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Abstract

Background Despite recent clinical trials, the sensitivity

and resistance of metastatic gastric cancer to anti-HER2

and anti-EGFR therapy are still unclear.

Materials and methods To clarify the HER2 and EGFR

expression status in the metastatic sites, we immunohisto-

chemically compared HER2 and EGFR expression

between primary and metastatic tumors from 52 gastric

cancer patients with liver metastases and 85 patients with

peritoneal metastases.

Results The HER2 positivity rate of primary and metastatic

tumors in patients with liver metastases, especially with

intestinal-type histology (70.6 and 80.0 %, respectively), was

significantly higher than in primary and metastatic tumors

(22.4 and 16.4 %, respectively) in patients with peritoneal

metastases. HER2 positivity of the primary tumor and liver

metastases showed good concordance (87.5 %) in patients

with liver metastases. In contrast, the EGFR positivity rate of

metastatic tumors (70.1 %) in patients with peritoneal

metastases was significantly higher than that of metastatic

tumors (37.5 %) in patients with liver metastases. HER2 and

EGFR expression tended to be mutually exclusive, and

HER2/EGFR double-positive cases were rare in patients with

liver or peritoneal metastases. In four such patients with

HER2/EGFR double-positive primary tumors, the HER2-

and EGFR-positive areas were separate, and corresponding

liver metastasis was only positive for HER2 and peritoneal

metastasis only positive for EGFR.

Conclusion These results indicate that HER2 and EGFR

are preferentially expressed in the liver and peritoneal

metastases, respectively, which would be potential targets

for anti-HER2 and anti-EGFR molecular therapy in meta-

static gastric cancer patients.

Keywords Gastric cancer � Peritoneal metastases � Liver
metastases � EGFR � HER2 � Molecular targeting therapy �
Immunohistochemistry

Introduction

Globally, gastric cancer is the second highest cause of

cancer-related deaths. The annual number of patients newly

Electronic supplementary material The online version of this
article (doi:10.1007/s10120-014-0417-4) contains supplementary
material, which is available to authorized users.

T. Saito � E. Kondo
Program in Health and Community Medicine, Department of

Epidemiology, Nagoya University Graduate School of Medicine,

Nagoya, Japan

H. Nakanishi (&) � E. Kondo
Division of Oncological Pathology, Aichi Cancer Center

Research Institute, 1-1 Kanokoden, Chikusa-ku,

Nagoya 464-8681, Japan

e-mail: hnakanis@aichi-cc.jp

Y. Mochizuki

Department of Surgery, Komaki Municipal Hospital, Komaki,

Japan

S. Ito � Y. Ito � K. Misawa

Department of Gastroenterological Surgery, Aichi Cancer Center

Central Hospital, Nagoya, Japan

Y. Yatabe

Department of Pathology and Molecular Diagnostics, Aichi

Cancer Center Central Hospital, Nagoya, Japan

K. Yamamichi

Department of Surgery, Osaka Saiseikai Izuo Hospital, Osaka,

Japan

123

Gastric Cancer (2015) 18:711–719

DOI 10.1007/s10120-014-0417-4

http://dx.doi.org/10.1007/s10120-014-0417-4
http://crossmark.crossref.org/dialog/?doi=10.1007/s10120-014-0417-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10120-014-0417-4&amp;domain=pdf


diagnosed with gastric cancer is more than 900,000

worldwide [1]. Despite the good prognosis of early gastric

cancer, the prognosis of advanced gastric cancer is still

poor, and the mean survival period after diagnosis is only

about 10 months using current treatment modalities. Thus,

molecular-targeting therapy is expected to be a potential

alternative to conventional chemotherapy for gastric can-

cers [2].

