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Abstract. Epidermal growth factor receptor (EGFR) mutations 
are more common in non-small cell lung cancer (NSCLC) and 
in female patients of East Asian origin. Therefore, the present 
study investigated the presence of EGFR mutations in advanced 
NSCLC, and assessed its correlation with clinicopathologic 
factors, including the expression of estrogen receptor-β (ER-β) 
and patient prognosis. The present study performed a retrospec-
tive analysis of 83 patients with stage IIIB-IV NSCLC. The 
expression of ER-β and p53 were examined using immunohis-
tochemical methods. EGFR mutations were evaluated using 
the amplification refractory mutation system. The expression 
of ER-β and p53 were detected in 37 (45.6%) and 48 (57.8%) of 
the patient tumors, respectively. EGFR mutations were identi-
fied in 36 (45.4%) cases. EGFR mutations were more frequently 
observed in ER-β-negative tumors (26/46; 56.5%), compared 
with ER-β-positive tumors (10/37; 27%). The expression of 
ER-β was significantly associated with EGFR mutations with 
an odds ratio (OR) of 0.241 (P=0.029). However, no significant 
correlation was observed between the expression of p53 and 
mutations in EGFR (OR=1.792; P=0.340). In addition, the 
expression of ER-β and lymph node metastasis were associ-
ated with poor prognosis, whereas EGFR mutations were 
significantly associated with favorable prognosis in terms of 
progression-free survival rates. However, there was no prog-
nostic significance associated with the expression of p53. In 
conclusion, the expression of ER-β was significantly correlated 
with the presence of EGFR mutations. The expression of ER-β 
and mutations of EGFR were found to be prognostic factors for 
survival rates in patients with advanced NSCLC.

Introduction

Lung cancer is a leading cause of cancer-associated mortality 
worldwide (1) and is difficult to cure, with a 5‑year survival 
rate of only 1-26% (2). Although tobacco smoking is the 
predominant risk factor for lung cancer, ~25% of lung cancer 
cases are not attributable to tobacco use (3). The increase in 
lung cancer appears to be a consequence of a marked increase 
in the prevalence of non-small cell lung cancer (NSCLC). 
NSCLC is more common in females, is predominantly of the 
adenocarcinoma cell type, and has less of an association with 
smoking habits, compared with other histological subtypes 
of lung cancer (4-6). These clinicopathologic characteristics 
suggest that gender-dependent factors are involved in the cause 
and prognosis of NSCLC.

Previous laboratory (2,7-9) and clinical studies (10-13) 
have reported that estrogen affects the differentiation and 
maturation of the normal lung, and stimulates lung tumor 
growth in particular NSCLC tumors (8,14,15). Epidemiological 
studies have also suggested that exogenous and endogenous 
estrogen affects the development of lung cancer (16). Several 
studies have provided evidence to support a biological role 
for estrogens in lung carcinogenesis by the direct promo-
tion of NSCLC cell proliferation through estrogen receptor 
(ER)-mediated signaling (2,17,18). ERs, including ER-α and 
ER-β, have been shown to be expressed in normal lung tissue 
and in lung carcinoma, particularly adenocarcinoma (8,19,20). 
The extent to which ER is expressed in lung tissue remains 
the subject of controversy, with minimal to almost ubiquitous 
expression previously reported (21).

In addition to transcriptional activation of estrogen-respon-
sive genes, estrogen has been reported to transactivate growth 
factor signaling pathways, including the epidermal growth 
factor receptor (EGFR) pathway. This ER-EGFR signaling 
axis appears to be reciprocal, with EGFR signaling enhancing 
the activation of ER, and ER signaling enhancing that of 
EGFR (22). Following the observation of somatic EGFR muta-
tions in NSCLC, several studies have reported higher mutation 
frequencies associated with adenocarcinoma, patients of East 
Asian ethnicity, women and non-smokers (23,24). Given the 

Correlation between epidermal growth factor receptor 
mutations and the expression of estrogen receptor-β 

in advanced non-small cell lung cancer
FANG DENG1,2,  MING LI1,2,  WU-LIN SHAN2,  LI-TING QIAN2,  SHUI-PING MENG3,   

XIAO-LEI ZHANG2  and  BAO-LONG WANG1

1Department of Clinical Laboratory, Affiliated Provincial Hospital of Anhui Medical University, Hefei, Anhui 230022;  
Departments of 2Clinical Laboratory and 3Respiratory Oncology, Anhui Provincial Cancer Hospital, 

