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Abstract

Background Human epidermal growth factor receptor 2

(HER2) is likely overexpressed and/or amplified in locally

advanced gastric cancer with extensive (bulky N2 or

paraaortic) lymph node metastasis, and patients may ben-

efit from treatment with anti-HER2 antibodies. This study

evaluated the frequency of HER2 overexpression and

amplification in The Japanese Gastric Cancer Association

(JGCA)-N3 and JGCA-bulky N2 tumors and the correla-

tion between HER2 status and survival.

Methods HER2 status was assessed using immunohisto-

chemistry (IHC) and fluorescence in situ hybridization

(FISH) in tumor tissue samples from 89 patients with

gastric adenocarcinoma enrolled in the phase II JCOG0001

and JCOG0405 trials. HER2 positivity was defined as

IHC3? or IHC2? with confirmatory FISH results.

Results Of the 89 tumor samples, 24 (27 %) showed

HER2 positivity, including 16 scored as IHC3? and 8 as

IHC2? and FISH positive. Multivariate analysis showed

that the HER2 positivity rate was significantly higher in

evaluable differentiated tumors than in undifferentiated

tumors [18/44 (40.9 %) vs. 5/42 (11.9 %)]. Although the

apparent OS curve of HER2 positive was superior to that of

HER2 negative patients, HER2 status was not a statistically

significant prognostic factor in multivariate analysis.

Conclusion The HER2 positivity rate was relatively high

in patients with JGCA-bulky N2 and JGCA-N3 gastric

adenocarcinoma, suggesting that HER2 evaluation is

essential to select the therapeutic regimen for neoadjuvant

chemotherapy for this group of patients.
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Introduction

Gastric cancer is one of the most common types of

malignant tumors and the second leading cause of cancer-

related deaths in the world [1]. Complete tumor removal

(R0 resection) is essential for cure [2, 3]. The Japanese

Gastric Cancer Association (JGCA) used to define para-

aortic lymph nodes (PAN) as regional lymph node sta-

tions (JGCA-N3) in contrast to the tumor node metastasis

(TNM) staging of the International Union Against Cancer

(UICC), which defines paraaortic metastasis as distant

metastasis [4]. Prophylactic PAN dissection for T3 (sub-

serosa) or deeper gastric cancer is no longer recom-

mended in Japan based on the results of a randomized

controlled trial (RCT) by the Japan Clinical Oncology

Group (JCOG 9501) [5]. However, Japanese surgeons

have not given up yet to cure patients with extensive

nodal disease [bulky nodal metastasis surrounding the

celiac artery and its branches (JGCA-bulky N2) or PAN

metastasis] using preoperative chemotherapy with D2

plus PAN dissection (PAND) if they have no other distant

metastasis. These patients are regarded as unresectable in

the West and treated by palliative chemotherapy with or

without radiation. The Stomach Cancer Study Group of

the JCOG considers these tumors to be a specific type and

has carried out two phase II studies on this subject with

remarkably better results than historical controls [6, 7].

We consider that more intensive chemotherapy such as

triplet therapy or the addition of molecular targeted agents

is needed to further improve the prognosis of patients with

this disease.

Human epidermal growth factor receptor 2 (HER2; also

known as ERBB2) is a member of a family of receptors

associated with tumor cell differentiation, migration, pro-

liferation, and survival [8], and it is recognized as an

important biomarker. In gastric carcinoma, the frequency of

HER2 overexpression and/or amplification has been repor-

ted to vary widely from 7 to 34 % [8–11]. Trastuzumab, a

monoclonal antibody targeting the extracellular domain of

the HER2 protein, has been shown to confer a survival

benefit in both primary and metastatic breast carcinoma

cases with high levels of HER2 expression and amplifica-

tion, and it is used as the standard regimen in adjuvant

therapy [12–14]. Findings in a multicenter and international

phase III trial to evaluate trastuzumab for gastric cancer

(ToGA trial) revealed that the combination of trastuzumab

with chemotherapy consisting of fluoropyrimidine and cis-

platin improved survival in patients with advanced HER2-

positive gastric carcinomas or gastroesophageal junction

carcinomas as compared to chemotherapy alone [15]. Thus,

molecular targeted therapies have begun to play an impor-

tant role in improving the prognosis of patients with gastric

carcinomas.

