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Abstract. Human epidermal growth factor receptor 2 (HER2) 
status has been evaluated at the primary site of gastric cancer 
when planning trastuzumab therapy against recurrent or meta-
static lesions, since tissue sampling is uncommon in recurrent 
or metastatic lesions. This study retrospectively investigated 
the concordance of HER2 expression between primary and 
metastatic/recurrent lesions in order to confirm sensitivity to 
trastuzumab. The subjects comprised 37 patients with gastric 
adenocarcinoma who underwent tissue biopsy or surgical 
resection of the primary sites and 49 paired synchronous or 
metachronous metastatic sites (excluding lymph nodes) at 
the Fukuoka University Hospital between January, 1998 and 
September, 2012. All the samples were evaluated for HER2 
status at the invasive front by immunohistochemistry (IHC). 
The HER2 positivity rate of the primary sites was ~16% and 
the concordance ratio of the IHC results between primary 
and paired metastatic sites was ~97%. No discordant cases 
regarding HER2 status were found among metachronous 
interventions for metastatic lesions. Only one patient exhibited 
conversion from a HER2‑negative status in all the portions 
of the primary site to a positive status in a metastatic site. In 
conclusion, a high concordance ratio for HER2 status was 
observed between primary and paired metastatic lesions. Thus, 
employing trastuzumab therapy against metastatic or recurrent 
gastric cancer based on the HER2 status of the primary lesion 
appears to be an acceptable approach.

Introduction

Gastric cancer is one of the most commonly diagnosed cancers 
and the second most common cause of cancer‑related mortality 
worldwide (1,2). Radical gastrectomy and lymph node dissec-
tion with adjuvant chemotherapy are performed for patients 
with advanced gastric cancer (3). However, metastatic gastric 
cancer has a 5‑year survival rate of 5‑20% and a median overall 
survival of <1 year (1,4,5). In 2010, trastuzumab combined 
with chemotherapy was established as a new standard treat-
ment option for human epidermal growth factor receptor 2 
(HER2)‑positive advanced gastric or gastroesophageal junction 
cancer by the ToGA study (6). Although trastuzumab combina-
tion therapy is adopted for inoperable advanced or metastatic 
disease, the HER2 status is commonly evaluated in the primary 
lesion, since metastatic sites are rarely resected or biopsied prior 
to treatment. With breast cancer, however, the concordance 
ratio for HER2 status between the primary lesion and meta-
static lymph nodes was reported to be 90‑98% (7,8), whereas 
the concordance ratio for HER2 status between primary and 
metastatic sites other than lymph nodes was reported to be 
lower (9,10). However, although a high concordance ratio for 
HER2 status between primary and lymph node lesions has 
been reported in gastric cancer (11,12), a concordance ratio for 
HER2 status between primary and metastatic lesions other than 
lymph nodes has not been reported. In addition, HER2 status 
is typically evaluated by immunohistochemistry (IHC) and/or 
fluorescence in situ hybridization (FISH) and a high concor-
dance ratio between IHC and FISH has been reported (13).

In this study, HER2 expression was assessed using IHC 
(IHC score 2+) and FISH in the primary lesion and in paired 
metastatic lesions other than lymph nodes. The aim of this 
study was to investigate the concordance of HER2 expression 
between primary and metastatic lesions and the feasibility of 
using HER2 expression in the primary lesion for determining 
therapy against metastatic lesions.

Patients and methods

Patients and tissue samples. The samples used in this study 
were surgically resected or biopsied at Fukuoka University 
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Hospital between January, 1998 and September, 2012. A 
total of 37 patients with gastric adenocarcinoma (9 biopsies 
and 28 resection specimens) and 49 paired synchronous or 
metachronous metastatic tissues (2 biopsies and 47 resection 
specimens) were analyzed. The invasive front of the resected 
tumor tissues was examined immunohistochemically. None of 
the patients received neoadjuvant therapy and 23 metastatic 
tissue samples were obtained from patients who had been 
treated with chemotherapy. No patients received trastuzumab 
combination therapy. Metachronous metastasis was defined as 
metastasis arising >6 months following curative resection.

