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LUNG CANCER RISK AND PREVENTION

It is clear that overall cancer mortality and lung cancer mortality
in particular are correlated with prevalence of cigarette smoking.
In the United States, recent declines in lung cancer death rates in
men began in the mid- to late 1980s and parallel declines in
smoking prevalence rates, and the mortality rate in women has
plateaued (1). Smoking prevalence rates remain unacceptably
high, at 21.6%, in the United States, however, and show signs
of increasing in developing nations despite efforts to promote
smoking prevention and improve strategies for successful smok-
ing cessation. Seven smoking cessation pharmacologic agents
are currently approved by the U.S. Food and Drug Administra-
tion. Of these, five are nicotine replacement therapies and one,
bupropion SR, is hypothesized to aid smoking cessation by inhi-
bition of dopamine reuptake (2).

Gonzalez and colleagues (3) and Jorenby and associates (4)
report results of two phase III randomized controlled trials to
determine continuous abstinence rates for 12 weeks of therapy
with varenicline, which acts as an �4�2 nicotinic acetylcholine
receptor partial agonist. These trials enrolled 1,025 and 1,027
patients, respectively, and reported 52-week abstinence rates of
21.9 and 23% for varenicline, which were significantly higher
than for placebo and slightly higher than for buproprion. To
determine if varenicline would prevent relapse in individuals
who successfully stopped smoking at 12 weeks, Tonstad and
coworkers (5) examined 52-week abstinence rates in patients
treated with an additional 12 weeks of varenicline and reported
significantly higher 52-week continuous abstinence rates com-
pared with control. Varenicline represents a new pharmacologic
class of smoking cessation aids that appears promising in clinical
trials both for cessation and for relapse prevention.

Cigarette smoking causes lung cancer. Among lifetime smok-
ers, 15% develop lung cancer. Approximately 10% of lung can-
cer cases arise in never-smokers (6). Risk is modified by exposure
to secondhand smoke or to other lung carcinogens, such as radon,
asbestos, or arsenic, and by unknown or known genetic suscepti-
bility factors (7, 8) that modulate the injury response to exposure
of the dozens of cigarette smoke carcinogens, such as acrolein
(9). The contribution of exposure to low-dose ambient air pollu-
tion to lung cancer risk is controversial. Data supporting this
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association are provided by Laden and colleagues in an extended
year follow-up report to the Harvard Six Cities cohort study (10).
Lung cancer mortality was positively associated with exposure to
fine particulate airborne matter smaller than 2.5 �m in diameter
(PM2.5). However, unlike cardiovascular mortality, lung cancer
mortality did not decrease with pollution reduction. Overall,
this study contributes to the existing evidence that exposure to
airborne particulate pollution increases lung cancer mortality.

The importance of sex, race, ethnicity (11, 12), social status
(13), and familial risk (14, 15) in lung cancer susceptibility and
outcome is an active area of research. Lung cancer incidence
rates have been increasing in women compared with men, sug-
gesting that cancer susceptibility is higher in women. Although
temporal trends in smoking prevalence may explain sex differ-
ences, other sex-related factors may be important. In a prospec-
tive cohort study of 16,925 participants in a lung cancer computed
tomography (CT) screening trial, Henschke and associates (16)
reported a point prevalence lung cancer rate of 2.1% in women
and 1.2% in men. After controlling for age and smoking, the
odds ratio for lung cancer risk in women was 1.7 (1.3–2.3). Al-
though other studies support increased lung cancer susceptibility
in women, large, well-controlled studies have generally not sup-
ported this finding (17, 18). As noted by Neugut and Jacobson,
conflicting results of case-control and cohort susceptibility stud-
ies are more likely to be due to methodologic differences than
to biological differences associated with sex (19). Henschke and
colleagues also reported a difference in lung cancer survival,
with an improved survival in women compared with men (odds
ratio, 0.48; 95% confidence interval [CI], 0.25–0.89), adjusted for
smoking, stage, cell type, and resection. Favorable lung cancer
survival in women compared with men has been reported consis-
tently; however, the biological basis for this association remains
unclear.

