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EGFR and cancer prognosis
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Abstract

Elevated levels of the epidermal growth factor receptor (EGFR), a growth-factor-receptor tyrosine kinase, and/or its cognate
ligands have been identified as a common component of multiple cancer types and appear to promote solid tumour growth. This
article examines the relationship between EGFR expression and cancer prognosis based on literature compiled on PubMed between
1985 and September 2000. More than 200 studies were identified that analysed relapse-free-interval or survival data directly in
relation to EGFR levels in over 20 000 patients. Analysis of the data showed that 10 cancer types both express elevated levels of
EGFR relative to normal tissues and have been studied in sufficient depth to allow sound judgements to be made concerning the
association between EGFR and patient outlook. The EGFR was found to act as a strong prognostic indicator in head and neck,
ovarian, cervical, bladder and oesophageal cancers. In these cancers, increased EGFR expression was associated with reduced
recurrence-free or overall survival rates in 70% (52/74) of studies. In gastric, breast, endometrial and colorectal cancers, the EGFR
provided more modest prognostic information, correlating to poor survival rates in 52% (13/25) of studies, while in non-small cell
lung cancer (NSCLC), EGFR expression only rarely (3/10 studies) related to patient outlook. However, it is likely that the true
prognostic significance of the EGFR has been underestimated as the published studies only assessed total cellular EGFR levels,
rather than the activated form of the receptor, and were not standardised with regard to patient populations or assay methods.
Finally, it is important to stress that failure to detect a prognostic significance for EGFR in any one cancer type does not necessarily
preclude patients from benefiting from anti-EGFR therapies. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction in gene amplification and autocrine stimulation, appears

to be an important factor in tumorigenesis, as well as an

The growth and development of cancer cells is
thought to occur through multiple genetic events that
cause fundamental changes in the pathways regulating
cell differentiation, proliferation, survival and mobility.
Activation of the proto-oncogene encoding the epi-
dermal growth factor receptor (EGFR), a growth-fac-
tor-receptor tyrosine kinase, may contribute to the
transformation of cellular phenotypes and provide
tumour cells with substantial growth and survival
advantages (reviewed in Ref. [1]). Over the last 20 years,
elevated levels of the EGFR and its cognate ligands
(which include EGF and transforming growth factor
(TGF)-a) have been identified as a common component
of numerous cancer types. In many cases aberrant
EGFR activation, mediated primarily through changes
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essential driving force for the aggressive growth behaviour
of cancer cells [2]. Increased EGFR expression is therefore
likely to be a strong prognostic feature in multiple tumour
types, and the inhibition of its cellular actions appears
to produce substantial therapeutic benefits.

2. Methodology

In this light, the current overview examines the asso-
ciation between EGFR expression and cancer prog-
nosis. Relevant literature published between 1985 and
September 2000 was identified on PubMed using the key-
words epithelial growth factor, EGFR and EGF-R in
combination with individual tissue or cancer types. Over
200 relevant references were identified from PubMed
containing information about more than 20000 patients.
However, only general conclusions should be made from
this retrospective investigation as the studies were not
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standardised with respect to patient populations and the
assays used to determine tumour EGFR levels.

Analysis of the data identified 10 major cancer types
that both overexpress EGFR relative to normal tissues
and have been studied in sufficient depth to allow sound
judgements to be made concerning the relationship
between EGFR and cancer prognosis. Only studies that
directly analysed disease-free-interval and/or survival
data in relation to EGFR were considered in determin-
ing the strength of the EGFR as a prognostic indicator
in a particular cancer type, even though EGFR expres-
sion or gene amplification has also been correlated with
parameters of known prognostic significance, such as
tumour grade, stage and aneuploidy. Another factor
taken into consideration was the number of studies with
prognostic data relating to a particular neoplasm. For
example, in colorectal cancer, although EGFR was
associated with survival in 67% of studies and the
majority of the patients had advanced cancers, the data
was drawn from only three studies involving 207
patients. Thus, colorectal cancer was placed in the group
in which EGFR is a ‘modest prognostic indicator’.

It is likely that this report underestimates the true
prognostic significance of the EGFR as the published
studies only assessed the total cellular levels of EGFR

Ovarian

rather than the activated form of the receptor, which is
the only form thought to affect prognosis. Additionally,
there is a great deal of variability with respect to the
assay methods used, and even where similar assay
methods were employed, the cut-off points defining ele-
vated versus normal levels of EGFR expression were
not standardised among studies. Finally, the inclusion
of diverse patient populations with both early and late
disease stages may also act to reduce the perceived
impact of EGFR levels on patient outlook.

