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Abstract
Background Receptor tyrosine kinases (RTKs) play critical roles in gastric cancer (GC) progression and are potential targets 
for novel molecular-targeted agents or photo-immunotherapies. During patient selection, targeted biopsy is the first step. 
However, heterogeneous expression of RTKs based on the macroscopic appearance in GC has not been extensively addressed. 
Accordingly, in this study, we evaluated differences in RTK expression associated with macroscopic appearance in GC.
Methods In total, 375 consecutive patients who had undergone gastrectomy at the National Cancer Center Hospital East 
and who had histologically proven adenocarcinoma, available archived tumor sample, and no history of chemotherapy were 
enrolled in this study. For these cases, tissue microarray (TMA) samples were examined using immunohistochemistry (IHC). 
Based on the results of IHC, cases were selected for detailed examination. We re-evaluated IHC scores in more than three 
tumor blocks per case and comparatively evaluated differences in IHC expression in RTKs between the mucosal portion 
(MuP) and invasive portion (InP).
Results Human epidermal growth factor receptor 2 (HER2)-, epidermal growth factor receptor (EGFR)-, and mesenchymal 
epithelial transition factor (c-MET)-positive rates were 6, 9, and 20%, respectively. Twenty-two cases were then analyzed to 
assess differences in IHC expression levels in the same lesion. Concordance rates of positive staining of HER2, EGFR, and 
MET between MuP and whole tumor were 100, 40, and 56% and those with InP were 46, 100, and 56%.
Conclusions To avoid underestimating expression status, biopsies must be taken from MuP for HER2, InP for EGFR, and 
both proportions for c-MET.

Keywords Human epidermal growth factor receptor 2 · Epidermal growth factor receptor · Mesenchymal epithelial 
transition factor · Gastric cancer

Background

In 2015, gastric cancer (GC) was the fifth most common 
malignancy (1,313,000 cases, 7.5% of all cancers) and 
the third leading cause of cancer-related death worldwide 
(819,000 deaths, 9.4% of all cancer-related deaths) [1]. 
Although the most effective treatment for localized dis-
ease is surgery, more than 60% of patients who undergo 
curative resection ultimately experience recurrence [2–4]. 
The prognosis of patients with advanced or recurrent GC 
remains poor. Therefore, the development of novel molecu-
lar-targeted agents for treating advanced or recurrent GC is 
urgently required.

Some receptor tyrosine kinases (RTKs) play critical 
roles in GC progression and are potential targets for novel 
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molecular-targeted agents [5–7]. Human epidermal growth 
factor 2 (HER2) was introduced as a predictive biomarker 
for the treatment of GC with trastuzumab [8]. Trastuzumab, 
a recombinant monoclonal antibody targeting the HER2 
protein, has recently been approved in many countries for 
the treatment of metastatic adenocarcinomas of the stomach 
and gastroesophageal junction (GEJ) [9, 10]. Although many 
studies have previously evaluated HER2 status in GC, the 
patient cohorts and scoring criteria have varied, resulting 
in discrepancies in rates of HER2-positive cancer, varying 
from 4 to 53%, with a median rate of 18% [11]. Similarly, 
the prognostic impact and clinicopathological features of 
epidermal growth factor receptor (EGFR) and mesenchymal 
epithelial transition factor (c-MET) have also been studied. 
EGFR overexpression, which has been observed in 27–44% 
of patients with GC, is generally found to be a poor prognos-
tic factor [12–15]. Similarly, c-MET overexpression, which 
has been observed in 22–82% of patients with GC, has also 
been reported to be associated with poor prognosis [16–21].

