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Cytoplasmic ERB1 expression is associated with survival
of patients with Stage IV lung adenocarcinoma
and an EGFR mutation at exon 21 L858R
subsequent to treatment with EGFR-TKIs
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Abstract. The present study assessed whether estrogen
receptor (ER)p1 is associated with the survival of patients with
advanced lung adenocarcinoma, with or without mutations of the
epidermal growth factor receptor (EGFR) following treatment
with EGFR-tyrosine kinase inhibitors (TKIs). Pathologically
confirmed stage IV lung adenocarcinomas were assessed
for EGFR mutations and ERp1 expression. Progression-free
survival (PFS) and overall survival (OS) were estimated using
the Kaplan-Meier method and the log-rank test. A total of 122
out of the 201 (60.7%) patients had EGFR mutations, 64 (31.8%)
of which were EGFR Dell9 and 58 mutations (28.9%) were
EGFR exon 21 L858R mutation. The presence of EGFR muta-
tions was significantly increased in female patients compared
with male patients (P<0.001) and in non-smokers compared with
smokers (P<0.001). Patients with EGFR mutations had a signifi-
cantly improved PFS and OS compared with patients without
EGFR mutations treated with EGFR-TKIs. Furthermore,
ERp1 expression was significantly increased in patients with
EGFR mutations compared with patients without EGFR muta-
tions (P=0.001). However, the median PFS (P=0.005) and
OS (P=0.002) of patients carrying the EGFR exon 21 L858R
mutation was significantly decreased in patients with tumors
where ERPI cytoplasmic expression was high. The multi-
variate analysis demonstrated that ER31 expression was the only
independent predictor of PFS (P=0.002) and OS (P=0.003) in
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patients carrying the EGFR exon 21 L858R mutation. The data
demonstrated that ERp1 expression may predict outcomes of
patients with lung adenocarcinoma treated with EGFR-TKI.

Introduction

Lung cancer is the leading cause of cancer-associated mortality
worldwide and non-small cell lung cancer (NSCLC) accounts
for 80-85% of all lung cancer cases (1). Mutations and gene
amplifications of epidermal growth factor receptor (EGFR)
frequently occur in NSCLC, and EGFR-tyrosine kinase inhibi-
tors (EGFR-TKIs) are regularly used to treat patients with
NSCLC and prolong progression-free survival (PFS) (2,3).
Thus, it is recommended to screen for EGFR mutations
in patients with NSCLC and that patients with sensitizing
EGFR mutations are treated with first-line EGFR-TKIs,
whereas patients with NSCLC wihtout EGFR mutation or
unknown mutational status are treated with platinum-based
chemotherapy (4,5). In the clinic, the majority of patients with
EGFR mutations initially respond very well to EGFR-TKISs;
however, a large proportion of them eventually develop drug
resistance (6). The underlying molecular mechanisms of drug
resistance may be due to receptor tyrosine-protein kinase
erbB-2 (HER2) amplification and EGFR T790M mutation,
MET proto-oncogene, receptor tyrosine kinase (c-MET)
amplification, phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit o (PIK3CA) mutation or B-Raf proto-onco-
gene, serine/threonine kinase (BRAF) mutations in tumor
tissues (7). However, the specific molecular mechanisms
require further investigation. For example, previous studies
demonstrated that estrogen receptor (ER)p was overexpressed
in NSCLC tissue specimens, which may be associated with
resistance to treatment with EGFR-TKIs in patients with
NSCLC (8.9). ERp is the most commonly observed subtype
of ER expressed in lung cancer (8.,9). Previous studies have
suggested cross-talk between the ER3 and EGFR signaling
pathways in lung cancer (10-12). ERp is frequently overex-
pressed in NSCLC with EGFR mutations, particularly in lung
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adenocarcinoma (13,14), and ERf3 expression was reported to
be associated with the prognosis of NSCLC with EGFR muta-
tions subsequent to treatment with EGFR-TKIs (15-17). There
are five known isoforms of ERp, and ERfI is the only known
full-length and functional ERp isoform expressed in various
cells and tissues (18), and is the most relevant prognostic factor
of all ERp isoforms for patients with NSCLC (9).

