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ABSTRACT: The prognostic value of epidermal growth factor receptor (EGF-R) for
survival of patients with lung cancer remains controversial. The authors performed a
systematic review of the literature in order to clarify its impact.

Published studies were identified using an electronic search in order to aggregate the
available survival results, after a methodological assessment using a scale specifically
designed by the European Lung Cancer Working Party (ELCWP). To be eligible, a
study had to have dealt with EGF-R assessment in lung cancer patients on the primary
site and to have analysed survival according to EGF-R expression.

Among the 16 eligible studies, 14 assessed any nonsmall-cell lung cancer (NSCLC)
subtype, one adenocarcinoma only and one squamous-cell carcinoma only. The overall
median quality score was 56.3%, with no significant difference either between studies
assessable or not assessable for meta-analysis or between studies with significant and
nonsignificant results. One individual trial reported a survival benefit for patients with
EGF-R expression, three a survival disadvantage and 12 no statistically significant
difference. Eleven studies (2,185 patients) provided sufficient data to allow a meta-
analysis of the survival results. EGF-R expression positivity was determined according
to the cut-off as determined by the authors. The meta-analysis showed that EGF-R
expression was not a statistically significant prognostic factor for survival in NSCLC.
In the subgroup of studies using immunohistochemistry, statistical tests reached a
significant level against EGF-R.

Epidermal growth factor receptor might be a poor prognostic factor for survival in
nonsmall-cell lung cancer. The amplitude of the impact is small, however, and may be
subject to publication bias.
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Lung cancer is the most common cause of death
by malignancy in industrialised countries andv15% of
patients can be cured and enjoy long-term survival.
This poor prognosis can, however, be modulated by
characteristics related to the patient or the tumour.
These prognostic factors can be used for different
purposes, such as a better understanding of the
natural history of the disease, the identification of
homogeneous patient populations with a similar
outcome profile and the prediction of response (or
not) to treatment. Some independent clinical and
biological predictors of survival have been identified
[1] for resectable nonsmall-cell lung cancer (NSCLC):
age, performance status and tumour node metastasis
(TNM) stage [2]. In small-cell lung cancer, only dis-
ease stage and performance status have been shown
to consistently predict outcome [1]. Among routine
biological factors, serum lactate dehydrogenase, white
blood cell and neutrophil counts have been shown
to significantly predict survival in NSCLC [3].

Recent developments in cytogenetic and molecular

biology have provided new ways to analyse prognosis.
Biological substaging, using molecular markers, in a
risk stratification strategy has been proposed. Tumour
suppressor genes, proto-oncogenes and markers of
metastatic propensity and proliferation are some of
the different research tools. Among them, the epider-
mal growth factor (EGF) family plays an important
role in local tumour growth. This phenomenon requires
growth-regulating proteins, such as EGF receptor
(EGF-R) or proto-oncogene erb-B2. The specific
EGF-R, first purified from the A431 cell line, is the
protein product of the oncogene HER1. It is a
170 kDa transmembrane glycoprotein (a member of
the erbB family of cell surface receptors) that is
composed of three major regions: 1) a N-terminus
extracellular ligand-binding area; 2) a hydrophobic
transmembrane domain; and 3) a C-terminus intra-
cellular region with tyrosine kinase activity. The extra-
cellular domain is a ligand-binding site for various
polypeptide growth factors: EGF, transforming
growth factor-a (TGF-a), amphiregulin, betacellulin,
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heparin-binding protein, epiregulin and vaccinian virus
growth factor. The binding of one of these ligands to
the extracellular region of EGF-R implies a dimerisa-
tion of EGF-R, resulting in autophosphorylation and
activation of cytoplasmic signal proteins that are
involved in transmitting a mitogenic signal [4]. EGF-
R also plays a role in cell motility, adhesion (through
regulation of the interaction of E-cadherin with the
actin cytoskeleton), invasion and angiogenesis [5].
EGF-R is found on the surface of many cells including
normal and malignant cells of epidermal or mesenchy-
mal origin. EGF-R is expressed or overexpressed in
a wide variety of solid human tumours, including
NSCLC, prostate, breast, gastric, colorectal, head and
neck, bladder, ovarian cancers and glioblastoma.