Among various targeting molecules, EGFR and HER2

are well recognized as the most promising molecular tar-

gets for gastrointestinal, breast and lung cancers. In breast

cancers, trastuzumab, a humanized monoclonal antibody

targeted at the extracellular domain (IV) of HER2 [3], is

now used worldwide as a standard molecular targeting

therapy against HER2-positive metastatic breast cancer

patients and as an adjuvant therapy for postoperative breast

cancer patients [4]. Another anti-HER2 drug, lapatinib,

which is a dual tyrosine kinase inhibitor that inhibits

phosphorylation of both EGFR and HER2, has also been

found to be clinically effective in patients with HER2-

positive metastatic breast cancer [5]. Furthermore, the anti-

EGFR antibody, cetuximab, has been proved to have

clinically significant anti-tumor activity against advanced

colorectal cancers and head and neck cancers [6].

In the gastric cancer field, a recent international pro-

spective randomized phase III trial (TOGA study) dem-

onstrated significantly prolonged overall survival with

chemotherapy plus trastuzumab treatment compared with

chemotherapy alone in HER2-positive metastatic gastric

cancer patients [7, 8]. In contrast, as for EGFR-targeting

drugs, a phase III clinical study of cetuximab in combi-

nation with cisplatin and capecitabine as a first-line treat-

ment for patients with advanced gastric adenocarcinoma

showed that cetuximab could not significantly increase

progression-free survival in advanced gastric cancer

patients [9]. Furthermore, the international phase II ran-

domized clinical trial of gefitinib, an EGFR tyrosine kinase

inhibitor, against stage IV gastric cancer in 75 patients

showed that the overall therapeutic efficacy of gefitinib was

quite low [10]. In these clinical trials of anti-EGFR agents

with negative results, however, EGFR expression was not

estimated for the decision to use anti-EGFR therapy.

Therefore, the therapeutic activity of anti-EGFR agents

against EGFR-overexpressing gastric cancers remains to be

determined. Several investigators recently reported that

EGFR positivity, but not HER2, was associated with poor

patient outcomes after curative surgery in gastric cancers

[11, 12]. Therefore, further clinical study for anti-EGFR

agents with patient selection based on high EGFR

expression is warranted.

Since the main targets of anti-HER2 and anti-EGFR

therapy are metastatic tumors in stage IV gastric cancer

patients, the expression status of EGFR and HER2 in the

metastatic site is important for making the decision about

the therapeutic strategy in metastatic gastric cancer

patients. Detailed HER2 expression in the primary tumor

with various stages and the concordance of HER2

expression between the primary tumor and general metas-

tases have been reported in breast and gastric cancers [13,

14], but no detailed EGFR and HER2 expression focused

on liver and peritoneal metastases has been reported in

gastric cancers [15, 16]. In the present study, we investi-

gated the EGFR and HER2 expression in the primary

tumor and corresponding liver and peritoneal metastases,

and in partly lymph node metastases, in patients with

advanced gastric cancer and demonstrated their preferential

HER2 and EGFR expression in the liver metastases and

peritoneal metastases, respectively. Potential HER2 and

EGFR targeting therapy in advanced gastric cancer will be

discussed.

Materials and methods

Patients

A total of 137 gastric cancer patients were enrolled in this

study. Patients underwent a biopsy, laparotomy or opera-

tion at the Department of Gastroenterological Surgery of

Aichi Cancer Center Central Hospital between 1995 and

2000 and autopsy at the Division of Oncological Pathology

of Aichi Cancer Center Research Institute between 2005

and 2011. The population included 85 patients with syn-

chronous peritoneal metastases and 52 patients with liver

metastases consisting of 20 patients with synchronous

metastases and 32 patients with metachronous metastases.

Seven patients with peritoneal metastasis showed syn-

chronous liver metastasis, whereas patients with liver

metastasis showed no simultaneous peritoneal metastasis.

Specimens from gastric cancer patients with peritoneal

metastases consisted of primary gastric cancer tissues

(n = 85) and corresponding peritoneal metastatic tissues

(n = 67). In 18 of the 85 patients with clinical peritoneal

metastases, pathological specimens, but not cytological

specimens from peritoneal metastases, could not be

obtained because of no biopsy of metastatic sites. Simi-

larly, in seven patients with dual peritoneal and liver

metastases, liver metastatic tissues could not be obtained.

