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Abstract

Background Although some small-scale studies have

suggested that human epidermal growth factor receptor 2

(HER2)-positive status in gastric cancer is associated with

poor outcomes, the prognostic value of HER2 is still con-

troversial. Since intratumoral HER2 heterogeneity is also an

important issue, a multicenter large-scale study was con-

ducted to evaluate the prognostic impacts of HER2

expression and intratumoral heterogeneity in gastric cancer.

Methods This study included 1,148 gastric cancer

patients who underwent gastrectomy in 11 institutions.

HER2 expression was centrally evaluated with

immunohistochemistry and fluorescence in situ hybridiza-

tion, and intratumoral HER2 heterogeneity was evaluated

for HER2-positive tumors. Overall survival was compared

between HER2-positive and HER2-negative patients and

between the homogeneous and heterogeneous groups.

Results The HER2-positive rate was 15.7 %, and HER2

expression was significantly associated with histological

type. HER2 expression scores obtained by immunohisto-

chemistry showed a distinct influence on survival, and

HER2-positive patients showed much poorer survival than

HER2-negative patients [hazard ratio (HR) 1.59, 95 %

confidence interval (CI) 1.24–2.02; P\ 0.001). The sub-

group analysis by pathological tumor stage showed a sim-

ilar trend of poor survival in HER2-positive patients. Both

intestinal type and diffuse type showed significant poor

survival in HER2-positive patients. Cox multivariate ana-

lysis revealed that HER2 expression was an independent

prognostic factor (HR 1.96, 95 % CI 1.51–2.55;

P\ 0.001). HER2 heterogeneity was observed in 75.4 % of

HER2-positive cases, but the prognosis in the heteroge-

neous group was similar to that in the homogeneous group.

Conclusions Our study demonstrated that HER2 overex-

pression is an independent prognostic factor in patients

with any stage of resectable gastric cancer. Intratumoral

HER2 heterogeneity did not affect prognosis.
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Introduction

Gastric cancer remains a major health issue and a frequent

cause of cancer death worldwide, although the prevalence
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and mortality of the disease have gradually decreased [1].

In eastern Asia, including Japan, the incidence of gastric

cancer is still high despite advances in treatment and sub-

sequent improvements in prognosis. Complete resection of

localized tumors is the primary treatment, but recurrence

and metastatic spread occur frequently nevertheless. The

development of new agents and combination chemothera-

pies for advanced gastric cancer has led to a steady increase

in overall survival (OS). Recently, targeted therapies have

significantly impacted the treatment strategy for many

common malignancies, including breast, colorectal, and

lung cancers. Among these targeted therapies, monoclonal

antibody against human epidermal growth factor receptor 2

(HER2) was demonstrated to be highly effective in HER2-

positive breast cancer, and was approved by the US Food

and Drug Administration as the first molecularly targeted

agent for solid cancer [2]. In breast cancer, it is well known

that HER2 overexpression is a prognostic factor and also a

predictive factor for treatment with trastuzumab (anti-

human HER2 monoclonal antibody) [3, 4]. In addition, a

randomized controlled trial (ToGA study) recently dem-

onstrated that treatment with trastuzumab could extend the

OS of patients with HER2-positive gastric cancer [5].

Regarding the relationship between HER2 status and

prognosis, some studies have suggested that HER2-positive

status in gastric cancer is associated with poor outcomes

and aggressive disease [6–8]. However, the sample sizes of

these studies were relatively small, and not all studies have

shown an association with poor outcomes [9, 10], so the

prognostic value of HER2 in gastric cancer is still con-

troversial. We therefore conducted a multicenter large-

scale study to clarify the prognostic impact of HER2

expression in patients with gastric cancer. Furthermore,

since intratumoral HER2 heterogeneity is an important

issue, especially in gastric cancer [11], we evaluated the

clinicopathological characteristics of heterogeneous cases

and their impact on prognosis.