A close relationship between HER2 overexpression and/

or amplification and intestinal histologic type in gastric

carcinomas has been reported in recent studies and con-

firmed in the ToGA trial [10, 16–18]. Approximately 50 %

of all patients entered in the JCOG0001 and JCOG0405

trials were pathologically diagnosed as having well-to-

moderately differentiated tumors corresponding to the

intestinal type. Thus, we speculated that tumors with

JGCA-N3 or JGCA-bulky N2 have a high frequency of

HER2 expression and/or amplification and considered it

necessary to clarify whether the HER2 status of these

tumors should be taken into account for development of

new therapies.

The aims of this study were to evaluate the frequency of

HER2 overexpression and/or amplification in tumors with

JGCA-N3 or JGCA-bulky N2 using immunohistochemistry

(IHC) and fluorescence in situ hybridization (FISH) find-

ings and to analyze the correlation between HER2 status

and survival.

Patients and methods

Patients and material

All gastric cancer patients enrolled in the JCOG0001 and

JCOG0405 trials were included in this study [6, 7]. Eligi-

bility criteria, treatment schedules, monitoring, and statis-

tical analysis in these trials have been described in detail

elsewhere [6, 7]. Briefly, these were phase II studies

involving patients with histologically proven gastric ade-

nocarcinoma with JGCA-N3 or JGCA-bulky N2 confirmed

by contrast-enhanced computed tomography (CT) between

2000 and 2007. Eligibility criteria included no distant

nodal metastasis outside the paraaortic region, as confirmed

by contrast-enhanced CT, no peritoneal or pleural effusion,

no clinically apparent brain or bone metastasis, no perito-

neal metastasis or negative cytology obtained in staging

laparoscopy, non-scirrhous macroscopic type by endoscopy

or upper gastrointestinal X-ray study, and no previous

chemotherapy or radiotherapy. Following preoperative

chemotherapy (JCOG0001 trial: irinotecan plus cisplatin;

JCOG0405 trial: S-1 plus cisplatin), a gastrectomy with D2

plus PAND was performed if curative resection was

deemed possible. To examine the HER2 status of archival

tumor samples surgically resected or biopsies, 3-lm-thick

paraffin block samples from enrolled cases were obtained

from institutions belonging to the Stomach Cancer Study
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Group of the JCOG and mounted on unstained glass slides.

This study was separately approved by the JCOG Protocol

Review Committee and the institutional review board of

each participating institution as the original protocol of

these studies (JCOG0001 and 0405) did not include this

concept and usage of the material.

IHC and FISH tests

Tumors were centrally tested for HER2 status using IHC

(Hercep Test, DAKO, Denmark) and FISH (HER2 FISH

pharmDx, DAKO) methods. For IHC analysis, the samples

were scored according to modifications of criteria origi-

nally published by Hofmann and colleagues [9], as follows:

0, no reactivity or membranous reactivity in B10 % of the

cells; 1?, faint/barely perceptible membranous reactivity

in[10 % of the cells, but cells reactive in only parts of

their membranes; 2?, weak to moderate complete or

basolateral membranous reactivity in[10 % of the tumor

cells; 3?, moderate to strong complete or basolateral

membranous reactivity in[10 % of the tumor cells. For

FISH assessments, an HER2:CEP17 (centromeric probe

17) ratio C2 was defined as positive for HER2

amplification.

Definition of HER2-positive status

The standard criteria for HER2-positive status, including

the HER2 IHC scoring system and FISH assessments, have

thus far only been validated for breast cancer. However, the

biological differences between breast and gastric tumors,

such as tumor heterogeneity and basolateral membrane

staining, were recently reported. Therefore, the ToGA trial

adopted IHC3? or FISH positivity (HER2: CEP ratio C2)

as the definition of HER2-positive status. According to

subgroup analysis in this trial, a survival benefit from the

addition of trastuzumab was recognized for patients with

overexpression of HER2 protein, including the IHC2?/

FISH? and IHC3? subgroups, whereas there was no sur-

vival benefit for the IHC0/FISH? or IHC1?/FISH? sub-

groups. The European Medicine Agency has noted that

trastuzumab should only be used in patients with metastatic

gastric cancer whose tumors have HER2 overexpression as

defined by IHC2? and a confirmatory FISH? result, or

IHC3? as determined by an accurate and validated assay.

