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Abstract
Lung cancer is the leading cause of cancer-related mortality in 
the United States. Non–small cell lung cancer (NSCLC) accounts 
for approximately 85% of all lung cancers. Most patients with 
NSCLC present with locoregionally advanced or metastatic dis-
ease, for which response rates and median overall survival remain 
poor. Platinum-based chemotherapy is the mainstay of treatment 
for NSCLC in both adjuvant and metastatic disease. Personalized 
chemotherapy and targeted biologic therapy based on a tumor’s 
histologic and molecular profile have already shown promise in 
optimizing efficacy. Various markers are currently being investi-
gated for their ability to guide treatment decision-making and 
management. This article describes these predictive and prognos-
tic markers and details their current role, benefit, and potential 
future use in the management of patients with NSCLC. (JNCCN 
2010;8:822–832)

minority of cases and is often curable with surgery with 
or without adjuvant chemotherapy. Radiation therapy, 
surgery, and chemotherapy have been used alone or in 
combination to maximize therapeutic benefit in the 
locally advanced setting. Most patients with NSCLC, 
however, present with distant metastases, for which 
chemotherapy is the mainstay of treatment.

Targeted therapies are increasingly being used with 
encouraging results not only in patients with specific 
molecular features but also in the broader population of 
patients with NSCLC.2–4 Despite these advances in treat-
ment, overall prognosis remains poor in patients with 
advanced disease. Personalizing therapy based on an in-
dividual patient’s molecular profile is a potentially prom-
ising approach to optimizing efficacy with the available 
agents. Molecular determinants that guide treatment 
decision-making are described in this article. These de-
terminants may have a prognostic or predictive function 
and are commonly referred to as prognostic or predictive 
markers, respectively. Each of these attributes of a molec-
ular determinant can be exploited for therapeutic gain.

A prognostic determinant or marker refers to a tu-
mor characteristic that is useful for estimating patient’s 
outcome independent of therapeutic decisions (i.e., 
survival is different for marker-positive vs. -negative 
status). Predictive markers are useful in making thera-
peutic decisions (i.e., the effect of treatment is differ-
ent depending on marker-positive vs. -negative status). 
However, some markers, such as excision repair cross-
complementation group 1 (ERCC1) and ribonucleotide 
reductase M subunit 1 (RRM1; vide infra), have both 
prognostic and predictive functions. In the adjuvant 
setting, the prognostic and predictive functions of mo-
lecular determinants are being used to guide treatment 
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Lung cancer is the leading cause of cancer-related mor-
tality in the United States.1 Non–small cell lung cancer 
(NSCLC) accounts for approximately 85% of all lung 
cancer cases and predominantly encompasses the ad-
enocarcinoma, squamous cell carcinoma, and large cell 
carcinoma histologies. Early-stage NSCLC represents a 
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normalized using 18SrRNA expression; therefore 
its levels were expressed as a unit-less ratio. Using 
an ERCC1 value of 50 to dichotomize the cohort, a 
statistically significant difference in median survival 
was seen for patients with ERCC1 expression greater 
than 50 (94.6 vs. 35.5 months; P = .01). Multivariate 
analysis showed that high ERCC1 expression inde-
pendently predicted for longer survival. No statisti-
cally significant correlations were seen in ERCC1 
expression between tumor tissue and normal lung, 
highlighting the need to measure tumoral ERCC1 
for clinical purposes.12

The predicitve effect of ERCC1 was assessed in 
a retrospective study of 56 patients with advanced 
NSCLC treated with cisplatin and gemcitabine.13 

Median overall survival was significantly longer in 
patients with low ERCC1 (61.6 weeks) compared 
with those with high ERCC1 (20.4 weeks). 

