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Abstract

AIM: To investigate HER2 expression and its correlation
with clinicopathological variables between proximal and
distal gastric cancers (GC) in the Chinese population.

METHODS: Immunostaining of HER2 was performed
and scored on a scale of 0-3 in 957 consecutive GC
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cases, according to the revised scoring criteria of Her-
cepTest™ as used in the ToGA trial. Correlations be-
tween HER2 expression and clinicopathologic variables
of proximal (7 = 513) and distal (7 = 444) GC were
investigated.

RESULTS: Our results showed that HER2 expression
was significantly higher in the proximal than in distal
GC (P < 0.05). Overall, HER2 expression was signifi-
cantly higher in male patients (P < 0.01), the Lauren
intestinal type (P < 0.001), low-grade (P < 0.001) and
pM1 (P < 0.01) diseases, respectively. There was a
significant difference in HER2 expression among some
pTNM stages (P < 0.05). In contrast, HER2 expression
in the distal GC was significantly higher in male patients
(P < 0.001), low-grade histology (P < 0.001), the Lau-
ren intestinal type (P < 0.001), and pM1 (P < 0.001).
In the proximal GC, however, higher HER2 expression
scores were observed only in tumors with low-grade
histology (P < 0.001) and the Lauren intestinal type (P
< 0.001).

CONCLUSION: HER2 over-expression in GC of Chinese
patients was significantly more common in proximal
than in distal GC, and significantly correlated with the
Lauren intestinal type and low-grade histology in both
proximal and distal GC, and with pM1 disease and male
gender in distal GC.

© 2013 Baishideng. All rights reserved.
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Core tip: In this study, immunostaining of HER2 was
performed and scored according to the revised scoring
criteria of HercepTest™ used in the ToGA trial in a very
large cohort of gastric cancers (GC) patients (957 cas-
es). Our results revealed that HER2 over-expression in
GC of Chinese patients was significantly more common
in proximal than in distal GC, and was significantly cor-
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related with the Lauren intestinal type and low-grade
histology in both proximal and distal GC, and with pM1
disease and male gender in distal GC.
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INTRODUCTION

HER?2 gene amplification and over-expression, which
possibly represents a negative prognostical factor"”!
but a potential therapeutic target[}ﬂ, has been found in
6%-53.4% of gastric cancer (GC) in patients from West-
ern countries™. As such, it is now recommended that all
patients with GC should have their tumors tested for the
HER?2 status at the time of initial diagnosism. At present,
the tests for HER2 over-expression by immunohisto-
chemstry (IHC) and HER?2 gene amplification by fluores-
cence in situ hybridization (FISH) are the most common
methods. As demonstrated in the phase I ToGA trial,
patients with THC 2+ /FISH-positive or IHC 3+ tumors
benefited from trastuzumab treatment, but cases with
HER?2 gene-amplified tumors, revealed by the FISH test,
without HER2 over-expression IHC 0 or 1+) did not
show any survival gainm. The characteristics of HER2
expression in GC are different from those in breast can-
cet™. Therefore, in the phase Il ToGA trial, the HER2
expression scoring system for breast cancer, which was
proposed by the American Society of Clinical Oncology
(ASCO)/College of American Pathologists (CAP), was
modified for evaluation of HER2 expression in GcM
requiring IHC for HER2 testing before use of the FISH
test™®" because IHC seems to be more predictive of
trastuzumab therapeutic responses than the FISH test
alone in GC, compared with breast cancers'.

In China, GC remains one of the leading cancers.
Despite recent advances in treatment, the outcome of
patients with advanced GCs is poor. Because there exist
considerable differences in GC histopathology, environ-
mental factors, and the Helicobacter pylori status between
Western and Chinese patients'”, the need for a compre-
hensive investigation of the HER2 expression profile
in GC of Chinese patients is urgent for better clinical
management. Therefore, we carried out this study to fully
investigate differences in HER2 expression and clinico-
pathologic features between proximal and distal GC with
the same assessment criteria of THC as used in the ToGA

erial!,

MATERIALS AND METHODS

Case selection
We retrospectively searched a prospectively established
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electronic pathology database for GC resection cases
with HER2 immunostaining results over the period
from January 2007 to August 2009 at the affiliated Nan-
jing Drum Tower Hospital, Nanjing University Medical
School in Nanjing, China. A total of 957 consecutive cas-
es were identified, including 513 proximal and 444 distal
GC, according to the surgical resection methods of GC
and gross specimen description. Because our recent re-
search results in the same group of Chinese GC patients
suggested that almost all proximal GC with esophageal
involvement also included Siewert II-II GC, which
are regarded as esophageal origin and stage-grouped as
esophageal cancers' ™" they might be more accurately
staged as gastric rather than esophageal cancers"™",
Therefore, the proximal GC in this study included both
GC with epicenters entirely below the gastroesophageal
junction (GEJ) and those invading through the GEJ into
the distal esophagus as a minor component. Distal GC
was defined as tumors with epicenters in the region from
the incisura angularis to the antrum-pylorus. The Lauren
classification of GC was followed to subgroup all cases
in histopathology. All cases were staged, according to
the staging rules for GC set out in the 7" edition of the
American Joint Committee on Cancer Staging[zm. The
patient demographics and pathologic information were
retrieved from each pathology report. The patient private
identification information was deleted and the study pro-
tocol was approved by the Medical Ethics Committee of
the Hospital.

Immunohistochemistry

A conventional immunostaining protocol was used for
all cases. Briefly, paraffin-embedded tumor tissue blocks
were cut at 4-um in thickness. Sections were deparaf-
finized, dehydrated, subjected to the antigen retrieval
procedure, and then incubated with the primary rabbit
antithuman HER2 polyclonal antibody (clone A0485,
dilution: 1:2500, Dako, Denmark) for one hour at 37 C.
The HER2 immunoreactivity was visualized after a brief
treatment with the EnVision Plus system kit (Dako).
Both positive and negative controls were included in each
run.