On the other hand, specimens from gastric cancer patients

with liver metastases consisted of primary gastric cancer

tissues (n = 52) and corresponding liver metastatic tissues

(n = 28). In 24 out of the 52 patients with clinical liver

metastases, pathological specimens from liver metastases

could not be obtained because of cases that were inoperable

because of multiple liver metastases. Furthermore, 19

lymph node metastasis specimens were obtained from 24
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patients with liver metastases. In 5 out of 24 patients,

lymph node specimens could not be obtained because of

the absence of lymph node metastasis.

The general patient characteristics are summarized in

Table 1. Histology was simply subdivided into the intes-

tinal type and diffuse type according to the Lauren classi-

fication. This study was approved by the institutional

review board of Aichi Cancer Center.

Immunohistochemical staining for EGFR and HER2

Tissues were fixed in 10 % formalin for several days up to

3–4 days, embedded in paraffin and sectioned at 4 lm
thickness for immunohistochemistry. Immunohistochemi-

cal staining of EGFR was carried out using the EGFR

PharmDX staining kit (DakoCytomation, Carpinteria, CA)

according to the manufacturer’s protocol. Briefly, after

deparaffinization of the sections, enzymatic antigen

retrieval was done in protease K solution for 5 min at room

temperature, and then slides were covered for 5 min with

hydrogen peroxidase to block endogenous peroxidase.

Slides were incubated overnight at 4 �C with the primary

mouse anti-EGFR MAb. The slides were then incubated

with the detection system for 30 min. Staining was visu-

alized with 0.01 % diaminobenzidine (DAB) for 5 min and

counterstained in Meyer’s hematoxylin. Negative controls

were performed using the mouse IgG1 MAb supplied with

the kit. Positive (HT-29) and negative (CAMA-1) control

cell lines were studied to validate each staining.

Immunohistochemical staining of HER2 was described

previously [17]. Briefly, the sections were treated in a

microwave at 98 �C for 10 min for antigen retrieval. After

blocking nonspecific reactions, the sections were incubated

at 4 �C overnight with rabbit polyclonal antibody to HER2

(DAKO Cytomation) diluted 1:300. After washing with

PBS, the sections were incubated with biotinylated second

antibodies for 30 min. The sections were washed again

with PBS, then incubated with streptavidin-peroxidase

complex (Vectastain ABC kit, Vector Laboratories, Bur-

lingame, CA) for 60 min. The chromogen was developed

with 0.01 % DAB, and the sections were counterstained

with Meyer’s hematoxylin. The positive control cell line

(GLM-1) was stained to validate staining.

DISH analysis

Dual-color in situ hybridization (DISH) was only con-

ducted on several autopsy specimens fixed for 2 days. For

DISH, hybridization was performed using a Ventana

INFORM HER2 Dual ISH DNA Probe Cocktail (Roche

Diagnostics K.K., Tokyo, Japan) as described previously

[18]. HER2 is visualized as black signals by a dinitro-

phenyl (DNP)-labeled probe and ultraView SISH DNP

detection kit. The Chr17 centromere is targeted with a

digoxigenin (DIG)-labeled probe and visualized as red

signals using the ultraView Red ISH DIG detection kit.

Estimation of EGFR and HER2 expression

HER2 expression was scored using the HercepTest scoring

criterion [19]. The HER2 score was based on a scale where

0 corresponded to tumor cells that were completely nega-

tive; 1? corresponded to faintly perceptible staining of the

tumor cell membranes, 2? corresponded to moderate

staining of the entire or lateral-basal tumor cell mem-

branes, and 3? was strong circumferential staining of the

entire or lateral-basal tumor cell membranes creating a

fishnet pattern as shown in Figure S1a. The Canadian and

the Dako HercepTest guidelines, which require that more

than 10 % of the tumor cells be stained, were applied.