Olaussen et al.14 assessed patient samples from 
the International Adjuvant Lung Trial (IALT) to 
define biomarkers predictive for chemotherapy re-
sponse and resistance in the adjuvant setting for 
NSCLC. In the IALT study, patients with curatively 
resected NSCLC were randomized to adjuvant che-
motherapy (chemotherapy group) or no chemother-
apy (control group). In the overall study population, 
adjuvant chemotherapy improved 5-year surival by 
4.1% (P < .03). Immunohistochemistry was used 
to analyze tumor samples for ERCC1 in addition 
to other markers. Among patients with ERCC1-
negative tumors, the 5-year overall survival rate was 
significantly longer for those in the chemotherapy 
group versus the control group (47% vs. 39%, re-
spectively). Disease-free survival among patients 
with ERCC1-negative tumors was also longer in 
the chemotherapy group than in the control group. 
Among patients with ERCC1-positive tumors, no 
difference in overall survival was seen between the 
adjuvant chemotherapy and control groups. Ad-
ditionally, among patients in the control group, 
those with ERCC1-positive tumors experienced 
better results than those with ERCC1-negative tu-
mors (adjusted hazard ratio for death, 0.66; 95% CI, 
0.49–0.90; P = .009), further highlighting the prog-
nostic significance of ERCC1. These results suggest 
that determining ERCC1 expression in completely 
resected NSCLC can help select patients likely to 
benefit from additional platinum-based adjuvant 
chemotherapy.

in ongoing trials. In the advanced setting, the pre-
dictive function of molecular determinants is more 
useful for guiding treatment decisions. This article 
focuses on the current clinical use of prognostic and 
predictive markers in deciding treatment for patients 
with NSCLC.

ERCC1
Cisplatin-based adjuvant treatment is the standard 
of care in patients with completely resected stage II 
and III NSCLC.5–10 Adjuvant chemotherapy in this 
setting is associated with improvement in survival.8 
Cisplatin inhibits replication by binding to DNA 
and forming platinum–DNA adducts, causing strand 
breaks when the DNA helices unwind in preparation 
for replication. The nuclear excision repair (NER) 
family of genes is invloved in repair of these DNA 
strand breaks.11 The ERCC1 enzyme is one of the 
protiens involved in the final step of the NER path-
way that recognizes and removes cisplatin-induced 
DNA adducts. ERCC1 is also important in the repair 
of interstrand crosslinks in DNA and in recombina-
tion processes. Removal of platinum–DNA adducts 
by the protiens of the NER pathway reverses the tu-
moral DNA damage induced by cisplatin, thereby 
leading to cisplatin resistance. High tumoral ERCC1 
expression, therefore, predicts for cisplatin resistance 
and serves as a predictive molecular determinant for 
this chemotherapeutic agent.

The primary, nature-intended, function of 
ERCC1 is to repair DNA damage caused by expo-
sure to natural mutagenic elements, such as ioniz-
ing radiation and DNA damaging agents. An intact 
DNA repair mechanism, as reflected by high nuclear 
ERCC1 expression, therefore preserves genomic in-
tegrity. High tumoral levels of ERCC1 have there-
fore been associated with better outcomes in patients 
with early-stage disease who underwent curative re-
section, presumably because of more indolent tumor 
behavior secondary to a tumoral genome that has less 
DNA damage and therefore more closely resembles 
the genome of a normal cell. In this context, ERCC1 
functions as a prognostic marker.

The prognostic function of ERCC1 was first ob-
served in a retrospective analysis of patients with 
NSCLC who underwent curative resection. ERCC1 
was measured using reverse trancriptase polymerase 
chain reaction (RT-PCR) and its expression was 
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RRM1
RRM1 is the regulatory component of ribonucleo-
tide reductase and is a critical component of DNA 
synthesis and repair.15 It is also the main target of 
the cytotoxic agent gemcitabine, and therefore lev-
els inversely correlate with therapeutic benefit from 
gemcitabine.16–18 Hence, RRM1 has a predictive 
function as far as gemcitabine is concerned.

RRM1 has also been associated with differen-
tial survival outcomes in patients with NSCLC.19 
Increased RRM1 predicts for decreased tumor inva-
siveness and metastatic potential, therefore predict-
ing for more indolent behavior, perhaps mediated 
through its direct correlation with phosphatase and 
tensin homolog (PTEN) protein expression.20 High 
RRM1 levels therefore have a prognostic function.