Methods

Patient population

This study included patients with gastric cancer of any

stage who underwent gastrectomy between 2000 and 2006

at any of the 11 institutions of the Osaka University

Clinical Research Group for Gastroenterological Surgery.

Patients who received chemotherapy or radiation therapy

before surgery were excluded. No patients were given

trastuzumab, even after recurrence. All tumors were his-

tologically diagnosed as adenocarcinoma of the stomach.

Pathological tumor staging was performed according to the

seventh edition of the International Union Against Cancer

TNM classification [12]. This study was approved by the

institutional review board of each institution involved.

Immunohistochemistry

Archived formalin-fixed, paraffin-embedded specimens

were shipped to the institution performing central pathol-

ogy review. Each specimen was composed of several

blocks of tumor oriented longitudinally from proximal to

distal stomach, including adjacent normal gastric tissue in

each case. Immunohistochemical analysis was carried out

on 4-lm-thick tissue sections. The primary antibody was

mouse monoclonal anti-HER2 (clone 4B5, Ventana Med-

ical Systems, Tucson, AZ, USA). Immunostaining was

performed using a Ventana BenchMark XT� autoimmu-

nostainer with an iVIEW DAB universal kit (Ventana

Medical Systems, Tucson, AZ, USA). Antigen retrieval

was performed by autoclaving in EDTA-base buffer, pH

8.5 at 98 �C for 60 min. After endogenous peroxidase had

been briefly blocked, the sections were incubated with

primary antibodies at 37 �C for 32 min, then incubated

with a mixture of goat biotinylated anti-mouse IgG, anti-

mouse IgM, and anti-rabbit IgG antibodies for 8 min and

with peroxidase-conjugated streptavidin for 8 min. Visu-

alization was performed by incubation in 3-diaminobenzi-

dine solution for 8 min, followed by signal amplification

with copper sulfate for 4 min and counterstaining with

hematoxylin for 4 min. Specimens of HER2-positive breast

cancer were used as a positive control, and slides processed

without the primary antibodies were used as negative

controls.

Evaluations

Central pathologists independently performed immunohis-

tochemical analysis without prior knowledge of the

patients’ clinical data. Immunostaining of the cell mem-

branes of HER2-positive tumors was scored using a four-

grade scale (0/ 1?/ 2?/ 3?) (ToGA score): 0, no reactivity

or membranous reactivity in less than 10 % of tumor cells;

1?, faint or barely perceptible membranous reactivity in at

least 10 % of tumor cells; 2?, weak to moderate complete,

basolateral or lateral membranous reactivity in at least

10 % of tumor cells; and 3?, strong complete, basolateral

or lateral membranous reactivity in at least 10 % of tumor

cells. For specimens with an immunohistochemistry (IHC)

score of 2? only, fluorescence in situ hybridization (FISH)

analysis of HER2 status was performed with a Path Vysion

HER2 DNA probe kit (Vysis/Abbott, Abbott Park, IL,

USA) following the manufacturer’s instructions. For FISH,

the total numbers of HER2 and chromosome 17 signals

were counted in at least 20 tumor cell nuclei in two dif-

ferent areas. The HER2/chromosome 17 ratios were
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interpreted in accordance with the ToGA FISH scoring

scheme for HER2 testing in gastric and gastroesophageal

junction cancer as follows: less than 2.0, HER2 gene not

amplified; 2.0 or more, HER2 gene amplified. An IHC

score of 3? or an IHC score of 2? with FISH positivity

was defined as HER2 positive, whereas IHC scores of 0 or

1?, or an IHC score of 2? with FISH negativity was

defined as HER2 negative [5, 11]. Regarding intratumoral

heterogeneity of HER2 overexpression, cases with HER2

IHC scores of 2? or 3? in more than 90 % of tumor cells

were considered to be homogeneous, whereas heteroge-

neous cases were defined as those in which 10–90 % of

tumor cells had IHC scores of 2? or 3?.