Cytoplasmic staining was considered nonspecific and was

not included in the scoring. As negative controls, we used

normal tissues, which are expected not to express HER2,

such as connective tissue areas with fibroblast cells. The

expression pattern of EGFR is similar to that of HER2. The

following scoring approach was used in the assessment of

Table 1 Charactertistics of patients enrolled in this study

Patients with

peritoneal

metastases

Patients with

liver metastases

Age 63 (29–81) 66 (48–82)

Sex, male/female 52/33 40/12

Histology

Differentiated 14 34

Poorly differentiated 71 18

LN metastasis

Positive 60 43

Negative 2 5

Unidentified 23 4

Distant metastasis

Synchro/metachro 85/0 20/32

HER2 total specimen

Primary/meta 85/67 52/24

3? 2/1 6/4

2? 17/10 26/11

1? 11/32 8/2

0 55/24 12/7

EGFR total specimen

Primary/meta 85/67 52/24

3? 2/3 2/2

2? 22/22 7/3

1? 27/22 13/4

0 34/20 30/15

HER2 and EGFR expression in metastatic gastric cancer 713
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EGFR immunostaining [20]. Score 0 corresponded to no

staining or unspecific staining of tumor cells, 1? was weak

(intensity) and incomplete membrane staining of more than

10 % of tumor cells, 2? was moderate and complete

membrane staining of more than 10 % of tumor cells, and

3? was strong and complete membrane staining of more

than 10 % of tumor cells.

For evaluation of the DISH results, black HER2 signals

and red CEP17 signals were counted, and the HER2/

CEP17 signal ratio was calculated. The criteria classified

that a HER2/CEP17 ratio C2.2 was positive, a HER2/

CEP17 ratio between 1.8 and 2.2 was equivocal, and a

HER2/CEP17 ratio\1.8 was negative.

Statistical analysis

Differences in the incidence between the groups were

analyzed with a chi-square test (or two-sided Fisher’s exact

test). The level of significance was set at p\ 0.05. Con-

cordance between the primary tumor and metastasis and its

estimation with kappa coefficiency was measured as

described previously [21]. A kappa less than 0.4 represents

poor agreement, a kappa of 0.4–0.6 indicates moderate

agreement, from 0.6 to 0.8 indicates good agreement and

greater than 0.8 indicates almost perfect agreement.

Results

Patient characteristics are summarized in Table 1. Briefly,

as for histology, in the 85 patients with peritoneal metas-

tases, 71 cases (84 %) were diffuse-type adenocarcinoma

and 14 cases (16 %) were intestinal-type adenocarcinoma.

In 52 patients with liver metastases, 34 cases (65 %) were

intestinal-type adenocarcinoma and 18 cases (35 %) were

diffuse-type adenocarcinoma. In patients with lymph node

resection, lymph node metastases were observed in 60/62

(97 %) of the patients with peritoneal metastases and 43/48

(90 %) of the patients with liver metastases.

HER2 immunohistochemical staining patterns in HER2-

positive gastric cancer patients with liver or peritoneal

metastases are shown in Figs. 1 and 2. High and low HER2

gene amplification of HER2 (3?) and (1?) staining area in

the primary tumor was representatively confirmed by DISH

analysis (Fig. 1a, insets). In patients with liver metastases,

there was heterogeneity of HER2 overexpression in the

a   HER2 Score

b  EGFR Score

3+ 3+Liver metastasesPrimary tumor

Peritoneal metastasesPrimary tumor 2+ 3+

Fig. 1 HER2 and EGFR immunohistochemical staining of the

primary tumor and corresponding metastases in metastatic gastric

cancer patients. a HER2 protein expression of the primary tumor and

liver metastases in patients with liver metastases. Note the partial and

entire HER2 staining (both score 3?) in the primary and metastatic

tumor, respectively. High and low HER2 gene amplifications

confirmed by DISH analysis are shown in the upper and lower inset,

respectively. b EGFR protein expression of the primary tumor and

corresponding peritoneal metastases in patients with peritoneal

metastases. Note the strong EGFR membrane staining (score 2?) in

both the primary (biopsy specimen) and metastatic tumor. Bars

100 lm
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primary tumor to varying degrees, but in the metastatic

foci, HER2 was usually overexpressed in the majority of

metastatic tumors (Fig. 1a). In contrast, in most cases with

peritoneal metastases, despite HER2 overexpression in the

primary tumor, peritoneal metastatic foci did not always

express HER2 significantly (Fig. 2b). The HER2 staining

scores of the analyzed 85 patients with peritoneal metas-

tases and 52 patients with liver metastases are shown in

Table 1. The HER2 positivity (staining score 2? and 3?)