Zheng et al.21 measured RNA expression of 
RRM1 and ERCC1 using RT-PCR on fresh frozen 
and formalin fixed paraffin-embedded tumor samples. 
This study showed that RRM1 expression correlated 
with expression of ERCC1 and that patients whose 
tumors had high expression of RRM1 had superior 
survival compared with the low expression group 
(disease free survival, > 120 vs. 54.5 months; HR, 
0.46; P = .004, and overall survival, > 120 vs. 60.2 
months; HR, 0.61; P = .02). In a subgroup analysis, 
the survival advantage was higher in patients with 
high expression of both RRM1 and ERCC1. This 
study showed that coexpression of 2 different pro-
teins characterized a subpopulation of patients with 
NSCLC with superior prognosis.21

In a similar study, Rosell et al.22 analyzed sam-
ples for ERCC1 and RRM1 from 100 patients with 
advanced-stage NSCLC undergoing chemotherapy 
with gemcitabine/cisplatin, gemcitabine/cisplatin/
vinorelbine, or gemcitabine/vinorelbine followed by 
vinorelbine/ifosfamide. ERCC1 and RRM1 mRNA 
expression was determined by RT-PCR in paraffin-
embedded samples obtained from bronchoscopy, 
showing a strong correlation between the expression 
levels (P < .001). In the gemcitabine/cisplatin arm, 
patients with low RRM1 mRNA expression levels 
had significantly longer median survival than those 
with high levels (13.7 vs. 3.6 months; P = .009), ow-
ing to the increased response of gemcitabine che-
motherapy as predicted by low RRM1. Among all 
patients treated with chemotherapy, median survival 
was significantly longer among those with low ex-
pression of RRM1 and ERCC1 than among those 

with high levels of both genes (P = .016).
Based on these findings, a prospective, phase 

II trial of combination chemotherapy was designed 
for treating metastatic NSCLC based on expression 
of ERCC1 and RRM1, with the primary intent of 
determining feasibility. Patients with low ERCC1 
received carboplatin and those with low RRM1 
received gemcitabine. Based on this, patients were 
allocated into 1 of 4 treatment groups: low RRM1/
low ERCC1 (gemcitabine and carboplatin), low 
RRM1/high ERCC1 (gemcitabine and docetaxel), 
high RRM1/low ERCC1 (docetaxel and carbopla-
tin), and high RRM1/high ERCC1 (docetaxel and 
vinorelbine). An observed response rate of 44% with 
an overall survival of 13.3 months and progression-
free survival of 6.6 months appeared promising.23 En-
couraged by these results, a prospective randomized 
phase III trial, commonly referred to as the MADe-
IT (Molecular Analyses Directed Individualized 
Therapy) trial, is underway to compare the same 
personalized chemotherapy approach to a standard 
doublet of carboplatin and gemcitabine.24

BRCA1
BRCA1 is a protein that belongs to the mismatch 
repair pathway, a mechanism of DNA repair distinct 
from NER, and functions as a differential regulator 
of chemotherapy-induced apoptosis.25 BRCA1 func-
tions as a sensitizer to apoptosis induced by antimi-
crotubulin agents, such as taxanes and vinca alka-
loids, and also abrogates the apoptosis induced by a 
range of DNA-damaging agents, including cisplatin 
and etoposide.26 Low expression of BRCA1 mRNA 
closely correlates with ERCC1 mRNA expression 
and predicts a more favorable outcome in patients 
with locally advanced NSCLC treated with cispla-
tin/gemcitabine, followed by surgery.27

The phase III Spanish Customized Adjuvant 
Treatment (SCAT) trial is based on data showing 
that low BRCA1 mRNA levels predict for longer 
survival with cisplatin-based chemotherapy, whereas 
high BRCA1 levels predict for resistance to cisplatin 
and therefore should be treated with a taxane-based 
regimen instead.28,29 In a recently reported feasibil-
ity study, adjuvant chemotherapy was customized 
based on BRCA1 mRNA levels in 84 patients with 
completely resected NSCLC.30 Patients received 
docetaxel for high levels of BRCA1, docetaxel/cispl-



Original Article

Prognostic and Predictive Markers in NSCLC

© Journal of the National Comprehensive Cancer Network | Volume 8 Number 7 | July 2010

825

mous cell carcinomas suggest that pemetrexed may 
be a more effective drug for nonsquamous NSCLCs. 
A retrospective analysis of a prospective random-
ized phase  III study comparing pemetrexed with 
docetaxel in patients with non-squamous carcino-
mas showed that those treated with pemetrexed had 
improved overall survival (9.3 vs. 8.0 months). Con-
versely, docetaxel appeared to yield better overall 
survival in patients with squamous carcinoma (7.4 
vs. 6.2 months).36 These results seem to corroborate 
the treatment-by-histology interaction hypothesis 
generated by preclinical studies.