To date, the presence of a number of EGFR mutations have
been demonstrated to occur in NSCLC (19), each of which
may contribute to different outcomes of patients treated with
EGFR-TKIs; however, two EGFR mutations, exon 19 deletion
(Del19) and the substitution L858R in exon 21, account for
80-90% of all EGFR mutations in NSCLC (20), and patients
with NSCLC carrying these mutations respond favourably
to treatment with EGFR-TKI (2,3). In contrast, other EGFR
mutations, including G719X, L861Q and a de novo exon 20
T790M mutation, account for ~10% of the known EGFR
mutations in NSCLC, and only certain patients responded
favourably to treatment with EGFR-TKI (21). In addition,
patients with the T790M mutation demonstrated resistance
to treatment with first generation EGFR-TKIs (22). Previous
studies have demonstrated that treatment of patients with
NSCLC carrying Dell19 mutation with EGFR-TKIs improved
outcomes compared with the patients carrying the L858R
mutation (23,24). In the present study, ERP1 expression was
retrospectively assessed in 201 lung adenocarcinoma tissue
specimens, and the ERP1 expression and survival of patients
with lung adenocarcinoma carrying the EGFR Del19 or L§58R
mutation subsequent to treatment with EGFR-TKIs were
examined. The present study was designed to confirm data
from previous studies (23,24), and additionally provide useful
information regarding treatment of patients with NSCLC with
EGFR-TKIs or a combination of other drugs.

Patients and methods

Patients and treatment. Patients who were pathologically
diagnosed with stage IV TNM lung adenocarcinoma were
evaluated for eligibility (25). The inclusion criteria were:
i) Patients with data pertaining to EGFR mutations; and
ii) treatment with EGFR-TKIs or chemotherapy. The exclusion
criteria were: i) Patients that had left hospital; ii) patients that
had refused any chemotherapy or an EGFR test, or iii) there
was no sufficient tissue specimen for the EGFR and immuno-
histochemistry (IHC) tests. Thus, 201 patients were eligible
for the present study. Tissue samples from patients, for EGFR
mutation analysis, were retrospectively collected from The
Department of Thoracic Oncology, Anhui Provincial Cancer
Hospital (Hefei, China) between January 2012 and June 2014.
The cohort of patients had stage I'V disease; thus, there were no
patients that underwent tumor resection. The median age was
65 years (range, 27-84 years) and 72.1% were females. Lung
cancer tissues were obtained through transbronchial biopsy
or fine needle aspiration for histological diagnosis of NSCLC.
The present study was approved by The Ethics Committee
of Anhui Provincial Cancer Hospital, which waived patient
consent due to mortality of all the individuals.

In terms of treatment options, patients with lung adeno-
carcinoma with no evidence of EGFR mutations were
administered pemetrexed in combination with two 4-week
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cycles of cisplatin/carboplatin (area under the curve=5). From
the cohort, two patients with a relatively uncommon EGFR
19Del plus T790M mutation, which may not have responded
well to treatment with EGFR-TKI (20,21), also received
chemotherapy as it was in doubt whether such patients would
respond to the first generation of EGFR-TKIs. Patients with
common EGFR mutations and two patients with uncommon
EGFR mutations (one each of S768I/L858R and 19Del/G719X
mutation) were administered the first-line therapy of gefitinib
(250 mg/day), erlotinib (150 mg/day) or icotinib (125 mg, three
times a day) for between 4 and 17.6 months (discontinued after
occurrence of drug resistance). Treatment with EGFR-TKIs
were discontinued when CT scans identified enhanced disease
progression or if treatment toxicity was deemed unacceptable.
For these patients, chemotherapy or the best supportive care
were the options considered thereafter.

