
Abstract. Background: Epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors (TKIs), developed for
patients with advanced non-small cell lung cancer (NSCLC),
give modest results similar to those with chemotherapy. There
is evidence of a greater survival benefit from TKIs in patients
with certain molecular and clinical features, but results are
conflicting. To assess the role of these factors in predicting
TKI efficacy, a pooled analysis was performed on data from
randomized trials in NSCLC. Materials and Methods: An
electronic search of all randomized trials comparing the
efficacy or activity of TKIs and a pooled analysis were
performed. The hazard ratio (HR) with 95%  confidence
interval (CI) was calculated for each level of the factors and
an interaction test was used to detect differences in treatment
effect related to the different levels. Results: Of ten
randomized trials identified, five were considered for
analysis. Smoking was shown to be the only clinical factor
to have a predictive effect (non smokers: overall survival
(OS) HR 0.53, 95%  CI 0.42-0.67; smokers: HR 0.91, 95%
CI 0.81-1.02; p-value for interaction <0.001). A negative
predictive value was suggested for K-ras mutations (K-ras+:
HR 1.97 95%  CI 1.16-3.33; K-ras–: HR 0.79, 95%  CI 0.59-
1.05; p-value for interaction 0.003). Conclusion: At the
present time, none of the biological features which have been
evaluated in patients who have undergone therapy using
TKIs is proven to be of predictive value; only K-ras

mutations and smoking habits can be considered as a
possible criteria for selection. Results of prospective
randomized trials on biological markers are awaited.

Non-small cell lung cancer (NSCLC) is the most common
cause of cancer deaths worldwide (1). The majority of patients
have advanced disease at diagnosis and chemotherapy with
third-generation platinum-based doublets is the standard of
care for these patients (2). In patients progressing after first-
line chemotherapy, pemetrexed and docetaxel are the referral
chemotherapic treatments, but their efficacy is limited and a
survival plateau has been reached with cytotoxic agents (3, 4). 

Erlotinib and gefitinib are tyrosine kinase inhibitors
(TKIs) that compete with the ATP-binding sites in the
intracellular domain of the epidermal growth factor receptor
(EGFR), inhibiting phosphorylation of the receptor and
therefore blocking downstream signalling. They have been
licensed for refractory NSCLC, erlotinib worldwide and
gefitinib in Asian countries (5, 6), but results are modest,
similar to those with second-line chemotherapy (7, 8). No
clinical benefit has been demonstrated when EGFR TKIs are
combined with chemotherapy as first-line treatment of
advanced NSCLC (9, 10). 

Since all available drugs have been developed in unselected
populations of NSCLC patients, it is important to identify
those patients who are most likely to obtain clinical benefit
from specific treatments. In recent years, the biological
differences and the clinical features of patients with NSCLC
have been amply characterized, with a view to identify subsets
of patients who may derive the most benefit from TKIs. This
has led to the development of various markers, addressing
particular biological features (EGFR pathway characteristics,
K-ras mutations and c-met amplification) for selection for TKI
therapy. This research, however, has not been so vigorous on
cytotoxic agents, creating a scarcity of knowledge in this field. 
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In 2004, Lynch (11) et al. identified mutations in the
EGFR gene in the tumours of patients with NSCLC. They
correlated the response to gefitinib in these patients with
mutations. Multiple clinical trials indicated that patients with
these activating mutations have higher response rates to TKIs
than those without them (11-23). Many investigators have
become convinced that EGFR mutation status might be a
reliable criterion for selection for therapy with TKIs.
Moreover, EGFR protein expression assessed by
immunohistochemistry (IHC) (24-30) and Her-1/EGFR gene
copy number have now been linked to likelihood of response
and extended survival with TKIs (25, 26, 29-35). In addition,
negative predictive markers, specifically K-ras mutations,
were investigated and Eberhard et al., in the TRIBUTE study,
suggested its predictive role in identifying non-responders
(34). A similar result was found in the BR.21 study (35). 