EGF-R is expressed poorly or not expressed at all
in normal lung tissue and in small-cell lung cancer.
There is increased expression in preneoplastic lesions
(metaplasia/dysplasia). In NSCLC, EGF-R over-
expression is reported in 13–80% of tumours (24–89%
of squamous-cell lung cancer and 23–46% of adeno-
carcinoma). EGF-R gene amplification occurs iny6%
of all NSCLC and 28% of squamous-cell lung cancers.
Finally, in NSCLC, a mutation called EGF-RvIII,
containing a constitutively active tyrosine kinase, the
activation of which is independent of ligand binding,
was observed. Numerous studies have suggested that
expression of high levels of EGF-R is associated with
advanced or metastatic disease and a poor prognosis.
Unfortunately, the reports about its relationship with
survival have provided inconsistent results in lung
cancer. Therefore, the current authors have performed
a systematic review of the literature to assess the
prognostic value of EGF-R overexpression on survi-
val in patients with lung cancer.

Materials and methods

Publication selection

To be eligible for this review, trials had to deal with
lung cancer only, to evaluate the correlation of EGF-
R status and survival, to measure EGF-R expression
in the primary tumour (not in metastatic tissue or
in tissue adjacent to the tumour) and to be published
as a full paper in English or French language peer-
reviewed literature.

Articles were identified by an electronic search on
Medline using the keywords "lung neoplasms",
"EGF", "EGF-R", "c-erb-B1" and "epidermal growth
factor". The references reported in all the identified
studies were used for completion of the trial9s search.
When authors reported on the same patient popula-
tions in several publications, only the most recent or
complete study was included into the analysis, in
order to avoid overlap between cohorts. The search
ended in July 2001.

Methodological assessment

In order to assess the methodology, each trial was
read and scored according to the European Lung

Cancer Working Party (ELCWP) scale by 10 inves-
tigators (including seven physicians, one pathologist,
one biologist and one biostatistician). The scoring
system used in this literature review has already been
described in one of the authors9 prior systematic
reviews [6]. Each item of the score was quoted using
an ordinal scale (possible values 2, 1, 0) by consensus
in meetings where at least two thirds of the investi-
gators needed to be present. The participation of
many readers was a guarantee for the correct interpre-
tation of the articles. The overall score assessed many
dimensions of methodology, grouped into four main
categories: 1) the scientific design; 2) the description of
the laboratory methods used to identify the presence
of EGF-R; 3) the generalisability of the results; and 4)
the analysis of the study data. Each category had a
maximal score of 10 points with an overall maximum
theoretical score of 40 points. When an item was not
applicable to a study, its value was not taken into
account in the total for the category. The final scores
were expressed as percentages, with higher values
reflecting a better methodological quality. Studies
included in the systematic review were called "eligible"
and those providing sufficient data for the meta-
analysis "evaluable".

Statistical method

A study was considered significant if the p-value
for the statistical test comparing survival distributions
between the groups with and without EGF-R expres-
sion was v0.05. The study was called "positive" when
EGF-R expression was identified as a significant
favourable prognostic factor for survival. The study
was called "negative" if EGF-R expression was asso-
ciated with a significant detrimental effect on survival.
Finally, a study was called "not significant" if no dif-
ference between the groups expressing EGF-R or
not expressing EGF-R was detected. The association
between two continuous variables, such as the quality
score, was measured by the Spearman rank corre-
lation coefficient. Nonparametric tests were used to
compare the distribution of the quality scores accord-
ing to the value of a discrete variable (Mann-Whitney
tests for dichotomic variables or Kruskal-Wallis tests
for multiple class variables).

For the quantitative aggregation of survival results,
the impact of EGF-R expression on survival was
measured by the hazard ratio (HR) between the two
survival distributions. For each trial, this HR was
estimated by a method depending on the data provided
in the publications. The most accurate method con-
sisted of calculating the estimated HR and its SE from
the reported results or calculating them directly using
two of the following parameters: the confidence
interval (CI) for the HR, the log-rank statistic, its p-
value or the O-E statistic (difference between numbers
of observed and expected events). If those data were
not available, the following were studied: the total
number of events, the number of patients at risk in
each group and the logrank statistic or its p-value,
allowing calculation of an approximation of the HR
estimate. Finally, if the only available data were in the
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form of graphical representations of the survival
distributions, survival rates were extracted at specified
times in order to reconstruct the HR estimate and its
variance, with the assumption that the rate at which
patients were censored was constant during the study
follow-up [7]. The individual HR estimates were
combined into an overall HR using Peto9s method
[8], which consisted of a fixed effect model assuming
homogeneity of the individual true HRs. This assump-
tion was tested by performing Chi-squared tests for
heterogeneity. If the assumption of homogeneity had
to be rejected, a random-effects model was used as a
second stage. By convention, an observed HR of w1
implied a worse survival for the group with positive
EGF-R expression. This pejorative impact of EGF-R
on survival was considered as statistically significant if
the 95% CI for the overall HR did not overlap 1.