Therefore, we chose IHC testing as the primary method for

determining HER2 status, while FISH was restricted to

cases with equivocal (IHC2?) expression of HER2 protein.

In this study, patients classified as IHC3? or IHC2?/

FISH? were defined as HER2 positive. The HER2 IHC

score was independently determined by three different

pathologists, each belonging to a different institution: the

Hyogo College of Medicine, the Research Center for

Innovative Oncology in the National Cancer Center East

Hospital, and the National Cancer Center Hospital. Scores

were accepted if they were agreed upon by at least two of

the pathologists. If a score differed among all three, the

final judgment was determined by reference to FISH results

in a meeting of the pathologists. Thus, we performed FISH

for IHC2? cases or those with an ambivalent score. These

FISH results were also assessed by the three pathologists.

Statistical analysis

All data except for HER2 status were obtained from patient

databases managed by the JCOG Data Center. Categorical

and continuous data were analyzed using Fisher’s exact test

and the Wilcoxon rank-sum test, respectively. Multivariate

log-linear regression analysis was performed to identify

factors independently associated with HER2 positivity. The

HER2 positivity rate was estimated in eligible patients

whose HER2 status was determined based on either biopsy

or resected specimens. Survival analysis was performed in

eligible patients for whom resected specimens were

obtained because multivariate analysis was conducted to

identify the prognostic factors at the postoperative status.

The probability of survival for the different subgroups was

calculated using the Kaplan-Meier method, and the sig-

nificance of differences between survival curves was

determined using a log-rank test. Multivariate analysis was

performed using the stratified Cox’s proportional hazards

model with the study as strata to identify the primary

prognostic indicators independently associated with sur-

vival. All P values were two-sided and the significance

level was set at P\ 0.05. All analyses were carried out

using SAS version 9.2 (SAS Institute, Inc., Cary, NC).

Results

Among 106 eligible patients in JCOG0001 (n = 55) and

JCOG0405 (n = 51), samples of 89 patients from 22

institutions were collected and analyzed (Fig. 1). These

materials comprised 86 resected stomach samples and 3

biopsy specimens as the biopsied tumors were unresec-

table. Sixteen samples were scored as IHC3?, and 8 that

were IHC2? were found to be FISH?. These 24 samples

were diagnosed as HER2 positive, for an HER2 positivity

rate of 27.0 % [95 % confidence interval (CI)

18.1–37.4 %].

Associations between clinicopathological variables and

HER2 status are shown in Table 1. Univariate analysis

revealed that the histology of the resected stomach, per-

formance status (PS), and curability had a significant

association with HER2 positivity. Differentiated types

(papillary and tubular adenocarcinoma) showed
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significantly higher HER2 positivity rates than undiffer-

entiated types (poorly differentiated adenocarcinoma, sig-

net-ring cell carcinoma). HER2 positivity did not affect

clinical or histopathological response, although there were

significantly more cases of R2 resection in HER2-negative

cases. In multivariate analysis, the histological type of the

excised specimen was independently related to HER2

overexpression and/or amplification (Table 2). Histological

examination of resected stomach samples revealed that 18

of 44 tumors of the differentiated type (40.9 %) were

HER2 positive, while only 5 of 42 (11.9 %) tumors of the

undifferentiated type were HER2 positive (Table 3).