Unfortunately, analyses of data from the pivotal trials in
this field have given contradictory results, and a pooled
analysis of the best available knowledge is needed. This
research sought to review all the published evidence in the
literature to quantify the role of biological and clinical
markers in the prediction of TKIs efficacy.

Materials and Methods

A systematic review of all randomized trials published either as full
papers in peer-reviewed journals or presented at the American
Society of Clinical Oncology (ASCO), European Cancer Conference
(ECCO), European Society for Medical Oncology (ESMO), or
International Association for the Study of Lung Cancer (IASLC)
Congresses up to March 2008 was performed. Analysis was carried
out on all patients with advanced NSCLC who were treated with
erlotinib or gefitinib, either alone or in trials against placebo, or
combined with chemotherapy compared to chemotherapy alone, in
which subgroup analysis was performed. Data were independently
selected and reviewed by two members of the Fatebenefratelli and
Ophthalmic Oncological Hospital Department and by two
statisticians of the Oncology Department of the Mario Negri Institute
in Milan (Italy). The evidence in this systematic review primarily
comprises randomized controlled trial data. 

Literature search strategy. MEDLINE, EMBASE, CANCERLIT and the
Cochrane Library databases were searched. The search strategy followed
the algorithm used by Feld (36). The subject headings “lung cancer”,
“carcinoma, non-small cell lung”, “lung neoplasm”, “non-small cell lung
cancer”, “lung carcinogenesis”, “lung adenocarcinoma”, “lung alveolus
cell carcinoma”, “lung squamous cell carcinoma”, “erlotinib”,
“gefitinib” and “epidermal growth factor receptor” were combined with
each of the following phrases used as text words: “non-small cell lung”,
“Iressa”, “gefitinib”, “ZD1839”, “Tarceva”, “erlotinib”, “EGFR
antagonists”, “OSI774”, “EGFR mutations”, “EGFR copy number”, “K-
ras mutations”, “EGFR expression”, “predictive factors” and “EGFR-
tyrosine kinase”. These terms were then combined with the search terms
for the following publication types and study designs: practice
guidelines, systematic reviews, meta-analyses, randomized controlled
trials, clinical trials, phase II clinical trials, phase III clinical trials and
cohort analyses. In addition, conference proceedings of the ASCO,

ECCO, IASLC and ESMO were manually searched for abstracts of
relevant trials. Pilot trials, dose-escalation trials or case series, letters and
editorials reporting trial outcomes were excluded.

The quality of study design and reporting results was evaluated
according to CONSORT guidelines (37). 

The following features were considered for analysis: sex,
smoking habit, race, histology, EGFR expression, EGFR mutations,
EGFR copy number and K-ras mutations.

Endpoints considered for analysis were progression-free (PFS) and
overall survival (OS). From each trial and from each factor hazard
ratios (HR), p and confidence intervals (CI) were extracted. A pooled
analysis was performed using Parmar’s method (38) to estimate the size
effect. Tests were carried out for treatment differences in subgroups.
The predictive effects of factor were analysed by a test for interaction
between each factor and treatment and p<0.05 was considered
statistically significant. Heterogeneity explained by inconsistency across
study results was measured with the I2 statistic (39).

Results are depicted in all figures as conventional meta-analysis
forest plots, where HR lower than 1.00 means fewer events in the
subset analysed. SCHARP, a software from the Meta Analysis
Group of the MRC Clinical Trials Unit, was used to produce forest
plot figures and compute interaction tests and log-rank tests for each
subgroup of patients (40).

Results

Quality assessment. Of 28 published reports from 1996 up
to March 2008, 18 were excluded because they were not
randomized controlled trials. Of the ten remaining, four trials
were not included because they did not compare TKIs to
placebo, therefore only six were eligible and in one article it
was not possible to calculate the log HR and its variance for
subgroups identified by the investigated factors. 

Thus, five trials (12, 30, 31, 33-35) were analyzed in this
meta-analysis (Figure 1). 
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Figure 1. Meta-analysis literature strategy.



All studies included in the analysis reported the protocol
compliance. A full description of patients excluded (if any)
from the analysis and the type of statistical analysis was
provided in all studies; all trials were multicenter. The
median follow-up of patients in the trials ranged from 6 to
12 months and the survivals from 4.7 to 11 months.