SCREENING

Despite its position as the leading cause of cancer death in the
United States, the incidence of lung cancer is less common than
breast cancer in women and prostate cancer in men (1). How-
ever, the total number of deaths attributable to the three other
most common cancers (breast, prostate, and colon) does not
exceed the number of deaths attributable to lung cancer. The
disparity in mortality is illustrated by the three-decade trend in
5-year survival rates. Prostate, breast, and colorectal carcinoma
have all demonstrated significant improvements in 5-year sur-
vival over time, with survival rates that are currently 99, 89, and
64%, respectively. In contrast, the survival rate for lung cancer
remains relatively flat and is currently 15%. There are several
potential explanations for the disparity between lung cancer
survival and that of the more common tumors. These explana-
tions include late detection and histologic heterogeneity. Cur-
rently, more than 75% of new lung cancer diagnoses are in
patients presenting with distant or regional metastatic disease.
This rate is markedly higher than that of breast, colon, and
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prostate cancer for which there are approved screening pro-
grams. In contrast, there is not an approved screening program
for lung cancer. Encouraging recent reports suggest that screen-
ing with low-dose chest CT may provide clinical benefit; how-
ever, others suggest that overdiagnosis bias and low specificity
may limit the overall utility of the procedure (20). The impor-
tance of overdiagnosis bias will be addressed by the ongoing
randomized National Lung Screening Trial. Other recent studies
have provided important information regarding the potential
utility of low-dose CT scan screening and improved algorithms
for management of nodules.

The International Early Lung Cancer Action program re-
ported prevalence and follow-up results using low-dose CT in
31,567 asymptomatic individuals who were smokers or who were
exposed to second-hand smoke or to occupation-related carcino-
gens (21). In line with previous studies, the cancer prevalence
rate was 1.5%, with a predominance of adenocarcinoma (76%)
and of clinical stage I tumors (85%). Interestingly, the prevalence
of nodules was 13%, which was significantly lower than rates
published previously by this group (22) and by others (23). This
significant development promises to reduce the number of false
positive studies. Nodule prevalence rates were likely influenced
by modification of the definition of “positive” scans. In the cur-
rent study, a nodule size cutoff of 5 mm was established for the
scan to be read as positive, which is larger than the cut-off size
used previously by this group and others. Although the probabil-
ity of malignancy in small nodules is low, and despite the authors’
assurance that no nodules less than 5 mm were ultimately found
to be cancerous, it is plausible that some screen-detected nodules
of less than 5 mm will be malignant, thus resulting in false
negative studies. Continued evaluation of nodule work-up algo-
rithms and examination of adjuvant tests to determine nodule
malignancy will be important to optimize the clinical efficacy of
CT screening. Examples of adjuvant testing include incorpora-
tion of computer-aided image diagnostic strategies (24) and ge-
nomics to identify cancer-specific gene signatures in specimens
acquired by percutaneous biopsy (25, 26).

The safety of diagnostic percutaneous biopsy was examined
by Wisnivesky and colleagues using 8,607 cases of stage I non–
small cell lung cancer (NSCLC) in the Surveillance, Epidemiol-
ogy, and End Results (SEER) registry and Medicare records
(27). Lung cancer survival in patients who underwent biopsy
was not different from those who did not. This study supports
the safety of percutaneous biopsy as a strategy for evaluating
indeterminate pulmonary nodules.

STAGING AND RESECTION FOR EARLY DISEASE

Advances in preoperative staging and thoracic surgical tech-
niques have reduced invasive procedures related to lung cancer
diagnosis and staging, and are also associated with reduced mor-
bidity and complications. Yasufuku and colleagues prospectively
examined the clinical utility of endobronchial ultrasound–guided
transbronchial needle aspiration (EBUS-TBNA) for lung cancer
staging (28). The sensitivity and specificity for mediastinal lymph
node metastasis were 92.3 and 100%, respectively; these rates
were significantly higher than those of CT and positron emission
tomography. EBUS-TBNA is a promising technique, but the im-
pressive diagnostic performance in this single-center, selected
patient population study requires confirmation. The widespread
implementation of video-assisted thoracoscopic techniques for
lobectomy is associated with reduced patient length of stay, less
postoperative pain (29), reduced blood loss, and equivalent long-
term survival rates when compared with conventional surgical
approaches in patients with stage IA disease (30). Although not
yet specifically demonstrated, it is possible that video-assisted

thoracoscopic lobectomy will reduce the incidence of lung cancer
resection postoperative pneumonia, a “significant” complication
with a reported incidence of 25% (31).