This histology interaction became clearly evi-
dent in a phase III trial comparing cisplatin and 
gemcitabine (CiG; n = 863) with cisplatin and 
pemetrexed (CiPe; n = 862) in patients with ad-
vanced NSCLC.37 This was a noninferiority, phase 
III, randomized study comparing overall survival 
between the treatment arms (HR, < 1.176); overall 
survival for the pemetrexed arm was noninferior to 
the gemcitabine arm (median survival, 10.3 vs. 10.3 
months, respectively; HR, 0.94; 95% CI, 0.84–1.05). 
In a prespecified subset analyses, overall survival was 
statistically superior for the pemetrexed arm versus 
the gemcitabine arm in patients with adenocarci-
noma (n = 847; 12.6 vs. 10.9 months, respectively) 
and large-cell carcinoma histology (n = 153; 10.4 vs. 
6.7 months, respectively). In patients with squamous 
cell histology, however, a significant improvement in 
survival was seen among those in the gemcitabine 
arm versus the pemetrexed arm (n = 473; 10.8 vs. 9.4 
months, respectively). 

KRAS
The Kirsten-rous avian sarcoma (KRAS) protein is 
a member of the RAS family of proteins that encode 
small GTPases involved in cellular signal transduc-
tion. Activation of Ras signalling causes cell growth, 
differentiation, and survival.

In NSCLC cells, mutations in the KRAS gene 
usually involve codons 12 (in 90% of patients) and 
13.38,39 They are mostly smoking-related and pre-
dominantly occur in adenocarcinomas. Several stud-
ies have reported that these are virtually mutually 
exclusive of mutations in the epidermal growth fac-
tor receptor (EGFR) and human epidermal growth 
factor receptor 2 (HER2)/neu kinase domains.40–42

Slebos et al.43 evaluated the relationship among 

atin for intermediate levels, or cisplatin/gemcitabine 
for low levels. Median survival had not been reached 
in patients with high or intermediate BRCA1 levels 
at the time of the report, but it was 25.6 months in 
patients with low levels (P = .04). Interim analyses 
showed that single-agent docetaxel was not inferior 
to cisplatin/docetaxel in terms of survival in patients 
with high BRCA1 levels. Therefore, high BRCA1 
predicts for resistance to cisplatin and possibly sensi-
tivity to docetaxel.

ß-Tubulin
In advanced NSCLC, high expression of class III 
ß-tubulin is known to correlate with resistance to 
antimicrotubule agents such as taxanes and vinorel-
bine.31 However, in a retrospective analysis of the 
NCIC-JBR.10 trial that compared cisplatin and 
vinorelbine with observation in patients with stage 
II and resected IIIA NSCLC, high ß-tubulin expres-
sion (measured with immunohistochemistry) was 
associated with poorer survival in patients treated 
with surgery alone, but not in those treated with ad-
juvant chemotherapy.32 The inclusion of platinum in 
the chemotherapy regimen may have provided the 
benefit, because these patients are likely resistant 
to vinorelbine.33 However, further validation is re-
quired in prospective studies, and the role of class III 
ß-tubulins as a predictor of resistance to antimicrotu-
bule agents awaits further definition.

Thymidylate Synthase
Thymidylate synthase (TS) is an enzyme involved in 
purine synthesis and, as an anti-cancer chemothera-
py target, can be inhibited by the TS inhibitors such 
as fluorinated pyrimidine fluorouracil, or certain fo-
late analogues, most notably pemetrexed.