Patient assessment and follow-up. The clinicopathological
data of the patients, including age, sex, smoking history,
TNM stage and brain metastasis, were retrieved from their
medical records and are presented in Table I. Clinically, all
patients were evaluated on a monthly basis and their follow-up
consisted of a physical examination, including the Eastern
Cooperative Oncology Group performance status (26), labo-
ratory tests and electrocardiography, whereas tumor burdens
were assessed monthly or bimonthly using CT. Non-smokers
were defined as individuals who had smoked <100 cigarettes
in their lifetime, whereas others were defined as smokers. The
effectiveness of chemotherapy or targeted therapy was evalu-
ated with the Response Evaluation Criteria in Solid Tumors
(RECIST) 1.1 (27) and disease progression was defined as
>20% increase in the diameter of a tumor lesion following
treatment with EGFR-TKI or chemotherapy according to
RECIST 1.1 (27). The PFS was calculated as the interval from
initial treatment to the progression of the disease, mortality of
any cause or the last follow-up. The overall survival (OS) was
calculated as the interval from initial treatment to mortality
from any cause or the last follow-up. The survival data were
obtained through the review of medical records, telephone
follow-up or contact with the local Household Registration
Department.

DNA extraction and detection of EGFR mutations. Genomic
DNA was extracted from formalin-fixed, paraffin-embedded
tumor tissue specimens using the Cobas® DNA Sample
Preparation Kit according to the manufacturer's protocol
(Roche Molecular Diagnostics, Pleasanton, CA, USA). The
presence of EGFR mutations was assessed using a Cobas z 480
real-time PCR system (Roche Molecular Diagnostics) which is
capable of detecting 42 EGFR mutations (28).

IHC. All THC steps were performed on a BenchMark
XT system (Ventana Medical Systems, Inc., Tucson, AZ,
USA), according to the manufacturer's protocol. Briefly,
paraffin-embedded tissue sections of a 4-pum thickness were
fixed in 10% neutral-buffered formalin for 24 h at room
temperature and deparaffinized and subsequently placed into
a 60°C oven for 2 h. To block endogenous peroxidase activity,
3% hydrogen peroxide was used for 8 min at 37°C. A mouse
monoclonal anti-human ERP1 antibody PPG5/10 (1:50; cat.
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Table I. Clinicopathological characteristics of 201 patients with stage I'V lung carcinoma.

Epidermal growth factor
receptor mutations, n (%)

Clinicopathological characteristic n Mutation No mutation P-value

Age (years) 0.314
=65 103 66 (64.1) 37 (36.9)
<65 98 56 (57.1) 42 (42.9)

Sex <0.001*
Male 56 22 (39.3) 34 (60.7)
Female 145 100 (69.0) 45 (31.0)

Smoking status <0.001*
Smoker 62 20 (32.3) 42 (67.7)
Never-smoker 139 102 (73.4) 37 (26.6)

ECOG performance status 0.675
0 108 67 (62.0) 41 (38.0)
=1 93 55 (59.1) 38(40.9)

Brain metastasis 0.605
Yes 115 64 (55.6) 51(444)
No 86 51 (59.3) 35 (40.7)

2P<0.001. ECOG, Eastern Cooperative Oncology Group.

no. M7292; Dako; Agilent Technologies, Inc., Santa Clara,
CA, USA) was incubated with the tissue sections for 32 min at
37°C. Subsequently, the slides were incubated with a ultraView
universal HRP Multimer, which contains a cocktail of HRP
labeled antibodies (goat anti-mouse IgG, goat anti-mouse IgM
and goat anti-rabbit) (prediluted; cat. no. 760-500; Ventana
Medical Systems, Inc.) for 8 min at 37°C. Finally, the tissue
sections were counterstained with hematoxylin for 16 min
at 37°C and assessed under a light microscope (Olympus
Corporation, Tokyo, Japan) at x10 magnification using the
Allred scoring system according to previous studies (14,28).
ERp expression was divided into nuclear or cytoplasmic
staining and scored based on the proportion of positive cells
(0, no staining at all; 1, <1%; 2, 2-10%; 3, 11-33%; 4, 34-66%;
and 5, >67%) and the staining intensity (0, no staining;
1, weak; 2, moderate; and 3, strong staining). The evaluation
of the THC staining was performed independently by two
pathologists who were blinded to the identity of the patients.
The staining index of the cytoplasmic or nuclear score was
subsequently reached by the addition of the staining proportion
and intensity to provide a score between 0 and 8 (Fig. 1). Any
disagreements were resolved by reviewing the immunostained
sections to reach a consensus. High or low ERf} expression was
defined according to a previous study (29). The median of the
cytoplasmic scores of ER1 immunostaining was 4; thus, the
low level of the cytoplasmically immunostaining was defined
as <4, whereas >4 was classified as a high level of cytoplasmic
ERp1 expression.