Hefei, Anhui 230031, P.R. China

Received July 14, 2015;  Accepted November 3, 2016

DOI: 10.3892/ol.2017.5711

Correspondence to: Dr Bao-Long Wang, Department of Clinical 
Laboratory, Affiliated Provincial Hospital of Anhui Medical 
University, 218 Jixi Road, Shushan, Hefei, Anhui 230022, P.R. China
E-mail: baolongwang196@sina.com

Key words: epidermal growth factor receptor, estrogen receptor-β, 
non-small cell lung cancer, mutation, p53



DENG et al:  CORRELATION BETWEEN EGFR MUTATIONS AND ER IN LUNG CANCER2360

gender bias in the prevalence of EGFR mutations, interactions 
between the ER and EGFR pathways have been the subject of 
extensive investigation (12,25-27). However, the majority of 
studies have focused on stage I-III NSCLC, and few have exam-
ined their association with more advanced stages of this disease. 
In addition, the findings from these studies remain inconsistent.

The aim of the present study was to examine the frequency 
of EGFR gene mutations in advanced NSCLC, and to assess 
its correlation with clinicopathologic factors, including the 
expression of ER-β and patient prognosis.

Materials and methods

Patients. In the present study, a retrospective analysis of a 
total of 83 patients with advanced NSCLC was performed. 
The samples analyzed included 17 surgical specimens, 
12 lung biopsy specimens, 15 bronchoscopic biopsy speci-
mens, 24 pleural effusion specimens, 13 lymph node biopsy 
specimens and two bone biopsy specimens. These specimens 
were fresh frozen or tumors embedded in paraffin blocks. All 
patients were diagnosed as stage IIIB-IV according to the 
1997 revised tumor‑node‑metastasis classification system of 
the International Union against Cancer (28). Tumor specimens 
were collected from the Anhui Provincial Hospital (Hefei, 
China) between August 2011 and August 2013. Written 
informed consent was provided by all patients. Approval 
was obtained from the institutional review board and ethics 
committee of Anhui Provincial Hospital. The clinical features 
of the patients are listed in Table I.

EGFR mutation analysis. Mutations in exons 18-21 of the EGFR 
gene were detected using methods described previously (29). 
Briefly, genomic DNA was extracted and purified from either 
fresh‑frozen tumors or tumors embedded in paraffin blocks 
using the QIAamp DNA FFPE Tissue kit (catalog no., 56404; 
Qiagen GmbH, Hilden, Germany). A 296-base pair GAPDH 
fragment was amplified as an internal control to ensure DNA 
integrity and for normalization. Primer pairs used were as 
follows: exon 18 sense, 5'-CAA ATG AGC TGG CAA GTG CCG 
TGTC-3' and antisense, 5'-GAG TTT CCC AAA CAC TCA GTG 
AAAC-3'; exon 19 sense, 5'-GCA ATA TCA GCC TTA GGT 
GCG GCTC-3' and antisense, 5'-CAT AGA AAG TGA ACA 
TTT AGG ATGTG-3'; exon 20 sense, 5'-CCA TGA GTA CGT 
ATT TTG AAA CTC-3' and antisense, 5'-CAT ATC CCC ATG 
GCA AAC TCT TGC-3'; exon 21 sense, 5'-CTA ACG TTC GCC 
AGC CAT AAG TCC-3' and antisense, 5'-GCT GCG AGC TCA 
CCC AGA ATG TCTGG-3'. Genomic DNA was extracted and 
purified from either fresh‑frozen tumors or tumors embedded 
in paraffin blocks using the QIAamp DNA FFPE Tissue kit 
(catalog no., 56404; Qiagen GmbH). The polymerase chain 
reaction (PCR) products were purified and labeled using the 
BigDye Terminator v3.1 Cycle Sequencing kit (Amoy Dx, 
Ltd., Xiamen, China), followed by sequencing in an ABI 3100 
Genetic Analyzer (Applied Biosystems; Thermo Fisher Scien-
tific, Inc., Waltham, MA, USA). All sequence variations were 
confirmed by multiple independent PCR amplifications and 
repeated sequencing reactions.