In surgically resected NSCLC, TS is overex-
pressed at a higher level in squamous cell carcinomas 
than in adenocarcinoma.34 Preclinically, low levels 
of TS, dihydrofolate reductase, glycinamide ribonu-
cleotide formyl transferase, and mrp4 gene expres-
sion significantly correlate with chemosensitivity to 
pemetrexed.35 In antifolate-resistant cell lines, over-
expression of TS correlated strongly with reduced 
sensitivity to pemetrexed. These data suggest that 
high TS levels may predict for resistance to peme-
trexed. Relatively higher expressions of TS in squa-
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KRAS activation, tumor characteristics, and sur-
vival in patients with NSCLC. Tumors positive for 
KRAS mutations were smaller and less differenti-
ated. Of 19 patients with KRAS mutation, 12 died 
during the follow-up period, compared with 16 of 50 
patients with no mutation (P = .002). This differ-
ence in prognosis was also reflected in the duration 
of disease-free survival (P = .038) and the number of 
deaths caused by cancer (P < .001).

The association between KRAS mutations and 
chemotherapy, particularly adjuvant chemotherapy, 
was investigated in a National Cancer Institute of 
Canada report of a preplanned KRAS mutational 

analysis from a prospective trial randomizing pa-
tients with resected stage IB to II NSCLC to undergo 
either adjuvant cisplatin/vinorelbine or observa-
tion. In the whole population, patients who under-
went chemotherapy had improved overall survival, 

with an HR of 0.70 (P = .03). Among 450 tumors 
(available for 94% of patients enrolled), 117 had 
KRAS mutations. In patients with KRAS wild-type 
mutations, the HR for treatment with cisplatin and 
vinorelbine remained significant (HR, 0.69; P = .03). 
However, among patients whose tumors had KRAS 
mutations, no difference was seen in overall survival 
between the observation and chemotherapy groups 
(HR, 0.95; P = .87). KRAS mutation was not a sig-
nificant prognostic marker for survival in univariate 
or multivariate analyses. Taken together, these pro-
spectively collected data suggest no prognostic signif-
icance for KRAS mutations in this cohort of patients 
with early-stage NSCLC, and that chemotherapy 

with cisplatin and vinorelbine is unlikely to ben-
efit patients whose tumors have KRAS mutations.44 
However, despite these data, and without prospec-
tive validation, KRAS mutational status should not 
be used to deny patients adjuvant chemotherapy.

KRAS mutations were thought to be frequently 
associated with resistance to EGFR inhibitors and 
chemotherapy.36,45 An analyses of samples from pa-
tients enrolled in the TRIBUTE study, a phase III 
trial of combination chemotherapy and erlotinib 
as first-line treatment in patients with advanced 
NSCLC,45,46 showed that KRAS mutations were 
found in approximately 21% of tumors, and were 
associated with significantly decreased time to pro-
gression and overall survival in patients treated with 
erlotinib plus chemotherapy.45 A poorer outcome 
was also noted for patients with KRAS mutation 

treated with erlotinib in the BR.21 study, a random-
ized phase III study that showed activity for erlotinib 
versus placebo in the second- or third-line treatment 
of patients with advanced NSCLC.4 In a post hoc 
subset analysis of the BR.21 trial, 30 patients (15%) 
had KRAS mutations. Response rates were 10% for 
tumors with wild-type KRAS and 5% for tumors with 
mutant KRAS (P = .69). Compared with placebo, 
significant survival benefit was associated with erlo-
tinib in patients with wild-type KRAS but not those 
with mutant KRAS.47 However, these observations 
could be attributed to the fact that KRAS and EGFR 
mutations are mutually exclusive, and therefore the 
cohort of patients with KRAS wild-type tumors will 
have a subset with EGFR mutations. EGFR muta-
tions are intricately linked to sensitivity to erlotinib 
or gefitinib, and therefore KRAS-mutated tumors 
may be perceived to predict for erlotinib resistance. 
To truly understand the independent effect of KRAS 
mutations as a predictor of erlotinib or gefitinib re-
sistance, a cohort of patients with KRAS-mutated 
tumors must be compared with a cohort of patients 
who are wild-type for both KRAS and EGFR. Be-
cause response rates for EGFR–tyrosine kinase in-
hibitors (TKIs) are so low in patients with EGFR 
wild-type mutations, progression-free and over-
all survivals would have to be the appropriate end 
points to discern these differences.