The estimated 3-year overall survival for HER2-positive

cases was 66.7 % and that for HER2-negative cases was

38.7 % (p = 0.022), with a hazard ratio (HR) of 0.47

(95 % CI 0.24–0.91) (Fig. 2). The tendency of survival was

almost the same in both the JCOG0001 and JCOG0405

trials, OS being always superior in Her2-positive than in -

negative cases. However, in a Cox multivariate model that

included age (B64/[64), sex (male/female), clinical nodal

factors (bulky N2 without PAN, bulky N2, and PAN), PS

(0/1), histology of the resected stomach specimen (differ-

entiated/undifferentiated type), and pathological response

(grade 0–1a/grade 1b–3), the hazard ratio of HER2 status

(positive/negative) was much higher and came close to 1.0

(HR = 0.88, P = 0.73) (Table 4). This result was almost

identical to that of a multivariate analysis evaluating sur-

vival after enrollment, including pretreatment biopsy

instead of resected specimen, age, sex, PS, and clinical

nodal factors: the HR for HER2 status was 0.84. We also

estimated the survival curve for patients with R0 resection,

curability of A or B, by the Kaplan-Meier method as a

sensitivity analysis. Three-year survival in Her2? and

Her2- were 65.2 % and 52.2 %, respectively. Log-rank

p value was 0.32 and hazard ratio for Her2 ? was 0.70

(95 % CI, 0.34-1.43). In multivariate analysis including

age, sex, ECOG PS, lymph node status, histological type,

and pathological grade using the study as strata, the hazard

ratio for Her2? was 1.04 (95 % CI, 0.48-2.24). Although

there is a significant difference in the number of R2

patients, OS curves showed an almost similar tendency

with or without exclusion of R2 cases.

As for relapse-free survival for curability A or B, the HR

between HER2 positivity and negativity was 1.30 (95 % CI

0.62–2.70) in multivariate analysis, suggesting the differ-

ence between survival curves might have been due to other

confounding factors.

Discussion

Although HER2 expression has come to be an indispensable

factor in determining the therapeutic strategy for recurrent or

unresectable advanced gastric carcinoma, the low positive

rate in general still discourages clinicians from examining

HER2 status before starting chemotherapy. In the present

study, the HER2 positivity rate for JGCA-bulky N2 and

JGCA-N3 was 27.0 %. This subgroup of gastric cancers

showed higher HER2 positivity than ordinary types.

In a review of 42 studies published from 1991 to 2012,

the HER2 positivity rate based on IHC scoring ranged

widely from 4.4 to 53.4 % [19]. The most significant factor

underlying this wide variation is likely the criteria used for

determining HER2 expression, as these have not been

standardized and thus differ among studies. In 2008,

however, Hoffman et al. provided clear criteria based on

the results of the ToGA trial, and in the subsequent 2 years

the HER2 positivity rate ranged from 9.4 to 15.7 %. Thus,

accuracy is now considered to be controlled to a certain

degree. Meanwhile, using FISH determination, the

Enrolled (n=108)

JCOG 0001 
(n=55)

JCOG 0405 
(n=53)

Excluded due to ineligible
(n=2)

Eligible (n=106)

JCOG 0001 
(n=55)

JCOG 0405 
(n=51)

Excluded (n=8)

Not gastrectomy and 
biopsy specimen not 
available                    n=4
Complete response    n=4

Excluded (n=9)

Not gastrectomy and 
biopsy specimen not 
available                    n=5
IRB not allowed        n=1
Others*                      n=3

Included (n=89)

JCOG 0001 
(n=46)

JCOG 0405 
(n=43)

Fig. 1 Study population

* Registration from two

institutions which renounced

the study group
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Table 1 Correlation of HER2 status with clinicopathologic variables

HER2 negative (n = 65) HER2 positive (n = 24) Total (n = 89) P valuea

Trial, n (%)

JCOG0001 36 (78.3) 10 (21.7) 46 0.34

JCOG0405 29 (67.4) 14 (32.6) 43

Age

Median (range) 63 (42–75) 62 (48–72) 63 (42–75) 0.56

Age, n (%)

\65 39 (69.6) 17 (30.4) 56 0.46

C65 26 (78.8) 7 (21.2) 33

Sex, n (%)

Male 51 (71.8) 20 (28.2) 71 0.77

Female 14 (77.8) 4 (22.2) 18

PS, n (%)

0 63 (75.9) 20 (24.1) 83 0.04

1 2 (33.3) 4 (66.7) 6

cN, n (%)

