
Abstract. Results from the Trastuzumab for Gastric Cancer
(ToGA) trial highlighted the clinical significance of
trastuzumab in the treatment of HER2 (Human Epidermal
Growth Factor Receptor type 2)-positive gastric cancer.
However, whether expression of HER2 is related to prognosis
of gastric cancer is still controversial. A total of 360
consecutive patients with gastric cancer who underwent
surgical resection in our Department from 1994 to 2007
were analyzed. We performed immunohistochemical analysis
of HER2 expression. HER2 expression level was classified
into four scores (0, 1+, 2+ and 3+). There were 37 (10%)
patients with a score of 3+. A score of 3+ was defined as
being HER2-positive. Recurrence-free survival was worse in
HER2-positive cases (p=0.045). When the analysis was
conducted with intestinal types of cancer, RFS was
considerably worse in the HER2-positive group (p=0.011).
HER2 expression may have potential as a prognostic factor
for intestinal cancer types. Further research is warranted.

Approximately 100,000 people develop gastric cancer in
Japan every year (1). From the result of the SPIRITS trial,
treatment with S-1, an oral fluoropyrimidine, and cisplatin
have become the standard therapy for advanced gastric
cancer in Japan (2). However, new treatments are needed
since prognosis remains poor. The human epidermal growth
factor receptor 2 (HER2) gene, located on chromosome
17q11.2-12, encodes the transmembrane glycoprotein
receptor, p185HER2, which is the target for the humanized
monoclonal antibody trastuzumab (Herceptin®) (3). HER2 is

amplified and overexpressed in approximately 25% of
patients with breast cancer, and is associated with an
aggressive clinical course and poor prognosis (4). Since
1998, trastuzumab has been used to treat more than 740,000
patients with HER2-positive breast cancer worldwide (5).

The Trastuzumab for Gastric Cancer (ToGA) study was
the first randomized, prospective, multicenter, phase III trial
to evaluate the efficacy and safety of trastuzumab for the
treatment of HER2-positive gastric cancer. The clinically
significant overall survival benefit demonstrated that
trastuzumab was a new, effective and well-tolerated
treatment for HER2-positive gastric cancer (6).

HER2 is now recognized as an important prognostic factor
in breast cancer (4). However, the clinicopathological
characteristics of HER2-positive gastric cancer are
controversial. According to most studies, it was thought that
HER2 overexpression was a poor prognostic factor (7-11),
but in other studies, HER2 was not associated with gastric
cancer outcomes, although these results were published after
the release of data from the ToGA study (12-14).
Additionally, reports that classified cases according to the
clinicopathological characteristics were also seen. In some
reports, HER2 was found to be a poor prognostic factor in
patients with unresectable gastric cancer (15), as well as in
those with liver metastasis of gastric cancer (16).

In addition, it was thought that there were unresolved
problems in assessing HER2 amplification/expression in gastric
cancer (17, 18). Although in many cases, HER2 overexpression
was determined using both immunohistochemistry (IHC) and
fluorescence in situ hybridization (FISH), it became clear in
the ToGA trial that IHC was better than FISH at assessing
HER2 overexpression (6).

It is still unclear whether HER2 expression is related to
prognosis in gastric cancer. In the present study, we
considered clinicopathological factors and HER2 expression
in the prognosis of 360 patients with resectable gastric
cancer.
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Patients and Methods

Patients and specimens. We retrospectively analyzed 360 consecutive
patients with any stage of gastric cancer who underwent surgical
resection at the Department of Surgery and Science, Kyushu
University Hospital, from 1994-2007. The background and follow-up
duration of the patients are summarized in Tables I and II. Histological
diagnosis was based on World Health Organization criteria (19).
Pathological staging was performed according to the tumor-node-
metastasis (TNM) classification system revised in 2002 (20).

Immunohistochemistry. The Dako HercepTest, an IHC assay, was
performed according to the manufacturer’s instructions (21). IHC was
performed on formalin-fixed, paraffin-embedded 4 μm-thick tissue
sections. Sections were deparaffinized and heat-induced epitope
retrieval was performed at 95˚C for 40 min. Endogenous peroxidase
activity was blocked by treating the sections for 5 min with a
peroxidase blocking reagent after which the primary antibody (ready-
to-use rabbit polyclonal antibody to human HER2) was applied to the
slides at 4˚C for 30 min. HER2 detection was carried out using the
visualization reagent (dextran-horseradish peroxidase polymer
conjugated to goat anti-rabbit immunoglobulins) for 30 min and the
Diaminobenzidine chromogen substrate solution for 10 min at room
temperature. Slides were lightly counterstained with Dako hematoxylin.
Positive and negative controls were included in each assay.
Scoring criteria of immunohistochemical results. Results of IHC
HER2 staining were evaluated according to the scoring system of
0, 1+, 2+ and 3+ for gastric cancer (Figure 1) (5, 6). Only a score of
3+ was considered HER2-positive.