Statistical analysis

The relationship between HER2 expression and clinico-

pathological factors was analyzed using the chi square test

for categorical variables and the Mann–Whitney U test for

continuous variables. OS was defined as the interval from

the date of surgery to the date of death from any cause.

Survival rates were estimated using the Kaplan–Meier

method and were compared with the log-rank test. The

hazard ratio (HR) for death in HER2-positive patients was

estimated with a Cox proportional hazard model. Multi-

variate Cox regression analysis was performed to adjust for

potential confounding factors. P\ 0.05 was considered

statistically significant. All statistical analyses were per-

formed using SPSS Statistics, version 20 (IBM, Armonk,

NY, USA).

Results

Expression status

The IHC results for HER2 expression in 1,148 tumors

were as follows: score 0, 657 (57.2 %); score 1?, 207

(18.0 %); score 2?, 123 (10.7 %); and score 3?, 161

(14.0 %). Of the 123 tumors with an IHC score of 2?, 19

(15.4 %) were HER2 positive by FISH. In total, 180

(15.7 %) of all 1,148 tumors were diagnosed as HER2

positive. The patients’ clinicopathological factors were

compared by HER2 status (Table 1). HER2-positive

cases were found more frequently in the intestinal type of

adenocarcinoma (P\ 0.001). Tumors located in the

upper body of the stomach were more likely to be HER2

positive. The HER2 positivity rates according to the

pathological tumor staging were 16.4 % in stage I

tumors, 11.8 % in stage II tumors, 13.3 % in stage III

tumors, and 24.3 % in stage IV tumors, respectively. The

other factors, including pT and pN stages, showed no

correlation with HER2 positivity.

Survival rates

After the median follow-up period of 62 months, the OS in

1,148 patients was analyzed to evaluate the prognostic

impact of HER2 expression. HER2 expression scores

obtained by IHC showed a distinct influence on survival,

although patients with HER2 expression scores of both 1?

and 2? had similar survival curves (Fig. 1a). When we

compared OS in terms of HER2 status, patients with

HER2-positive gastric cancer showed much poorer survival

than those whose tumors were HER2 negative [HR 1.59,

95 % confidence interval (CI) 1.24–2.02; log-rank

P\ 0.001] (Fig. 1b).

Subgroup analysis by pathological tumor stage showed a

similar trend of poor survival in HER2-positive patients,

although a higher HR for death was obtained in earlier

stages, as follows: stage I, HR 2.04 (95 % CI 1.14–3.65),

Table 1 Characteristics of 1,148 patients

Characteristics HER2 positive

(n = 180)

HER2 negative

(n = 968)

P

Age (years)

Median 67.5 67 0.17

Range 37–87 31–98

Sex

Male 133 657 0.11

Female 47 311

Location

Upper 49 206 0.078

Middle/

lower

131 762

Histological type

Intestinal

type

142 478 \0.001

Diffuse type 38 490

pT

T1 76 369 0.36

T2 24 106

T3 32 220

T4 48 273

pN

N0 90 517 0.21

N1 22 154

N2 28 134

N3 40 163

Pathological stage

I 79 403 0.006

II 30 225

III 35 228

IV 36 112

HER2 human epidermal growth factor receptor 2

HER2 expression in gastric cancer 693
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P = 0.015 (Fig. 2a); stage II, HR 1.89 (95 % CI

1.02–3.53), P = 0.041 (Fig. 2b); stage III, HR 1.47 (95 %

CI 0.95–2.28), P = 0.082 (Fig. 2c); and stage IV, HR 1.43

(95 % CI 0.95–2.16), P = 0.084 (Fig. 2d). Regarding the

histological type, both intestinal type and diffuse type

showed significantly poor survival in HER2-positive

patients [intestinal type, HR 1.70 (95 % CI 1.26–2.30),

P\ 0.001; diffuse type, HR 1.88 (95 % CI 1.20–2.97),

P = 0.005]. HER2 positivity was also associated with

significantly poorer survival both in patients who received

adjuvant treatment and in those who did not [with adjuvant,

HR 1.94 (95 % CI 1.34–2.80), P\ 0.001; without adju-

vant, HR 1.46 (95 % CI 1.05–2.04), P = 0.023].