LUNG CARCINOGENESIS, INFLAMMATION,
AND PROGRESSION

Recent lung cancer research has been directed at using molecular
approaches to identify clinically relevant biological factors and
pathways associated with histologic heterogeneity and progres-
sion for the purposes of facilitating early diagnosis, enhancing
assessment of prognosis, and identifying novel therapeutic agents.
Lucattelli and coworkers generated a neurokinin-1 receptor
(NK-1R) knockout mouse to examine the role of this mediator
of neurogenic inflammation in bleomycin-induced pulmonary
fibrosis (32). Serendipitously, they observed adenocarcinoma in
all bleomycin NK-1R knockout mice, but not in untreated ani-
mals, suggesting that the NK-1R pathway is required for DNA
repair fidelity after injury. Ji and associates generated a condi-
tional mouse with targeted expression of a mutant K-ras mutant
allele in CC10-positive cells (33). In contrast to other K-ras
mutant allele models (34, 35), the CC10 model was characterized
by an exuberant inflammatory response composed of alveolar
macrophages and neutrophils. This model, which demonstrated
rapid progression and shortened survival, may provide poten-
tially important insights into the role of inflammation in tumor
progression. For example, Wislez and colleagues provided data
that implicate chemokine receptor CXCR2 ligands in neoplastic
progression in a related K-ras lung cancer model (36). These
animal models provide information complementary to that ob-
tained from genomic analysis of human tumors. Recent genomics
studies, reviewed in Borczuk and Powell (37), support the role
of inflammation pathways and provide additional insights into
the importance of tumor differentiation in mediating lung adeno-
carcinoma progression.

EPIGENETICS

Three interrelated types of epigenetic information are DNA
methylation, histone modification, and genomic imprinting (38).
Alterations in DNA methylation and histone acetylation status
are associated with aging and with environmental exposures, of
which smoking and diet have been the best characterized (39).
The preponderance of evidence in case-control studies and in
animal studies strongly supports the association of cigarette
smoking with DNA promoter hypermethylation, which is fre-
quently detected in lung cells of smokers. Furthermore, these
same genes are more frequently methylated in individuals with
lung cancer compared with smoking control subjects, suggesting
possible causation in the process of lung field carcinogenesis as
indicated by clinical studies reported by Belinsky and associates
and Machida and colleagues (40, 41).

Focus has been directed to environmental exposure effects
on other epigenetic alterations, such as histone modification and
DNA hypomethylation (42), the latter of which is relatively
unstudied in lung cancer. New microarray-based methodologies
for assessing global DNA methylation status, using single nucleo-
tide polymorphism chips (MSNP) (43) and whole-genome tiling-
array transcriptional profiling (44), will allow rapid analysis of
genomewide losses and gains of DNA methylation, DNA copy
number aberrations, and loss of heterozygosity using genomic
DNA from human lung cancer tissues.

TREATMENT

For purposes of treatment, NSCLC can be divided into essen-
tially three groups: early disease (surgery/adjuvant therapy),
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locally advanced disease (combined chemotherapy and radia-
tion), and advanced disease (systemic therapy). The most sig-
nificant changes in management over the past 2 years have af-
fected early and advanced disease.

Early Disease Adjuvant Therapy

The goal of adjuvant therapy after surgical resection is to reduce
recurrence and increase cure rates. Adjuvant therapy has been
an established modality in breast and colorectal cancers well
before it became accepted in lung cancer.

Radiation therapy. After several early trials and a large meta-
analysis, it has been accepted that postoperative radiation ther-
apy (PORT) is detrimental in stage I and II (N0/N1) NSCLC.
Despite decreasing local relapse in N2 disease, PORT has no
survival advantage (45, 46). A recent meta-analysis of SEER data
confirmed the detrimental effect in stage N0–N1, but surprisingly
found improved overall survival for the stage N2 subgroup (haz-
ard ratio [HR], 0.855; 95% CI, 0.76–0.95) (47). The difference
in the results between the earlier studies and the recent analysis
could be attributed to improved techniques in radiation delivery,
linear accelerators, and three-dimensional planning. Thus, PORT
should be considered for select patients with stage III disease with
high risk for recurrence (i.e., multilevel N2 disease).

