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Abstract

Background Overexpression of the gene c-erbB2, which
encodes a receptor tyrosine kinase, has been associated
with prognosis and response to therapy in several solid
tumors. This study was designed to test whether c-erb-B2
overexpression can be related to prognosis of patients with
metastatic gastric cancer.

Methods Between 2005 and 2010, 46 cases of metastatic
gastric cancer were evaluated immunohistochemically for
c-erb-B2 overexpression. Overall survival (OS) and
time-to-progression (TTP) served as the main outcome
measures.

Results c-erbB2 was overexpressed in 19 (41.3 %) cases
and 8 patients (17.4 %) had a c-erbB2 score of 3+ (a strong
complete membrane staining observed in >10 % of the
tumor cells). c-erbB2 expression was not associated with
the clinicohistological characteristics of the study partici-
pants. The mean OS was 11.48 £ 1.03 months, whereas
the mean TTP was 8.28 £ 0.8 months. Compared with
patients with a score of 2+ or less (n = 38), those with a
c-erbB2 score of 34 (n = 8) had both a significantly lower
OS (15.55 £ 1.63 vs. 8.22 £ 0.88 months, respectively,
p < 0.05) and TTP (10.72 £ 1.81 vs. 6.11 £ 0.61 months,
respectively, p < 0.05). After allowance for potential
confounders, Cox regression analysis identified a c-erbB2
score of 34+ as an independent predictor of both OS
(hazard ratio = 1.9; 95 % confidence interval = 1.1-3.7,
p < 0.05) and TTP (hazard ratio = 1.8; 95 % confidence
interval = 1.1—-4.1, p < 0.05).
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Conclusion Our results suggest that c-erbB-2 overex-
pression may have a prognostic significance in patients
with metastatic gastric cancer.
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Introduction

Despite a rapid decline in the global incidence over the
recent few decades, gastric cancer remains the second most
common cancer in morbidity and mortality globally [1]. In
Europe, one of the main issues is that it is frequently
detected at later stages, when metastases have developed
[2]. Although metastasis is the main cause of death from
such tumors, the intricate nature of the metastatic process
in gastric cancer is very complex and still not completely
understood [3, 4]. It has been well known that the trans-
formation of a normal epithelial cell to a malignant cell
results from the accumulation of multiple gene abnormal-
ities. As the gastric epithelium progresses from chronic
gastritis to intestinal metaplasia, dysplasia and finally to
carcinoma, a progressive accumulation of molecular
changes has been observed [5]. Continuous molecular
advances have paved the way for new discoveries in the
mechanisms of metastasizing, potentially offering better
diagnostic and prognostic indications for patients with
gastric cancer [3, 4].

c-erbB2 or human epidermal growth factor receptor-2
(HER?2) gene is a proto-oncogene mapped to chromosome
17921 and encodes a 185-kDa transmembrane glycoprotein
belonging to the human epidermal growth factor receptor
family [6, 7]. c-erbB2 is known to play an important role in
the regulation of a number of key cellular processes such as
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cell growth, survival, and differentiation [8]. c-erbB2 is
known to be overexpressed, amplified or both in several
human tumors, including gastric cancer [9, 10]. Evidence
suggests that c-erbB2 gene amplification or protein over-
expression plays a pivotal role in oncogenic transforma-
tion, tumorigenesis and metastasis [11]. Numerous—but
not all—studies have shown that a positive c-erbB2 status
is an independent predictor of prognosis in patients with
gastric cancer [12]. Positive c-erbB2 status is estimated to
be between 15 and 20 % of gastric cancer and is generally
associated with more aggressive disease, leading to short-
ened survival rates [12, 13]. In metastatic gastric cancer,
chemotherapy is the standard treatment because it prolongs
survival when compared to best supportive care alone
[2, 3]. However, recent years have witnessed an increasing
awareness of novel targets in gastric cancer therapy. For
example, the Phase III ToGA trial reported an increase in
overall survival for patients with human c-erbB2-positive
gastric cancer treated with chemotherapy and the thera-
peutic monoclonal anti-c-erbB2 antibody trastuzumab
compared to chemotherapy alone [14]. Because trast-
uzumab has recently been approved for treatment of
advanced gastric cancer, c-erbB2 testing is gaining
increasing importance for optimizing additional and more
effective targeted therapies [15—17]. The prognostic sig-
nificance of c-erbB2 overexpression metastatic gastric
cancer is assuming increasing importance given the thera-
peutic advances in the use of trastuzumab in advanced
gastric cancer. In this report, a study examining whether
c-erbB2 overexpression evaluated immunohistochemically
can be related to prognosis or clinicohistological charac-
teristics of Turkish patients with metastatic gastric cancer
was carried out.

