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Purpose: Human epidermal growth factor receptor 2 (HER2) assesment is important for
patients with advanced gastric cancer (GC) to determine trastuzumab therapy is being
considered. A study was performed to evaluate the rate of HER2 positivity in patients with
primary gastric cancer and to assess the relationship between HER2-positive and Borrmann
classification.

Patients and methods: Four hundred and sixty-one patients with gastric or gastroesopha-
geal junction cancer were confirmed as having adenocarcinoma between 2005 and 2016.
HER?2 status was assessed using immunohistochemistry (IHC) and/or fluorescence in situ
hybridization (FISH). Tissues were considered to be HER2-positive when assessment
revealed either an IHC score of 3+ or IHC score 2+ accompanied by a positive FISH result.
Results: The HER2-positive rate was significantly higher in men than in women (19% vs
9%; p=0.006). In our study, HER2-positive gastric tumors with differentiated histology were
significantly higher. The proportion of HER2-positive gastric tumors of Borrmann classifica-
tion III or IV was significantly higher than tumors classified as I or II.

Conclusions: HER2-positive gastric cancer tends to be associated with male gender,
differentiated histology, and Borrmann tumor classification of III or IV.
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Introduction

Gastric cancer is one of the major malignant tumors that seriously threaten human
life and health, and the fatality rate in the world is the second highest among all
tumor." With the deepening research on the molecular mechanism of tumor, mole-
cular targeted therapy has attracted much attention. Human epidermal growth factor
receptor 2 (HER2) encodes a trans-membrance tyrosine kinase receptor that drives
tumorigenesis pathways such as cell survival, invasion, metastasis, and
angiogenesis.”® HER2 protein immunohistochemical expression and gene amplifi-
cation were first identified in around 15-30% of women with brast carcinoma,*
and subsequently were similarly demonstrated in other carcinomas, most notably
gastric and oesophageal adenocarcinomas.”® HER2 plays an important role in the
occurrence and development of gastric cancer, has gradually become a research
hotspot of targeted therapy.'® Currently, trastuzumab combined with chemotherapy
has been officially approved for first-line treatment of HER2 positive advanced
gastric cancer, but the clinical significance of many factors affecting HER2 detec-

tion and HER2 gene heterogeneity is still not completely clear.'''?
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Although some small-scale studies have not demon-
strated the prognostic properties of HER2, a large number
of studies indicate that HER2 is a negative prognostic
factor, showing more aggressive biological behavior and
in HER2-positive
tumors.® Several studies have reported the clinicopatholo-

higher frequencies of recurrence
gical features of HER2 expression in gastric cancer.'®
However, limited studies have described the association
between HER2 status and Bormann classification. In this
study, we assessed the clinicopathological features and
Bormann classification of HER2-positive gastric cancer.

Materials and methods
Clinicopathological data and histological

specimens

Study population

We retrospectively analyzed the medical records and
tumor tissues at the NO.1 people’s hospital of PingHu
from January 2005 to April 2016. All patients presented
the following criteria in our study: (1) the presence of
primary adenocarcinoma, and the diagnosis was confirmed
by endoscopic biopsy or surgical specimen, (2) patients
without chemoradiotherapy and have no other synchro-
nous malignancy, (3) complete clinicopathological data
were obtained. Exclusion criteria included the patients
refusing to allow researchers to use their clinical data
and tissue samples.

The clinicopathological data of all patients were
obtained from our hospital information system.
Clinicopathologic characteristics, including gender, age,
primary tumor location, tumor size, histological classifica-
tion, Bormann classification, lymph node metastasis and
T stage (AJCC 7th edition). The clinicopathological sta-
ging (TNM) of the primary tumors was determined
according to the International Union Again Cancer,'” his-
tological type according to Lauren’s classification and

differentiation grade based on WHO classification.