Immunohistochemical staining. Tissue sections (5-µm 
sections) obtained from the paraffin-embedded specimens 

were prepared on glass slides and then deparaffinized in 
xylene followed by a graded series of alcohol washes. The 
sections were placed in 0.1 mol/l citrate buffer (pH 6.0), auto-
claved at 121˚C for 10 min and treated with 3% H2O2 for 5 min 
to reduce endogenous peroxidase activity. The sections were 
then blocked with normal goat serum (Amoy Dx, Xiamen, 
China) for 15 min and then incubated with rabbit polyclonal 
antibodies targeting either ER-β (catalog no., SC-6820; Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) or p53 
(catalog no., 2527s; Cell Signaling Technology, Inc., Beverly, 
MA, USA) at room temperature for 30 min. The ER-β and 
p53 antibodies were diluted 1:500 and 1:10, respectively, in 
phosphate-buffered saline. Biotinylated secondary anti-mouse 
antibodies (dilution, 1:100; catalog no., 7076s; Cell Signaling 
Technology, Inc.) were applied to the sections for 20 min. 
Immunoperoxidase staining was subsequently performed 
using the EnVision kit (Dako Japan Co., Ltd., Kyoto, Japan) 
according to the manufacturer's protocol. Sections were 
observed using Olympus BX51 (Olympus, Tokyo, Japan).

Statistical analysis. All statistical analysis was performed 
using the SPSS 16.0 statistical software package (SPSS 
Inc., Chicago, IL, USA). All data are expressed as the 
mean ± standard deviation. The χ2-test was used to investigate 
associations between EGFR mutations and clinical character-
istics, including the expression of ER-β, age, gender, smoking 
history, histological type, histological differentiation, lymph 
node metastasis and distant metastasis. Multivariate analysis 
was performed using logistic regression. Survival curves were 
estimated using the Kaplan-Meier method. Progression-free 
survival (PFS) was defined as the time of diagnosis to the 
time of recurrence or the date of the final follow‑up. Signifi-
cant differences among subgroups were compared using the 
log-rank test. Cox proportional hazard regression analysis was 
used to examine the effects of EGFR mutations, expression of 
ER-β and clinical variables on survival rates. Factors showing 
prognostic significance in the univariate analyses were entered 
as variables in the multivariate analysis. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

EGFR mutation status in NSCLC tumors. Tumor specimens 
obtained from 83 patients with advanced NSCLC were 
analyzed for mutations in the EGFR gene. The tumors of 
47 (56.6%) patients were identified as EGFR wild-type 
(EGFR-wt) and those of 36 (45.4%) patients were identified 
as EGFR mutant (EGFR-mut). It was found that >95% of the 
patients with EGFR-mut tumors had adenocarcinomas, and 
42.6% of the patients with EGFR‑wt tumors had squamous 
carcinomas. The percentage of former and current smokers 
was significantly higher in the EGFR‑wt group, compared 
with the EGFR-mut group (72.3, vs. 30.6%, respectively), 
whereas the percentage of female patients was significantly 
higher in the EGFR-mut group, compared with the EGFR-wt 
group (61.1, vs. 17%, respectively).

Expression of ER‑β and p53 in tumor specimens. Immuno-
histochemistry was performed to evaluate the expression of 
ER-β and p53 in the tumors of the 83 patients with advanced 
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NSCLC. Representative examples of positive and negative 
ER-β and p53 immunostaining are shown in Fig. 1. For each of 
these proteins, the patients were categorized into positive and 
negative expression groups depending upon whether or not 
protein staining was detectable in the tumor tissue samples. 
ER-β and p53 were expressed in 37 (45.6%) and 48 (57.8%) of 
the 83 patient tumors, respectively. The percentage of samples 
with detectable expression of ER-β was higher in the EGFR-wt 
patient group, compared with the EGFR-mut group (57.4, vs. 
27.8%, respectively). However, the percentage of samples posi-
tive for the expression of p53 was similar for the EGFR-wt 
and EGFR-mut patient groups (55.3, vs. 61.1%, respectively). 
No significant correlation between the expression of p53 and 
EGFR mutations was found (Table I).