Results

Study selection and characteristics

At the time of analysis, 21 studies published
between 1989–2001 were selected [9–29]. Five of the
articles were excluded because an identical cohort
of patients was used in other selected publications
(studies excluded [15, 25–28]; studies included [19, 20,
22, 29]).

The total number of patients included was 2,810,
ranging from 19–505 patients by trial. The main
characteristics of the 16 eligible studies are shown in
table 1. Fourteen dealt with NSCLC of all histological
subtypes, one with adenocarcinoma only and one with
squamous-cell carcinoma only. Patients treated by
surgery for locoregional disease (stages I-IIIB) were
included in 11 studies. Immunohistochemistry was
the technique most frequently used to detect EGF-R
expression (13 trials). In one trial, authors used immuno-
histochemistry and Northern blot; in another, the

concentration of EGF-R was measured by competitive
ligand-binding technique using a radio-iodine labelled
EGF; and in the last study, EGF-R was detected
by polymerase chain reaction. Different antibodies
were used to assess EGF-R expression by immuno-
histochemistry: three used an anti-EGFR mouse
monoclonal antibody (Triton, Alameda, CA, USA);
two used clone EGFR (113; Novocastra, Newcastle,
UK); two used personal EGF-R 1 murine monoclonal
antobody; one used EGF-R 1 product (Amersham,
Buckinghamshire, UK); one used rabbit polyclonal
antibody EGF-R Ab-4 (Dianova, Hamburg, Ger-
many); one used anti-EGF-R mouse serum (Trans-
formation Research Inc., Framingham, MA, USA);
one used EGF-R monoclonal (014H4819; Sigma, St
Louis, MO, USA) and one used personal monoclonal
antibody F4. In most cases, assessment of EGF-R
status was performed on surgical samples.

Study results

According to EGF-R survival prognostic analysis,
three studies were negative, one was positive and 12
were nonsignificant, of which only 11 were evaluable
for the meta-analysis. Considered separately, the
study of adenocarcinoma showed no advantages
or disadvantages in terms of survival when EGF-R
was expressed, and in the squamous carcinoma
study, EGF-R expression seemed to suggest a worse

prognosis.
Overall, according to the positivity threshold for

EGF-R expression, as defined by the study9s authors,
EGF-R was expressed in 51.1% of the evaluable
patients, in 46.2% in the study concerning adenocar-
cinoma alone and in 82.6% in the study of squamous-
cell carcinoma alone.

EGF-R expression was found in 50.0%, 53.8% and
48.9% of patients presenting with stages I, I–III or
I–IV, respectively.

Table 1. – Main characteristics and results of the eligible studies

First author
[Ref. no.]

Year Histology Stage N pts Technique HR estimation Results

DAZZI [18] 1989 NSCLC I–? 152 IHC No data NS

VEALE [23] 1993 NSCLC I–III 19 Ligand competition HRzCI 95% Negative
TATEISHI [29] 1994 Adenocarcinoma I–IV 119 IHC Survival curves NS

GIATROMANOLAKI [11] 1996 NSCLC I–II 107 IHC No data NS

KOUKOURAKIS [19] 1997 NSCLC I–II 107 IHC No data NS

PASTORINO [14] 1997 NSCLC I 505 IHC HRzCI 95% NS

RUSCH [22] 1997 NSCLC I–IIIA 96 NorthernzIHC Survival curves Positive
GREATENS [24] 1998 NSCLC I–IV 101 IHC No data NS