Figure 1 demonstrates the results of the search strategy
and Table I reports the data available for each trial and the
percentage of patients with available factors in each.
Basically, all patients were assessed for clinical factors, but
only a small percentage was available for molecular factors,
ranging from 14%  of data from patients in trials testing
EGFR mutations to 33%  for K-ras mutational analysis.

Effect of treatment on the overall population. For each level
of each factor, the HR and CI were computed in terms of
PFS and OS and the interaction was tested to identify the
predictive effect. The pooled results are presented in Figures
2 and 3.

Overall, there was a 3%  mortality reduction and a 10%
reduction in event rate. However, results differed when
comparing second-line therapies and first-line therapies, in
which TKIs were added to chemotherapy. In first-line
chemotherapy, there was a consistent lack of effect, while
second-line therapy promised an 18%  reduction in mortality
and a 24%  reduction in event rate with a greater effect for
erlotinib (test for heterogeneity between studies, p=0.04 for
OS and p=0.007 for PFS).

The results of the predictive factors in terms of OS and
PFS are reported in Figures 4-7.

Predictive effect of biological factors
EGFR expression. There was a significant effect in OS in
patients with positive EGFR immunohistochemical expression

(IHC), but no interaction for the predictive value of this factor
was demonstrated (χ2 for interaction: 3.197 p=0.074). No
predictive effect was demonstrated in analysis of PFS (χ2 for
interaction: 1.906 p=0.167) but only one study was available. 

EGFR amplification. There was a positive effect of TKIs on
OS and PFS in patients whose tumours had a high EGFR gene
copy number. A significant predictive effect was seen only for
PFS (χ2 for interaction: 7.904 p=0.005). However, the
inconsistency of results in the subsets with high EGFR copy
number was high, as expressed by the I2 statistic (77.5% ).

EGFR mutations. EGFR mutations were analysed in only
14.7%  of randomized subjects in these studies.

No predictive effect of 19,21 EGFR mutations was seen
either in OS or PFS. Inconsistency of results was evident in
PFS analysis of patients without EGFR mutations (I2=81.7,
p=0.019). 

K-Ras mutations. K-ras was analysed in 33%  of randomized
subjects in these studies. Patients with K-ras mutations had a
greater relative risk of death (HR 1.97, 95%  CI. 1.16-3.33),
while patients without had a 21%  lower risk. The test for
interaction (p=0.003) found a significant predictive effect of
K-ras mutations in patients treated with TKIs. The effect on
PFS was similar in magnitude, but only one study was
available and no significant effect of interaction was detected.

Histology. Patients were grouped according to adenocarcinoma
histotype. TKIs had similar effects in the two subgroups (OS,
non-squamous: HR 0.87; 95%  CI: 0.77-0.98; squamous: HR.
0.77; 95%  CI: 0.66-0.88) and no evidence of a predictive
effect was detected (p=0.193). It was not possible to evaluate
the effect in terms of PFS.
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Table I. Characteristics of clinical trials and patients included in meta-analysis.

Study No. Clinical EGFR EGFR 19-21 EGFR KRAS
design patients factors expression copy number mutations mutations

IHC (FISH)

BR21 (5, 30, 35) A: Erlotinib A: 488 � � � � �

B: Placebo B: 243
Tribute (33, 34) A: Carbo-tax + erlotinib A: 539 � � � �

B: Carbo-tax B: 540
ISEL (6, 31) A: Gefitinib A: 1129 � � �

B: Placebo B: 563
A: Cis-gem + gefitinib A: 730

INTACT1 (12) B: Cis-gem B: 363 � �

INTACT2 (12) A: Carbo-tax + gefitinib A: 690
B: Carbo-tax B: 347

%  pts 100%  31%  19.3%  14.7%  33%

Carbo, carboplatin; tax, taxol; gem, gemcitabine; IHC, Immunohistochemistry; FISH, fluorescence in situ hybridization.