During patient selection for molecular-targeted agents 
or photoimmunotherapy (PIT), targeted biopsy under endo-
scopic observation is the first step. However, RTK expres-
sion in GC is highly heterogeneous [22–28]. Only small 
biopsy samples are available in most patients with unresect-
able or metastatic disease, and intratumor heterogeneity may 
be a potential cause for the failure of targeted therapy in GC 
[29]. However, heterogeneous expression of RTKs, as deter-
mined by analysis of macroscopic appearance in GC, has not 
been extensively addressed. Therefore, to avoid sampling 
error, it is important to take samples from an appropriate 
tumor site endoscopically.

Accordingly, in this study, we investigated the heteroge-
neity of RTKs, including HER2, EGFR, and c-MET, based 
on the macroscopic appearance of GC.

Materials and methods

Cases and tissue microarray (TMA)

TMA construction was described previously by Aizawa et al. 
[30]. Briefly, formalin-fixed paraffin-embedded specimens 
from 414 consecutive patients who had undergone gastrec-
tomy at our hospital between August 2011 and March 2015 
were selected to construct the TMAs. For each clinical case, 
representative tumor areas were selected, and tissue cores 
(each 2.0 mm in diameter) were assembled in a TMA format. 
Serial 4-µm-thick sections were prepared and used for hema-
toxylin and eosin staining and immunohistochemistry (IHC).

Patients and data collection

The criteria for inclusion were as follows: (1) histologically 
proven gastric or GEJ (type I–III tumors using the Siewert 
classification; [31]) adenocarcinoma, (2) available archived 
tumor sample, and (3) no history of chemotherapy. Exclu-
sion criteria included patients’ refusal of permission for the 
use of clinical data and tumor tissue samples.

We retrospectively collected the following clinicopatho-
logical data: sex, age, primary tumor location, histological 
classification (Lauren classification), Borrmann classifica-
tion, and T stage (AJCC 7th edition).

HER2, EGFR, and c‑MET IHC

Formalin-fixed paraffin-embedded tumor samples were 
examined for HER2, EGFR, and c-MET using IHC. HER2 
IHC analysis was performed using the PATHWAY anti-
HER-2/neu (4B5) rabbit monoclonal primary antibody (Ven-
tana Medical Systems, Tucson, AZ, USA). The intensity of 
membrane staining was evaluated according to the HER2 
scoring system, which indicated the need for treatment with 
trastuzumab by a subset analysis of the trastuzumab for GC 
(ToGA) trial [8]. Surgical specimen staining patterns were 
scored as follows: 0, no reactivity or membranous reactiv-
ity in less than 10% of tumor cells; 1+, faint/barely per-
ceptible membranous reactivity in 10% or more of tumor 
cells or reactive only in part of their membrane; 2+, weak 
to moderate complete or basolateral membranous reactivity 
in 10% or more of tumor cells; and 3+, moderate to strong 
complete or basolateral membranous reactivity in 10% or 
more of tumor cells.

IHC for EGFR and c-MET was performed automatically 
using a Ventana BenchMark ULTRA with the CONFIRM 
anti-EGFR (3C6) primary antibody (Ventana Medical Sys-
tems) and the CONFIRM anti-total c-MET (SP44) rabbit 
monoclonal primary antibody (Ventana Medical Systems) 
at the National Cancer Center Hospital East. The intensities 
of membrane staining for EGFR and c-MET were scored as 
described for HER2. We defined HER2, EGFR, and c-MET 
positivity as an IHC membrane staining intensity score of 
2+ or 3+.

Case selection and methods for HER2, EGFR, 
and c‑MET IHC

Based on the results of IHC in TMA, cases were selected 
for detailed examination. The following conditions were 
employed for case selection: (1) predominant IHC score 
was 3+, but concomitant with 2+ or less, (2) co-overexpres-
sion cases, and (3) existence of mucosal lesions. For these 
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selection cases, HER2, EGFR, and c-MET expression levels 
were investigated in more than three tumor blocks per case 
using IHC. We re-evaluated IHC score and comparatively 
evaluated differences in IHC expression status in each mol-
ecule between the mucosal portion (MuP) and invasive por-
tion (InP) based on histological findings. We defined MuP as 
submucosal or deeper invasion with invasive front and InP 
as mucosal lesion without submucosal or deeper invasion.