rate of the primary tumor and metastases was 61.5 and

62.5 %, respectively, in patients with liver metastases,

whereas the HER2 positivity rate of the primary tumor and

metastases was 22.4 and 16.4 %, respectively, in patients

with peritoneal metastases (Table 2). HER2 expression of

the primary tumor and liver metastases in patients with

liver metastases was higher than that of peritoneal metas-

tases. Particularly, in patients with liver metastases, the

HER2-positivity rate of the intestinal type tumors, most of

Primary tumor Liver metastases

HER2

EGFR

3+ 3+

2+ (-)

a

Peritoneal metastasesPrimary tumor

EGFR

HER2

b

3+

3+ 3+

(-)

Fig. 2 Immunohistochemical

staining pattern of the HER2/

EGFR double-positive primary

tumor and corresponding liver

or peritoneal metastases in

gastric cancer patients. a HER2

and EGFR expression of the

primary tumor and

corresponding metastasis in the

patient with liver metastasis.

Note that the primary tumor

stained positive for both HER2

(3?) and EGFR (2?), whereas

liver metastasis stained positive

for HER2 (3?), but negative for

EGFR (0) (right upper and

lower figure is serial section).

b HER2 and EGFR expression

of the primary tumor and

corresponding metastasis in the

patient with peritoneal

metastasis. The primary tumor

was HER2/EGFR double

positive (positive area distinct to

each), whereas the peritoneal

metastasis was only positive for

EGFR. Bars = 100 lm
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which were papillary adenocarcinoma, was extremely high

(80.0 %) compared with that of the diffuse type (33.3 %)

in the liver metastatic foci. This was not the case with

primary tumors and metastases in patients with peritoneal

metastases (Table 2).

Concordance between the primary tumors and the paired

metastases regarding HER2 expression was then examined.

In patients with liver metastases, concordance between

primary tumors and the liver metastases was 87.5 %, and

the Cohen j coefficient was 0.739, whereas concordance

between primary tumors and paired metastases in patients

with peritoneal metastases was 73.1 %, and the Cohen j
coefficient was 0.146 (Table 3), indicating good concor-

dance of HER2 expression between primary tumors and the

corresponding metastases only in patients with liver

metastases.

EGFR immunohistochemical staining patterns in EGFR-

positive gastric cancer patients with liver or peritoneal

metastases are represented in Fig. 1b. EGFR expression

was scored 1?, 2? and 3? based on the membrane

staining pattern as shown in Figure S1b. In patients with

peritoneal metastases, the EGFR expression in the primary

tumor appeared to differ depending on the location of the

stomach wall. EGFR tended to be overexpressed at the

deep infiltrating area of the wall, such as the subserosal to

serosal invasion area, compared with the mucosal to sub-

mucosally growing area (data not shown). The EGFR

staining score for the analyzed 85 patients with peritoneal

metastases and 57 patients with liver metastases is shown

in Table 1. When the EGFR staining score of 1?, 2? and

3? is defined as EGFR positive, the EGFR positivity rate

of the primary tumor and metastases was 60.0 and 70.1 %,

respectively, in patients with peritoneal metastases,

whereas the EGFR positivity rate of the primary tumor and

metastases in patients with liver metastases was 42.3 and

37.5 %, respectively. When the staining score of 2? and

3? is defined as EGFR positive, the EGFR positivity rate

of the primary tumor and metastases was 28.2 and 37.3 %,

respectively, in patients with peritoneal metastases. The

EGFR positivity rate of the peritoneal metastases (70.1 %)

was higher than that of liver metastases (37.5 %) (Table 4),

indicating that EGFR was preferentially expressed in the

peritoneal metastatic foci in patients with peritoneal

metastases.