Statistical analysis. Relationships among the clinicopathological
factors and HER2 expression were analyzed using the χ2 test and
logistic regression analysis. Survival curves were plotted using the
Kaplan–Meier method, and significant differences among subgroups
were compared using the log-rank test. A p-value of less than 0.05
was considered statistically significant.

Results

The study population consisted of 242 men and 118 women
(male to female ratio=2:1). Their age ranged from 29 to 90
years. Out of the 360 patients, 163 (45%) had a type of
intestinal cancer and 197 (55%) had the other types of gastric
cancer. One hundred and sixteen patients had tumor of pT1 and
237 of pT2-4 according to the TNM classification. Available
data for each patient are summarized in Tables I and II. 

Immunohistochemistry. Overall, 38/360 (10%) patients had
tumors that were scored as HER2 3+, 54/360 (15%) were 2+,
86/360 (24%) were 1+ and the remaining 182 tumors (51%)
were negative (Figure 1) as determined using IHC. 

Association of HER2 with clinicopathological features. We
defined only tumors with a score of 3+ as being positive for
HER2 expression. There was a significant association between
HER2 expression and clinicopathological characteristics.
patients with HER2-positive tumors were older (p=0.004;

Table I), predominantly males (p=0.0035; Table I), and had a
higher tumor grade (p=0.0005; Table I).

Prognostic significance of HER2 protein expression. Recurrence-
free survival (RFS) of patients with HER2-positive tumors was
significantly worse than that of patients with HER2-negative
tumors (p=0.045; Figure 2b), but there was no significant
difference in overall survival (OS) (p=0.88; Figre 2a).

Analysis focused on intestinal type of cancer. Since HER2
expression was significantly associated with histological
differentiation (p=0.0007; Table I), we focused on the 163
patients with an intestinal type of cancer. Patients with HER2-
positive tumor were mainly males (p=0.0036; Table II), and with
a more advanced tumor stage (p=0.045; Table II). Moreover, the
RFS of patients with HER2-positive tumors was worse than that
of those with HER2-negative ones (p=0.011; Figure 3).

Discussion

HER2 overexpression in a gastric cell line and gastric
carcinomas was reported for the first time in 1986 (22, 23).
There have been various studies that have assessed HER2 as
a potential prognostic factor in patients with gastric cancer,
but the role of HER2 as a prognostic factor remains
controversial. Some studies reported a direct correlation
between HER2 expression and poor survival (12-14).
However, other studies have failed to find any association
between HER2 expression and prognosis (7-11).

The methods used for IHC analysis of HER2 expression
varied according to the study, and this may be one of the
important factors giving rise to this observed discrepancy.
There exist two main methods used to investigate HER2
expression: protein analysis using IHC, and gene
amplification evaluated using FISH. It has been reported that
the rate of HER2 protein overexpression varied from 8%-
53% and HER2 gene amplification from 16%-27% in gastric
cancer studies (24). The differences among these studies are
likely due to several factors, including sample size, study
design, differences in geographic location (7) and gastric
cancer heterogeneity (25). However, the type of HER2 test
carried out and the scoring criteria used had the most impact.

In recent studies, HER2 expression has been defined as
being positive when HER2 was scored as 3+ using IHC or
when HER2 was FISH-positive and was scored as 2+ using
IHC (5, 8, 12, 13, 15, 26). However, this method of scoring is
still controversial since the results using IHC and FISH itself
show variability. Recently, it was thought that a reasonable
prevalence of HER2 positivity in gastric cancer using
standard assays and scoring systems was of about 15% (17).
In certain reports, only IHC was used because the expression
rate was reduced when both IHC and FISH were used (6).
From the result of the ToGA trial, it can be seen that IHC
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more accurately reflects HER2 expression than does FISH,
therefore, the rate of HER2 positivity is often defined by an
HER2 3+ score using IHC in clinical practice (6). In our
investigation, we defined only IHC 3+ tumors as being
HER2-positive. Therefore, the evaluation of HER2 expression
should be carefully considered to obtain reproducible results.