For assessment of the difference in HER2, EGFR, and 
c-MET expression statuses, the IHC scores in the MuP and 
InP were independently evaluated, and the results were 
divided into four patterns: MuP = InP (Fig. 1a), MuP > InP 
(Fig.  1b), MuP < InP (Fig.  1c), and IHC negative, but 
partly high expression (Fig. 1d). For RTK-positive cases, 
MuP = InP was defined as equivalent IHC scores in the MuP 
and InP. MuP > InP was defined as having a higher IHC 
score in the MuP than in the InP. MuP < InP was defined as 
having a lower IHC score in the MuP than in the InP.

Statistical analysis

The baseline characteristics of each case were compared 
using χ2 tests or Fisher’s exact tests for categorical data. 
Mann–Whitney tests were used for non-normally distributed 
continuous variables. Differences with p values of less than 
0.05 (two-sided) were considered statistically significant. All 

analyses were performed using SPSS version 22.0 (SPSS 
Inc., Chicago, IL, USA).

Results

HER2, EGFR, and c‑MET levels

In this study, a total of 375 patients fulfilled all study crite-
ria and were included for evaluation of HER2, EGFR, and 
c-MET statuses using IHC. The baseline characteristics of 
these patients are shown in Table 1. The HER2 IHC score 
was 0 or 1+ in 353 cases (94.1%), 2+ in eight cases (2.1%), 
and 3+ in 14 cases (3.7%). The EGFR IHC score was 0 or 
1+ in 343 cases (91.5%), 2+ in 29 cases (7.7%), and 3+ 
in three cases (0.8%). The c-MET IHC score was 0 or 1+ 
in 299 cases (79.7%), 2+ in 71 cases (18.9%), and 3+ in 
five cases (1.3%). In total, the HER2-, EGFR-, and c-MET-
positive rates were 5.9% (22/375), 8.5% (32/375), and 20.3% 
(76/375), respectively (Table 2).

HER2, EGFR, and c‑MET expression statuses 
and clinicopathological parameters

The correlations between HER2, EGFR, and c-MET 
expression statuses and clinicopathological parameters are 
shown in Table 3. There were no significant differences in 

Fig. 1  Assessment of differences in IHC expression statuses. a 
Mucosal portion = invasive portion. In this case, HER2 status was 
positive in both the mucosal and invasive portions. The blue line 
shows the mucosal portion, while the red line shows the invasive 
portion. b Histologically, the resected specimen revealed a papillary 
adenocarcinoma deeply extending into the subserosa. c Mucosal por-
tion > invasive portion. In this case, HER2 status was positive in the 
mucosal portion and negative in the invasive portion. The blue line 
shows the mucosal portion, while the red line shows the invasive por-
tion. d Histologically, the resected specimen revealed a moderately 

differentiated adenocarcinoma deeply extending into the subserosa. 
e Mucosal portion < invasive portion. In this case, c-MET status was 
positive in the invasive portion and negative in the mucosal portion. 
The blue line shows the mucosal portion, while the red line shows 
the invasive portion. f Histologically, the resected specimen revealed 
a moderately differentiated adenocarcinoma deeply extending into the 
subserosa. d IHC negative, but partial high expression. In this case, 
EGFR status was negative, but partial high expression was present in 
the mucosa. h Histologically, the resected specimen revealed a papil-
lary adenocarcinoma extending into the submucosa
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sex, age, primary tumor location, Borrmann classification, 
and T stage with relation to HER2, EGFR, and c-MET 
expression statuses.