The concordance of the EGFR positivity (score 1?/2?/

3?) between the primary tumors and peritoneal metastases

was 70.1 %, and the Cohen j coefficient was 0.307 (data

not shown), indicating the poor concordance between the

primary tumor and peritoneal metastases. In fact, there were

11 cases with EGFR-negative primary tumors and EGFR-

positive paired peritoneal metastases, and 9 cases with

EGFR-positive primary tumors and EGFR-negative paired

peritoneal metastases, in addition to 47 matched cases.

Coexpression of HER2 and EGFR in the primary tumor

and metastases was then examined. In patients with liver

metastases, the incidence of HER2/EGFR double-positive

(score 2?/3?) and EGFR or HER2 single-positive meta-

static tumors was in the following order: HER2?/EGFR?

(4.2 %)\HER2-/EGFR? (12.5 %)\HER2?/EGFR-

(58.3 %). A similar result was obtained in the primary

tumors, indicating that HER2 single-positive tumors were

predominant and HER2/EGFR double-positive tumors

were rare in patients with liver metastases. In contrast, the

incidence of double-positive and single-positive metastatic

tumors in patients with peritoneal metastasis was in the

order: HER2?/EGFR? (4.5 %)\HER2?/EGFR-

(9.0 %)\HER2-/EGFR? (32.8 %), indicating that

Table 2 HER2 positivity rate in the primary tumor and metastases of

gastric cancer patients with either liver or peritoneal metastases

Patients with

peritoneal

metastases (%)

Patients with

liver metastases

(%)

p value

Primary tumor 22.4 (19/85) 61.5 (32/52) \0.001

Intestinal type 35.7 (5/14) 70.6 (24/34) 0.025

Diffuse type 19.7 (14/71) 38.9 (7/18) 0.087

Metastatic tumor 16.4 (11/67) 62.5 (15/24) \0.001

Intestinal type 27.3 (3/11) 80.0 (12/15) 0.015

Diffuse type 14.3 (8/56) 33.3 (3/9) 0.171

Table 3 Concordance of HER2 status between the primary tumor

and metastases in patients with peritoneal or liver metastases

Peritoneal metastases Liver metastases

HER2 (?) HER2 (-) HER2 (?) HER2 (-)

Primary tumor

HER2 (?) 4 11 13 1

HER2 (-) 7 45 2 8

Concordance (%) 73.1 87.5

Kappa coefficient 0.146 0.739

Table 4 EGFR positivity rate in the primary tumor and metastases of

gastric cancer patients with liver or peritoneal metastases

Definition of

EGFR positive

Patients with

peritoneal

metastases (%)

Patients with

liver metastases

(%)

p value

EGFR 1?/2?/3?

Primary tumor 60.0 (51/85) 42.3 (22/52) 0.044

Metastatic tumor 70.1 (47/67) 37.5 (9/24) 0.005

EGFR 2?/3?

Primary tumor 28.2 (24/85) 17.3 (9/52) 0.147

Metastatic tumor 37.3 (25/67) 20.8 (5/24) 0.140
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EGFR single-positive tumors were predominant and

HER2/EGFR double-positive tumors were also rare in

patients with peritoneal metastasis (Table 5). We found

four cases with EGFR/HER2 double-positive primary

tumors, but the EGFR- and HER2-positive areas were

separate or distinct. The corresponding liver and peritoneal

metastases were only positive for HER2 and EGFR,

respectively (Fig. 2), indicating preferential liver (or peri-

toneal) metastases of the HER2 (or EGFR)-positive com-

ponent in the primary tumor.