Predictive effect of clinical factors
Race. A modest effect of TKIs was seen, in terms of survival
in patients classified as “Asians” and “non-Asians”, though
Asians seemed to benefit more in OS, with an interaction
close to significance (OS, Asian: HR 0.64; 95%  CI: 0.49-
0.63; non-Asian: HR 0.85; 95%  CI: 0.77-0.93. p=0.046). A
similar effect was observed for PFS, but only one study was
available for this analysis.

Gender. From the data retrieved, information was available
only from the BR.21 trial which evaluated the efficacy of
erlotinib against placebo. The treatment effect was similar in
males and females (OS, males: HR 0.80; 95%  CI: 0.65-0.98;
females: HR 0.80; 95%  CI: 0.59-1.08) and no evidence of
predictive effect was detected (p=1.00).

Smoking. A strong predictive effect of smoking habit was
found for PFS and OS. The effect was stronger in non-smokers
(OS non-smokers: HR 0.53, 95%  CI. 0.42-0.67; smokers: HR
0.91, 95%  CI.0.81-1.02, p=0.002). For PFS, data were
available only for one study and were similar in magnitude.

Discussion

Selection of patients for treatment is a major challenge of
paramount importance since it may permit a better cure rate,
better use of drugs and the avoidance of cost of drugs and
toxicity. Aware that NSCLC clinical trials have been
conducted mainly in unselected patient populations, without
any selection criteria and giving poor quality results, a
noteworthy body of studies has assessed the role of clinical
and biological variables as selection criteria. These have
focused mainly on TKIs, without studying the same value in
relation to chemotherapy. Most are based on retrospective
series or post hoc analyses of prospective studies, yielding
contradictory results and creating confusion.

This meta-analysis attempted to group all the evidence
derived from randomized trials which are the best source of
unbiased information for this type of analysis. However, the
results are dependent on the subgroup-analysis in each trial,
and at least for biological factors, it is not possible to rule out
selection bias. It also cannot be excluded that lack of
information on certain characteristics in some trials reflected
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Figure 2. Annotated forest plot for meta-analysis survival of patients treated with TKIs. The graph shows hazard ratios (with 95%  confidence
intervals) for mortality among studies of patients allocated to TKIs or control group (CTR). Summary measures are calculated using the fixed-
effects model. For each factor, size of squares is directly proportional to amount of information available.



information selection, leading to publication bias. Nevertheless,
at present it probably represents the best effort to systematize
current knowledge.

Three major findings are reflected in this meta-analysis. First,
evaluation of the treatment effect on the overall population
allowed confirmation that the addition of erlotinib and gefitinib
to first-line chemotherapy does not improve outcome; this issue
is widely discussed and explanations for the negative results
included mainly the possible antagonism between TKIs and
chemotherapy and that no three-drug cytotoxic regimen has
proven better as compared to a two-drug regimen (41). From
these results, erlotinib and gefitinib act differently in the second-
line treatment setting and this difference is statistically
significant. The question of whether gefitinib is less efficacious
than erlotinib was previously answered on the basis of the
difference in clinical characteristics of patients enrolled (42); in
particular, the higher proportion of patients who were
chemotherapy refractory might have contributed to the negative
results of the ISEL trial comparing gefitinib to placebo (6). In
the Authors’ opinion, this cannot explain the different effects of
the two drugs, evident not only in the overall population, but in

every subgroup analysis, including the number of previous lines
of chemotherapy; the reason for this different behavior may be
manifold and it may be mainly biological, pharmacological or
both (43). Only a hypothetical direct comparison should remove
this doubt and select the best drug also for the toxicity profile. 

Second, among clinical features, only smoking habit
showed a strong predictive value: non-smokers or patients
who had smoked fewer than 100 cigarettes in their life had a
greater chance of response to TKIs with a 47%  reduction in
the relative risk of death. Contrary to widespread belief, sex,
histology and race did not seem to have any predictive effect.
In addition, none of the biological features positively
selected patients for therapy with TKIs. EGFR mutations and
EGFR expression failed as selection criteria. EGFR copy
number detected by FISH had a significant predictive role in
terms of PFS, but there was wide heterogeneity among
studies and the OS advantage was not confirmed, rendering
the interpretation of its role ambiguous. 

