer, 54t
GDC-0449 inhibitor, 122
Gefi tinib (Iressa, ZD1839, Astra Zeneca)

for EGFR mutation-positive lung cancer, 169
advanced, 171–173, 172t
refractory advanced, 170t
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novel targeted agents for, 65–70
radiotherapy for, 141–158
ROS mutations in, 6
small cell. See Small cell lung cancer (SCLC)

Lung motion control, 144–145

Maintenance therapy, for advanced NSCLC, 
27–41, 39–40t

benefi ts of, 35–36
continuation of, 29–32, 31t

switch, 32–35, 33t
cost of, 38
induction chemotherapy, continuing, 28, 29t
patient selection issues, 38
quality of life considerations, 38, 40
for small cell lung cancer, 114
unanswered questions, 36–38

Matrix metalloproteinase inhibitors, 47
Maximum intensity projection (MIP) scans, 145
Metastatic non-small cell lung cancer, 78–83, 81–82t. 

See also Non-small cell lung cancer (NSCLC)
chemotherapy for, 78–80, 81–82t, 83, 84t, 85t
targeted therapy for, 80, 83

MET gene mutations, in lung cancer, 6–7, 178t, 179
MIC (mitomycin-C, ifosfamide, and cisplatin)

for early-stage NSCLC, 131
for advanced NSCLC, 28, 32

MILES trial, 19
Mitomycin-C. See MIC; MVC
Motesanib. See CPM
MVC (mitomycin-C, vinblastine, and cisplatin), 

for early-stage NSCLC, 131

Nanotechnology, 116
NaPi-2B-ROS fusion protein, 6
National Cancer Institute of Canada Clinical Trials 

Group (NCICCTG) trial, 169
National Lung Screening Trial, 100
Navitoclax, for small cell lung cancer, 118–119
NCIC BR.19 trial, 175
NEJ002 trial, 173
Neoadjuvant chemotherapy, for elderly NSCLC, 77. 

See also Chemotherapy
Nonplatinum regimens, for early-stage NSCLC, 

136–137
Non-small cell lung cancer (NSCLC)

advanced. See Non-small cell lung cancer, advanced
ALK-rearranged, 66–68
antiangiogenic agents for, 45–59

Intergroupe Francophone de Cancerologie Th oracique 
(IFCT) trial, 35–37

Internal target volume (ITV), 145, 150. See also 
Target volume

International Adjuvant Lung Cancer Collaborative 
Group Trial (IALT), 132–133, 138

Intraoperative radioactive I-125 brachytherapy, 
for early-stage lung cancer, 99

Intravenous contrast scans, 146
Ipilimumab, for small cell lung cancer, 119
Irinotecan. See also CIB

for advanced NSCLC, 12
plus bevacizumab, 120
plus cisplatin, 120
for small cell lung cancer, 113–114, 120

iTARGET trial, 171

JBR.10 Trial, 76, 133
JMEN trial, 32, 36–38

KIF5B–ALK fusion gene mutations, in lung cancer, 5
KRAS mutations

GTPase, 4
in lung cancer, 4–5

Levamisole, for early-stage NSCLC, 130
Limited stage small cell lung cancer (LS-SCLC), 86, 

87t. See also Small cell lung cancer (SCLC)
Linifanib, for non-small cell lung cancer, 53t, 56–57
Lobectomy, for elderly NSCLC, 76, 97–98, 98f. 

See also Surgery
Locally advanced NSCLC, 78. See also Non-small cell 

lung cancer (NSCLC)
radiotherapy for

adaptive, 154–156
dose escalation, 153–154
elective nodal irradiation, 154

Lung Adjuvant Cisplatin Evaluation (LACE) 
meta-analysis, 133–134

Lung cancer, 1–8
B-RAF mutations in, 7
EGFR mutations in, 2–4, 138

positive, 167–179
in elderly, 73–89
EML4–ALK fusion gene mutations in, 5, 66–68, 66f
KRAS mutations in, 4–5
MET gene mutations in, 6–7
non-small cell. See Non-small cell lung cancer (NSCLC)

advanced. See Non-small cell lung cancer, advanced
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plus bevacizumab, 30, 48–49
plus carboplatin, 15, 20, 30, 31, 51t, 54t, 79, 116, 

119, 171–173, 172t
plus gefi tinib, 171–173, 172t
plus vadimezan, 58
for small cell lung cancer, 114, 119

relapsed, 116
PARAMOUNT trial, 29–30, 36, 37
PASSPORT trial, 49
Pazopanib

for non-small cell lung cancer, 53t, 56, 59
for small cell lung cancer, 121

PD 0325901, for lung cancer, 7
Pemetrexed

for non-small cell lung cancer, 50, 52t, 55t
advanced, 15, 20, 27, 29–30, 32–34, 36–38
early-stage NSCLC, 136

plus ABT-751, 58
plus bevacizumab, 30, 37, 50, 52t
plus cisplatin, 15, 114, 136
plus docetaxel, 20
plus vandetanib, 55t
for small cell lung cancer, 114

p53 mutations, in small cell lung cancer, 122
Picoplatinum, for relapsed small cell lung cancer, 116
PIK3CA gene mutations, in lung cancer, 4
PI3K/AKT/mTOR signaling, 121, 168, 

178–179, 177t
Planning target volume (PTV), 143, 148–150, 157. 