HER2 and EGFR expression in the lymph node metas-

tasis was further investigated only in patients with liver

metastasis as shown in Figure S2 and Table S1. The HER2

positivity rate was 66.6, 72.2 and 27.8 % in the primary

tumor, liver metastasis and lymph node metastasis,

respectively, indicating that the HER2 positivity rate of

lymph node metastasis is significantly lower than that of

liver metastasis (p\ 0.01). In addition, concordance of the

HER2 status between the primary tumor and lymph node

metastasis is poor (j coefficient = 0.129), unlike the good

concordance between primary tumors and liver metastases

(data not shown). On the other hand, the EGFR positivity

rate was 27.8, 16.7 and 27.8 %, respectively, in the primary

tumor, liver metastasis and lymph node metastasis,

respectively, indicating a higher tendency in the lymph

node metastasis than liver metastasis.

Discussion

In this study, we investigated the EGFR and HER2

expression in both primary tumors and metastases in gas-

tric cancer patients with liver or peritoneal metastases by

immunohistochemistry. Gene amplification analysis of

HER2 and EGFR by FISH could not be carried out in this

study except for several recent autopsy cases because of the

invalid results due to the delay in formalin fixation (up to

3–4 days) of the old archived specimens resected between

1995 and 2000 [22, 23]. Nevertheless, we demonstrated the

following interesting findings.

First, we demonstrated that HER2 was preferentially

expressed in patients with liver metastases. The HER2

positivity rate of the primary and the metastatic tumor was

61.5 and 62.5 %, respectively, in patients with liver

metastases, whereas the HER2 positivity rate of the pri-

mary and the metastatic tumor in patients with peritoneal

metastases was 22.4 and 16.4 %, respectively. In particu-

lar, the HER2 positivity rate of the liver metastases with

intestinal type histology (mostly papillary adenocarci-

noma) was extremely high (80.0 %) compared with liver

metastases of the diffuse type (33.3 %). Although the

judgment criteria for HER2-positive or -negative in this

immunohistochemical study were not identical with the

HercepTest criteria including FISH analysis, the present

finding suggests that HER2 overexpression can be pre-

dicted in the liver metastatic foci with papillary adeno-

carcinoma subtype, irrespective of the HER2 status of the

primary tumor. To date, only one previous study reported

the HER2 status of metastatic sites in gastric cancers [14].

That study examined various metastases sites such as the

liver, pleural fluid, ascites fluid, skin, lymph nodes and

peritoneum and showed a high concordance of HER2

expression between primary tumors and corresponding

metastases using both IHC and FISH, but no detailed

HER2-positivity rates in each metastatic site such as the

liver, lymph node and peritoneum were described. In this

study, we further investigated the HER2 expression of

lymph node metastases in patients with liver metastases.

We demonstrated a significantly lower HER2 positivity

rate in lymph node metastases than liver metastases.

Therefore, to our knowledge, the present study is the first to

examine in detail the HER2 status of liver, lymph node and

peritoneal metastases and show preferential HER2

expression in the liver metastasis. In our study, most of the

HER2-positive primary tumors were partially positive, and

positive cells were a rather minor component within the

tumor, whereas in most of the HER2-positive liver

metastases, positive cells were a major component of the

metastatic foci (data not shown), suggesting preferential

metastasis of the HER2-positive component within the

primary tumor. The relationship between HER2 overex-

pression and hematogenous (liver) metastases is unknown

at the present. Li et al. [24] reported that HER2 overex-

pression mediates a chemokine receptor, CXCR4-

Table 5 Coexpression of

HER2 and EGFR in the primary

tumor and metastases

Definition of HER2 and EGFR

positive; HER2 (2?/3?), EGFR

(2?/3?)

HER2/EGFR Total (%)

?/? (%) ?/- (%) -/? (%) -/- (%)

Patients with peritoneal metastases

Primary tumor 1 (1.2) 16 (18.8) 23 (27.1) 45 (52.9) 85 (100)

Metastatic site 3 (4.5) 6 (9.0) 22 (32.8) 36 (53.7) 67 (100)

Patients with liver metastases

Primary tumor 3 (5.8) 29 (55.8) 6 (11.5) 14 (26.9) 52 (100 )

Metastatic site 1 (4.2) 14 (58.3) 3 (12.5) 6 (25) 24 (100 )

HER2 and EGFR expression in metastatic gastric cancer 717

123



associated metastases. Therefore, we speculate that HER2

overexpression involves or promotes liver metastases, but

not peritoneal and lymph node metastases. Further study to

clarify the mechanism of preferential liver metastases using

HER2-positive gastric cancer cell lines is being carried out

in our laboratory [25, 26].