Association between EGFR mutations and clinicopathologic 
factors. In the univariate analysis, mutations in the EGFR gene 
were significantly associated with gender, smoking status, 
histology and the expression of ER-β (Table I). No significant 
correlation was identified between EGFR mutations and 

well-differentiated tumors, lymph node metastasis and the 
expression of p53 (Table I). In the multivariate analysis, as 
shown in Table II, EGFR mutations were significantly associ-
ated with histology (OR 0.074; P=0.023) and the expression 
of ER-β (OR 0.241; P=0.029). However, no significant corre-
lations were observed between EGFR mutations and either 
gender (OR 3.649; P=0.105) or smoking status (OR 0.493; 
P=0.360). The above findings indicated that there was a close 
correlation between the expression of ER-β and the presence 
of EGFR mutations.

Affect of clinicopathologic factors, expression of ER‑β and 
EGFR mutations on PFS. Subsequently, survival analysis was 
performed on the 83 advanced NSCLC patients. The expres-
sion of ER-β was associated with poor prognosis in terms of 
PFS. The median PFS was 8.5 months for the ER-β-postive 
expression group and 12.2 months for the ER-β-negative 
expression group (P=0.004; Fig. 2A). However, within the 
36 patient EGFR-mut group, the ER-β expression status had 
no significant effect on PFS (P=0.085), as shown in Fig. 2B. 

Table I. Characteristics of the patients, according to EGFR status.

 Number (%) EGFR wild-type EGFR mutant
Characteristic  (n=83) n (%) n (%) P-value

Age (years)    0.580
  ≤64 46 (55.4) 26 (31.3) 20 (24.1) 
  >64 37 (45.6) 21 (25.3) 16 (19.3) 
Gender    <0.001
  Female 30 (36.1) 8 (9.6) 22 (26.5) 
  Male 53 (63.9) 39 (47) 14 (16.9) 
Differentiation    0.212
  Well 25 (30.1) 12 (14.5) 13 (15.7) 
  Poor 58 (69.9) 35 (42.2) 23 (27.7) 
Smoking status    <0.001
  Never smoked  38 (45.8) 13 (15.7) 25 (30.1) 
  Current and former smokers 45 (54.2) 34 (41) 11 (13.3) 
Histology    <0.001
  Adenocarcinoma 62 (74.7) 27 (32.5) 35 (42.2) 
  Squamous 21 (25.3) 20 (24.1) 1 (1.2) 
Lymph node metastasis    0.410
  Yes 53 (63.9) 31 (37.3) 22 (26.5) 
  No 30 (36.1) 16 (19.3) 14 (16.9) 
Distant metastasis    0.245
  Yes 46 (55.4) 24 (28.9) 22 (26.5) 
  No 37 (45.6) 23 (27.7) 14 (16.9) 
Expression of estrogen receptor-β    0.006
  Negative 46 (55.4) 20 (24.1) 26 (31.3) 
  Positive 37 (45.6) 27 (32.5) 10 (12) 
Expression of p53    0.381
  Negative 35 (42.2) 21 (25.3) 14 (16.9) 
  Positive 48 (57.8) 26 (31.3) 22 (26.5) 

EGFR, epidermal growth factor receptor.
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EGFR mutations were associated with favorable prognosis 
in terms of PFS. The median PFS was 14.6 months in the 
EGFR-mut group, compared with 7.6 months in the EGFR-wt 
group (P<0.001; Fig. 2C). In addition, no significant correla-
tion was observed between the expression of p53 and PFS 
(P=0.659; Fig. 2D). These data indicated that EGFR mutations 
and the expression of ER-β were significant determinants of 
prognosis in patients with advanced NSCLC.

The results of the Cox regression analysis of clinical vari-
ables associated with PFS for the 83 patients are summarized 
in Table III. In the univariate analysis, survival rates were 
significantly associated with conventional prognostic factors, 
including smoking status (P=0.004), histology (P=0.004), 
lymph node metastasis (P=0.001), EGFR mutations (P<0.001) 

and expression of ER-β (P=0.007). The multivariate analysis 
revealed that EGFR mutations (P<0.001) and lymph node 
metastasis (P=0.003) were significant prognostic factors. 
However, no differences in PFS were observed with respect to 
histological type and the ER-β expression status.

Discussion

In the present study, a cohort of 83 patients with advanced 
NSCLC was analyzed. The results provided evidence for an 
association between the expression of ER-β and the pres-
ence of EGFR mutations, and demonstrated the prognostic 
significance of this association. The results showed that 
there was a significant correlation between EGFR mutations 

Table II. Multivariate analysis of predictive factors for epidermal growth factor receptor mutations.