The association of KRAS mutations and response 
to cetuximab seems to be less clear in NSCLC and 
contrary to the experience in colon cancer. Tumor 
samples from the FLEX study, a study that compared 
the triplet combination of cisplatin/vinorelbine/cetux-
imab with a standard doublet combination of cisplatin 
and vinorelbine, were analyzed for KRAS mutations. 
Among the 1125 patients enrolled in the FLEX trial, 
19% (n = 75) of the 395 patient samples available for 
KRAS mutation testing were positive.2 No differences 
were seen in overall or progression-free survival in 
patients with (n = 38) or without (n = 161) KRAS 
mutations who received cetuximab. Patients treated 
with cetuximab who developed early acne-like rash of 
any grade had a longer median overall survival than 
those without acne-like rash (P < .001).48 Therefore, 
the presence of rash seems to be the best predictor of 
clinical benefit for patients treated with cetuximab.

In a similarly designed BMS-099 trial that com-
pared carboplatin/paclitaxel/cetuximab with carbo-
platin/paclitaxel, a statistically significant survival 
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with EGFR mutations, progression-free survival 
was significantly longer among those who received 
gefitinib than those who received carboplatin/pa-
clitaxel (HR for progression or death, 0.48; 95% CI, 
0.36–0.64; P < .001), whereas in the subgroup of 
176 patients who were negative for the mutation, 
progression-free survival was significantly longer 
among those who received carboplatin-paclitaxel 
(HR for progression or death with gefitinib, 2.85; 
95% CI, 2.05–3.98; P < .001).56

In a trial conducted in Europe, treatment with 
erlotinib yielded a similar response rate of 70.6%57 
in patients who were EGFR mutation–positive. The 
therapeutic implications of these data are that treat-
ment with an EGFR-TKI is appropriate, especially as 
first-line treatment if the patient’s tumors are EGFR 
mutation–positive. If the mutation status is un-
known or negative, chemotherapy with or without 
bevacizumab would be more appropriate.

EGFR mutations significantly predict for both 
an increased response to tyrosine kinase therapy and 
a favorable prognosis in patients with advanced lung 
adenocarcinoma, thereby making them one of the 
most clinically validated prognostic and predictive 
markers in NSCLC.4,47,56,58–60

Despite the dramatic responses to TKIs, most, 
if not all, patients will ultimately develop resistance 
to these agents. Several mechanisms of resistance 
have been described, including the emergence of re-
sistance mutations known as the T790M mutation. 
Kobayashi et al.61 described the presence of a second 
point mutation, resulting in a threonine-to-methio-
nine amino acid change at position 790 of the EGFR 
tyrosine kinase domain that leads to biochemical 
and structural alteration that causes resistance to 
TKI therapy. Presence of this and other mutations 
seen on exon 20 of the EGFR tyrosine kinase domain 
predict for nonresponse to TKI therapy.

EGFR FISH
The recent discovery of the strong association be-
tween EGFR-TKI therapy and EGFR mutations 
has helped clarify the role of FISH as a predictor 
of response to TKIs. Two similarly designed stud-
ies comparing EGFR-TKI therapy with placebo—
BR.21 (erlotinib vs. placebo) and ISEL (gefitinib 
vs. placebo)—showed an improved outcome with 
erlotinib and gefitinib, respectively, in patients with 
high EGFR gene copy.60,62 The perceived ability of 
EGFR FISH to predict response to EGFR-TKI may 

benefit for the addition of cetuximab to carbopla-
tin/paclitaxel could not be shown. Among the 676 
patients enrolled in this trial, 17% (N = 35) of the 
167 patient samples available for KRAS mutation 
testing were positive.2 Subset analyses of the KRAS 
mutation subgroup yielded similar results to those 
from the FLEX trial.46,49 Treatment-specific analy-
ses showed no statistically significant associations 
between KRAS mutation status and survival. How-
ever, these were post hoc analyses and included small 
sample sizes, as denoted by the small numbers in the 
KRAS mutant category. Therefore, further studies 
are required before firm conclusions can be made.