A second important finding is that EGFR was prefer-

entially expressed in the metastatic foci of patients with

peritoneal metastases. When EGFR positive was defined by

EGFR staining scores of 1?/2?/3?, the EGFR positivity

rate of the primary and metastatic tumor was 60.0 and

70.1 %, respectively, in patients with peritoneal metasta-

ses, whereas the EGFR positivity rate of the primary and

metastatic tumor in patients with liver metastases was 42.3

and 37.5 %, respectively, indicating that a considerable

percentage of the gastric cancer peritoneal metastases is

EGFR positive. Interestingly, in the primary tumor, EGFR

expression tended to increase in the invasion front deep in

the stomach wall, which is a prerequisite for peritoneal

metastases. Recently, Yasumoto et al. [27] reported that

human gastric cancer cell lines with high peritoneal met-

astatic potential expressed high levels of EGFR and

CXCR4. Furthermore, we previously demonstrated the

significant anti-tumor and anti-peritoneal metastatic effect

of cetuximab on EGFR-overexpressing gastric cancer

preclinical models [28]. These findings strongly suggest

that EGFR plays an important role in peritoneal metastases

and that peritoneal metastases are a potential target for an

anti-EGFR therapy such as cetuximab in gastric cancers.

Another interesting finding is the coexpression of HER2

and EGFR in liver and peritoneal metastasis. In lung cancer

patients, synchronous overexpression of EGFR and HER2

has been reported to be a poor prognosticator [29]. We

found that this was not the case for gastric cancer metas-

tasis. In gastric cancer patients with liver metastases, HER2

single-positive tumors were predominant and HER2/EGFR

double-positive tumors were rare, especially in the meta-

static foci, whereas in patients with peritoneal metastases,

EGFR single-positive tumors were predominant and

HER2/EGFR double-positive tumors were also rare in

peritoneal metastases. In four patients with HER2/EGFR

double-positive primary tumors in which the HER2- and

EGFR-positive areas were separate or distinct, corre-

sponding liver metastasis was only positive for HER2 and

peritoneal metastasis only positive for EGFR. These results

support the previous findings that HER2 was preferentially

expressed in liver metastases and EGFR preferentially

expressed in peritoneal metastases and further indicate that

HER2 and EGFR expressions in the metastatic sites tend to

be mutually exclusive. This finding is consistent with the

recent report using FISH analysis indicating that EGFR and

HER2 were sometimes coamplified in the same tumor, but

in mutually exclusive cells [30]. These results suggest the

possibility that HER2 and EGFR overexpressions are

independently associated with liver and peritoneal metas-

tasis, respectively.

In conclusion, we immunohistochemically examined

HER2 and EGFR expression in metastatic tumors from

gastric cancer patients with liver metastases and patients

with peritoneal metastases. It is quite difficult to collect

specimens from metastatic lesions, especially in liver

metastases, which is why no one has examined the HER2

and EGFR status in these metastatic sites to date. The

present study is the first to demonstrate preferential

expression of HER2 in liver metastases and EGFR in

peritoneal metastases. Since HER2 and EGFR double-

positive cases are rare, such a kind of gastric cancer

metastasis is not a promising target for molecular therapy

with dual anti-HER2 and anti-EGFR therapy such as la-

patinib or a combination of trastuzumab with cetuximab

[17]. However, the present results strongly suggest that

liver metastases, especially with intestinal type histology,

and peritoneal metastases are potential targets for anti-

HER2 and anti-EGFR molecular therapy, respectively, in

metastatic gastric cancer patients. Further clinical trials are

warranted in the near future.
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