The proportion of HER2-positive GCs with an intesti-
nal type was significantly higher than that of tumors with 
a diffuse type (9.0 versus 1.8%, respectively; p = 0.003). 
Similarly, the proportions of EGFR- and c-MET-positive 
tumors with an intestinal type were significantly higher 
than those with a diffuse type (EGFR: 11.9 versus 4.2%, 
respectively, p = 0.009; c-MET: 26.7 versus 12.1%, respec-
tively, p < 0.001). Among intestinal-type tumors, the 
HER2-positive rate of papillary adenocarcinomas (versus 
tubular adenocarcinomas) was particularly high (25.8%, 
8/31; p = 0.002).

Case selection and differences in IHC expression 
statuses

To assess differences in IHC results in the same lesion, we 
selected 22 cases (12 HER2-positive cases, 11 EGFR-pos-
itive cases, and 12 c-MET-positive cases). In the selected 
cases, co-overexpression of HER2, EGFR, and/or c-MET 
was observed for 10 cases, including four cases of triple-
positive cancer, one case of HER2- and EGFR-positive 
cancer, three cases of HER2- and c-MET-positive cancer, 
and two cases of EGFR- and c-MET-positive cancer. After 
re-evaluation of more than three tumor blocks per case, 13 
cases were HER2-positive, five cases were EGFR-positive, 
nine cases were c-MET-positive, and four cases were IHC 
negative.

Table 4 shows differences in IHC expression statuses. In 
HER2-positive GCs, the rates of MuP = InP, MuP > InP, and 
MuP < InP were 46, 54, and 0%, respectively. In EGFR-posi-
tive GCs, the rates of MuP = InP, MuP > InP, and MuP < InP 
were 40, 0, and 60%, respectively. In EGFR-negative GCs, 
three cases (14.3%) showed partly high expression of EGFR. 
In c-MET-positive GCs, the rates of MuP = InP, MuP > InP, 
and MuP < InP were 11, 44, and 44%, respectively. In EGFR-
negative GCs, three cases (17.6%) showed partial high 
expression of EGFR.

Based on these data, we calculated the concordance rate 
of IHC expression status in the MuP or InP compared with 
the whole tumor (Table 5). Concordance rates of positive 
staining of HER2, EGFR, and MET between MuP and whole 
tumor were 100, 40, and 56%, and those with InP were 46, 
100, and 56%, respectively. In HER2-positive GCs, HER2 
was more frequently positive in the MuP of the tumor than 
in the InP (p = 0.003). In EGFR-positive GCs, there was no 
significant difference between the MuP and InP, although 
EGFR tended to be positive more frequently in the InP than 
in the MuP (p = 0.167). In c-MET-positive GCs, the fre-
quency of c-MET expression did not differ between the MuP 
and InP (p = 1.000).

Based on endoscopic findings, we calculated the concord-
ance rate of IHC expression status in the InP with or without 
ulceration. In HER2-positive GCs, the concordance rate in 
the InP with ulceration was 56% (5/9; Fig. 2a, b), whereas 
that without ulceration was 25% (1/4; Fig. 2c, d). In EGFR-
positive GCs, sample size was small, hence the differences 

Table 1  Baseline characteristics

Total, n (%)

Enrolled patients, n 375
Gender, n (%)
 Male 269 (72)
 Female 106 (28)

Age, years
 Median (range) 67 (31–93)

Primary tumor location, n (%)
 Gastro-esophageal junction 26 (7)
 Stomach 349 (93)

Histological classification, n (%)
 Intestinal type 210 (56)
 Diffuse type 165 (44)

Borrmann classification, n (%)
 0 130 (35)
 1 10 (3)
 2 86 (23)
 3 122 (33)
 4 27 (7)

T stage (AJCC 7th edition)
 0 3 (1)
 1 75 (20)
 2 78 (21)
 3 92 (24)
 4 127 (34)

Table 2  Human epidermal 
growth factor 2, epidermal 
growth factor receptor, and 
mesenchymal epithelial 
transition factor data

HER2 EGFR c-MET

IHC score 0, 1+ (n, %) 353 (94.1%) 343 (91.5%) 299 (79.7%)
IHC score 2+ (n, %) 8 (2.1%) 29 (7.7%) 71 (18.9%)
IHC score 3+ (n, %) 14 (3.7%) 3 (0.8%) 5 (1.3%)
Positive (2+ or 3+) (n, %) 22/375 (5.9%) 32/375 (8.5%) 76/375 (20.3%)
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were unclear. In c-MET-positive GCs, c-MET expression 
showed no clear differences in staining.