HER2 expression and amplification. HER2 status was exam-
ined using 10% formalin‑fixed paraffin‑embedded tissues. 
Immunohistochemical staining was performed automatically 
with the Ventana iView PATHWAY HER2 (4B5) (Ventana 
Medical Systems, Roche, Tucson, AZ, USA). Antigen activa-
tion was performed in citrate buffer under high pressure. HER2 
immunoreactivity was scored as negative (0 or 1+), equivocal 
(2+) and positive (3+) by an experienced pathologist according 
to the scoring system described by Hofmann et al (14).

The PathVysion HER2 DNA Probe kit (Abbott Molecular, 
Abbott Park, IL, USA) and a BioView Duet‑3 scanning system 
(BioView, Ltd., Rehovot, Israel) with fluorescence microscopy 
(BX51 TRF; Olympus, Nagano, Japan) were used for FISH. 
Gene amplification was scored when a minimum of 20 cancer 
cell nuclei exhibited a HER2/chromosome enumeration probe 
(CEP)17 ratio of >2.

Table I. Clinicopathological characteristics of the study popu-
lation.

		  No. of	 No. of
		  primary	 metastatic
	 Total	 sites (%)	 sites (%)
Characteristics	 (%)	 (n=37)	 (n=49)

Age (years)
  Median	 64
  Range	 45-80
Gender
  Male	 30 (81.0)
  Female	 7 (19.0)
Type of intervention
  Surgical resection	 75 (87.0)	 28 (76.0)	 47 (96.0)
  Biopsy	 11 (13.0)	 9 (24.0)	 2 (4.0)
Histological type
  Differentiated	 13 (35.0)
  Undifferentiated	 17 (46.0)
  Mixed	 7 (19.0)
Metastasis
  Synchronous	 19 (39.0)
  Metachronous	 30 (61.0)
Pre-intervention
chemotherapy of
metastatic sites
  UFT	 9 (18.0)
  S-1	 9 (18.0)
  Others	 5 (10.0)
  None	 24 (54.0)

UFT, uracil-tegafur; S-1, tegafur-gimeracil-oteracil potassium.

Table II. Human epidermal growth factor receptor 2 (HER2) 
status of primary and metastatic sites.

	 Metastatic sites
	 ------------------------------------------------------------------------------------------------------
	 Negative	 Positive
	 ---------------------------------------------------------	 --------------------------------------
HER2 status	 0	 1+	 2+ (FISH-)	 2+ (FISH+)	 3+

Primary sites
  Negative
    0	 28	 1	 0	 0	 1
    1+	 1	 0	 0	 0	 0
    2+ (FISH-)	 0	 0	 0	 0	 0
  Positive
    2+ (FISH+)	 0	 0	 0	 0	 1
    3+	 0	 0	 0	 0	 5

FISH, fluorescence in situ hybridization.

Table III. Association of human epidermal growth factor 
receptor 2 (HER2) status of the primary site with histological 
type and type of intervention.

	 HER2 status
	 -----------------------------------------------
Variables	 Negative	 Positive	 P‑value

Histological type			   0.0244
  Differentiated	 8	 5
  Undifferentiated	 16	 1
  Mixed	 7	 0
Type of intervention			   >0.9999
  Surgical resection	 23	 5
  Biopsy	 8	 1

Table IV. Concordance of human epidermal growth factor 
receptor 2 (HER2) status between primary and paired meta-
static lesions.

	 Metastatic site
	 -------------------------------------------------------
HER2 status	 Negative	 Positive	 P‑value

Primary site			   <0.0001
  Negative	 30	 1
  Positive	 0	 6
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HER2‑positive status was defined as IHC 3+, or HER2 2+ 
and FISH‑positive (HER2/CEP17 ratio >2). HER2‑negative 
status was defined as IHC 0, 1+, or 2+ and FISH‑negative; 
the positive groups were considered suitable for trastuzumab 
combination therapy  (6). All IHC 2+ tumors were further 
analyzed with FISH to determine the HER2 gene copy level. 
All the tissue samples from metastatic sites enabled the 
pathologist to confirm the lesions as being metastatic from 
gastric cancer.