Ethical considerations

This study was approved by Medical Ethic Committee of
No.l people’s Hospital of Pinghu (No.2018-51). This
study was performed in compliance with the Declaratin
of Helsinki, the CIOMS International Guidelines for
Ethical Review of Epidemiological Studies, as well as
applicable China laws. The patient conset to review their
medical records was not required because the written
informed conset was very unlikely obtained in this retro-
spective study. The data could be assessed only by

authorized health professionals using their own staff
codes. Patient’s name and identification number were
omitted and redered anonymous before data analysis.

Borrmann classification
The most commonly used classification method for gastric
cancer is Borrmann classification, which is mainly based on
the appearance and growth state of the tumor. Based on the
the Borrmann criteria, which has satisfactory results accord-
ing to the clinical statistics, GCs are divided into four groups.
Borrmann I, Mainly exogenous growth, usually broad-
based polypoid carcinomas with protruding; Borrmann II,
with a central, bowl-shaped ulcer in the center and ele-
vated margins, with a relatively clear boundary between
the cancer and the surrounding environment; Borrmann
111, centrally ulcerating carcinoma without a rige, elevated
margins and not distince from the surrounding environ-
ment; Borrmann IV, diffuse tumor infiltration of the gastric

116

wal Borrmann types were obtained from endoscopist

and pathologist in available cases.

HER2 evaluation

Immunohistochemistry (IHC)

In this study, HER2 expression comprised 461 patients
was detected by IHC. IHC staining was carried out using
an anti-HER2/NEU antibody (Beijing Zhongshan Golden
Bridge Biotechnology Co., Ltd, Beijing, China) against
HER2 on a Ventana Benchmark XT automatic staining
system, according to the manufacturer’s instructions.
Staining criteria was evaluated using the 0-3+ scale
according to the modified IHC scoring system adopted in
the ToGA study.'” At least five positive cancer cells within
a cluster for endoscopic biopsy sample or a 10% of neo-
plastic cells positive in a surgical specimen are necessary
for this scoring system. Figure 1 showed immunohisto-
chemistry expression for HER2 from negative to 1+, 2+
and 3+ in gastric cancer. The coincidence rate of immu-
nohistochemical evaluation of the 2 observers was more
than 90%. If there is any objection, the final results was
determined by consensus after review.

Fluorescence in situ hybridization (FISH)

When the result of IHC was 2+, the amplification level of
HER?2 was detected. PathVysion DNA Probe kit was used for
the analysis of FISH according to the manufacturer’s proto-
col. The positive results from FISH was defined as a HER2:
CEP17 ratio >2.0."® Example of HER2 FISH positive and
negative were shown in Figure 2. According to the standards
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Figure | Human epidermal growth factor receptor 2 (HER2) expression by IHC (magnification %200).

of the European Medicines Agency, HER2-positive was
defined as any case of IHC 3+ or IHC 2+ with a positive
FISH result, while any case of IHC 0, IHC 1+ or IHC 2+
with a negative FISH result is considered HER2-negative.

Statistical analysis

Demographic and tumor characteristics of the patients
were summarized by descriptive statistical methods. The
chi-squared test was used to test the statistical significance
of the correlation between each categorical variable and
the HER status. Continuous variables were grouped for

FISH positive

this analysis. A p-value of <0.05 was considered statisti-
cally significant. Higher p-values indicate higher confi-
dence in rejecting the null hypothesis for no association.
SPSS software (Version 22.00, SPSS, Chicago, IL) was
used for statistical analysis.

Results

Patient and clinicopathological features

A total of 461 patients were enrolled in the study. The
main patient characteristics have been described in detail
and are summarized in Table 1. Surgical samples and

.

FISH negative

Figure 2 Human epidermal growth factor receptor 2 (HER2) status by FISH (magnification %200).
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endoscopic biopsy samples were obtained from different
patients. The patients had an average age of 60 years
(range 32-81 years) and were predominantly male
(67.2%). Most tumor samples were obtained from biopsy
samples and most tumors were located in the middle and
lower stomach. The TNM staging classification of all of
the tumors indicated that 152 patients (33%) were Stage
I-1I and 309 patients (67%) were Stage III-IV. The propor-
tion of gastric tumors with Borrmann classification 2 or 3
was higher than tumors with Borrmann classification 1 or
4 (Table 1).