EGFR
The EGFR is one of a family of receptors that has 
growth-promoting effects in NSCLC. EGFR is over-
expressed in approximately 40% to 80% of NSCLC.50 
Downstream signaling by the activated EGFR can be 
abrogated by small molecule inhibitors, such as er-
lotinib and gefitinib, or by monoclonal antibodies 
directed toward the extracellular domain of EGFR, 
such as cetuximab. Potential markers evaluated for 
response to these targeted agents include EGFR 
expression, assessed using immunohistochemistry; 
EGFR amplification, assessed using fluorescence in 
situ hybridization (FISH); and EGFR mutations.51,52

EGFR Mutations
Mutations in the tyrosine kinase domain of the 
EGFR receptor were first discovered and reported 
in 2004.53–55 They are more prevalent in patients 
with adenocarcinoma who never smoked. In-frame 
deletions in exon 19 and the L858R point muta-
tion in exon 21 are the 2 most commonly seen ac-
tivating mutations in the ATP-binding pocket of 
the EGFR tyrosine kinase domain. The probabil-
ity of response to an EGFR-TKI strongly correlates 
with the EGFR mutation status. A seminal phase 
III trial randomized previously untreated, never, or 
light smokers from East Asia with advanced lung 
adenocarcinoma to receive gefitinib (250 mg/d; n = 
609) or carboplatin-paclitaxel (n = 608), of whom 
261 patients were positive for the EGFR muta-
tions. The objective response rate was 71.2% for 
gefitinib versus 47.3% for carboplatin/paclitaxel 
in the mutation-positive subgroup (P < .001) and 
1.1% (1 patient) versus 23.5%, respectively, in the 
mutation-negative subgroup (P = .001). In patients 
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be secondary to the fact that significant overlap ex-
ists between FISH positivity and presence of EGFR 
mutations. In the IPASS trial, patients who were 
FISH-positive but mutation-negative derived little 
or no benefit from gefitinib (essentially behaving like 
patients who were mutation-negative) in contrast 
to patients who were FISH- and mutation-positive, 
suggesting that EGFR mutation status is the primary 
determinant of response to gefitinib or erlotinib.63

EGFR FISH was also evaluated as a predictor of 
response to cetuximab and chemotherapy. Hirsch et 
al.64 assessed EGFR FISH in 76 of the 229 patients 
enrolled in the SWOG 0342 phase II randomized 
trial testing the addition of cetuximab to carboplatin 
and paclitaxel, compared with carboplatin and pacli-
taxel alone. Disease control rate (P = .02), median 
progression-free survival (P = .0008), and median 
overall survival (P = .04) were statistically superior 
in FISH-positive tumors, suggesting that patients 
who are FISH-positive tend to respond better than 
those who are FISH-negative.64 However, a clear 
link between FISH status and cetuximab response 
could not be established. The association between 
EGFR FISH status and response to cetuximab was 
retrospectively evaluated in the FLEX (cetuximab, 
cisplatin, and vinorelbine vs. cisplatin and vinorel-
bine) and BMS-099 (cetuximab, carboplatin, and 
paclitaxel vs. carboplatin and paclitaxel) phase III 
trials. EGFR FISH results for 104 of 676 patients in 
BMS-099 and 279 of 1125 patients in FLEX showed 
FISH-positive rates of 52% and 37%, respectively. 
Statistically significant associations between a posi-
tive FISH status and cetuximab response could not 
be shown.48,49

In summary, EGFR mutation status is the opti-
mal predictor of clinical benefit from EGFR-TKIs. 
The association between FISH status and cetuximab 
has not been firmly established, and therefore clini-
cal usefulness of EGFR FISH remains ambiguous and 
awaits further definition.