Cox multivariate analysis of HER2 status and seven

clinicopathological factors (age, sex, location, histological

type, pT, pN, adjuvant chemotherapy) revealed that age, pT

stage, pN stage, and HER2 status were independent sig-

nificant prognostic factors (Table 2). The adjusted HR for

death in HER2-positive patients was 1.96 (95 % CI

1.51–2.55).

HER2 heterogeneity

Intratumoral heterogeneity of HER2 overexpression by

IHC was evaluated for HER2-positive tumors. Of the 175

tumors that could be evaluated for heterogeneity, 132

(75.4 %) showed heterogeneous HER2 overexpression

(Fig. 3). There were no homogeneous cases among the 18

tumors that had IHC scores of 2?. Heterogeneous cases

were significantly more likely to be classified as the diffuse

type (Table 3). The distribution of pT stage also differed

significantly between the homogeneous and heterogeneous

groups. The OS in the heterogeneous group was similar to

that in the homogeneous group (HR 0.88, 95 % CI

0.54–1.45; P = 0.63) (Fig. 4).

Discussion

Our multicenter large-scale study of 1,148 patients dem-

onstrated that HER2 overexpression was a significant fac-

tor associated with poor prognosis in patients with

resectable gastric cancer. Differences in HER2 expression

scores (0/1?, 2?/3?) obtained by IHC showed a distinct

influence on OS. HER2-positive patients with cancer of all

stages had shorter survival than HER2-negative patients.

Although the prognostic impact of HER2 expression in

patients with resectable gastric cancer has been previously

examined in many small-scale retrospective studies, the

prognostic value of HER2 is still controversial. A recent

systematic review which included only studies with over

100 patients reported that most of the publications (71 %)

showed that a HER2-positive status was associated with

poor survival and/or clinicopathological characteristics,

such as serosal invasion, lymph node metastases, or distant

metastases [13]. Kim et al. [8] performed a tissue micro-

array analysis of HER2 expression in 595 Korean gastric

cancer patients and found that HER2 overexpression was

an independent prognostic factor in differentiated, resect-

able gastric cancer. On the other hand, Terashima et al.

[10] reported no survival impact of HER2 expression in

829 Japanese gastric cancer patients. Several Japanese

investigators might have considered this as a final answer

to the long-debated issue, since the study analyzed a large

number of archival specimens obtained in collaboration

with the pivotal nationwide phase III trial. Curiously, the

Fig. 1 Kaplan–Meier overall survival for all 1,148 patients according to a human epidermal growth factor receptor 2 (HER2)

immunohistochemistry (IHC) scores, and b HER2 overexpression status
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HER2 positivity rate (13.6 %) in the study of Terashima

et al. was relatively low compared with the rates obtained

in other large-scale studies, although whether this explains

Fig. 2 Kaplan–Meier overall survival for patients with different stages of gastric cancer: a 482 patients with stage I cancer; b 255 patients with

stage II cancer; c 263 patients with stage III cancer; d 148 patients with stage IV cancer

Table 2 Multivariate overall survival analysis

Variables Category HR (95 % CI) P

Age (years) C70 2.05 (1.67–2.51) \0.001

Sex Male 1.23 (0.97–1.54) 0.085

Location Upper 1.25 (1.00–1.56) 0.055

Histological type Diffuse type 1.07 (0.86–1.33) 0.57

pT T3-4 3.23 (2.44–4.27) \0.001

pN N1-3 2.90 (2.22–3.77) \0.001

Adjuvant chemotherapy Yes 1.24 (1.00–1.55) 0.055

HER2 Positive 1.96 (1.51–2.55) \0.001

CI confidence interval, HR hazard ratio

Fig. 3 Intratumoral heterogeneity of HER2 overexpression
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the difference in the results between the study of Terashima

et al. and our study is unknown. The HER2 positivity rate

in our study (15.7 %) was similar not only to that in the

Western ToGA study (16.6 %), but also to that in a recent

Japanese cohort study (15.5 %) [14, 15].

