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Abstract. Background: The aim of the present study was to
determine the prognostic significance of the combined
overexpression of epidermal growth factor receptor (EGFR) and
estrogen receptor · (ER-·) in non-small cell lung cancer
(NSCLC). Patients and Methods: An immunohistochemical
assessment of EGFR and ER-· expression was carried out in
tumor specimens from 122 consecutive NSCLC patients after
surgery. Results: Of the 122 tumors examined, 57 (46.7%)
overexpressed EGFR, 63 (51.6%) overexpressed ER-·, while 33
(27%) overexpressed both EGFR and ER-·. Univariate analyses
showed that the overexpression of EGFR or ER-· correlated with
the histological grade (p=0.01 and p=0.03, respectively) and a
poorer prognosis (p=0.007), while overexpression of ER-· also
correlated with smoking (p=0.02). Multivariate analysis showed
the combined overexpression of EGFR and ER-· to be an
independent indicator of poorer prognosis (p=0.0006).
Conclusion: The combined overexpression of EGFR and ER-·
in NCLSC patients is predictive of poor outcome and, thus,
represents a valuable prognostic factor.
Epidermal growth factor receptor (EGFR) is a product of
the erbB gene family, which encodes a group of
transmembrane receptor-type tyrosine-protein kinases. It is
expressed in a variety of cell types, where it is involved in
the regulation of cell proliferation and differentiation.
Overexpression of EGFR has been detected in about
40~90% of non-small cell lung cancers (NSCLCs), with
especially high levels being found in squamous cell
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carcinomas (1, 2). Evidence suggests that such
overexpression of EGFR is involved in cancer progression
and is indicative of a poor prognosis (3, 4).
Estrogen exerts most of its effects in breast cancer via its
receptors, estrogen receptor · (ER-·) and ER-‚. In breast
cancer, the expression of ER-· is a useful marker that
provides information about prognosis and the potential
efficacy of hormonal therapy (5, 6). Recent studies have
shown that ER-· is also expressed in NSCLC (7-9), though
its function remains unknown.
Some recent studies have suggested that bidirectional
cross-talk between EGFR and cellular pools of ER contribute
to reproductive organ physiology and pathophysiology (1012). In that regard, estrogen has been shown to stimulate the
transactivation of EGFR in breast cancer cells, leading to upregulation of cAMP and ERK (13), while ER-· directly
associates with the membrane-tethered p85 subunit of
phosphatidylinositol 3-kinase (PI3K) in endothelial cells (14).
EGFR is also known to associate with PI3K (15), suggesting
the possible existence of an ER/PI3K/EGFR multiprotein
complex in some cell types.
With this background, the aim of the present study was
to evaluate the expressions of EGFR and ER-· in 122
surgical specimens from NSCLC patients and to correlate
those expressions with long-term survival.

Patients and Methods
Patients. This retrospective study was approved by the Human
Ethics Committee of Nakadori General Hospital, Akita, Japan. One
hundred and thirty-two lung tumors were obtained from patients
who underwent surgical resection for NSCLC in the Department of
Thoracic Surgery, Nakadori General Hospital between January
1995 and December 1997. The patient characteristics are
summarized in Table I. All patients were staged using standard
UICC criteria. Ten tumors were excluded from the study because
the patients were administered postoperative radiotherapy.
Adjuvant chemotherapy was not administered in all cases.
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Table I. Clinical characteristics of the NSCLC patients in the study.
EGFR
Variables
Age
Median
Range
Gender
Male
Female
Smoking
Smoker
Non-smoker
UICC stage
Ia
Ib
IIa
IIb
IIIa
IIIb
IV
Histology
Adenocarcinoma
SCC
LC
Grade
Well
Moderate
Poor

low

high

66
42-77

68
38-81

36
29

31
26

34
31

31
26

27
11
5
6
10
4
2

21
8
4
7
12
2
3

52
11
2

40
17
0

33
22
10

14
27
16

P

low

high

67
38-81

68
42-81

29
30

38
25

25
34

40
23

24
9
6
6
6
5
3

24
10
3
7
16
1
2

48
10
1

44
18
1

29
22
8

18
27
18

0.06

P
0.26

0.91

0.22

0.82

0.02

0.93

0.21

0.11

0.35

0.01

Assay for EGFR and ER-·. The expressions of EGFR and ER-· in
specimens of resected lung cancer tissue were analyzed
immunohistochemically. The specimens were fixed in formalin,
embedded in paraffin and cut into 5-Ìm sections. The sections were
then deparaffinized in xylene and ethanol, placed in 0.1 mol/L
citrate buffer (pH 6.0) and irradiated for 15 min with microwaves
(750 W). The primary antibodies used were mouse monoclonal
anti-EGFR (H11, DAKO, Kyoto, Japan, diluted 1:100 in
phosphate-buffered saline (PBS)) and anti-ER-· (HC-20, Santa
Cruz Biotechnology, Santa Cruz, CA, diluted 1:50 in PBS)
antibody. The distributions of the antibodies were visualized by
immunostaining the specimens using the EnVision method
(DAKO), according to the manufacturer’s instructions. The EGFR
expression was then scored according to the intensity of staining
and the number of stained tumor cells. A score of 0 indicated
staining in less than 10% of considered cells; 1, light staining in
more than 10% of considered cells; 2, moderate staining in more
than 10% of considered cells; and 3, strong staining in more than
10% of considered cells. For statistical analysis, scores of 0 or 1
were defined as no overexpression; scores of 2 and 3 as
overexpression. The ER-· expression was categorized into eight
grades according to previously described immunohistochemical
scores (16-18). Briefly, entire slides were each examined under a
light microscope. Initially, a proportional score was assigned, which
represented the estimated proportion of positive tumor cells (0,
none; 1, <1/100; 2, 1/100 to 1/10; 3, 1/10 to 1/3; 4, 1/3 to 2/3; and 5,
>2/3). Next, an intensity score was assigned, which represented the
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ER-·