3. Results
3.1. EGFR as a strong prognostic indicator

In head and neck, ovarian, cervical, bladder and
oesophageal cancer (e.g. [3-7], respectively), the asso-
ciation between elevated EGFR levels (Fig. 1) and poor
patient outlook is particularly strong. Of the 74 studies
in these cancer types, 70% showed that increased
EGFR expression correlated with a reduction in recur-
rence-free survival or overall survival rates (Table 1).

In a number of investigations with these cancer types,
the magnitude of the EGFR effect on survival was

Cervical

Fig. 1. Immunocytochemistry detecting the epidermal growth factor receptor (EGFR) in cancer types where receptor measurement is of strong
prognostic value. Staining was performed using a mouse monoclonal primary antibody (clone 111.6) with enzymatic antigen retrieval of formalin-

fixed, paraffin-embedded material. Original magnification: x40.
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highly significant. In a study of 140 patients with head
and neck cancers, Maurizi and colleagues [3] found that
EGFR levels determined by a radio-ligand receptor
assay correlated with the risk of relapse and death. The
S-year survival rate for patients with EGFR-negative
tumours was 81%, while patients with EGFR-positive
tumours had a survival rate of 25%. Similarly, the 5-
year relapse-free survival rate was 77% for patients with
EGFR-negative tumours compared with 24% for
patients with EGFR-positive tumours. Not all studies
showed such a pronounced effect, and in some cases,
overexpression of EGFR ligands was a more significant
prognostic indicator than EGFR levels [8]. Parallel
analysis of both EGFR and its cognate ligands also
appeared to be a strong predictive tool in some cancer
types. For example, in 40 patients with oesophageal
cancer, the 5-year survival rate was 69% for patients
with low levels of both EGF and EGFR, in contrast to
14% for patients with high levels of the same ligand and
receptor [9]. These results show that increased levels of
the EGFR and/or its ligands correlate with aggressive
growth behaviour in head and neck, ovarian, cervical,
bladder and oesophageal cancers. Since the growth of
these tumours is not fully controlled by conventional
treatments, as indicated by the survival patterns asso-
ciated with EGFR-positive disease, these cancers are
highly appropriate candidates for anti-EGFR therapies.

Earlier preclinical studies demonstrated that over-
expression of EGFR and its cognate ligands may pro-
duce a transformed phenotype or enhance the
tumorigenicity of cancerous cells, providing a potential
rationale for the poor prognosis frequently associated
with elevated EGFR levels in human malignancies. For
example, co-expression of EGFR and EGF conferred a
transformed phenotype to NIH-3T3 cells [10], and

TGF-a overexpression in weakly tumorigenic rat blad-
der-cell xenografts significantly enhanced tumor-
igenicity, leading to a decrease in the latency period
before tumour appearance, an accelerated tumour
growth rate and increased tumour size [11]. Similarly,
studies with transgenic mouse models targeting hetero-
logous TGF-a to the mammary gland have shown that
TGF-o overexpression can induce hyperproliferation,
hyperplasia and occasional carcinoma, all of which are
inhibited by agents that block the EGFR signalling
pathway (reviewed in Ref. [12]).

3.2. EGFR as a modest prognostic indicator

There is also evidence linking EGFR levels to prog-
nosis in gastric, breast, endometrial and colorectal can-
cers (e.g. [13—16], respectively), but the relationship is
not as strong as in the first five cancer types (Table 1,
Fig. 2). This is particularly true in terms of overall sur-
vival, where poor survival rates correlated with elevated
EGFR levels in 52% of studies compared with over
70% in the other cancer types. However, EGFR levels
were also associated with other clinically significant
variables in gastric, breast, endometrial and colorectal
tumours.

In the case of gastric cancer, several studies have
linked EGFR expression to advanced clinical stage [17—
19] and the presence of lymph node metastasis [20-22].
Further evidence that EGFR may be an important
prognostic indicator in gastric cancer comes from a
number of small studies that examined concurrent
expression of EGFR and its ligands [13,19,23,24]. In
each of these four publications, co-expression of EGFR
and either EGF or TGF-a was associated with a marked
overall-survival or relapse-free-survival disadvantage.