Chemotherapy. Early support for adjuvant chemotherapy
arose in 1995 from a large meta-analysis of 14 trials that revealed
a 5% increase in 5-year overall survival (OS) with cisplatin-based
adjuvant chemotherapy (HR, 0.87; p � 0.08; 13% reduction
in the risk of death) that was not statistically significant (48).
However, the initial postmeta-analysis individual randomized
controlled trials did not show a significant survival benefit (49–
51). Subsequently, cisplatin-based randomized controlled trials
have demonstrated a significant survival benefit of adjuvant che-
motherapy in early NSCLC, with absolute survival improve-
ments ranging from 5 to 15% (Table 1). In contrast to these
trials, the Cancer and Leukemia Group B (CALGB) 9633 stage
IB carboplatin-based trial failed to demonstrate a similar benefit
(52, 53). The inclusion of stage IB–only patients, the use of
carboplatin, and premature closure have been suggested as rea-
sons for the negative results. Interestingly, in an unplanned sub-
set analysis, adjuvant chemotherapy benefited patients with tu-
mors 4 cm or larger (HR, 0.66; p � 0.04), but not those with
tumors smaller than 4 cm (HR, 1.02; p � 0.51). Results of five large
cisplatin-based studies [Italian/European Adjuvant Lung Cancer
Project Italy (ALPI), British Big Lung Trial (BLT), International
Adjuvant Lung Trial (IALT), JBR.10, and Adjuvant Navelbine
International Trialist Association (ANITA)] were consolidated in
the LACE (Lung Adjuvant Cisplatin Evaluation) meta-analysis
(54). LACE showed adjuvant chemotherapy achieved a 5.3%

TABLE 1. RECENT POSITIVE ADJUVANT LUNG CANCER TRIALS

5-yr Survival (% )

Study (reference) No. Stage Chemotherapy Regimen Control Chemotherapy arm p Value

IALT (71) 1,867 I–IIIA Cisplatin based Vin/VP/Vb/V 40 45 � 0.03
Japanese Lung Cancer Research group (72) 999 I Uracil-tegafur 88 85 0.71

90 89 (T1) 0.87
74 85 (T2) 0.005

NCICTG (73) 482 IB/II Cisplatin/Vin 54 69 0.03
ANITA trial (74) 840 IB–IIIA Cisplatin/Vin 51 43 0.013
CALGB (53) 344 IB Carboplatin/ paclitaxel 59 71 (4 yr) 0.028

60 57 (5 yr) 0.32

Definition of abbreviations: ANITA � Adjuvant Navelbine International Trialist Association; CALGB � Cancer and Leukemia Group
B; IALT � International Adjuvant Lung Trial; NCICTG � National Cancer Institute of Canada Trials Group; V � vindesine; Vb �

vinblastine; Vin � vinorelbine; VP � etosposide.

absolute 5-year survival advantage (HR, 0.89; 95% CI, 0.82–0.96;
p � 0.004). This study also highlighted certain key issues related
to patient and drug selection that are discussed below.

Patient selection: stage. Although positive trials demon-
strated the advantage of chemotherapy in stage II and IIIA
disease, no clear advantage with adjuvant chemotherapy was
seen in stage IB disease. The LACE meta-analysis confirmed
this nonsignificant benefit in stage IB disease (HR, 0.92; 95%
CI, 0.78–1.10), and suggested a detrimental effect of chemother-
apy in stage IA disease (HR, 1.41; 95% CI, 0.96–2.09). The
analysis confirmed the benefit of adjuvant chemotherapy in
stages II and IIIA disease (HR, 0.83; 95% CI, 0.73–0.95). Taken
together, LACE and the subset analysis of the CALGB 9633
study suggest that adjuvant chemotherapy should be considered
and discussed with patients with large or high-risk stage IB
tumors.

Patient selection: age. The median age at diagnosis of lung
cancer is 70 years. Studies in the elderly with advanced disease
indicate that performance status is more important than age in
making treatment decisions. However, such information in the
early disease setting was lacking until the retrospective analysis
of JBR.10 (55). Among 155 patients who were 65 years and
older, the 5-year OS was improved by 24% with chemotherapy
(HR, 0.61; 95% CI, 0.38–0.98; p � 0.04). However, OS for those
older than 75 years was worse than for the 66- to 74-year group
with adjuvant chemotherapy (HR, 1.95; 95% CI, 1.11–3.41; p �
0.02).