0.03

average intensity of the positive tumor cells (0, none; 1, weak; 2,
intermediate; and 3, strong). The proportional and intensity scores
were then added to obtain a total score, which ranged from 0 to 8.
For statistical analysis, scores of 0 to 4 were defined as no
overexpression; scores of 5 to 8 as overexpression. The slides were
scored by pathologists with no knowledge of the ligand-binding
results or patient outcomes.
Statistical analysis. Two groups were compared using the ¯2 test.
The probabilities of overall survival were calculated using the
Kaplan-Meier method and compared using the log-rank test. A
Cox proportional hazard model was used to determine factors
related to overall survival. These analyses yielded hazard ratios,
their 95% confidence intervals and p-values. Values of p<0.05 were
considered significant.

Results
The patient characteristics and demographics are summarized
in Table I. Univariate analyses showed that overexpression of
EGFR or ER-· correlated with histological grade (p=0.01
and 0.03, respectively), and that overexpression of ER-· also
correlated with smoking (p=0.02). There was no correlation
between the overexpressions of EGFR or ER-· with any of
the other clinical variables, which included age, gender,
histological stage and histological type. Of the 122 specimens
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Figure 1. Immunohistochemical staining of lung cancer specimens expressing EGFR and ER-·. A, Squamous cell carcinoma cells showing EGFR
immunoreactively localized at the plasma membrane. B, Adenocarcinoma cells showing ER-· immunoreactivity localized in the cytoplasm.

studied, 57 (46.7%) overexpressed EGFR, 63 (51.6%)
overexpressed ER-·, while 33 (27%) overexpressed both
EGFR and ER-·. The expressed EGFR was localized to the
plasma membrane (Figure 1A), whereas ER-· was localized
in the cytoplasm (Figure 1B).

The overall Kaplan-Meier survival curves for the EGFR and
ER-· expressions are shown in Figure 2. Univariate analyses
revealed that expression of EGFR was linked to poor overall
survival (p=0.007) (Figure 2A), as was expression of ER-·
(p=0.007) (Figure 2B). Furthermore, EGFR (high)/ER-·
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Figure 2. A, B, Kaplan-Meier analysis showing the overall survival of NSCLC patients categorized according to their EGFR (A) or ER-· (B) expression
status. P-values were calculated using the log-rank test.

(high) patients had a significantly poorer prognosis (5-year
survival rate: 25.4%) than EGFR (low)/ER-· (low) patients (5year survival rate: 81.8%) (p=0.0003) (Figure 3).
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Multivariate analysis of overall survival using the Cox
proportional hazard model revealed that, of the factors
listed in Table II, only stage and combined overexpression
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Figure 3. Kaplan-Meier analysis showing overall survival of NSCLC patient subtypes defined by the combination of their EGFR and ER
immunohistochemical status. P-values were calculated using the log-rank test.

of EGFR and ER-· (double marker) were significant
independent variables that correlated with overall survival
(p=0.003 and p=0.0006, respectively); the double marker
yielded a hazard ratio of 2.03 with a 95% confidence
interval extending from 1.35 to 3.04.

Table II. Multivariate Cox proportional hazard analysis of overall survival
among the NSCLC patients in the study.

Discussion
Although overexpression of EGFR has been observed and its
prognostic value confirmed in multiple tumor types,
comparatively little information is available on the role of EGFR
in NSCLC. Still, Selvaggi et al. showed that overexpression of
EGFR correlates with a poor prognosis in completely resected
NSCLC (4). It is therefore disappointing that in the 2 years that
Gefitinib, an EGFR receptor tyrosine kinase inhibitor, has been
prescribed to treat lung cancer, it has proved ineffective in many
patients, even those overexpressing EGFR. This may be related
to the fact that Gefitinib is clinically effective in patients whose
tumors express various EGFR mutants (19, 20). In addition,
epidemiological analysis has shown that Gefitinib was more
effective in non-smokers, women and those with
adenocarcinomas than in others (21-23). We found levels of
EGFR expression to be unaffected by gender, histological type,
or whether or not the patient was a smoker. On the other hand,
we found that ER-· was overexpressed significantly more often
in smokers, which is noteworthy given that smokers tend to be
relatively insensitive to Gefitinib.

Hazard ratios

95% CI

P

Non-smoker/smoker

0.87

0.43-1.73

0.69

Stage I, II/III, IV

2.56

1.39-4.73

0.003

SCC/adenocarcinoma

1.18

0.53-2.63

0.68

Well/others

0.82

0.44-1.51

0.52

Double marker

2.03

1.35-3.04

0.0006

Parameters

Double marker: EGFR/ER-· – high expression vs. low expression

There have been several reports on the cross-talk between
EGFR and ER in recent years (10-12). None of these
studies, however, focused on whether patient prognosis is
affected by the co-expression of EGFR and ER-·. In the
present study, we found that the overexpression of either
EGFR or ER-· is predictive of a poor outcome in NSCLC,
and that combined overexpression of EGFR and ER-· is an
independent prognostic factor in NSCLC, suggesting the
cross-talk between EGFR and ER-·. We, therefore, further
suggest that, when considering EGFR as a target for therapy
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in NSCLC patients, it is also important to consider whether
the patient is also overexpressing ER-· or is expressing a
mutant form of EGFR.
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