Some studies have evaluated the prognostic impact of

HER2 expression also in unresectable or recurrent gastric

cancer. Janjigian et al. [16] conducted a retrospective

multicenter study examining HER2 expression in 381

Western patients with metastatic gastric or esophagogastric

junction cancer, and reported that HER2 overexpression

was not an independent prognostic factor. Shitara et al. [17]

conducted a retrospective study in Japanese patients with

unresectable or recurrent gastric cancer, and reported that

the OS in 15 HER2-positive patients not receiving trast-

uzumab treatment was similar to that in 306 HER2-nega-

tive patients. Recently, a Chinese prospective cohort study

showed that 51 HER2-positive patients receiving trast-

uzumab had prognoses comparable to those of 251 patients

with HER2-negative advanced gastric cancer, whereas 47

HER2-positive patients not receiving trastuzumab had the

poorest prognosis [18]. Although our large-scale study

demonstrated that HER2 expression is an independent

prognostic factor in resectable gastric cancer, the prog-

nostic value of HER2 status in unresectable or recurrent

gastric cancer is still unknown. Indeed, there were smaller

differences between HER2-positive and HER2-negative

patients in the stage IV cancer subgroup than in the stage I

cancer, stage II cancer and stage III cancer subgroups. We

anticipate that an ongoing cohort study evaluating HER2

expression in patients with unresectable or recurrent gastric

cancer will clarify this issue.

Intratumoral HER2 heterogeneity is important because it

may lead to inaccurate assessment of HER2 status and the

consequent inappropriate choice of trastuzumab treatment. It

has been reported that HER2 heterogeneity is more frequent

in gastric cancer than in breast cancer [11]. Indeed, intra-

tumoral HER2 heterogeneity by IHC was observed in three

quarters of the HER2-positive tumors in our study. Lee

et al.[19] reported that HER2 homogeneity conferred poorer

survival than HER2 heterogeneity in a small-scale (n = 64)

retrospective study. Our study also revealed that heteroge-

neity was more frequent in diffuse-type tumors and in

tumors with and IHC score of 2?, and that there was no

impact on prognosis. However, the impact on trastuzumab

response remains unclear, so further studies to evaluate the

therapeutic impact of HER2 heterogeneity are warranted.

Table 3 Characteristics of 175 HER2-positive patients stratified by

intratumoral HER2 heterogeneity

Characteristics Homogeneous

(n = 43)

Heterogeneous

(n = 132)

P

Age (years)

Median 66 68 0.27

Range 46–80 37–87

Sex

Male 34 97 0.46

Female 9 35

Location

Upper 13 32 0.44

Middle/

lower

30 100

Histological type

Intestinal

type

40 99 0.011

Diffuse type 3 33

pT

T1 13 60 0.008

T2 5 19

T3 15 16

T4 10 37

pN

N0 17 69 0.17

N1 6 16

N2 11 16

N3 9 31

Pathological stage

I 14 62 0.32

II 8 21

III 9 26

IV 12 23

HER2 IHC score

2? 0 18 0.011

3? 43 114

IHC immunohistochemistry

Fig. 4 Kaplan–Meier overall survival for 175 HER2-positive patients

stratified by intratumoral HER2 heterogeneity
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To our knowledge, this is the first study to evaluate

HER2 status in over 1,100 patients with gastric cancer. In

conclusion, our multicenter large-scale study demonstrated

that HER2 overexpression is an independent prognostic

factor in gastric cancer patients. Although intratumoral

HER2 heterogeneity was observed frequently, it did not

affect prognosis at all.
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