HER?2 levels

Therefore, a total of 461 gastric cancer tissue specimens
were evaluated using IHC and/or FISH for their HER2

Table | Clinical and pathological features of the study cases

status in this study. HER2 status was assessed in 99
surgical samples and 362 endoscopic biopsy samples
(Table 2). Of the 461 patients, 270, 59, 86, and 46 were
HER2 IHC 0, IHC 1+, IHC 2+, and IHC 3+, respectively.
FISH analysis was performed on 25 surgical samples and
61 biopsy samples, and HER2 amplification was observed
in 33% (28/86) of cases. In total, the HER2-positive rate
was 16% (74/461). Among the 74 HER2-positive gastric
cancer cases, 46 cases were [HC 3+, and the remaining 28
cases were interpreted as IHC 2+ and FISH positive.

Association of HER2 status with

clinicopathplogical features
The association between HER2 expression and clinicopatho-
logical parameters are shown in Table 3. The HER2-positive

Total Surgical samples Endoscopic biopsy samples
Enrolled patients, n 461 99 362
Gender Male 310 65 245
Female 151 34 117
Age <60 117 33 84
>60 344 66 278
Primary tumor location Gastroesophageal junction 45 12 33
Upper third 70 15 55
Middle third 230 42 188
Lower third 116 30 86
Tumor size, cm <5 286 51 235
=5 175 48 127
Histological type Intestinal type 175 47 128
Diffuse type 171 41 130
Mixed type 115 I 104
Histological grade Well-differentiated 241 59 182
Poorly differentiated 220 40 180
Borrmann classification | 29 9 20
Il 128 26 102
11l 197 44 153
v 96 19 87
Lymph node metastasis Present 324 76 248
Absent 137 23 114
TNM stages 1+ 152 31 121
+1v 309 68 24|

Table 2 HER2 status assessed

by IHC and FISH in 461 primary gastric carcinomas (bioptic and surgical specimens)

Tot IHC 0 IHC I+ IHC 2+ IHC 3+ HER2 negative (%) HER2 positive (%)
FISH- FISH+
Biopsy specimens 362 220 47 41 20 34 308 (85%) 54 (15%)
Surgical specimens 99 50 12 17 8 12 79 (80%) 20 (20%)
Tot 461 270 59 66 37 46 387 (84%c) 74 (16%)
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rate in male patients (60/310; 19%) was higher than that seen
in female patients (14/151; 9%; p=0.006). The proportion of
HER2-positive gastric tumors with a well-differentiated his-
tology was significantly higher than that in tumors with an
poorly differentiated histology (49 vs 25%, respectively;
p=0.009). Among samples with Borrmann classification sub-
tyes, the HER2-positive rate of Borrmann 3 was particularly
high (22%, 44/197; p=0.001) when compared with other
subtyes. The presence of HER2 overexpression was not
influenced by tumor location (p=0.372).

HER?2 expression status and assessment

of bormann classification

Surgical resection samples

The detail assessments of HER2 IHC expression with
Bormann subtypes of 99 surgical resection samples was
shown in Table 4. According to the IHC results, 25 surgical
samples were IHC 2+ for HER?2 status. FISH was performed
in these samples and 8 cases were found to be positive. We
made comparisons of HER2 status among subgroups
divided based on the Bormann classification (Figure 3).
The rate were 0%, 7%, 30% and 17% when the Bormann

type were I, 11, IIT and IV, respectively. The results showed
that HER2 positive rate did not exhibit significant differ-
ences among these subgroups, indicating that the HER2 THC
expression was not associated with Bormann classification.