Table 1
Frequency (%) of studies showing an association between increased EGFR levels and decreased survival
Cancer type Association with RFS % Association with OS %
EGFR as a strong prognostic indicator
Bladder 60 (n=5) 63 (n=11)
Cervical 75 (n=4) 71 (n=17)
Oesophageal 0@m=1) 69 (n=13)
Head and neck 75 (n=28) 82 (n=11)
Ovarian 80 (n=15) 67 (n=9)
Total? 70 (n=51)
EGFR as a modest prognostic indicator
Breast N/A 55 (n=11)
Colorectal N/A 67 (n=3)
Gastric N/A 50 (n=6)
Endometrial N/A 40 (n=5)
Total® 52 (n=25)
EGFR as a weak prognostic indicator
NSCLC 20 (n=10) 10 (n=10)

N/A, not available; NSCLC, non-small-cell lung cancer; OS, overall survival, RFS, relapse-free survival.

2 Total =association with OS.
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Fig. 2. Immunocytochemistry detecting the epidermal growth factor receptor (EGFR) in cancer types where receptor measurement is of moderate/
weak prognostic value. Staining was performed as described in Fig. 1. Original magnification: x40. NSCLC, non-small cell lung cancer.

For example, in a study of 167 patients with advanced
gastric cancer, Yonemura and colleagues [13] found that
patients with tumours expressing both TGF-a and
EGFR had the poorest prognosis, with a 5-year survival
rate of 12%. When tumour EGFR and TGF-a levels
were normal or only the receptor or ligand was over-
expressed, 5-year survival rates increased to 45 and
36%, respectively.

The situation appears to be similar in breast cancer.
Just over half of the published studies (6/11) in this
indication reported a relationship between increased
EGFR expression and reduced patient survival. How-
ever, if only short-term (2-year) survival is examined
rather than short-term and long-term (5-year) survival,
then the EGFR appears to act as an early prognostic
indicator [14]. This difference may be due to the presence
of a small population of rapidly progressing cancer cells
where the EGFR acts as a strong driving force for
growth and development. Our own studies performed in
collaboration with colleagues at the Nottingham City
Hospital, Nottingham, UK, have produced evidence
indicating a strong association between EGFR expres-
sion and loss of differentiation in breast cancer. Ele-
vated EGFR levels have also been shown to correlate
with advanced clinical stage, enhanced tumour-cell pro-
liferation and the failure of patients to respond to

endocrine therapy [25]. Furthermore, in a study with 95
breast cancer patients, the survival rates of patients with
EGFR-positive tumours were significantly lower than
those of patients with EGFR-negative tumours [26].
Interestingly, when tumour samples from oestrogen
receptor (ER)-positive breast cancers were assayed for
EGFR and TGF-a expression during relapse and
response phases, levels of both the receptor and ligand
were significantly higher during the relapse phase, indi-
cating a possible causal relationship with the develop-
ment of acquired endocrine resistance. Certainly,
elevated expression of TGF-a is associated with a fail-
ure of ER-positive breast tumours to respond in vivo to
endocrine therapy [27].

The situation in colorectal cancer is not entirely clear,
as the data pertaining to EGFR and survival are cur-
rently very limited. Furthermore, the patient popula-
tions in the published studies were heterogeneous,
including both early and advanced cases [16,28,29].
However, EGFR expression has been associated with
tumour grade and stage [30,31], relapse-free survival
[16] and overall survival [16,28]. In three studies, HER2
expression showed a better correlation with survival
than did EGFR expression [32-34], while in another
study TGF-a expression was found to be a prognostic
indicator [16].
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These data indicate that, although EGFR may not be
as strong a prognostic indicator in breast, gastric,
endometrial and colorectal cancers as it is in other car-
cinomas such as head and neck cancer, the EGFR sig-
nalling pathway does have some prognostic significance
in these types of tumours.

3.3. EGFR as a weak prognostic indicator

In contrast, EGFR expression rarely relates to other
clinical and prognostic indicators in non-small-cell lung
cancer (NSCLC; Table 1). Only three studies out of ten
showed an association between EGFR and either
relapse-free or overall survival rates. However, there is
some evidence suggesting that an EGFR autocrine loop
may lead to a reduction in NSCLC patient survival
rates. In a study with 131 NSCLC patients, Tateishi and
colleagues [35] found that the 5-year survival rates of
patients whose tumours did not express TGF-a or EGF
were significantly higher than those with tumours posi-
tive for either EGFR ligand.