Bulky N2 and PAN 21 (80.8) 5 (19.2) 26 0.61

Bulky N2 31 (70.5) 13 (29.5) 44

PAN 13 (68.4) 6 (31.6) 19

Histology (biopsy) n (%)

pap 2 (100.0) 0 (0.0) 2 0.53

tub1 6 (54.5) 5 (45.5) 11

tub2 26 (68.4) 12 (31.6) 38

por1 9 (69.2) 4 (30.8) 13

por2 19 (86.4) 3 (13.6) 22

sig 1 (100.0) 0 (0.0) 1

muc 1 (100.0) 0 (0.0) 1

Unknown 1 (100.0) 0 (0.0) 1

Histology (biopsy) n (%)

pap ? tub1 ? tub2 34 (66.7) 17 (33.3) 51 0.15

por1 ? por2 ? sig ? muc 30 (81.1) 7 (18.9) 37

Unknown 1 (100.0) 0 (0.0) 1

pT, n (%)

pT1 6 (75.0) 2 (25.0) 8 0.86

pT2 26 (66.7) 13 (33.3) 39

pT3 22 (73.3) 8 (26.7) 30

pT4 6 (85.7) 1 (14.3) 7

pTX 1 (100.0) 0 (0.0) 1

Unknown 4 (100.0) 0 (0.0) 4

pN, n (%)

pN0 3 (60.0) 2 (40.0) 5 0.52

pN1 7 (58.3) 5 (41.7) 12

pN2 21 (72.4) 8 (27.6) 29

pN3 30 (76.9) 9 (23.1) 39

pNX 0 (–) 0 (–) 0

Unknown 4 (100.0) 0 (0.0) 4

Histology (resected stomach) n (%)

pap 3 (100.0) 0 (0.0) 3 0.0114

tub1 8 (53.3) 7 (46.7) 15

tub2 15 (57.7) 11 (42.3) 26

por1 24 (82.8) 5 (17.2) 29

por2 12 (100.0) 0 (0.0) 12

sig 0 (0.0) 0 (0.0) 0

muc 1 (100.0) 0 (0.0) 1

Unknown 2 (66.7) 1 (33.3) 3
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positivity rate ranged from 8.7–18.1 %, although the dis-

persion of positive results was not as clear with IHC,

possibly because of the lack of clear quantitative criteria in

FISH. The HER2 positivity rate in the ToGA trial, if the

same definition as in the present study is applied, was just

12.2 %. As the Japanese subjects in this study showed

slightly higher positivity (20.0 %), the positivity rate in

consecutive series of metastatic and unresectable gastric

cancer with or without target lesions in Japan was studied

in a prospective manner by the Japanese Foundation for

Multidisciplinary Treatment of Cancer (JFMC44-1101)

[20, 21]. It was, however, just 15.5 %, equivalent to that of

a large Japanese study on adjuvant chemotherapy for stage

II/III curatively resected patients in the ACTS-GC study

(13.6 %) [11]. Of 829 subjects, 74 were scored as IHC3?

and 38 as IHC2? and FISH? (total positive, 113 subjects).

In comparison to these results, patients with JGCA-bulky

N2 or JGCA-bulky N3 are considered to constitute a

Table 1 continued

HER2 negative (n = 65) HER2 positive (n = 24) Total (n = 89) P valuea

Histology (resected stomach) n (%)

pap ? tub1 ? tub2 26 (59.1) 18 (40.9) 44 0.0032

por1 ? por2 ? sig ? muc 37 (88.1) 5 (11.9) 42

Unknown 2 (66.7) 1 (33.3) 3

Curability, n (%)

A or B 46 (66.7) 23 (33.3) 69 0.0106

C (include unresection) 19 (95.0) 1 (5.0) 20

Clinical

SD/PD 26 (72.2) 10 (27.7) 36 1.000

Response, n (%)

PR/CR 39 (73.6) 14 (26.4) 53

Pathological response, n (%)

Grade 0 or 1a 47 (75.8) 15 (24.2) 62 0.44

Grade ]1b 18 (66.7) 9 (33.3) 27

a Categorical and continuous data were analyzed using Fisher’s exact test and the Wilcoxon signed-rank test, respectively

Table 2 Multivariate analysis of baseline clinicopathologic variables

for identification of HER2-positive status

Variables Risk

ratio

95 % CI P value

Age (years)

C65 (vs.\65) 0.57 0.22-1.45 0.24

Sex

Male (vs. female) 1.19 0.39-3.65 0.76

Histology or resected specimen

Pap ? tub1 ? tub2 (vs.

por1 ? por2 ? sig ? muc)

3.59 1.33-9.70 0.012

Lymph nodal status

Bulky N2? and PAN- (vs. Bulky

N2? and PAN?)