Third, recent results of the INTEREST (7) and INVITE
(44) trials, comparing chemotherapy versus TKIs, further
complicated interpretation, since the treatment effect in
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Figure 3. Annotated forest plot for meta-analysis progression of patients treated with TKIs. The graph shows hazard ratios (with 95%  confidence
intervals) for progression among studies of patients allocated to TKIs or control group (CTR). Summary measures are calculated using the fixed-
effects model. For each factor, size of squares is directly proportional to amount of information available.
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Figure 4. Annotated forest plot for overall survival according to biological characteristics. The graph shows hazard ratios (with 95%  confidence
intervals) for mortality among subgroups of patients. Summary measures are calculated using the fixed-effects model. For each factor, size of squares
is directly proportional to amount of information available.
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Figure 5. Annotated forest plot for progression-free survival according to biological characteristics. The graph shows hazard ratios (with 95%
confidence intervals) for progression among subgroups of patients. Summary measures are calculated using the fixed-effects model. For each factor,
size of squares is directly proportional to amount of information available.



subgroups defined by clinical and molecular characteristics,
showed no factor that could help in selecting chemotherapy
or TKIs. As a consequence, the supposed predictive effect
of molecular and clinical factors suggested by this meta-
analysis and by noncontrolled data may not be selective

only for TKIs. This consideration is particularly valid for
exon 19,21 EGFR mutations. Patients with mutations
treated with TKIs have dramatic and lasting responses, but
the predictive role has still to be demonstrated. According
to this meta-analysis, these mutations have a prognostic

ANTICANCER RESEARCH 29: 2691-2702 (2009)

2698

Figure 6. Annotated forest plot for overall survival according to clinical characteristics. The graph shows hazard ratios (with 95%  confidence
intervals) for mortality among subgroups of patients. Summary measures are calculated using the fixed-effects model. For each factor, size of squares
is directly proportional to amount of information available.



rather than a predictive role in terms of OS. It is possible
that EGFR mutations select a population with a particular
prognosis and response to more agents, not only TKIs. A
large Spanish trial is now trying to show whether erlotinib
as first-line treatment in patients with EGFR mutations is
superior to conventional platinum based chemotherapy. The
same considerations hold for K-ras. K-ras is very
promising for distinguishing non- esponders to TKIs. At
present, from these results this seems the only biological
variable that may select patients with different responses to
TKI; since K-ras mutations are more frequent in smokers
and are rare in non-smokers, this creates the hypothesis of
a different mechanism of carcinogenesis in smokers in
which K-ras is implicated. However, the same INTEREST
trial failed to demonstrate a different effect in this
subgroup, so K-ras might select a population of non-
responders to any treatment.

From the research methodology point of view, these
findings highlight the fact that so far no proper research has
been carried out on predictive factors for TKIs, and
prospective randomized trials focused on these markers are
needed. 

In conclusion, only smoking habits and K-ras mutations can
currently be considered of interest. The combination of clinical
and molecular predictors remains to be defined. EGFR and K-
ras abnormalities open up a fascinating window that invites
future investigation on the mechanisms of acquired resistance
which might potentially improve the effectiveness of treatment.
TAILOR (NCTG00637910), large Italian trial, supported by the
Italian regulatory agency (AIFA) is now in progress specifically
powered to identify prognostic and predictive values of all these
factors in order to select patients for TKI and chemotherapy. A
large American intergroup trial N0723 is also ongoing with
similar goals. The sponsored TITAN trial, a direct comparison
in second-line of chemotherapy setting with erlotinib, and
SATURN, a first-line maintenance trial of erlotinib versus
placebo, will provide important information for prospectively
identifying the patients most likely to respond to TKIs.
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Figure 7. Annotated forest plot for progression-free survival according to clinical characteristics. The graph shows hazard ratios (with 95%
confidence intervals) for progression among subgroups of patients. Summary measures are calculated using the fixed-effects model. For each factor,
size of squares is directly proportional to amount of information available.
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