Characteristic OR (95% CI) P-value

Age: ≤64, vs. >64 years 1.429 (0.424‑4.823) 0.565
Gender: Female, vs. male 3.649 (0.761-17.494) 0.105
Differentiation: Well, vs. poor 3.061 (0.773-12.126) 0.111
Smoking status: Never smoked, vs. current/former smoker 0.493 (0.108-2.245) 0.360
Histology: Squamous, vs. adenocarcinoma 0.074 (0.008‑0.698) 0.023
Lymph node metastasis: Yes, vs. no 0.790 (0.209-2.986) 0.729
Distant metastasis: Yes, vs. no 1.209 (0.329-4.447) 0.775
Expression of estrogen receptor-β: Negative, vs. positive 0.241 (0.067-0.865) 0.029
Expression of p53: Negative, vs. positive 1.792 (0.540-5.943) 0.340

OR, odds ratio; CI, confidence interval.

Figure 1. Representative examples of estrogen receptor-β and p53 immunostaining in patient-derived tumor tissue sections. Examples of staining patterns 
scored as negative (left) and positive (right) for protein expression are shown for each protein.
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Figure 2. Kaplan‑Meier PFS curves. (A) PFS curves for the 83 patients, stratified according to ER‑β expression status. The median survival rate for ER-β-negative 
patients was 12.2 months, compared with 8.5 months for ER-β-positive patients (P=0.004). (B) PFS curves for the EGFR-mut subgroup of 36 patients, 
stratified according to ER‑β expression status. The median survival rate for the ER-β-negative patients was 15.4 months, compared with 11.9 months for the 
ER-β‑positive patients (P=0.085). (C) PFS curves for the 83 patients, stratified according to EGFR mutation status. The median survival rate of the EGFR‑wt 
patients was 7.6 months, compared with 14.6 months for the EGFR‑mut patients (P<0.001). (D) PFS curves for the 83 patients, stratified according to p53 
expression status. The median survival rate for p53-negative patients was 10.8 months, compared with 10.4 months for p53-positive patients (P=0.659). PFS, 
progression-free survival; ER-β, estrogen receptor-β; EGFR, epidermal growth factor receptor; wt, wild-type; mut, mutant.

Table III. Results of the univariate and multivariate analyses of selected factors for PFS in all patients.

 Univariate Multivariate
 --------------------------------------------------------------- ---------------------------------------------------------------
Variable HR (95% CI) P-value HR (95% CI) P-value

Gender (male, vs. female) 0.624 (0.383-1.017) 0.059   
Age (≤64, vs. >64 years) 0.929 (0.593‑1.456) 0.749   
Smoking status (never, vs. current/former) 2.012 (1.254-3.229) 0.004 1.172 (0.682-2.012) 0.566
Histology (adenocarcinoma, vs. squamous) 2.168 (1.273‑3.695) 0.004 1.111 (0.670‑1.844) 0.747
Histological differentiation (well, vs. poor) 0.873 (0.535-1.424) 0.586   
Lymph node metastasis (yes, vs. no) 2.576 (1.493-4.443) 0.001 2.400 (1.353-4.257) 0.003
Distant metastasis (yes, vs. no) 1.294 (0.824-2.032) 0.264   
EGFR (mutated, vs. wild type) 0.238 (0.139-0.409) <0.001 0.284 (0.150-0.537) <0.001
Estrogen receptor-β (positive, vs. negative) 1.924 (1.197-3.092) 0.007 1.111 (0.670-1.844) 0.684
P53 (positive, vs. negative) 1.102 (0.698-1.738) 0.678   

EGFR, epidermal growth factor receptor; HR, hazard ratio; CI, confidence interval.

  A   B

  C   D
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and clinicopathologic factors, including histology and the 
expression of ER-β. There was a significant trend toward 
improved PFS for patients with EGFR mutations, compared 
with those without mutations. It was also found that patients 
with ER-β tumors had a significantly poorer prognosis. These 
findings indicated that EGFR mutations and the expression of 
ER-β may represent clinically useful prognostic markers in 
advanced NSCLC.