PFEIFFER [17] 1998 NSCLC I–IV 180 IHC Survival curves NS

VOLM [20] 1998 Squamous I–III 121 IHC Survival curves Negative
FONTANINI [21] 1998 NSCLC I–IIIA 195 IHC LogrankzN events NS

FU [12] 1999 NSCLC I–IIIB 158 IHC No data NS

D9AMICO [13] 1999 NSCLC I 408 IHC LogrankzN events NS

OHSAKI [16] 2000 NSCLC I–IV 290 IHC Survival curves Negative
COX [9] 2000 NSCLC I–IIIA 169 IHC LogrankzN events NS

BRABENDER [10] 2001 NSCLC I–IIIA 83 PCR HRzCI 95% NS

N pts: number of patients; HR: hazard ratio; NSCLC: nonsmall-cell lung cancer; IHC: immunohistochemistry; PCR:
polymerase chain reaction; CI: confidence interval; NS: nonsignificant.
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Quality assessment

The overall quality score ranged from 25.8–70.7%,
with a median of 56.3%. The "design" subscore had
the lowest value (four out of 10), except for the non-
evaluable studies where the "analysis results" subscore
had the lowest value (table 2). There was no statis-
tically significant quality difference between evaluable
and nonevaluable studies for meta-analysis (median
overall score: 61.7 versus 48.8%, p=0.19). For the 11
trials evaluable for meta-analysis, the overall quality
score ranged from 44.1–70.7% with a median of
61.7%. The most poorly described items (v30% of the
maximum theoretical score) were the initial work-up
of the disease itself and the number of inaccessible
samples with a description of exclusion causes. No
statistically significant quality difference was shown
between the four significant trials and the 12 non-
significant trials (median overall scores 54.7 versus
56.3%, p=0.9). There was no difference between the
significant and nonsignificant studies evaluable for the
meta-analysis (54.7 versus 61.7%, p=0.44).

Meta-analysis

The absence of a significant quality difference
between significant and nonsignificant studies made
it possible to perform a quantitative aggregation of
the survival results. Among the 16 trials eligible for
the systematic review, five could not be included in the
meta-analysis (625 patients) due to insufficient data to
estimate the HR. Consequently, the analysis was
restricted to 11 studies and 2,185 patients.

The HRs of the 11 evaluable studies were calculated
by one of the three methods reported in the Materials
and methods section. HRs and 95% confidence inter-
vals (CIs) were published in three trials. They were
approximated from the log-rank statistic and the
number of events in three studies. Finally, the HR
and its variability had to be extrapolated from the
graphical representations of the survival distributions
in five others.

The test of heterogeneity was significant (p=0.02).

Thus, the HR was calculated using a random-effects
model and a value was obtained that was not
statistically significant (HR 1.14, 95% CI 0.94–1.39)
(fig. 1). When only the eight evaluable studies using
immunohistochemistry were considered, there was no
more heterogeneity (p=0.45). The result of meta-
analysis was just significant (HR 1.13, 95% CI
1.00–1.28) (fig. 2), meaning that patients with a
tumour not expressing EGF-R had a better survival.

Discussion

In this systematic review, which pooled all the
studies comparing the survival of lung cancer pati-
ents according to the tumour expression of EGF-R,
EGF-R presence seems to be a factor for a poor
prognosis for survival in NSCLC. Statistical signifi-
cance is reached when immunohistochemistry is used
to detect its expression. This observation is potentially

Table 2. – Quality scores analysis of the eligible studies

Studies (n) Design# Laboratory
method#

Generalisability# Results
analysis#

Global
score %

All (16) 4.00 6.43 6.67 5.00 56.34
Evaluable for MA (11) 4.00 7.14 6.67 5.00 61.70
Not evaluable for

MA (5)
4.00 5.00 5.00 3.75 48.84

p-value 0.28 0.11 0.61 0.14 0.19
Significant (4) 5.00 6.43 5.42 5.00 54.70
Nonsignificant (12) 4.00 6.43 6.67 5.62 56.34
p-value 0.36 0.85 0.27 0.95 0.90
Negative (3) 4.00 5.71 4.17 5.00 47.38
Significant studies in

MA (4)
5.00 6.42 5.41 5.00 54.70

Nonsignificant studies
in MA (7)