Statistical analysis. All statistical analyses were performed
using SPSS 20.0 (IBM Corporation, Armonk, NY, USA). The
primary endpoint of the treatment responses was the PFS,

whereas the secondary endpoint was the OS. The median
PFS and OS were estimated using the Kaplan-Meier curves
and statistically analyzed using the log-rank test. Where
appropriate, the data were additionally presented as the 95%
confidence intervals (CI) and the hazard ratios (HRs) with
associated 95% CI. The variables significantly associated
with survival in a univariate analysis using the log-rank test
were further assessed using a multivariate analysis with the
Cox proportional model. P<0.05 was considered to indicate a
statistically significant difference.

Results

Characteristics of patients. In the present study, a total of
761 patients diagnosed with lung adenocarcinoma between
January 2012 and June 2014 (Fig. 2) were retrospectively
reviewed. Due to the nature of the study, 201 patients with TNM
stage IV with a known EGFR mutation status were included
in the analysis. The demographic and baseline characteristics
are listed in Table I. The EGFR mutation frequency was
significantly higher in female patients (69.0%) compared with
male patients (39.3%; P<0.001) and also higher in non-smokers
(73.4%) compared with smokers (32.3%; P<0.001). Other clini-
copathological data did not demonstrate statistical significance
between patients with or without EGFR mutations (Table I).
In the present cohort, the median PFS was 10 months
(95% CT; 9.5-10.5 months) and the median OS was 21 months
(95% CI; 20.1-21.9 months). Patients with EGFR muta-
tions demonstrated a significantly increased median PFS
(12 vs. 6 months, P<0.001; Fig. 3A), and a longer median
OS (23 vs. 16 months, P<0.001; Fig. 3B) compared with
patients without EGFR mutations subsequent to treatment
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Figure 1. Immunohistochemical assessment of ERfB1 expression in lung adeno
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carcinoma tissue specimens. (A) The Allred scoring system of ERf1 expres-

sion in tissue specimens. Cytoplasmic score of 8 + nuclear score of 8=total score of 16 (tissue specimen from a patient with EGFR Dell9 mutation). (B) The
cytoplasmic score of 3 + nuclear score of 7=total score of 10 (tissue specimen from a patient with EGFR exon 21 L858R mutation). (C) The cytoplasmic
score 0 + nuclear score O=total score O (tissue specimen from a patient without any EGFR mutation). Scale bar, 100 ym. ERf1, estrogen receptor 1;

EGFR, epidermal growth factor.

Patients with TNM stage IV
lung adenocarcinoma
n=761

Exclusions

chemotherapy, n=226

leaving the hospital or refusing

refusing EGFR test, n=180

Patients who underwent EGFR
mutation test
n=355

Inadequate specimen
for IHC, n=154

Eligible patients
n=201

Figure 2. Flow diagram of inclusion and exclusion criteria for cohort selection. TNM, tumor node metastasis; EGFR, epidermal growth factor receptor;

IHC, immunohistochemistry.

with EGFR-TKIs. The median PFS was additionally signifi-
cantly increased among patients with EGFR Dell9 compared
with the EGFR exon 21 L858R mutation (14 vs. 9 months,
P<0.001; Fig. 3C). A similar trend was observed for the median
OS (25 vs. 20 months, P<0.001; Fig. 3D).