In NSCLC cells, estrogen biosynthesis is driven by 
intrinsically expressed aromatase (30), resulting in the activa-
tion of ER signaling, and the promotion of tumor development 
and progression (2,7,31). Although the detection of ER-α 
and/or the expression of ER-β by immunohistochemical 
techniques has been associated with clinical outcome in 
certain studies (11,13,26), findings regarding the frequency 
of expression of these receptors in NSCLC are inconsis-
tent (11,13,27,32). These differences may be a consequence 
of inter-study variations in factors, including patient cohort 
characteristics (13), the antibodies used and their associated 
dilutions. These discrepancies may obscure the significance 
of hormone receptor expression status on patient clinico-
pathologic characteristics and prognosis. In the present study, 
ER-β was found to be expressed in the tumors of 37 (45.6%) 
patients, and was more frequently associated with wild‑type 
EGFR status. A significant negative correlation was identified 
between the expression of ER-β and EGFR mutations, which 
was consistent with previous reports (11,12,25,27). The present 
study also found that the expression of ER-β was significantly 
associated with shorter PFS in the 83 patients examined. 
However, no significant correlation between the expression 
of ER-β and PFS was found for the 36 EGFR-mut patients. 
These differences may be a consequence of the low number of 
patients with EGFR mutations in the present study. Although 
not significant, the PFS for the 36 EGFR‑mut patients who 
were also negative for the expression of ER-β was longer, 
compared with that for the patients positively expressing 
ER-β (15.4, vs. 11.9 months, respectively). The above results 
indicated that female hormone-associated factors, including 
aromatase and the expression of ER-β, affect the outcomes 
for patients with NSCLC associated with EGFR mutations, 
suggesting that the ER and EGFR pathways contribute to the 
progression of NSCLC.

EGFR mutations are considered to be an early event 
in the pathogenesis of NSCLC, and are more commonly 
observed in women, non-smokers and in patients with 
adenocarcinoma (23,24,33). It is now universally accepted 
that the presence or absence of EGFR mutations can be 
used to define two types of NSCLC with differing biology, 
therapeutic options and outcomes (34). In the present study, 
97.2% of EGFR-mut tumors were adenocarcinomas, and the 
EGFR mutation frequency was higher in non‑smokers and 
female patients. These results are all consistent with those of 
previous reports (23,24). In addition, the present study found 
that patients with EGFR mutations had a significantly more 
favorable prognosis, compared with those without EGFR 
mutations. These data indicated that EGFR mutations wer the 
most important factor in determining the prognosis of patients 
with advanced NSCLC. The present study also evaluated the 
effect of gender, smoking history and the ER-β expression 
status on PFS in the 36 EGFR-mut patients; however, no 

significant differences were found (data not shown). This may 
have been due to the low number of EGFR-mut patients in the 
present study. Therefore, a clinical investigation involving a 
larger number of patients with EGFR mutations is required 
to further clarify the correlation between clinicopathologic 
factors and prognosis within this specific advanced NSCLC 
patient subgroup.

The p53 tumor suppressor protein regulates multiple impor-
tant cellular processes, including cell-cycle arrest, senescence 
and apoptosis, and alterations in its activity are involved in 
tumorigenesis. Therefore, the loss of p53 function may lead 
to unchecked cellular proliferation, tumor growth and thera-
peutic resistance (35,36). The present study also investigated 
the effect of the expression of p53 in patients with advanced 
NSCLC. No correlation was found between the expression of 
p53 and the presence of EGFR mutations (Tables I and II). 
In addition, no significant correlation was observed between 
the expression of p53 and PFS. A previous study reported that 
non-disruptive mutations in the TP53 gene are an indepen-
dent prognostic factor of shorter survival rates in advanced 
NSCLC (37), whereas another study showed that p53 muta-
tions are significantly correlated with tumor relapse in patients 
with stage I disease (38). The tumor suppressor gene, TP53, is 
the most frequently mutated gene in NSCLC (39). Several of 
these mutations result in a stable protein, with significant loss 
of activity. However, the present study did not investigate the 
significance of p53 mutations. Clinical trials are warranted to 
determine the frequency, nature and prognostic significance of 
p53 mutations in patients with advanced NSCLC.

In conclusion, the present study demonstrated a significant 
correlation between the expression of ER-β and the presence of 
EGFR mutations in advanced NSCLC. EGFR mutations had a 
negative association with the expression of ER-β. The expres-
sion of ER-β was associated with poor prognosis, whereas 
EGFR mutations were associated with a more favorable patient 
outcome. These findings suggested that the expression of ER‑β 
and presence of EGFR mutations may be used as surrogate 
markers for the prognosis of patients with advanced NSCLC.
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