Molecular predictors. Because lung cancer is a heteroge-
neous disease, patient outcomes and response to therapy are
similarly heterogeneous and difficult to predict using conven-
tional staging and morphology assessment. This is an important
issue because, although adjuvant trials do not support routine
administration of chemotherapy to all stage IA and IB patients
for whom 5-year survival rates range from 60 to 85%, it is clear
that some individual patients will benefit from such an approach.
Recent studies suggest that gene expression signatures of re-
sected tumors provide important information about the proba-
bility of postoperative recurrence and survival and that immuno-
histochemistry analysis may provide information about probability
of drug response.

The lung “metagene” model, based on gene expression pro-
filing of stage IA NSCLC (56), was found to be a better predictor
of recurrence, with an accuracy of 72 to 90%, than a clinical
model. Thus, the lung metagene may be a prognostic indicator
of survival. Whether this molecular analysis will supplant con-
ventional staging or provide supplemental information to that
provided by clinical variables remains to be determined. Regard-
less, to ascertain its effect on decisions regarding administration
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of adjuvant chemotherapy, this model will need to be tested in
a prospective fashion.

ERCC1 is a nucleoside excision repair enzyme, involved in
repair of cisplatin-induced DNA adducts. In the IALT, cisplatin-
based chemotherapy benefited those with ERCC1-negative tu-
mors (HR, 0.65; 95% CI, 0.50–0.86; p � .002), whereas this
benefit was lost in patients with ERCC1-positive tumors (HR,
1.14; 95% CI, 0.84–1.55; p � 0.40) (57). Thus, patients with
ERCC1-positive tumors may not benefit from cisplatin-based
adjuvant chemotherapy. The results of this retrospective study
are significant and hypothesis generating, and should be pursued
prospectively.

Adjuvant chemotherapy in lung cancer is now an established
modality to improve cure rates in resected stage II and IIIA
NSCLC. Chemotherapy should consist of cisplatin-based regi-
mens unless contradicted by the patient’s comorbid conditions.
Adjuvant therapy should be offered to patients older than 65
years with good performance status. Further clarification is re-
quired concerning the management of patients with stage IB
disease and those older than 75 years. Improved understanding
of tumor biology and molecular predictors will further improve
the benefit from adjuvant therapies.

Advanced Disease

Even though systemic chemotherapy is the mainstay of treat-
ment for advanced NSCLC, its efficacy plateau has triggered
the search for alternatives. Several critical pathways involved in
tumor genesis have been identified together with the develop-
ment of novel agents to target these pathways.

Epidermal growth factor inhibitors. Epidermal growth factor
receptor (EGFR) is commonly overexpressed in NSCLC. Erloti-
nib, an EGFR tyrosine kinase inhibitor (TKI), was approved by
the U.S. Food and Drug Administration based on BR.21, a
randomized trial including patients with relapsed advanced-stage
NSCLC. In this trial, patients receiving erlotinib had a median
survival advantage of 2 months over those given placebo, with
a 1-year survival of 31% (58).

Cetuximab is a chimeric antibody of EGFR. A recent phase
II randomized study evaluated the role of cetuximab with car-
boplatin and paclitaxel in both concurrent and sequential designs
(59). Preliminary outcomes were better with the concurrent arm;
response rates and median survival were 37% and 10.5 months,
respectively. This combination will be examined in a phase III
study.

Angiogenesis inhibitors. Bevacizumab is a monoclonal anti-
body against vascular endothelial growth factor, a primary medi-
ator of angiogenesis that is commonly overexpressed in patients
with lung cancer. A large phase III trial, Eastern Cooperative
Oncology Group (ECOG) 4599, randomized patients with newly
diagnosed nonsquamous NSCLC to standard-of-care car-
boplatin/paclitaxel, or to chemotherapy with bevacizumab (60).
Squamous cell histology was excluded because of concern for
increased hemorrhage that had been seen in earlier trials. The
median survival of patients in the bevacizumab arm and the
chemotherapy alone arm were 12.3 and 10.3 months, respectively
(p � 0.003). The response rate and 1-year survivals were 35 and
51% in the experimental arm, and 15 and 44% in the chemother-
apy-alone arm, respectively. As expected, the incidence of hem-
orrhage and hypertension was higher in the bevacizumab arm.
There were 17 treatment-related deaths (2, chemotherapy; 15,
experimental arm). Among the 15 deaths in patients randomized
to bevacizumab, 7 were related to hemorrhage. Pulmonary hem-
orrhage was more common in patients with large cavitary tumors
that were adjacent to large blood vessels and in patients with a
prior history of hemoptysis. Response and adverse events data
suggest the drug acts in part independently of angiogenesis inhi-