ERQI expression is associated with survival of patients with
EGFR mutations. The median nuclear ERB1 score was 6,
which was set as the cut-off value to distinguish between low
and high expression of nuclear ERf1. In addition, the median
total score of cytoplasmic and nuclear ERB1 immunostaining
was 9, which was used to distinguish between the low and high
levels of total cytoplasmic and nuclear ER1 immunostaining
in tumor tissues (Fig. 4). ER1 was expressed in the cytoplasm
and nuclei of 98 patients with lung adenocarcinoma, expressed
in the cytoplasm in 74 patients and expressed in the nucleus
in 99 patients (Table II). ERf31 expression was significantly
increased in patients with EGFR mutations (71 patients, 58.2%)

compared with patients without EGFR mutations (27 patients,
34.1%; P=0.001). However, no significant difference in ERf1
expression was observed between females and males, irrespec-
tive of the localization of ERB1. Furthermore, there were no
significant associations between other clinical features and
overall ERP1 expression. No significant differences were
observed between overall ERf1 expression and the PFS
(P=0.161; Fig. 5A) or OS (P=0.458; Fig. 5B) of all the patients.
Similarly, there was no association between ER1 expres-
sion and PFS (P=0.534; Fig. 5C) or OS (P=0.425; Fig. 5D) in
patients with EGFR mutations.

Furthermore, there was no association between high/low
nuclear ERB1 and the PFS (P=0.674; Fig. 6A) or OS (P=0.207,
Fig. 6B). Similarly, there was no association between
nuclear ERB1 expression and PFS (P=0.519; Fig. 6C) or OS
(P=0.352; Fig. 6D) in patients with EGFR mutations. There
was no significant difference in the PFS (14 vs. 10 months;
P=0.694; Fig. 7A) or OS (25 vs. 23 months; P=0.936; Fig. 7B) in
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Table II. Association of ERB1 expression with clinicopathological parameters of 201 lung adenocarcinoma patients.

Cytoplasmic Nuclear Total
expression of ERP1 expression of ERf1 expression of ERf1
Characteristic High(n) Low (n) P-value High(n) Low(n) P-value High(n) Low(n) P-value
Age (years) 0.57 0.29 0.36
=65 36 67 47 56 47 56
<65 38 60 52 46 51 47
Sex 0.59 041 0.17
Male 19 37 25 31 23 33
Female 55 90 74 71 75 70
Smoking status 0.12 0.87 0.19
Ever smoker 18 44 30 32 26 36
Never smoker 56 83 69 70 72 67
Performance status 0.27 0.95 0.34
0 36 72 53 55 56 52
>1 38 55 46 47 42 51
Brain metastasis 0.92 045 0.98
Yes 42 73 54 61 56 59
No 32 54 45 41 42 44
EGFR-mutant status 0.12 0.40 0.001*
Yes 50 72 63 59 71 51
No 24 55 36 43 27 52
*P<0.01. ERpP1, estrogen receptor 1.
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Figure 3. An exon 21 L858R EGFR mutation is associated with a decreased survival rate of patients with non-small cell lung cancer. (A) PFS and (B) OS
were significantly decreased in patients with an EGFR mutation. P<0.001. (C) PES and (D) OS were significantly decreased in patients carrying the 21 L858R
EGFR mutation compared with patients carrying the exon Del19 mutation. P<0.001. Symbols represent censored observations. EGFR, epidermal growth factor
receptor; PFS, progression free survival; OS, overall survival.
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Figure 5. Total cellular ERB1 expression is not associated with the survival of patients with NSCLC. (A) PFS and (B) OS were not significantly altered in patients
with high ERP1 expression compared with low expression. P=0.161; P=0.458, respectively. (C) PFS and (D) OS in patients with EGFR-mutant NSCLC were not
significantly altered in patients with high ERf1 expression compared with low expression. P=0.534; P=0.425, respectively. Symbols represent censored obser-
vations. NSCLC, non-small cell lung cancer; PFS, progression free survival; OS, overall survival; ERf1, estrogen receptor p1; EGFR, epidermal growth factor

receptor.

patients with high/low cytoplasmic ER(1 expression in the male
patients carrying EGFR mutations. Similarly, no significant
differences were in PFS (10 vs. 12 months; P=0.216; Fig. 7C) or
OS (21 vs. 23 months; P=0.208; Fig. 7D) were observed in the
female EGFR-mutant patients with high/low expression. There
were no associations between EGFR mutations and nuclear
ERp1 expression or between patients carrying EGFR mutations
and total ERpI levels in males and females (Table II).