Endoscopic biopsy samples

The association between HER2 IHC status and Bormann
classification was analyzed in 362 biopsy samples in Table 5.
The results showed the differences in HER2 expression status
according to Boramnn classification. According to the IHC
results, 61 surgical samples were IHC 2+ for HER2. FISH was
carried out in these samples and 20 cases were FISH positive.
The HER2-positive rates from Bormann I, IL, 111, and IV were
10%, 7%, 20% and 16%, respectively. HER2 positivity (IHC 3
+ and IHC 2+/FISH+) was observed in 54/362 primary tumors
in biopsy specimens. The assessment showed that HER2 IHC
positive rate exhibited significant differences among these
subgroups (Figure 4), indicating that the HER2-positive rate
was associated with Bormann classification 3 (P=0.001).

Discussion
Gastric cancer (GC) is the second most common cause of

cancer-related deaths worldwide; median survival is

Table 3 HER2 positivity according to clinicopathological factors of patients with gastric cancer

Factor HER2-positive (n=74) HER2-negative (n=387) p-Value
74 387

Gender Male 60 250 0.006
Female 14 137

Age <60 23 94 0.219
>60 51 293

Primary tumor location Gastroesophageal junction I 34 0.372
Upper third 10 60
Middle third 33 197
Lower third 20 96

Tumor size, cm <5 43 243 0.447
25 31 144

Histological type Intestinal type 37 138 0.062
Diffuse type 21 150
Mixed type 16 99

Histological grade Well-differentiated 49 192 0.009
Poorly differentiated 25 195

Borrmann classification | 27 0.001
1l 121
1] 44 153
\% 17 88

Lymph node metastasis Present 56 268 0.268
Absent 18 119

TNM stages 1+l 31 121 0.075
n+1v 43 266
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Table 4 Relationship pf Borrmann classification to HER2 IHC
status in surgical (P=0.171)

HER2 IHC Status | Borrmann classification Total
assessment
| 2 3 4
0 6 26 8 6l
| 2 3 2 12
2 | 10 7 6 25
3 0 3 8 2 12
Total 9 28 44 18 99
=3 HER2-negative Em HER2-positive
100 =
80
< P=0.034
o 60+
(o))
©
g
O 40+
[0
o

&

<2>°<\ P

Figure 3 Association of HER2 status with different tumor subtypes in surgical
resection samples.

Table 5 Relationship pf Borrmann classification to HER2 IHC
status in biopsy (p=0.001)

HER2 IHC Status | Borrmann classification Total
assessment
| 2 3 4

0 Il 63 78 68 220

| 10 30 5 47

2 5 21 31 4 6l

3 2 8 14 10 34

Total 20 102 153 87 362

10-12 months in advanced cases." Even with the most
recent chemotherapy treatment, survival is typically esti-
mated at <1 year.'® Chemothotherapy is the standard treat-
ment for the maiority of GC patients, however a subset of
patients who harbor HER2 amplification are candidates for
HER2-targeted therapy.” In the ToGA trial, the addition of

trastuzumab to chemotherapy improved overall survival

(OS) among patients whose tumors tested HER2

positive.°

In 1986, some gastric cancers were found to exhibit
amplified human epidermal growth factor receptor 2
(HER2) using immunohistochemistry.> In the following
decade, it has been reported HER2 overexpress or gene
amplification depending on tumor location and histopatho-
logical classification.' Notably, up to 37% of AGCs show
amplification of the genes related to receptor tyrosine
kinase/Ras signaling pathways; this has been corroborated
by the recently proposed molecular classification by The
Cancer Genome Atlas."* The evaluation of HER2 in
biopsy specimens were as important as in surgical speci-
mens, because many gastric cancer patients are in
advanced stages and can not be surgically removed.

The percentage of HER2-positive tumors ranged from 4
to 53%, with a median rate of 18% in a systematic review of
HER2 status
publication.*' > In the presents study, HER2-positive rate
was evident in 16% of patients. In the ToGA study, 54.6% of
THC 2+ cases were found to be FISH positive,'”** but in our

in gastric cancer patients based on

study, out of 461 samples, 132(29%) were collected for gene
amplification testing, out of which 74(56%) samples showed
gene amplification, and 35.9% tumors with IHC 2+ score
showed c-erbB-2 gene amplification.