Patients and methods

The study was performed according to the Declaration of
Helsinki, and approval was granted by the Institutional
Review Board of the Uludag University School of
Medicine. All participants provided their written informed
consent.

Patients

Between 2005 and 2010, a total of 46 patients with meta-
static gastric cancer (35 males and 11 females; mean age:
58.1 & 11.3 years; age range 19-78 years) were referred
to the Department of Oncology, Uludag University Medi-
cal School and had tumor specimens available for immu-
nohistochemical staining. We reviewed each medical
record and collected demographic and clinicopathologic
characteristics including age, sex, histological type, degree
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of differentiation, distant metastasis, body mass index, loss
of weight in previous 6 months, and first-line chemother-
apy profile. Patients with severe comorbidities such as
active infection and severe cardiopulmonary dysfunction
and previous or concurrent other malignancies were
excluded.

c-erbB2 immunohistochemistry

According to the previously described methodology [18],
the immunostains were performed using sections cut at
4 pm thick and dried overnight at 37 °C. The sections were
deparaffinized in xylene and rehydrated via a series of
graded alcohols. Sections were blocked with a specific
serum (Ultravision block, Lab Vision Corporation,
Fremont, CA, USA) and incubated with the polyclonal
antibody for 30 min at room temperature (Rabbit Anti-Human
c-erb B-2 oncoprotein, DAKOA 0485, DAKO Corporation,
Carpinteria, CA, USA: 1:80 dilution). Antigen retrieval
was performed using a retrieval solution from Vector, for
30 min at 98 °C followed by 5 min at room temperature.
The other steps of immunohistochemical staining were
performed using standard protocols on an automated Lab
Vision Autostainer (Lab Vision Corporation Fremont, CA,
USA) with a specific kit based on streptavidin—biotin—
peroxidase method. Sections were counterstained with
Mayer’s hematoxylin, dehydrated, cleared, and mounted.
Each run contained negative and positive controls. Quan-
titation of the immunostaining was performed according to
the consensus panel recommendations on Her-2 scoring for
gastric cancer, as follows: 0 = negative (no staining is
observed or membrane staining is observed in <10 % of
tumor cells); 14 = negative (a faint/barely perceptible
membrane staining is detected in >10 % of the tumor
cells); 24 = equivocal (a weak to moderate complete
membrane staining is observed in >10 % of the tumor
cells); 34+ = positive (a strong complete membrane stain-
ing is observed in >10 % of the tumor cells) [18]. Scores of
0/14+ were considered as negative for c-erbB2 overex-
pression, whereas scores of 2+/3+ were regarded as
positive.

Statistical methods

Descriptive statistics are summarized as frequencies, per-
centages, means, medians, ranges, and standard deviations,
as appropriate. For continuous variables, the intergroup
differences were evaluated with an unpaired ¢ test or the
Mann—-Whitney U test, as appropriate. Categorical vari-
ables are presented by frequency counts, and intergroup
comparisons were analyzed by a y* test. Overall survival
(OS) was calculated from the date of biopsy: the endpoint
was date of last follow-up or date of death if the patient
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died. Time to progression was calculated from the date of
biopsy to the first documentation of progressive disease.
The data were censored at the date of the last follow-up,
date of the appearance of a new lesion or date of reacti-
vation or appearance of any lesion. Survival curves were
drawn using the Kaplan—-Meier method, and the differences
between the groups were compared with the log-rank test.
Multivariable analyses using Cox regression through a
forward selection procedure were used to identify the
independent predictors of outcomes. All statistical analyses
were performed using the SPSS 14.0 statistical package
(SPSS Inc., Chicago, IL, USA). The study power was
calculated using the StatMate 2.0 software (GraphPad Inc.,
San Diego, CA, USA). A two-sided p < 0.05 was consid-
ered statistically significant.