The median PFS of patients carrying EGFR exon 21
L858R mutations was significantly shorter in high cyto-
plasmic ERf1 tumors (8.0 months; 95% CI, 6.2-9.8 months)
compared with low cytoplasmic ERp1-expressing tumors
(9.5 months; 95% CI, 8.9-10.1 months; P=0.005; HR=1.977,
95% CI, 1.126-3.469; Fig. 8A). Similarly, the median OS was

significantly shorter in high cytoplasmic ERf1-expressing
tumors (18.0 months; 95% CI, 16.3-19.7 months) compared
with low cytoplasmic ERf1-expressing tumors (22.0 months;
95% CI, 20.8-23.2 months; P=0.002; HR=2.217; 95% CI,
1.246-3.945; Fig. 8B). A significant difference between the
numbers of patients with high cytoplasmic ERP1 expres-
sion compared with low cytoplasmic expression in patients
with EGFR mutations may have skewed the data. A total
of 122 (60.7%) had EGFR mutations, of which, 64 (31.8%)
were EGFR Dell9 mutations and 58 (28.9%) were EGFR
exon 21 L858R mutation. In patients with EGFR mutations,
two patients had the Dell9 and an additional T790M muta-
tion, one patient had a S768I/L.858R mutation and one patient
had a 19Del/G719X mutation (Table III). There were no
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Figure 6. Nuclear ERP1 expression is not associated with the survival of patients with. (A) PFS and (B) OS were not significantly altered in patients with
high ERP1 expression compared with low expression. P=0.674; P=0.207, respectively. (C) PFS and (D) OS in patients with EGFR-mutant non-small cell lung
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censored observations. NSCLC, non-small cell lung cancer; PFS, progression free survival; OS, overall survival; ERBI estrogen receptor $1; EGFR, epidermal

growth factor receptor.

significant differences in ERB1 expression between patients
with a EGFR Dell9 or exon 21 L858R mutation, irrespective
of the localization of the protein, although it was observed that
the frequency of high cytoplasmic ER1 expression was lower
(23 patients, 39.6%) compared with that of low expression
(35 patients, 60.1%) in patients with EGFR L858R mutation,
which was similar to patients carrying EGFR Dell9 muta-
tions, this difference was not significant (Table I1I). In patients
with the Del19 EGFR mutation, the survival rate did not differ
significantly between patients with high or low nuclear ERp1
expression (Fig. 9A and B, respectively) or cytoplasmic expres-
sion (Fig. 9C and D).

Multivariate analysis. The multivariate analysis of ER1 expres-
sion, age, sex, tobacco smoking and tumor brain metastasis
demonstrated that only ERp1 expression was an independent
predictor of PFS (HR=2.847; 95% CI, 1.456 to 5.565; P=0.002)
and OS (HR=2.639; 95% CI, 1.283 to 5.036; P=0.003) in
patients carrying EGFR 21 L858R mutation (Tables IV and V).

Discussion

Lung cancer is a major cause of cancer-associated mortality
worldwide (30). Tobacco smoking is the single largest contrib-
uting risk factor in lung cancer development, although certain
patients with lung cancer are non-smokers, suggesting that
other factors are also important in the pathogenesis of lung