Serum Proteomic Profiles as 
Predictors of EGFR-TKI Response
Matrix-assisted laser desorption/ionization mass 
spectrometry (MALDI-MS) analysis has also been 
used to identify patients with NSCLC who are likely 
to benefit from treatment with EGFR-TKIs. The 
MALDI-MS profile was developed from a training 

set of 139 patients from 3 cohorts. The profile was 
tested in 2 independent validation cohorts of 67 and 
96 patients treated with gefitinib and erlotinib, re-
spectively, and in 3 control cohorts of patients who 
were not treated with EGFR-TKIs.65 The profile 
identified patients who had improved outcomes af-
ter EGFR-TKI treatment in both validation cohorts. 
The authors concluded that the profile could classify 
patients with NSCLC into good or poor outcomes 
after treatment with EGFR-TKIs, and may be use-
ful in selecting patients for treatment. The current 
usefulness of this approach remains to be defined 
given that EGFR mutations are a very strong predic-
tor response. However, the potential advantages of 
this approach are that the tissue is not required and 
that this test can be performed in serum and could 
potentially identify a EGFR mutation–negative co-
hort of patients who may derive clinical benefit from 
EGFR-TKIs.

EML4-ALK
EML4-ALK is a fusion protein in which the N-ter-
minal half of echinoderm microtubule–associated 
protein–like 4 (EML4) is fused to the intracellular 
kinase domain of ALK and leads to expression of a 
chimeric tyrosine kinase with potent oncogenic ac-
tivity both in vivo and in vitro.66–68

In a retrospective genetic screen of 141 NSCLC 
tumors, patients with EML4-ALK translocations 
were significantly younger, male, and never/light 
smokers; were overwhelmingly adenocarcinomas, 
particularly of the mucinous or acinar types; and did 
not harbor either EGFR or KRAS mutations. EML4-
ALK positivity was associated with resistance to 
EGFR-TKIs.69 A few selective ALK kinase inhibitors 
are in preclinical and early clinical testing, and one 
of them, PF-02341066 (crizotinib), showed encour-
aging preliminary results in EML4-ALK–positive 
previously treated NSCLC patients.70 In 50 patients 
with NSCLC carrying the EML4-ALK translocation, 
objective responses of 64% (32/50 patients; 95% CI, 
49%–77%) were noted, with a disease control rate of 
90% (45/50 patients; 95% CI, 78%–97%). Median 
duration of treatment at the time of the report was 
25.5+ weeks. Mature progression-free survival data 
were not available. Ongoing phase III studies are 
comparing PF-02341066 with standard second-line 
chemotherapy in previously treated patients with 
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survival than those with a low-risk signature (20 vs. 40 
months; P < .001). Median progression-free survival in 
the high-risk group was 13 months compared with 29 
months in the low-risk group (P = .002).

Potti et al.73 also showed that gene profiles could 
be used to predict chemotherapy sensitivity. Using in 
vitro drug sensitivity and oligonucleotide expression 
data, the investigators developed gene signatures that 
could predict for sensitivity to individual chemothera-
peutic agents. They also developed a gene expression–
based predictor, consisting of 50 genes that classified 
cell lines based on docetaxel sensitivity. The docetaxel 
signature predicted sensitivity with an accuracy of 
80% in an independent dataset (P < .001). The study 
also integrated chemotherapy response signatures with 
oncogenic pathway deregulation to obtain informa-
tion on potential drug efficacy in the context of spe-
cific pathways involved in tumorigenesis. Oligonucle-
otide expression array data from 17 NSCLC cell lines 
predicted to be resistant to docetaxel also indicated 
profiles suggestive of phosphotidylinositol-3 kinase 
(PI3K) pathway activation. Cell lines with a PI3K ac-
tivation profile responded to PI3K inhibitors, suggest-
ing that cells resistant to docetaxel may be sensitive to 
PI3K inhibition and that PI3Kinase inhibitors could 
increase docetaxel sensitivity. This work is currently 
being validated in prospective phase III trials.74

Conclusions
The current era is marked by personalized chemo-
therapy, and treatment choices based on molecular 
determinants will be increasingly explored in the 
future. Barriers to the wide application of this ap-
proach include the availability of adequate tumor 
tissue. The hope is that increased awareness of these 
approaches will lead to improved initial tumor sam-
pling that will decrease the need for repeat biopsies. 
Significant advances have been made in the past few 
years and the use of molecular markers is increasingly 
being incorporated in the management of patients 
with NSCLC.
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