Results
Patient characteristics

A total of 46 patients with metastatic gastric cancer par-
ticipated in the study. The primary tumor localization was
as follows: antrum (n = 20), corpus (n =9), fundus
(n = 4), and cardia (n = 13). A total of 32 had adeno-
carcinoma whereas the remaining 14 patients had a histo-
logical diagnosis of signet-ring cell carcinomas. The
primary tumor was well differentiated in one patient,
moderately differentiated in 14 patients, and poorly dif-
ferentiated in the remaining 31 patients. Twenty-one
patients reported a weight loss of more than 10 % whereas
the remaining 25 had a weight loss <10 %. The most
common site of metastases was the liver (n = 20), fol-
lowed by the peritoneum (n = 15), and other sites
(n = 11). Forty-two patients received cisplatin-based che-
motherapy, whereas the remaining four received fluoro-
pyrimidine-based chemotherapy.

Significance of c-erbB2 overexpression in metastatic
gastric cancer

By immunohistochemistry, c-erbB2 was overexpressed
(scores 24/3+) in 19 (41.3 %) cases, and 8 patients
(17.4 %) had a c-erbB2 score of 34 (a strong complete
membrane staining observed in >10 % of the tumor cells).
We found no evidence for a correlation between c-erbB2
expression scores and the general characteristics of patients
with metastatic gastric cancer (Table 1). The mean OS was
11.48 &+ 1.03 months, whereas the mean TTP was
8.28 £ 0.80 months. Compared with patients with a score
of 2+ or less (n = 38), those with a c-erbB2 score of 3+
(n = 8) had both a significantly lower OS (15.55 £+ 1.63
vs. 8.22 £ 0.88 months, respectively, p < 0.05, Fig. 1)

and TTP (10.72 £ 1.81 vs. 6.11 £ 0.61 months, respec-
tively, p < 0.05, Fig. 2). After allowance for potential
confounders, Cox regression analysis identified a c-erbB2
score of 3+ as an independent predictors of both OS
(hazard ratio = 1.9; 95 % confidence interval = 1.1-3.7,
p < 0.05) and TTP (hazard ratio = 1.8; 95 % confidence
interval = 1.1-4.1, p < 0.05) (Table 2).

Discussion

The principal findings in this study are: (1) c-erbB2 over-
expression in metastatic gastric cancer in Turkish patients
is higher (41.3 %) than that estimated frequency (between
15 and 20 %) reported in studies from other countries with
mostly western populations; (2) an immunohistochemical
score of 3+ for c-erbB2 overexpression in metastatic
gastric cancer is associated with poor OS and TTP. This
study supports the hypothesis that c-erbB2 overexpression
in metastatic gastric tumors from Turkish patients is
associated with poor prognosis and overall survival.
c-erbB2 overexpression has been reported to contribute
to increased metastatic potential of cancer cells and
enhance malignancy [7-9]. Upregulation of matrix
metalloproteinases by c-erbB2 can also result in an
increased invasiveness, a stronger angiogenic response, and
a higher apoptosis resistance [7]. A recent review by
Jgrgensen and Hersom [12] has examined the results of a
total of 12,749 patients with gastric cancer who underwent
c-erbB2 testing. The majority of the studies reviewed
(71 %) suggested a negative prognostic impact of a
c-erbB2-positive status. Concerning metastatic gastric
cancer, Kataoka et al. [19] showed that c-erbB2 overex-
pression is less frequent in resectable gastric cancer than in
metastatic gastric cancer. Sawaki et al. [20] demonstrated
that the overall survival of Japanese patients with c-erbB2-
positive advanced/metastatic gastric cancer who received
trastuzumab plus chemotherapy was better than that of
patients who received chemotherapy alone. In addition,
Weissinger et al. [21] suggested that there is an improved
prognosis with addition of trastuzumab to chemotherapy
with a platinum compound and a fluoropyrimidin in first-
line therapy in c-erbB2-overexpressing gastric cancer. For
these reasons, trastuzumab in combination with chemo-
therapy is the current standard of therapy for patients with
metastatic c-erbB2-overexpressing gastric cancers [15, 16].
Future studies should dissect whether the activity of
lapatinib, an active agent in advanced c-erbB2-positive
breast cancer, could be useful in c-erbB2-overexpressing
gastric cancers [10]. In this study, we found a statistically
significant association between c-erbB2 overexpression
and prognosis in patients with metastatic gastric cancer;
this finding, however, was chiefly confined to patients who
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Table 1 Association between c-erbB2 expression and the general characteristics of patients with metastatic cancer (n = 46)