Sub-group analysis sometimes revealed a significant
correlation between HER2 expression and prognosis. For
example, HER2 overexpression was a significant prognostic
factor in patients with gastric cancer with liver metastases
(16) or unresectable gastric cancer (15). In our study, a
significant prognostic difference was found only in the
subgroup of patients with an intestinal type of cancer. It has
been suggested that gastric cancer should be divided into
subgroups in order to select a more tailored treatment
strategy. We found that for RFS but not OS, HER2-positive
gastric cancer correlated significantly with poor prognosis.
It is possible that HER2-positive gastric cancer might have
a poor prognosis, however, this correlation was not found in
the case of OS since various types of chemotherapy can be
provided in sequence in Japan. Moreover, HER2 seems to be
a distinct prognostic factor only in intestinal cancer.

HER2 overexpression plays an important role in the
proliferation, apoptosis, and angiogenesis of many solid
tumors (27), so it is thought that the prognosis for patients
with HER2 gene amplification should be poor. In breast
cancer, HER2 overexpression was shown to be an important
clinicopathological prognostic factor. Patients with HER2
overexpression had more metastasis to the lymph nodes and
had a more advanced tumor stage (28). A similar result was
observed in our study. HER2 overexpression in patients with
intestinal types of carcinoma was observed at a more
advanced stage and was associated with poor prognosis, so
we believe that similarly to breast cancer, HER2 gene
amplification in gastric cancer would result in tumors having
both greater invasive and proliferative capacity. From this
point of view, perhaps treatment strategies that are used in
breast cancer should be applied to patients with HER2-
overexpressing gastric cancer.

The importance of taking HER2 positivity into account for
the treatment of gastric cancer has been validated (6),
therefore, the opportunity of using trastuzumab for the
treatment of gastric cancer is increasing. In order to obtain
the best outcome for the patient, it will be extremely
important to continue to study and optimize the diagnostic
methods used in the determination of HER2 expression.
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Table I. Relationship between clinicopathologic factors and HER2
(Human Epidermal Growth Factor Receptor type 2) protein expression.

Characteristic All patients HER2 expression
(N=360)

Low level High level1 p-Value
(N=322) (N=38)

Age, years (mean±SD) 63.5±12.0 62.8±12.1 68.7±9.4 0.004
Gender (%)

Male 242 (67) 209 (65) 33 (87) 0.0035
Female 118 (33) 113 (35) 5 (13)

Depth of invasion (%)2

Tl 119 (33) 109 (34) 10 (26) 0.35
T2 103 (29) 86 (27) 17 (45)
T3 110 (30) 103 (32) 7 (18)
T4 28 (8) 24 (7) 4 (11)

Tumor grade (%)3

Well, mod 163 (45) 136 (42) 27 (71) 0.0007
pap,por,sig,muc 197 (55) 186 (58) 11 (29)

Lymph node 
metastasis (%)

– 143 (40) 129 (40) 14 (37) 0.70
+ 217 (60) 193 (60) 24 (63)

Stage(%)3

I 160 (44) 143 (45) 17 (45) 0.48
II 58 (16) 54 (17) 4 (10)
III 64 (18) 56 (17) 8 (21)
IV 78 (22) 69 (21) 9 (24)

1Cases where more than score 3+ is defined as high level; 2histological
diagnosis was based on World Health Organization criteria (19);
3pathologic staging was performed according to the tumor-node-
metastasis (TNM) classification system revised in 2002 (20). 

Table II. Relationship among clinicopathological factors and HER2
(Human Epidermal Growth Factor Receptor type 2) protein expression
in patients with intestinal cancer types.

Characteristic All patients ΗER2 expression
(N=163)

Low level High level1 p-Value
(N=136) (N=27)

Age, years (mean±SD) 67.4±9.51 67.1±0.81 69.3±1.83 0.28
Gender (%)

Male 117 (72) 92 (68) 25 (93) 0.0036
Female 46 (28) 44 (32) 2 (7)

Depth of invasion (%)2

T1 77 (47) 68 (50) 9 (33) 0.44
T2 40 (25) 28 (21) 12 (44)
T3 35 (21) 32 (23) 3 (11)
T4 11 (7) 8 (6) 3 (11)

Lymph node 
metastasis (%)

– 84 (51) 73 (53) 11 (41) 0.23
+ 79 (49) 63 (47) 16 (59)

Stage (%)2

I 100(61) 88 (65) 12 (45) 0.045
II 17(11) 14 (10) 3 (11)
III 27 (16) 21 (15) 6 (22)
IV 19 (12) 13 (10) 6 (22)

1Cases where more than score 3+ is defined as high level; 2pathological
staging was performed according to the tumor-node-metastasis (TNM)
classification system revised in 2002 (20).
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Figure 1. HER2 (Human Epidermal Growth Factor Receptor type 2) expression. Tumors showing scores of 1+ (a, b) and 3+ (c, d) for HER2
expression. Magnification, a, c: ×100; b, d: ×400. Tumor samples exhibited strong cytoplasmic and nuclear staining for HER2.
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