1.41 0.50-3.96 0.52

Bulky N2- and PAN? (vs. Bulky

N2? and PAN?)

1.44 0.40-5.16 0.58

HR hazard ratio, CI confidence interval, LN16 paraaortic lymph node

metastases

Table 3 HER2 positivity rate according to histologic type

HER2

positive

HER2

negative

Total

Differentiated type

pap 0 (0.0 %) 3 (100.0 %) 3

tub1 7 (46.7 %) 8 (53.3 %) 15

tub2 11 (42.3 %) 15 (57.7 %) 26

pap ? tub1 ? tub2 18 (40.9 %) 26 (59.1 %) 44

Poorly differentiated type

por1 ? por2 ? sig ? muc 5 (11.9 %) 37 (88.1 %) 42

pr
op

or
ti

on

Log-rank test : p=0.022
HR(95%CI): 0.47 (0.24-0.91)

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

0 1 2 3 4 5 6 7 8

HER2 -
HER2 +

Years after surgery

Fig. 2 Kaplan-Meier estimates of overall survival. HR hazard ratio,

CI confidence interval
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subgroup showing high HER2 positivity (27.0 % in total).

It has been reported that HER2 overexpression occurs more

frequently in differentiated-type carcinoma or gastro-

esophageal junctional cancer. Generally, undifferentiated

type carcinoma comprises about 60–70 % of advanced

gastric carcinoma, making the differentiated type a

minority. In the present study, which exclusively enrolled

patients with bulky N2 or clinical metastasis to the para-

aortic lymph node, the differentiated type accounted for

about 50 %, which might have led to the high HER2

positivity rate.

According to a review of 42 studies published from

1991–2012, the relationship between HER2 expression and

prognosis has been found to be inconsistent and remains

controversial [19, 22, 23]. Accordingly, it is important to

carefully interpret the findings of the present study

regarding this relationship. We found a tendency toward

better relapse-free survival in HER2-positive cases, and

overall survival was significantly more favorable

(HR = 0.47, p = 0.022) in the HER2-positive than in the

HER2-negative group. However, in multivariate Cox ana-

lysis, HER2 expression was not an independent factor for

survival, thus a confounding background factor is sus-

pected. The relatively favorable prognosis in the HER2-

positive group was likely affected by the lower proportion

of patients who underwent R2 resection, although better

OS was observed even excluding R2 patients. This might

be related to the fact that while 20 % of HER2-negative

patients had diffuse-type histology (por2, sig, or muc

according to the Japanese classification), none of the

HER2-positive patients did. It is necessary to further

examine these results by conducting studies with greater

numbers of subjects.

In the present study, approximately 41 % of patients

with differentiated type cancer were diagnosed as HER2

positive, while the HER2-positive rate in patients with

poorly differentiated type cancer was only about 12 %. The

differentiated type constituted about 58 % of biopsy

specimens and 51 % of resected specimens, with incon-

sistency observed in 7 % of cases. There are two possible

explanations. First, it is well known that some undiffer-

entiated type tumors (classified by dominance) have mod-

erately differentiated histology in the mucosal layer and

therefore are diagnosed as the differentiated type by

biopsy. Another possibility is that differentiated portions of

tumors were more affected by chemotherapy than undif-

ferentiated ones, resulting in an increase in the number of

tumors diagnosed as undifferentiated type defined by

quantitative predominance. As HER2 status was deter-

mined based primarily on resected specimens, with biopsy

specimens used in only a few patients who did not undergo

gastrectomy, comparison of HER2 status before and after

chemotherapy was impossible in this study. Heterogeneity

of HER2 expression in a single tumor is known to be more

prominent in gastric cancer than in breast cancer. Several

papers, however, have reported relatively high concor-

dance in HER2 status between biopsy specimens and

resected material [24–26]. The limited information avail-

able in this study hampers further discussion of the effects

of chemotherapy in relation to tumor differentiation and

HER2 status.