Prognostic factors c-erbB2 negative c-erbB2 positive p
0 1+ 24+ 34+
n % n % n % n %
Sex
Male 16 80.0 7 100.0 6 54.5 6 75.0 0.159
Female 4 20.0 0 0.0 5 45.5 2 25.0
Tumor localization
Antrum 12 60.0 2 28.6 3 27.3 3 37.5 0.249
Corpus 4 20.0 2 28.6 1 9.1 2 25.0
Fundus 0 0.0 1 14.3 3 27.3 0 0.0
Cardia 4 20.0 2 28.6 4 36.4 3 375
Tumor morphology
Adenocarcinoma 14 70.0 4 57.1 8 72.7 6 75.0 0.879
Signet-ring cell carcinoma 6 30.0 3 429 3 273 2 25.0
Chemotheraphy
Platin-based chemotherapy 18 90.0 5 71.4 11 100.0 8 100.0 0.149
Fluoropyrimidine-based 2 10.0 2 28.6 0 0.0 0 0.0
chemotherapy
Weight loss
More than 10 % 9 45.0 4 57.1 6 54.5 2 25.0 0.552
Less than 10 % 11 55.0 3 429 5 45.5 6 75.0
Differentiation
Well 1 5.0 0 0.0 0 0.0 0 0.0 0.594
Moderately 6 30.0 4 57.1 2 18.2 2 25.0
Poorly 13 65.0 3 429 9 81.8 6 75.0
Sites of metastasis
Liver 7 35.0 4 57.1 5 45.5 4 50.0 0.305
Peritoneum 8 40.0 3 429 1 9.1 3 37.5
Bone 2 10.0 0 0.0 0 0.0 0 0.0
Ovary 0 0.0 0 0.0 2 18.2 1 12.5
Lung 1 5.0 0 0.0 1 9.1 0 0.0
Spleen 2 10.0 0 0.0 0 0.0 0 0.0
Pancreas 0 0.0 0 0.0 2 18.2 0 0.0
Body mass index (kg/mz)
<20 7 35.0 4 57.1 3 27.3 1 12.5 0.070
20-25 13 65.0 3 429 6 54.5 4 50.0
>25 0 0.0 0 0.0 2 18.2 3 375
>12 5 25.0 4 57.1 0 0.0 2 25.0
Age (years)
<54 45.0 3 429 5 45.5 2 25.0 0.528
55-64 35.0 2 28.6 3 27.3 1 12.5
>65 20.0 2 28.6 3 27.3 5 62.5

Data are given as counts and percentages

expressed this molecule at the highest levels (i.e., 3+
expression by immunohistochemistry). It can be hypothe-

sized that c-erbB2 overexpression is, at least for some
gastric tumors, one of the steps in the multistep process
towards metastatic spread and a progressive increase in
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c-erbB2 expression therefore might result in an increased
biological aggressiveness.