Statistical methods. For the evaluation of the correlations of 
HER2 status between primary and paired metastatic lesion, 
the Fisher's exact probability test was employed. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Clinicopathological characteristics. The clinicopathological 
characteristics of the patients in this study are summarized in 
Table I. The metastatic sites included the peritoneum (n=20), 

liver (n=10), lung (n=7), skin and subcutaneous tissue (n=5), 
colon (n=3) and others (n=4) (data not shown).

HER2 IHC. The results for HER2 IHC are shown in Table II. 
The HER2 status of the primary sites was scored as 0 in 
30 specimens (81%), 1+ in 1 (3%), 2+ in 1 (3%) and 3+ in 
5 (13%), while metastatic sites were scored as 0 in 29 speci-
mens (78%), 1+ in 1 (3%), 2+ in 0 (0%) and 3+ in 7 (19%). The 
HER2 positivity (IHC 3+ or 2+ and FISH‑positive) ratio of 
primary sites was ~16%. The association of the HER2 status 
of the primary site with histological type and type of interven-
tion are shown in Table III. The HER2 positivity ratio of the 
differentiated type was significantly higher compared to that 
of the undifferentiated type. However, there was no significant 
association between the HER2 status of the primary site and 
the type of intervention. The total concordance ratio between 
primary sites and metastatic sites was ~97% (Table  IV), 
reflecting a significant correlation (P<0.0001). Only one case 
exhibited positive conversion (Fig. 1A and B). This case evalu-
ated HER2 status between primary and paired metastatic sites 

Figure 1. Human epidermal growth factor receptor 2 (HER2) expression by immunohistochemistry (A) at the primary site and (B) at paired metastatic sites. 
The histological type at the primary site was moderately differentiated tubular adenocarcinoma and HER2 status was scored as 0. The metastatic site was the 
liver and HER2 status was scored as 3+. Magnification, x40.
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by resected specimen. Although in this case all the portions 
of the primary site were examined, no positive reaction was 
observed on the membrane in any of the specimens. The 
equivocal (2+) case exhibited amplification by FISH and was 
therefore classified as positive. Although one case of discor-
dance between primary and metastatic sites was identified, 
there were no discordances among metachronous metastatic 
sites (Table V).

Discussion

Previous studies have estimated the HER2 positivity ratio 
to be 8.1‑17.1% in gastric cancer  (6,15,16). Recent studies 
reported that the HER2 positivity ratio is lower in patients 
with curatively resectable gastric cancer compared to that 
in unresectable patients (15,16). The present study estimated 
an HER2‑positive ratio of ~16%, presumably because the 
study population comprised patients with curatively resected 
and unresected or recurrent gastric cancer. In this study, the 
differentiated type of tumor exhibited a significantly high 
HER2 positivity, as the consensus reported that the majority 
of positive cases were histologically of the intestinal type (17). 
However, Lee et al (18) reported a discordance of the HER2 
IHC score between biopsies and gastrectomies; in this study, 
there was no difference between bioptic and resected speci-
mens, although only a small series was analyzed.

The HER2 status in gastric cancer is commonly evalu-
ated immunohistochemically, with a IHC 2+ status further 
analyzed by FISH, since previous studies demonstrated a 
high concordance ratio between IHC and FISH in gastric 
cancer  (11,13,14,17,19,20) and the American Society of 
Clinical Oncology/College of American Pathologists guide-
lines recommend that FISH analysis be conducted for cases 
with an IHC 2+ lesion in breast cancer (21). In gastric cancer, 
combination chemotherapy with trastuzumab was adopted 
from 2010 onwards and sufficient scientific evidence regarding 
HER2 has not yet been accumulated. Therefore, references 
have been made to previous studies regarding HER2 in breast 
cancer. Since metastatic sites from gastric cancer patients 
are rarely resected or biopsied, evidence on the concordance 