cancer. These risk factors may induce mutations of EGFR or
alter expression of other genes (6-16). For example, aberrant
ERp expression is associated with lung cancer development
and progression (9,11,31), and the survival of patients with
NSCLC (32-36). Therefore, the present study further assessed
ERp1 expression in lung adenocarcinoma tissue specimens and
determined the outcomes of patients with or without EGFR
mutations following treatment with EGFR-TKI. The present
study demonstrated that 60.7% of patients carried an EGFR
mutation and the majority of these mutations were the EGFR
Del19 and exon 21 L858R mutations. The presence of EGFR
mutations was significantly higher in females than male
patients, and in non-smokers compared with smokers. The
median PFS of the cohort of patients was 10 months, whereas
the median OS was 21 months. Patients with EGFR mutations
had a significantly improved median PFS compared with
patients without EGFR mutations following treatment with
EGFR-TKIs, and the median PFS was also longer in patients
with EGFR Dell9 compared with the EGFR exon 21 L858R
mutation. Additionally, the median OS was significantly
improved in patients with EGFR mutations compared with
patients without EGFR mutations. In addition, ER1 expres-
sion was increased in patients with EGFR mutations compared
with patients without EGFR mutations. The median PFS and
OS were significantly shorter in patients with the EGFR
exon 21 L858R mutation, and in patients with cytoplasmic
ERp1-expressed tumor. Multivariate analysis demonstrated
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that only ERfB1 expression was an independent predictor of
PFS and OS in patients carrying EGFR 21 L858R mutation.
The present data on EGFR mutations and association with
improved PFS and OS of patients with stage IV lung adeno-
carcinoma following treatment with EGFR-TKI are consistent
with earlier studies (2,3). A significantly longer PFS and OS
in patients with EGFR Dell9 compared with patients with the
EGFR exon 21 L858R mutations was observed, which is also
consistent with previous studies (23,24,37). The present data
highlighted the importance of the EGFR mutation status in
association with survival of patients with lung adenocarcinoma
following treatment with EGFR-TKI. Previous studies demon-
strated that a high frequency of EGFR mutations occurred

in Asian patients with advanced non-tobacco smoking lung
adenocarcinoma (38) and treatment of these patients with
EGFR-TKI may effectively control disease progression and
prolong PFS (20).

The incidence of lung adenocarcinoma is increasing in a
number of countries; for example, ~40% of all lung cancer
cases are adenocarcinomas in the US (39). Lung adenocarci-
noma can occur in tobacco smokers and non-smokers (39,40),
and can carry a number of gene mutations, including KRAS,
EGFR (20%), HER2 (2%), ALK receptor tyrosine kinase,
BRAF, PIK3CA, MET or p53 (41). EGFR mutations in lung
adenocarcinoma were first identified in 2004 and more
frequent in East Asia compared with Western countries (42,43).
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Table III. Association of EGFR mutations with ERf1
expression in 201 lung adenocarcinoma tissue samples.

EGFR mutation, n (%)

ERP1 expression n  Dell9 Exon21L858R P-value
Cytoplasmic 0.63
High 50 27 422) 23 (39.6)
Low 72 37(57.8) 35(60.4)
Nuclear 0.26
High 63 30 (47.6) 33(52.4)
Low 59 34 (57.6) 25(424)
Both 0.64
High 71 36(51.9) 35(49.1)
Low 51 28 (46.8) 23 (53.2)

EGFR, epidermal growth factor receptor; ER[31, estrogen receptor 1.

EGFR mutations were identified in exon 18 G719S, exon 19
G719C, and exon 21 L858R or L861Q, each of which results
in constitutive activation of the EGFR as an oncogene (44),
and are associated with treatment responses to gefitinib and
erlotinib (41).

The present data demonstrated that ERf}1 expression was
increased in lung adenocarcinoma tissues, and additionally
ERpI expression was significantly increased in patients with

EGFR mutations compared with patients without EGFR
mutations, which is consistent with previous publications in
patients with lung adenocarcinoma (13,14,45). Estrogen can
downregulate levels of EGFR expression, whereas EGF can
downregulate the level of ERP expression in NSCLC cell
lines (46). Tamoxifen, a selective estrogen-receptor modu-
lator, upregulates EGFR expression, whereas gefitinib, an
EGFR-TKI, upregulates ERf expression (47), suggesting that
ERp signaling interacts with EGFR signaling in patients with
lung adenocarcinoma. Furthermore, the present study assessed
the association between ER1 expression and outcome of lung
adenocarcinoma patients with EGFR mutations following
treatment with EGFR-TKI; however, no significant differ-
ences in survival were observed among patients with high or
low total, nuclear or cytoplasmic ERf1 expression. However,
multivariate analysis demonstrated that high cytoplasmic
ERp1 expression was associated with worse PFS and OS in
patients with the EGFR exon 21 L858R mutation following
treatment with EGFR-TKI. In contrast to the present study, a
previous study demonstrated that increases in ERB1 expres-
sion in the cytoplasm or nucleus (independently; however,
not simultaneously) was associated with poorer prognosis
in patients with EGFR-mutated lung adenocarcinoma (16).
Another previous study demonstrated that strong ERp1 expres-
sion was associated with improved prognosis in patients with
lung adenocarcinoma treated with EGFR-TKI (15). A possible
explanation for the discrepancy between these two studies
and the present data may stem from the previous studies not
differentiating between patients with EGFR Del19 or exon 21
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Table IV. Multivariate analysis of progression free survival in patients with the epidermal growth factor receptor 21 L858R

mutation.