bition; further research directed to bevacizumab’s mechanisms of
action will provide important information that will guide future
trials. Thus, bevacizumab, in combination with chemotherapy,
has demonstrated improved outcomes in advanced NSCLC and
is now U.S. Food and Drug Administration–approved for use
in first-line combination chemotherapy regimens for advanced-
stage NSCLC. Patient selection is crucial to optimize safety.
Those with history of thromboembolic disorders requiring anti-
coagulation, brain metastases, and prior hemoptysis are not eligi-
ble candidates.

Targeting one pathway can lead to resistance from compensa-
tory mechanisms in other pathways, thus providing a rationale
for combination regimens that target multiple pathways. The
combination of erlotinib/bevacizumab was evaluated in a phase
II trial with pretreated patients and compared with chemother-
apy using docetaxel or pemetrexed as well as with the combina-
tion of chemotherapy/bevacizumab (61). OS was better in both
the bevacizumab arms than the chemotherapy alone arms: 6-
month survival rate, 62% (chemotherapy), versus 72% (chemo-
therapy/bevacizumab), versus 78% (erlotinib/bevacizumab).
Erlotinib/bevacizumab is now being examined in a phase III
trial in the same patient population. Combined inhibition can
also be achieved with multitargeted TKIs, which are in various
stages of investigation (Table 2).

Other targets. The ubiquitin–proteasome complex degrades
several proteins, including those involved in cellular inflamma-
tory response and tumor growth. The proteasome inhibitor bor-
tezomib causes cell cycle arrest and apoptosis of tumor cells
(62). Early results from a phase II combination study of bortezo-
mib and cisplatin/gemcitabine (63) show a response rate of 21%,
and median survival of 11 months. These promising findings are
comparable to those found with other regimens used in newly
diagnosed disease.

Up-regulation of the PI3K/Akt/mTOR pathway occurs in a
variety of solid tumors. Preliminary results of a phase I trial of
the mTOR inhibitor everolimus in combination with erlotinib
are promising (64). However, overlapping toxicities, such as se-
vere rash and stomatitis, have required modification of this study.
Moving forward, identification of active combinations may be
slowed by overlapping and unanticipated toxicity profiles.

Molecular predictors of response to TKIs. The overall
response rate to TKIs in advanced disease is approximately 10%.
Therefore, research has been directed toward development of
diagnostic assays to predict response in individual patients.
EGFR gene amplification by fluorescent in situ hybridization

TABLE 2. INHIBITORS OF ANGIOGENESIS

Drug Target

Bevacizumab Monoclonal antibody to VEGF
AE-941 Inhibits VEGF binding and MMPI
IMC-1C11 Monoclonal antibody to VEGFR 2
VEGF Trap/AVE-005 Fusion protein of VEGFR 1 and 2

Multitargeted Tyrosine Kinase Inhibitors
PTK787 VEGFR 1,2,3, PDGFR, c-Kit
SU11248 VEGFR 1,2,3, PDGFR, Ret
AMG 706 VEGFR 1,2,3, PDGFR, Ret
GW786034 VEGFR 1,2,3, PDGFR, c-Kit
AZD2171 VEGFR 1,2,3, PDGFR
ZD6474 VEGFR 2, EGFR
Sorafenib VEGFR 2, PDGFR, Raf

Definition of abbreviations: EGFR � epidermal growth factor receptor; MMPI �

matrix metalloproteinase inhibitor; PDGFR � platelet-derived growth factor recep-
tor; Ret � rearranged in transcription; VEGFR � vascular endothelial growth factor
receptor
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TABLE 3. EGFR GENE AMPLIFICATION–BASED MEDIAN SURVIVAL FROM THE ISEL TRIAL