The caveats of this study are the homogenous ethnic
background of the study population and that the patients
included in the study could be a selected group and may not
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Fig. 1 Kaplan—Meier survival curve for overall survival according
to the c-erbB2 score in patients with metastatic gastric cancer
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Fig. 2 Kaplan—-Meier survival curve for time to progression

according to the c-erbB2 score in patients with metastatic gastric
cancer

represent the general population of patients with metastatic
gastric cancer. A recent systematic analysis of data from
the literature has shown that the rates of patients with
gastric cancer who overexpress c-erbB2 vary widely from
4.4 to 53.4 % [12]. The observed rate in our present study
(41.3 %) is therefore in accordance with these data. It is
noteworthy that the histological features of gastric cancer
(Lauren’s classification) may influence the rate of c-erbB2
overexpression [12]. In particular, patients with the intes-
tinal phenotype seem to have a significant higher rate of
c-erbB2 overexpression compared with the diffuse or
mixed types. Therefore, it can be speculated that the rela-
tively high number of patients who overexpress c-erbB2
can be due to a relative prevalence of patients with the
intestinal phenotype. Unfortunately, our retrospective
pathological data did not include the results of Lauren’s
classification to corroborate this possibility. Concerning the

Table 2 Results of multivariable analyses of overall survival and
time to progression by Cox regression

Overall survival

Time to progression

Sex

Tumor localization
Tumor morphology
Chemotheraphy
Weight loss
Differentiation
Sites of metastasis

Body mass index

1.2 (0.4-3.3, 0.67)
0.9 (0.6-1.2, 0.44)
0.4 (0.3-1.6, 0.44)
0.9 (0.3-3.2, 0.94)
0.8 (0.4-1.8, 0.68)
1.9 (0.9-3.4, 0.09)
1.1 (0.9-1.4, 0.22)
0.9 (0.5-1.7, 0.88)

1.5 (0.9-2.5, 0.32)
0.8 (0.5-1.6, 0.67)
0.5 (0.4-1.7, 0.79)
0.8 (0.3-3.3, 0.96)
0.9 (0.6-1.9, 0.51)
1.5 (0.9-3.1, 0.17)
1.3 (0.8-1.7, 0.58)
0.9 (0.6-1.9, 0.94)

0.8 (0.9-1.1, 0.92)
1.8 (1.1-4.1; <0.05)

Age 0.9 (0.8-1.2, 0.97)
c-erbB2 score of 3+ 1.9 (1.1-3.7, <0.05)

Values are Hazard ratio (95 % confidence interval, p value)

methodology used for determining c-erbB2 overexpression,
we used a monoclonal antibody against p185 (the protein
encoded by the c-erbB2 gene) coupled with a highly sen-
sitive streptavidin—biotin-elite kit. This methodology has
been previously used in a highly cited study [22]. Con-
cerning the potential influence of ethnic factors of the
extent of c-erbB2 overexpression in patients with gastric
cancer, there are three published studies conducted in
Turkey [23-25]. In these reports, c-erbB2 was overex-
pressed in 17, 10, and 24 % of the cases, respectively. For
this reason, we believe that ethnic factors are not a major
explanation for the observed rate of c-erbB2 overexpres-
sion in our study. In addition, it could be argued that we
found no association between c-erbB2 overexpression and
the clinicopathological characteristics of the study partici-
pants. Different experimental designs, different number
and characteristics of subjects recruited, and different ways
by which histology samples were handled might at least
partially explain the differences among the studies. Finally,
we acknowledge the small sample size as a major limita-
tion of our study. However, our study had a 95 % power to
detect an overall survival difference of 0.309 with a sig-
nificance level (alpha) of 0.05 (two-tailed) between patients
with metastatic gastric cancer with and without a c-erbB2
score of 3+.

These limitations notwithstanding, our data have pro-
vided additional and updated information on the frequency
and prognostic value of c-erbB2 overexpression in patients
with metastatic gastric cancer. Some of the findings
presented will prove immediately clinically useful for
prediction of prognosis and risk stratification. Hopefully,
these data can make some contribution towards improving
the prediction of the efficacy of trastuzumab-based therapy
in gastric cancer. Beyond clinical applicability, future work
must address mechanistic questions about the functional
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role of c-erbB2 overexpression in determining the outcome
of metastatic gastric cancer.
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