In our trial, 24.4% of GEJ tumors were found to be
HER2-positive. Similar HER2 overexpression rates were
reported in recent global clinical trials, where the rate of
found to be 16-29%.'*
Yasuhiro Oono et al demonstrated that HER2-positive

HER2 overexpression was

gastric cancer is found more frequently in the EGJ. In
the ToGA study with a large number of patients, the
HER2-positive rates were 32% in GEC and 18% in GC,
respectively. However, based on our results we found that
the incidence of HER2 positivity was found to be greater
(24.4%) in GEJ than in gastric body cancers (15.1%), but
this finding did not reach statistical significance. Our clin-
ical study showed the presence of HER2 overexpression in
tumors was not influenced by tumor location. The discor-
dance observed might have been caused by different sam-
ples and technical variables.

Several recent studies have demonstrated that the HER2-
positive rate appears to be higher in well-differentiated his-
tology tumors than poor-differentiated histology tumors, and
this difference was statistically significant(P=0.036).%* This
is consistent with previous studies suggesting that age, sex,
and the growth pattern of tumors were indirectly related to
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Figure 4 Association of HER2 status with different tumor subtypes in endoscopic
biopsy samples.

the likehood of HER2 overexpression in gastric cancer.”> We
analyzed the association between HER2 expression and well
differentiated tumors, our study also showed a significant
association (P=0.009). Futhermore, studies have reported
that HER2 expression is more frequent in male patients
compared to female patients. Our results statistically indi-
cated that HER2 expression was more common in male
patients in our study (19%) than that seen in female patients
(9%; p=0.0006).

The relationship between HER2 overexpression and
Bormann classification in gastric cancer has not been
widely studied to date. In the present study, the proportion
of HER2-positive was correlated with Borrmann classifi-
cation in patients with gastric cancer. The results indicated
that the proportion of HER2-positive gastric tumors with
a Bormann classification III or IV was significantly higher
than in tumors with a Bormann classification I or II, and
this finding reached statiscal significance. The proportions
of HER2-positive tumors with Borrmann classification I,
II, I and IV were 0, 7, 30 and 17%, respectively. The
HER2-positive rate of Bormann classification III tumors
with differentiated histology was particularly high at 48%.
Yasuhiro Oono et al recently reported that Borrmann clas-
sification I tumors with a differentiated histology exhibited
a particularly higher HER2-positive rate than tumors with
a Borrmann classification II, III or IV. However, their
study focused on HER2 expressed in Japan patients, sev-
eral factors might explain this discrepancy, such as

difference in race, varying samples processing and type
of antibody and/or assay method. The contributing factors
for HER overexpression in Borrmann III type gastric can-
cer are quite complex and we believe further exploration
of this finding is warranted.

HER2 gene amplification in gastric cancer would lead
to more aggressive and proliferative tumor. A number of
recent reports have assessed the HER2 status in GC and its
importance as a prognostic and predictive factor for tar-
geted therapy.”?* In the ToGA trial, it was concluded that
that trastuzumab should be used to treat patients with
Her2/neu overexpression, which was consistent with the
previous results and analysis.'” The result of the phase III
ToGA trial suggested that trastuzumab combined with
cisplatin and fluropyrimidine chemotherapy is the standard
treatment for patients with HER2-positive advanced gas-
tric cancer.”® Based on these studies, trastuzumab therapy
is being considered in patients with advanced or metastatic
adenocarcinoma and IHC is recommended to assess tumor
HER?2 overexpression.

Our study has several limitations, this is a single-center
study rather than multi-center investigation. Therefore,
results for HER2 expression might be limited. The dis-
cordance observed in association between HER2 expres-
sion and Borrmann classification, it might have been
caused by heterogeneity of gastric cancer. Based on this
findings, it is important to recognize the expansive growth
pattern of the tumor, and endoscopist should perform
sufficient biopsy specimens carefully to avoid a false nega-
tive finding of the HER2 expression. In summary, we
presented a clinicopathological study analysing HER2 sta-
tus in primary gastric cnacer. Furthermore, a prospective
study is needed to validate the results of our retrospective
analysis.
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