While it is known that overfixation with formalin affects

immunostaining, it was previously reported that no dif-

ference was observed in HER2 staining intensity between

samples with 120 h of fixation and those with 3 h of fix-

ation [27]. It was also shown that when the time from

sample collection to fixation exceeded 2 h, signals related

to HER2 expression became weak, significantly affecting

FISH determination. Furthermore, in IHC determination,

intensity is likely to decrease when duration of fixation

approaches 1 week. In a previous study of breast carci-

noma, scores in the IHC3? group were not affected even

after formalin fixation times over 2 h, while in the FISH

group, the peripheral cellular borders became indefinite,

FISH signals decreased, and nuclear resolution was

reduced [28]. Another report noted that the retention time

in a paraffin block might affect IHC or FISH determination

of HER2 expression [29]. In the present study, we used

specimens collected from subjects who had been registered

for two different phase II trials conducted in multiple

institutions before the results of the ToGA study were

reported. Since fixation method and time were not

Table 4 Multivariate Analysis

Variables HR 95 % CI P value

HER2 status positive (vs. negative) 0.88 0.41–1.87 0.73

Clinical nodal factor

Bulky N2? and PAN-(vs. Bulky

N2? and PAN?)

0.48 0.24–0.95 0.035

Clinical nodal factor

Bulky N2– & PAN?(vs. Bulky

N2? and PAN?)

0.75 0.30–1.87 0.53

Histology of resected specimens

pap ? tub1 ? tub2 (vs.

por1 ? por2 ? sig ? muc)

1.16 0.60–2.23 0.66

PS

1 (vs. 0) 0.075 0.009–0.61 0.016

Age

C65 (vs.\64) 1.87 1.02–3.45 0.045

Sex

Male (vs. female) 0.44 0.20–0.99 0.048

Pathological response

Grade C1b (vs. Grade 0 or 1a) 0.47 0.22–1.01 0.053

Cox proportional hazards model
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standardized in these trials, it is possible that variations in

these factors might have affected expression. Moreover,

tumor degeneration almost certainly influenced the effects

of chemotherapy on immunostaining and FISH results, as

the specimens were collected after preoperative chemo-

therapy. Because of the high heterogeneity of gastric can-

cer, IHC diagnostic criteria for HER2 overexpression in

surgically resected materials differ from those in prior

biopsy specimens [9]. When diagnostic criteria were used,

the concordance of IHC-based HER2 scoring between

surgically resected materials and prior biopsy specimens

with an HER2 score of 3? was reported to be high, and at

least three or four fragments seemed sufficient for assessing

IHC HER2 status based on biopsy material [30]. In the

present study, in fact, the difference in the hazard ratio for

overall survival of HER2-positive patients after chemo-

therapy in two analyses comparing differentiated and

undifferentiated types using pretreatment histology based

on biopsy or resected specimens was small (0.84 and 0.88).

However, further validation of equivalence is needed

because of the increasingly frequent use of preoperative

chemotherapy, as neoadjuvant treatment is regarded as

essential in Japan for patients with JGCA-bulky N2 or

JGCA-N3, while they are regarded incurable in the West.

Selection of the chemotherapy regimen in neoadjuvant

treatment is of paramount importance for these patients.

In conclusion, our results demonstrated that patients

with JGCA-bulky N2 or JGCA-N3 constituted a subgroup

with gastric cancer marked by a high HER2 positivity rate

and may be a target population for trastuzumab adminis-

tration. Presently, a phase II trial with a preoperative triplet

chemotherapy (S-1 ? cisplatin ? docetaxel) regimen is

underway for this subgroup of gastric cancer patients in

Japan. Nevertheless, it is necessary to conduct clinical

studies to determine whether better prognosis in HER2-

positive patients can be attained with multidrug therapy,

including trastuzumab. This will aid in establishing treat-

ment development pathways based on the presence of

HER2 expression, which is currently the only reliable

biomarker in gastric cancer.
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