4.00 7.14 6.67 7.50 61.70

p-value 0.57 0.70 0.13 0.57 0.44

Scores are median scores of the studies. MA: meta-analysis. #: scored out of 10.
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Fig. 1. – Results of the meta-analysis of all the studies. A hazard
ratio (HR) of v1 (–) implies a survival benefit for the group with
epidermal growth factor receptor expression. The square size is
proportional to the number of patients included in each study.
The centre of the lozenge gives the combined HR for the meta-
analysis and its extremities the 95% confidence interval.
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important for prognostic reasons and treatment
purposes, in addition to improving the understanding
of lung cancer biology. Identification of prognostic
factors allows the definition of high-risk groups of
patients for whom specific therapy might be necessary,
or a stratification has to be performed in controlled
trials. Moreover, EGF-R may be a potential thera-
peutic target. Interruption of the signalling pathways
for EGF-R can be achieved using antibodies (e.g.
IMC-225) or small-molecule, orally-active, tyrosine
kinase inhibitors (e.g. ZD1839). Both approaches
demonstrate activity and may provide a future
treatment for NSCLC.

The biological role of EGF-R can explain its poor
prognosis. Its expression is generally low in normal
lung tissue and is only detected in the basal layer of the
bronchial epithelium. EGF-R expression is enhanced
in metaplastic, preneoplastic and neoplastic lesions
with a progressively increased intensity of staining.
In these lesions, EGF-R staining is also present in
the superficial layers of the bronchial epithelium [30].
Therefore, it has been proposed as an early marker
of neoplastic transformation. In NSCLC, EGF-R
and its most important ligand, TGF-a are thought to
act by a paracrine and/or autocrine loop.

The current authors decided to perform a meta-
analysis on EGF-R expression in lung cancer after
assessment of the methodological quality of the pub-
lications to avoid biases due to differences in quality
between positive and negative studies. A methodology
that is similar to previous systematic reviews by the
current authors9 group on the treatment of lung
cancer [31] was used but also adapted to the field of
biological prognostic factors [6]. The absence of a
statistically significant difference in quality score
between the significant and nonsignificant publica-
tions allowed the authors to perform a quantitative
aggregation (meta-analysis) of the results of the

individual trials. The statistical absence of difference
between the publications could not be excluded
because of the small number of studies.

However, this approach does not prevent all
potential bias. The review was restricted to articles
published in English or French because other lan-
guages, such as Japanese, were not accessible for the
readers. This selection could favour the positive
studies, as positive studies are often published in
English, while negative studies tend to be reported in
native languages [32].

Another possible source of confusion is the use of
the same cohort of patients in different publications.
It might be difficult to avoid the same patients being
included more than once in the meta-analysis, although
publications where this seemed to be the case were
excluded. The current authors have assumed that
authors have been honest and have not reported
the results from the same cohort of patients without
mentioning it in their publication.

Five studies were excluded from the meta-analysis
due to lack of the data necessary for aggregation.
There is therefore a publication bias. These studies
were not all statistically significant. It is known that
this type of study is less frequently published or, if
they are, with less detailed results, making them less
assessable.

The method of extrapolation of HRs also needs to
be discussed. When HRs were not reported by the
authors (seven studies), they were calculated from the
data available in the article and, if this was not
possible, were extrapolated from the survival curves,
implying assumptions on the censoring process. This
approach might also have been associated with errors
due to imprecision of the reading, although three
independent people read the curves to diminish the
reading variation.

The techniques used to detect EGF-R expression
might also be potential sources of bias. Immunohisto-
chemistry was the most frequent technique used.
Immunohistochemical results depend on the primary
antibody used. In this review, a range of antibodies
were used to detect the protein. The dilution of the
antibody also differed, leading to a potential problem
because the sensitivity of the method can depend on
the antibody concentration. Due to the small groups
of studies evaluating the same antibody, subgroup
analysis could not be performed to explore this
technical problem. Immunohistochemical results also
depend on the type of tissue conservation (fixed or
frozen) and on the antigen-retrieval technique. More-
over, this technique remains mainly qualitative with
some subjectivity in the assessment. In a previous
study [27], RUSCH et al. [27] showed that only uniform
and intense levels of immunohistochemical staining in
the primary tumour correlated with overexpression at
the ribonucleic acid (RNA) level compared to the
uninvolved lung; less intense staining or specific
staining in few cells did not correlate as highly with
overexpression at the total cellular RNA level. The
cut-off in the number of positive cells defining an
EGF-R-positive tumour is also often arbitrary and
varies according to the investigators, from a few per
cent to w50%. The use of different cut-off points for