See also Target volume
Platinum-based chemotherapy. See also Chemotherapy

for non-small cell lung cancer, 57
elderly, 77
metastatic, 79

plus bevacizumab, 57
plus etoposide, 86
for small cell lung cancer, 113

limited disease, 86
Platinum-based doublets

for non-small lung cancer, 49, 65
advanced, 12, 15–17, 14t, 16t, 19–20, 32, 34
metastatic NSCLC, 80

plus bevacizumab, 30, 49
Platinum-free regimens, for advanced 

NSCLC, 15–17, 16t
Pneumonectomy, for elderly NSCLC, 76, 97–98, 

98f. See also Surgery
Poly ADP ribase polymerase (PARP) inhibitors, for 

small cell lung cancer, 123

Non-small cell lung cancer (NSCLC) (cont.)
anti-VEGF agents for, 48, 49f

biomarkers, 58–59
dosing and administration of, 50
monoclonal antibodies, 48–50

early-stage, 129–139
adjuvant chemotherapy for, 137
collaborative meta-analysis, 130–131
patient selection and future outcomes, 137–138
radiation therapy for, 152–153

in elderly, 18–20, 19t, 75–77, 137
adjuvant chemotherapy for, 76–77
adjuvant radiotherapy for, 77
locally advanced, 78
metastatic, 78–83, 81–82t
neoadjuvant therapy for, 77
radiotherapy for, 76
surgery for, 75–76

EML4–ALK fusion gene mutations in, 5, 66–68, 66f
radiation therapy for, 150–156

locally advanced, 153–154
refractory advanced, EGFR targeting in treatment of, 

169–171, 170t
Non-small cell lung cancer (NSCLC), advanced, 11–20

EGFR targeting in treatment of, 171–175, 172t
in elderly patients, special considerations 

for, 18–20, 19t
fi rst-line chemotherapy for, 12–18
maintenance therapy for, 27–41

benefi ts of, 35–36
continuation of, 29–32, 31t
cost of, 38
induction chemotherapy, continuing, 28, 29t
patient selection issues, 38
quality of life considerations, 38, 40
switch continuation of, 32–35, 33t
unanswered questions, 36–38

second-line chemotherapy for, 20

Obtaloclax, for small-cell lung cancer, 116
Occult carcinoma, 100
Olaparib, for small cell lung cancer, 123
OPTIMAL trial, 174

Paclitaxel. See also CPB; CPBS; CPC; CPM; CPV; SCP
for non-small cell lung cancer, 48–49, 54t, 56, 58

advanced, 12, 15, 20, 28, 30, 31
early-stage, 135
metastatic, 79
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antiapoptotic inhibitors for, 118–119
chemotherapy for, 113–114
c-kit expression in, 121
c-Met receptor pathways in, 122
in elderly, 83, 86

extensive disease, 86, 88
limited disease, 86, 87t

Hedgehog pathway in, 122
hepatocyte growth receptor pathways in, 122
HSP90 inhibitors for, 122
IGF-1 expression in, 121–122
maintenance therapy for, 114
molecular biology of, 116–, 117f, 118t
PARP inhibitors for, 123
p53 mutations in, 122
PI3K/Akt/mTOR pathway in, 121
prophylactic cranial irradiation for, 115
radiotherapy for, 114–115

extensive, 157–158
limited stage, 156–157

relapsed, 115–116
telomerase inhibitors for, 122
tyrosine kinase inhibitors for, 120–121
vaccine/immunotherapy for, 119

SN-38, for small-cell lung cancer, 116
Sorafenib (Nexavar, Bayer). See also GCS; SCP

for non-small cell lung cancer, 53, 53t
for small cell lung cancer, 120–121

South Italian Cooperative Oncology Group 
(SICOG) trial, 19

Southwest Oncology Group (SWOG) trial, 
74, 114, 119

SPACE trial, 153
Stereotactic body radiation therapy (SBRT), 142, 148. 

See also Radiation therapy
for elderly NSCLC, 76, 152–153

Sublobar resection, for early-stage lung cancer, 98
Sunitinib (Sutent, Pfi zer). See also CPBS

for non-small cell lung cancer, 50, 53, 53t, 54t
plus cisplatin, 120
plus erlotinib, 53, 54t
plus etoposide, 60, 120
for small cell lung cancer, 60, 120

Surgery
for early-stage lung cancer, 95–106

adequacy of, 96–99
anatomic/pathologic considerations for, 

102–105, 103–105f, 103t
clinical perceptions of, 96–99

Positron emission tomography (PET), 146
-defi ned volumes, outcomes using, 147
sensitivity and specifi city of, 146–147
weaknesses of, 147

Prophylactic cranial irradiation (PCI) therapy, for small 
cell lung cancer, 113, 115, 157

Proton therapy, 149–150

Radiation therapy
FDG PET-based adaptive, 147–148
respiratory-gated, 149–150
stereotactic body, 76, 142, 148, 152–153
3D-conformal, 148, 155

RADIANT trial, 175
Radiation Th erapy Oncology Group (RTOG) 

trial, 147, 152–156
Radio-surgery, for elderly NSCLC, 76. See also Surgery
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