Gefitinib (mo) Placebo (mo) HR for Death, Gefitinib vs. Placebo

High gene copy number 8.3 4.5 0.61 (95% CI, 0.36–1.04) p � 0.06
Low gene copy number 4.3 6.2 HR, 1.16 (95% CI, 0.81–1.64) p � 0.417
HR for death high vs. low copy number HR, 0.78 HR, 1.41

(95% CI, 0.54–1.13) (95% CI, 0.84–2.35)

Definition of abbreviations: CI � confidence interval; EGFR � epidermal growth factor receptor; HR � hazard ratio; ISEL � IRESSA
Survival Evaluation in Lung Cancer.

Data from Reference 69.

(FISH), EGFR expression by immunohistochemistry, and EGFR
mutation analysis have been the most studied diagnostic tech-
niques. The EGFR mutation (65, 66) is commonly found in exons
18–21 of the EGFR gene. The response to gefitinib, an EGFR-
TKI, was higher in patients with the mutation than in those
without (46 vs. 10%, p � 0.005) (67). The presence or absence
of the mutation does not affect the survival of patients who
receive gefitinib. On the other hand, in the Iressa NSCLC Trial
Assessing Combination Treatment (INTACT) trials of chemo-
therapy with or without gefitinib, patients with mutation had a
better survival than those without, regardless of their treatment
regimens (HR, 0.48; 95% CI, 0.29–0.82), suggesting that the
mutation may be a favorable prognostic indicator rather than a
predictor of response to a particular therapy. Similarly, EGFR
gene amplification was associated with higher survival regardless
of gefitinib therapy (median survival � 20 mo in patients with
amplification vs. 10.2 mo in those without amplification; HR,
0.46; 95% CI, 0.25–0.83). In contrast, two studies supported gene
amplification as a predictor of outcome in response to treatment
with EGFR-TK1. In BR.21, those with EGFR gene amplification
had better survival with erlotinib compared with placebo (HR
for death, 0.44; 95% CI, 0.23–0.82; p � 0.008) (68). Similar to
BR.21, the IRESSA Survival Evaluation in Lung Cancer (ISEL)
trial compared gefitinib and placebo and observed that the sur-
vival improvement from gefitinib in comparison with placebo
was significantly higher in those with high gene copy number
than those with low gene copy number (p � 0.045). The best
survival was seen in patients who were FISH positive and re-
ceived gefitinib, whereas patients who were FISH negative and
received gefitinib had the worst survival (Table 3) (69). This
analysis validated gene amplification as a predictor of outcome
to treatment with EGFR-TKI rather than a prognostic indicator.
High EGFR protein expression has been associated with in-
creased response to gefitinib (8% high expression vs. 2% low
expression) and erlotinib (11 vs. 4%). Similarly, the HR for
death was lower for high expressers treated with gefitinib (HR,
0.77; 95% CI, 0.56–1.08; p � 0.126) or erlotinib (HR, 0.68; 95%
CI, 0.49–0.95; p � 0.02). Interestingly, Kras mutation, unlike
EGFR mutation, is more often detected in smokers and is associ-
ated with resistance to EGFR inhibitors (69, 70).

So what are the implications, at present, of our understanding
of EGFR mutations? EGFR mutation predicts response to
EGFR-TKIs, without an impact on survival. EGFR gene ampli-
fication predicts better response and better survival. At this time,
there is no consensus on the predictive versus prognostic abilities
of these markers. Differences in technologies and trial designs
may have influenced these results. Extrapolation of these results
suggests that patients who neither have gene amplification nor
protein expression are less likely to benefit from treatment with
such agents.

CONCLUSION

Advances in lung cancer therapy have led to modest improve-
ments in survival of patients with early or advanced disease.

Areas that need further research include early detection tech-
niques and valid screening methodologies for patients at high
risk for lung cancer. Drug resistance limits the efficacy of current
therapeutic approaches. The adoption of multitargeted approaches
has the potential to overcome such resistance and will be ex-
plored in ongoing trials of multitargeted agents and novel combi-
nations. Prospective validation of predictive biomarkers in thera-
peutic trials is warranted to individualize treatment decisions
based on tumor signatures.
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