HR
0.5 0.5

Overall

COX [9]

2.0

PASTORINO [14]

D’AMICO [13]

VOLM [20]

PFEIFFER [17]

TATEISHI [29]

FONTANINI [21]

OHSAKI [16]

1.0 1.5

Fig. 2. – Results of the meta-analysis of the studies using immuno-
histochemistry to detect epidermal growth factor receptor (EGF-
R) expression in nonsmall-cell lung cancer. A hazard ratio (HR)
of v1 (–) implies a survival benefit for the group with EGF-R
expression. The square size is proportional to the number of
patients included in each study. The centre of the lozenge gives
the combined HR for the meta-analysis and its extremities the
95% confidence interval.
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immunohistochemistry is of critical importance [33].
The choice of a cut-off is often arbitrary, although the
selection of the median value of the expression levels is
a standard approach to analysis of new prognostic
factors, even if it may lead to some loss of informa-
tion. An optimal threshold needs to be defined for
EGF-R. Therefore, molecular biology techniques are
actually necessary in order to validate the immuno-
histochemistry results. Conversely, the advantages
of immunohistochemistry are the maintenance of
the tissue architecture, the possibility of localising
the antigen and the fact that it is probably the most
applicable and cost-effective technique for routine
use. Radioligand binding analysis is more quantita-
tive but may involve examination of noncancerous
stroma cell, in contrast to immunohistochemistry. A
highly significant correlation between results obtained
by enzyme-linked immunosorbent assay (ELISA) and
immunohistochemistry for the measurement of EGF-R
was obtained by PFEIFFER et al. [17]. The diadvantages
of ELISA are the requirement of fresh or frozen tissue
and the need to calculate an average EGF-R content
of tumour and normal tissue. Most studies have thus
used different techniques to detect EGF-R expression.
Standardisation and validation of the immunohisto-
chemical analyses, probably by comparison with a
molecular biology technique, is therefore important in
order to correctly interpret research results and to
have a reproducible routine test.

Finally, the test for heterogeneity between the
studies did not remain significant when only the
trials evaluating EGF-R by immunohistochemistry
were considered, while it reached significance when all
types of studies were considered. However, by using
a random-effects model, which took heterogeneity
into account, the issue of heterogeneity among the
individual trials could be addressed and the source of
heterogeneity could be explored. It should be noted
that a previous study has shown that immunohisto-
chemical staining in NSCLC correlates with over-
expression at the level of total cellular RNA [27],
supporting the use of this technique.

This review took into account only fully published
studies. The authors did not look for unpublished
trials and abstracts because fully published data was
required. Meta-analysis based on individual data is
considered by some authors as a gold standard [34].
Systematic review of the literature should not be
confused with meta-analysis of individual patient
data. The first approach is only based on fully
published studies and provides an exhaustive and
critical analysis of the topic with an adequate
methodology based on the criteria of MULROW [35]
and with data aggregation when possible. The second
approach is a new study taking into account all
performed trials on the topic, published or not,
requiring individual data update by the investigators.
Nevertheless, as shown by the meta-analysis of
prophylactic cerebral irradiation in small-cell lung
cancer [36], based on published data, the current
approach allows the same results as those obtained in
meta-analysis based on individual data to be found
[37]. This experience supports the validity of the
current approach. In addition, this review deals with

prognostic factor studies and, as they are more often
retrospective, it is much more difficult to identify
unpublished data than for clinical trials data.

In conclusion, this systematic review suggests that
epidermal growth factor receptor expression might be
a poor prognostic factor for survival in patients with
nonsmall-cell lung cancer, if detected by immuno-
chemistry. The results were based on an aggregation
of data obtained by univariate survival analysis in
retrospective trials. In order to become a useful
prognostic factor at the level of individual patients
and in the context of targeted therapy, these results
need to be confirmed by an adequately designed
prospective study and the exact value of epidermal
growth factor receptor expression needs to be deter-
mined by an appropriate multivariate analysis taking
into account the classical well-defined prognostic
factors for lung cancer.
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