3.4. HER?2 as a prognostic indicator

In addition to considering EGFR and its cognate
ligands as prognostic indicators, the expression of
EGFR heterodimerisation partners may also provide
valuable prognostic information. The EGFR is known
to form heterodimers with the HER2, HER3 and HER4
members of the EGFR family [36]. HER2 is unique
within the EGFR family of receptor tyrosine kinases as
none of the known EGFR family ligands activates
HER2 homodimers. Instead, HER2 appears to function
primarily as a heterodimerisation partner for other
EGFR family members [37], making it an ideal candi-
date for use as a prognostic indicator in combination
with the EGFR. Analysis of the literature revealed that
45 out of 56 studies (80%) demonstrated an association
between HER2 overexpression and poor survival in
ovarian, cervical, bladder, head and neck, endometrial,
colorectal, gastricc, NSCLC, oesophageal and breast
cancer (Table 2). Interestingly, in a study with 119
NSCLC patients, EGFR expression alone was not a
significant predictor of 5-year survival rates, but the
expression of both HER2 and EGFR did identify
patients with a poorer prognosis [38]. The 5-year survi-
val rates of patients with EGFR-positive tumours were
51%, compared with 42% for patients with EGFR-
negative tumours. In contrast, of the total patient
population with EGFR-positive tumours, 5-year survi-
val rates of patients with tumours that co-expressed
EGFR and HER2 were 33%, while those that expressed
only EGFR were 59%. These results suggest that con-
sidering multiple aspects of the EGFR signal transduc-
tion pathway may provide a more accurate prediction of
patient outlook.

Table 2
Frequency (%) of studies that correlate HER2 overexpression with
poor survival

Cancer type Correlation with survival % (n)

Bladder 100 (n=5)
Breast 75 (n=29)
Cervical 83 (n=06)
Colorectal 100 (n=2)
Endometrial 80 (n=Y5)
Oesophageal 50 (n=2)
Head and neck 60 (n=15)
Gastric 83 (n=12)
NSCLC 75 (n=4)
Ovarian 86 (n=17)
Total 80 (n=56)

NSCLC, non-small-cell lung cancer.

4. Discussion

Analysis of the existing literature on EGFR and
prognosis clearly indicates that elevated levels of EGFR
are correlated with poor patient outlook in many dif-
ferent cancer types. As mentioned above, this analysis is
likely to underestimate the true predictive significance of
the EGFR due to inconsistencies in the assay methods
used and the heterogeneity of the patient populations
between studies. The lack of a standardised assay for
determining tumour EGFR status is particularly pro-
blematic. Tumour EGFR status can be evaluated by
more than ten different methods designed to detect gene
amplification, gene mutation or elevated levels of either
mRNA transcripts or protein. The studies included in
this overview determined tumour EGFR status using
many of these assays, each defining EGFR over-
expression in a slightly different manner. Furthermore,
even when a single technique, such as immunohis-
tochemistry (IHC), was used by several laboratories to
evaluate tumour EGFR levels, differences in reagents,
detection methods or assay cut-off points led to different
results, increasing the variability between studies.

Future studies should address these issues by adopt-
ing a universal method to evaluate tumour EGFR sta-
tus. Given that increased EGFR expression may occur
as a result of gene amplification or transcriptional
events, evaluating protein expression levels is the most
comprehensive approach, as it detects the consequences
of either gene amplification or transcriptional events. Of
the range of techniques that can be used to detect aber-
rant EGFR protein expression, IHC is probably the
most appropriate method for clinical use. However,
standardisation of antibody preparations and detection
methods, as well as a scoring system is necessary to
produce an assay for EGFR evaluation that provides
consistent, comparable results.

Additionally, future studies should consider the biol-
ogy of the EGFR network to a greater extent. Measuring
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tumour EGFR levels in combination with the expres-
sion of EGFR ligands and dimerisation partners, in
addition to the activation states of both receptors and
downstream EGFR signalling components, may greatly
improve our understanding of the prognostic role of this
signal transduction network. This type of analysis may
also identify patient populations that would benefit
from anti-EGFR therapies. Finally, it also has the
potential to provide an accurate means of monitoring
the efficacy of anti-EGFR treatments and lead to sig-
nificant improvements in cancer therapy.
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