Table 3  Correlations between human epidermal growth factor 2, epidermal growth factor receptor, and mesenchymal epithelial transition factor 
expression statuses and clinicopathological parameters

Total HER2 status EGFR status c-MET status

Positive Positive rate (%) Positive Positive rate (%) Positive Positive rate (%)

Enrolled patients, n 375 22 5.9 32 8.5 76 20.3
Gender, n (%) P = 1.000 P = 1.000 P = 0.776
 Male 269 (72) 16 (73) 5.9 23 (72) 8.6 56 (74) 20.8
 Female 106 (28) 6 (27) 5.7 9 (28) 8.5 20 (26) 18.9

Age, years P = 0.820 P = 1.000 P = 0.285
 < 65 135 (36) 7 (32) 5.2 11 (34) 8.1 23 (30) 17.0
 ≥ 65 240 (64) 15 (68) 6.3 21 (66) 8.8 53 (70) 22.1

Primary tumor location, n (%) P = 0.189 P = 0.261 P = 0.800
 Gastro-esophageal junction 26 (7) 3 (14) 11.5 4 (13) 15.4 6 (8) 23.1
 Stomach 349 (93) 19 (86) 5.4 28 (87) 8.0 70 (92) 20.1

Histological classification, n (%) P = 0.003 P = 0.009 P < 0.001
 Diffuse type 165 (44) 3 (14) 1.8 7 (22) 4.2 20 (26) 12.1
 Intestinal type 210 (56) 19 (86) 9.0 25 (78) 11.9 56 (74) 26.7
 Tubular (1, 2) adenocarcinoma 179 (85) 11 (58) 6.1 P = 0.002 18 (72) 10.1 P = 0.067 48 (86) 26.8 P = 1.000
 Papillary adenocarcinoma 31 (15) 8 (42) 25.8 7 (28) 22.6 8 (14) 25.8

Borrmann classification, n (%) P = 0.370 P = 0.180 P = 0.234
 0 130 (35) 4 (18) 3.1 7 (22) 5.4 31 (41) 23.8
 1 10 (3) 2 (9) 20.0 1 (3) 10.0 2 (3) 20.0
 2 86 (23) 11 (50) 12.8 9 (28) 10.5 18 (23) 20.9
 3 122 (33) 5 (23) 4.1 15 (47) 12.3 23 (30) 18.9
 4 27 (7) 0 (0) 0 0 (0) 0 2 (3) 7.4

T stage (AJCC 7th edition) P = 0.588 P = 0.648 P = 0.114
 0 3 (1) 1 (5) 33.3 0 (0) 0 2 (3) 66.7
 1 75 (20) 2 (9) 2.7 5 (16) 6.7 19 (25) 25.3
 2 78 (21) 4 (18) 5.1 6 (19) 7.7 17 (22) 21.8
 3 92 (24) 7 (32) 7.6 10 (31) 10.9 16 (21) 17.4
 4 127 (34) 8 (36) 6.3 11 (34) 8.7 22 (29) 17.3

Table 4  Differences in IHC 
expression statuses of the 
mucosal and invasive portions

Mucosal por-
tion = invasive portion

Mucosal por-
tion > invasive portion

Mucosal por-
tion < invasive portion

IHC posi-
tive case 
(n)

HER2 (n, %) 6 (46%) 7 (54%) 0 (0%) 13
EGFR (n, %) 2 (40%) 0 (0%) 3 (60%) 5
c-MET (n, %) 1 (11%) 4 (44%) 4 (44%) 9