Variable Hazard ratio 95% confidence interval P-value
Sex 1.901 0.807-4.477 0.142
Age (years) 1.021 0.575-1.814 0.942
Tumor brain metastasis 1.698 0.889-3.240 0.109
Smoking status 0.854 0.333-2.187 0.742
Performance status 1.201 0.626-2.303 0.582
Cytoplasmic estrogen receptor-f31 expression 2.847 1.456-5.565 0.002*

P<0.01.

Table V. Multivariate analysis of overall survival in patients with the epidermal growth factor receptor 21 L858R mutation.

Variable Hazard ratio 95% confidence interval P-value
Sex 1.598 0.668-3.824 0.293
Age (years) 1.098 0.613-1.969 0.753
Tumor brain metastasis 1.038 0.567-1.901 0.903
Smoking status 1.124 0.429-2.944 0.812
Performance status 1.396 0.716-2.720 0.327
Cytoplasmic estrogen receptor-f31 expression 2.639 1.383-5.036 0.003*

P<0.01.

L858R mutations. However, it is unclear why there was no
association of cytoplasmic ERf1 expression with prognosis
of patients with the Dell9 EGFR. Estrogen activates ER and
EGFR signaling in cells (48) and ERf1 expression in NSCLC
may be involved in EGFR-TKI resistance in the treatment of
patients with NSCLC. Fu et al (49) recently demonstrated that
ERp1 induced Erk1/2 and Akt activation, which may have
resulted in EGFR-TKI resistance. Ma et al (50) demonstrated
that ER directly binds to EGFR to confer tumor cell resistance
to EGFR-TKIs, and that a combination of an EGFR-TKI with
anti-estrogen therapy may induce tumor cell sensitivity to
EGFR-TKI. However, EGFR Del19 or exon 21 L858R mutants
are translated into different EGFR protein structures (51).
Specifically, in the wild-type EGFR NSCLC, the C-helix is
outward rotated and the N-terminal portion of the activation
loop forms a helical turn that locks the C-helix in the inactive
position. However, the mutant EGFR could destabilize the
inactive conformation, e.g., the EGFR L858R mutation has a
much larger charged side chain, which will not be able to be
contained in the inactive conformation, but can be subsumed
within the active and reorganized form of the enzyme (52).
Therefore, it is hypothesized that cytoplasmic ERB1 binds
more tightly to the EGFR 21 L858R mutant protein compared
with the Dell9 mutant EGFR to confer resistance to TKIs.
However, further studies are required to confirm this.

The present study has certain limitations. For example,
only immunohistochemistry was performed to analyze
ERP1 expression in lung cancer tissues; however, RT-qPCR
does not easily allow for the determination of the subcellular
localization (nuclear or cytoplasmic) of expression in tumor

cells and tissue specimens and the presence of a mix of
stromal and tumor cells may further complicate the analysis.
Furthermore, the All red scoring system of immunohisto-
chemical ERP1 expression in tissue specimens was performed
according to previous studies (14,26) and the median Allred
score was defined as the cutoff value of high vs. low expres-
sion, which is different from previously published studies
that used other scoring systems and cut-off values. Thus, a
standardized scoring system is required for ER[3 expression in
NSCLC tissue specimens. Furthermore, the present study had
a relatively small sample size and a future study with a larger
sample size with multi-institutional participation is preferable
to confirm the findings.

The present study demonstrated that cytoplasmic ERp1
expression was associated with poor prognosis of patients with
stage I'V lung adenocarcinoma carrying EGFR exon 21 L858R
mutation subsequent to treatment with EGFR-TKI.
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