of HER2 status by IHC between primary tumor and paired 
metastatic lesions other than lymph nodes has not generally 
been reported (17,22). In breast cancer, a high concordance 
ratio between primary and matched metastatic lymph nodes 
has been reported  (7,8). However, in parenchymal metas-
tases, the concordance ratio was found to be lower  (9,10). 
Nakamura et al (23) reported that biopsy of the metastatic 
lesions may be useful for determining treatment strategies. 
We examined the tumor invasive front at the primary sites 
in resected specimens, as it was previously reported that 
HER2 staining exhibits no preferential distribution within the 
tumor, with negligible variation between the tumor mucosal 
surface and the invasive front (24) and the tumor invasive 
front is closely involved in the metastatic process. However, 
Fusco et al (25) reported that there is discordance in the HER2 
status between the tumor invasive front and other lesions 
and gastric cancer is known to exhibit heterogeneous HER2 
expression (14,18). Therefore we examined all the sites of the 
primary tumor in the discordant case to determine whether 
there was heterogeneity of HER2 expression, in order to 
assess the discordance between primary and paired metastatic 
lesions. However, all the lesions were IHC‑scored as 0. In 
addition, we investigated whether there exists discordance 
among metachronous multiple interventions. A limited 
number of studies (17,22,26) have addressed such issues in 
gastric cancer. Kim et al (17) reported significant discordance 
(13.1%) between primary and metastatic lesions by IHC, 
but no discordance by FISH. Bozzetti et al (22) reported a 
concordance ratio of 94.9% between primary and matched 
metastatic lesions by IHC. In addition, Kochi  et  al  (26) 
reported a discordance ratio of 9.8% in the HER2 status 
between primary sites and metastatic lymph nodes by FISH 
and IHC. Our results using IHC revealed a high concordance 
ratio (~97%) between primary and paired metastatic lesions. 
These results suggest the efficacy of HER2 status examination 
in the primary lesion for assessing the status of parenchymal 
metastatic lesions. Only one case of positive conversion was 
found in our study; likewise, Bozzetti et al (22) reported only 
a single case of discordance between the primary lesion and 
metastasis. The discordant case in this study was IHC 0 at the 

Table V. Human epidermal growth factor receptor 2 (HER2) status with metachronous interventions.

	 HER2 status	 HER2 status in metachronous interventions
	 of the	 --------------------------------------------------------------------------------------------------------------------------------------------------
Case	 Histology	 primary site	 1st	 2nd	 3rd	 4th	 5th

1	 Differentiated	 0	 0:   Colon	 0:   Skin	 0: Skin	 0: Kidney	 0: Skin
2	 Undifferentiated	 0	 0:   Colon	 0:   Peritoneum
3	 Undifferentiated	 0	 0:   Colon	 0:   Liver
4	 Differentiated	 0	 3+: Liver	 3+: Peritoneum
5	 Undifferentiated	 0	 0:   Liver	 0:   Peritoneum
6	 Differentiated	 3+	 3+: Lung	 3+: Lung
7	 Differentiated	 3+	 3+: Cerebellum	 3+:  Lung
8	 Undifferentiated	 0	 0:   Ovary	 0:   Skin
9	 Undifferentiated	 0	 0:   Peritoneum	 0:   Peritoneum
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primary site and underwent liver resection for metachronous 
liver recurrence following hepatic intra‑arterial chemotherapy 
(fluorouracil + cisplatin + irinotecan). The HER2 status of 
the liver specimen at that time was IHC 3+ and the HER2 
status of the metachronous peritoneal recurrent specimen 
was also IHC 3+. These findings suggest that the transition 
of the metastatic process strongly involves the discordance of 
HER2 status between primary and metastatic sites rather than 
heterogeneity of HER2 expression within the primary lesion. 
Further investigation of this issue in a larger series is required.

Nine patients underwent metachronous multiple interven-
tions for metastatic lesions; no cases of discordance during 
the therapeutic period were encountered. To the best of our 
knowledge, no previous studies have reported such findings.

Unfortunately, no cases in this study population received 
trastuzumab combination therapy and further investigation, 
including those cases, is required.

In conclusion, the concordance ratio for HER2 status 
between primary and parenchymal metastatic or recurrent 
lesions was high. Therefore, determining the HER2 status in 
the primary lesion may be acceptable when considering the 
suitability of anti‑HER2 agents for patients with inoperable 
advanced or recurrent gastric cancer.
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