Table 5  Concordance of positive staining of HER2, EGFR and MET 
between MuP and whole tumor, and those with InP and whole tumor

Mucosal portion Invasive portion p value

HER2 (%) 13/13 (100%) 6/13 (46%) 0.003
EGFR (%) 2/5 (40%) 5/5 (100%) 0.167
c-MET (%) 5/9 (56%) 5/9 (56%) 1.000
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Discussion

Previous reports have shown the correlations between 
HER2, EGFR, and c-MET expression status and clinico-
pathological parameters in GC. HER2-positive GCs are 
more frequently of the intestinal type (papillary and tubular 
adenocarcinoma), associated with older age, and predomi-
nantly found in men compared with HER2-negative GCs. 
Additionally, EGFR-positive GCs more frequently show a 
moderately to poorly differentiated histopathology, are asso-
ciated with older age, and are observed with advanced tumor 
stage compared with EGFR-negative GCs [12, 13]. Finally, 
c-MET-positive GCs are more frequently of the intestinal 
type and associated with an advanced clinical stage com-
pared with c-MET-negative GCs [17, 19, 32]. In contrast, 
in our study, there were no significant differences in sex, 
age, primary tumor location, Borrmann classification, and 
T stage based on HER2, EGFR, and c-MET expression 
statuses. The proportions of HER2-, EGFR-, and c-MET-
positive GCs with an intestinal type were significantly higher 
than those of GCs with diffuse type. Among intestinal-type 
tumors, the HER2-positive rate of papillary adenocarcino-
mas (versus tubular adenocarcinomas) was particularly high. 
The biological reasons for these associations between HER2, 
EGFR, and c-MET overexpression and the histological type 
of GC have not been fully elucidated, and additional inves-
tigations are needed.

In this study, based on the results of IHC in TMA, cases 
were selected for detailed examination. TMA is a very use-
ful tool for analyzing large numbers of cases; however, the 
results often exhibit sampling bias. One of the reasons for 
the discrepancy between TMA and whole tissue sections 

is thought to be the heterogeneity of RTK overexpression 
[25]. In this study, the frequency of HER2 overexpression 
was lower than that in a previous report [11]. Regarding 
the evaluation method of HER2 overexpression, we used a 
10% cut-off value that was established for surgical sample 
evaluation. However, only small amounts of tissue were used 
in TMAs. Therefore, a better estimate may be obtained in 
a single cluster of at least five positive cells, which is suffi-
cient for endoscopic biopsy samples. Moreover, in this study, 
TMAs were obtained from the invasive front. Therefore, 
the HER2 overexpression rate may be an underestimation. 
Although the IHC staining status is heterogeneous in GC, 
the TMA method can provide meaningful information when 
used in a large cohort.

Indeed, RTKs have been shown to be heterogeneously 
expressed in GC. Previous reports have shown that samples 
with strong staining for HER2 were homogeneously stained, 
whereas samples with strong staining for EGFR and c-MET 
exhibited highly heterogeneous staining [25, 27, 28]. Clini-
cally, RTKs are usually evaluated from only a small fraction 
of the primary tumor, usually derived from a biopsy. There-
fore, intratumor heterogeneity may be a potential cause for 
the failure of targeted therapy in GC.

PIT is a new class of molecular-targeted cancer ther-
apy that combines the specificity of antibodies for target-
ing tumors with the toxicity induced by photosensitizers 
after exposure to near infrared light. PIT shows highly 
specific cytotoxicity in tumor cells expressing particular 
antigens [33]. The choice of monoclonal antibody in pho-
tosensitizer conjugates may influence the effectiveness of 
PIT. Recent studies have shown effective tumor control, 
including of HER2- or EGFR-positive cancer, by selective 

Fig. 2  a Endoscopic examina-
tion showed a type 2 tumor 
in the greater curvature of 
the gastric upper body of the 
stomach. In this tumor, there 
was an invasive portion with 
ulceration. b Histologically, 
HER2 status was positive in the 
mucosal portion and negative in 
invasive portion. c Endoscopic 
examination showed a type 1 
tumor in the posterior wall of 
the gastric lower body of the 
stomach. In this tumor, there 
was an invasive portion without 
ulceration. d Histologically, 
HER2 status was positive in the 
mucosal portion and negative in 
the invasive portion including 
the surface mucosa
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molecular targeting with PIT [34–39]. Moreover, a pre-
vious report found that multi-epitope targeting can sig-
nificantly enhance the efficacy of HER2-targeted PIT, and 
more generally, multi-epitope targeting should be advan-
tageous for PIT of other cell-surface receptors that are 
frequently overexpressed in various cancers (e.g., EGFR, 
MET, and fibroblast growth factor receptors) [40]. There-
fore, in the future, it may become important to recognize 
the RTK-positive site by selective molecular targeting.

Previous studies have reported that the mucosal and 
invasive fronts of tumors showed no preference for HER2 
staining [25], whereas other studies have reported that 
HER2 expression was preferentially observed in the 
luminal lateral layer of the tumor and not in the deeper 
central layer [41, 42]. We previously reported that HER2 
was more frequently positive in the superficial spreading 
portion than in the ulcer bed of the tumors using biopsy 
samples [43]. Similarly, in this study, we found that HER2 
was more frequently positive in the MuP of the tumor than 
in the InP using surgical samples, potentially because of 
the poorer differentiation of deeper layers in GCs. Indeed, 
a previous report showed that poorly differentiated tumors 
tended to have high rates of heterogeneity for HER2 
expression [44]. Based on endoscopic findings, HER2 was 
frequently negative in the InP, with or without ulceration, 
in our study. Therefore, to avoid underestimation of HER2 
expression status, biopsies must be taken from the tumor 
edge without invasion.

Notably, samples with strong staining for EGFR have 
been shown to exhibit highly heterogeneous staining; how-
ever, no reports have further characterized the features of 
these tumors [28]. In this study, we found that EGFR expres-
sion in the InP was higher than that in the MuP, and EGFR 
expression was highly heterogeneous. Although the clinical 
significance is unknown, in EGFR-negative GCs, three cases 
(17.6%) showed partial high expression of EGFR.

A previous study reported that heterogeneous expression 
of c-MET was common in GC; therefore, comprehensive 
evaluation of c-MET status in different sites within the 
tumor was recommended [27]. Similarly, in this study, we 
found that c-MET expression did not differ between the MuP 
and InP.

In this study, we evaluated HER2, EGFR, and c-MET 
status based on surgical samples. HER2 was more frequently 
positive in the MuP of the tumor than in the InP. Moreover, 
regarding the evaluation method of HER2 overexpression, 
the use of a single cluster of at least five positive cells from 
endoscopic biopsy samples is preferred, as the possibility 
that HER2 expression will be underestimated is low for 
endoscopic biopsy samples. As for EGFR and c-MET, sev-
eral cases exhibited the pattern MuP < InP. Therefore, the 
possibility that EGFR and c-MET expression will be under-
estimated is high for endoscopic biopsy samples.

Our study had several limitations. First, the diagnostic 
criteria for EGFR and c-MET status were tentative and 
have not been standardized. Second, we analyzed HER2, 
EGFR, and c-MET expression only at the protein level using 
IHC, and we did not examine gene amplification. Thus, fur-
ther studies are required to confirm and expand upon our 
findings.

Conclusions

In this study, we investigated the differences in heterogene-
ity of HER2, EGFR, and c-MET expression based on the 
macroscopic appearance of GC. To avoid underestimation 
of expression status, biopsies must be taken from the MuP 
(particularly the tumor edge without invasion) for HER2, the 
InP for EGFR, and the MuP and InP for c-MET.
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