Three experienced pathologists independently evalu-
ated HER2-stained slides blindly without the knowledge
of patient clinicopathologic information. The HER2 im-
munoreactivity of neoplastic cells was scored according
to the revised ToGA scoring criteria of HercepTestTM for
GCP" which was based on the intensity of membrane
staining and quantity of positive neoplastic cells on a
scale of 0-3. In brief, no membranous reactivity in less
than 10% of tumor cells was scored as 0; faint/barely
visible complete or basolateral membranous reactivity in
10% or more of tumor cells was scored as 1+; weak-to-
moderate complete or basolateral membranous reactivity
in 10% or more of tumor cells was scored as 2+; strong
complete or basolateral membranous reactivity in 10% or
more of tumor cells was scored as 3+. A score of 0 or
1+ was considered negative while scores 2+ and 3+ were
positive.
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Table 1 HER2 expression in gastric adenocarcinoma

n HER2 score 7 P Univariate analysis
0 1 2 3 rs P
Gender E 244 149 58 19 18 10.106 0.001 - -
M 713 366 176 98 73
Age (yr) <70 682 370 164 82 66 1.347 0.418 - -
>70 275 145 70 35 25
pT T1 51 28 14 6 3 7.464 0.070 - -
T2 145 79 38 19 9
T3 749 404 179 90 76
T4 12 4 8] 2 3
pN NO 243 138 60 27 18 13.591 0.335 -
N1 140 63 34 23 20
N2 205 104 50 31 20
N3 369 210 90 36 33
pM MO 935 506 232 114 83 19.984 0.001 0.077 0.020
M1 22 9 2 8 8 0.105 0.002
pTNM I 110 59 32 16 3 29.943 0.041 0.039 0.187
il 267 151 57 30 29
jiig 558 296 143 68 51
Y% 22 9 2 8 8
G Low 324 135 82 50 57 51.360 0.000 - -
High 633 380 152 67 34
Lauren Intestinal 568 256 145 83 84 79.548 0.000 - -
Diffuse/mixed 389 253 88 34 7

PTNM: Pathological tumor-node-metastasis; M: Male; F: Female.

Table 2 Comparison of HER2 expression between proximal

and distal gastric adenocarcinoma

Group n HER2 score 7 P
0 1 2 3
Proximal 513 260 126 72 55) 6.691 0.011
Distal 444 255 108 45 36
Statistical analysis

The absolute and relative frequencies of qualitative vari-
ables were calculated in percentages. Zz tests for categori-
cal variables were used and the differences were consid-
ered to be statistically significant if P values were less
than 0.05. All analyses were performed using the SPSS
version 20.0 software for Windows (SPSS Inc., Chicago,
IL, United States).

RESULTS

Clinicopathologic features

The mean patient age was 63 years (range: 17-89 years).
As shown in Table 1, most patients were male (75%)
with a male-female ratio of 3.0; 29% of patients were
older than 70 years. Most tumors were the Lauren intes-
tine type (59%), high-grade histology (66%), and at ad-
vanced stages of plll and pIV (61%). About 54% of GC
was located in the proximal stomach (Table 2). None of
the patients received neoadjuvant therapy before surgical
resections.

Overall HER2 immunoreactivity in GC
In general, HER2 immunoreactivity of neoplastic cells

(49

Boiohidengs  WJG | www.wijgnet.com

3318

in GC was characterized by basolateral, lateral, and/or
circumferential membranous, heterogeneous or diffuse,
staining patterns (Figures 1-3). HER2 over-expression
with score 3, and scores 2 and 3 were found in 9.5%
(91/957) and 21.73% (208/957) of cases, respectively.
Overall, HER2 expression with score 3 was significantly
higher in male patients (10.24% »s 7.38% in females, P <
0.01), the proximal GC (8.11% »5 10.72% in distal GC, P
< 0.05), the Lauren intestine type (14.79% »s 1.8% in the
Lauren diffuse/mixed type, P < 0.001), histological low-
grade histology (17.6% »s 5.37% in high-grade histology,
P <0.001), and pM1 (36.36% »s 8.88% in pMO, P < 0.01).
Although there was a significant difference in HER2
expression between advanced and early GC, especially
in stage pIV (p I: 2.7%; pII: 10.86%; pIl: 9.12%; pIV:
38.1%; P < 0.05), the correlation between HER2 and
pTNM stage was not statistically significant (P > 0.05)
(Table 1).

Differences in HER2 immunoreactivity between proximal
and distal GCs

HER?2 expression was higher in proximal GC than in dis-
tal GC (10.7% s 8.1% with score 3; 25% #s 18.2% with
scores 2 and 3; P < 0.05) (Table 2). In the proximal GC,
higher expression of HER2 with score 3 was found only
in tumors with low-grade histology (17.24% vs 6.45%, P
< 0.001), the Lauren intestine type (15.88% »s 0.58%, P
< 0.001) than those with high-grade histology and the
Lauren diffuse/mixed type (Table 3). In the distal GC,
however, HER2 over-expression with score 3 was signifi-
cantly higher in male patients (9.09% »s 5.88%, P < 0.001),
distant metastasis (50% »s 6.94%, P < 0.001), histological
low-grade (18.18% ws 4.33%, P < 0.001), the Lauren in-
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Figure 1 HER2 immunostaining in gastric cancers is scored as 1+, 2+ and
3+in A, B and C, respectively. EnVision immunohistochemistry stain, x 400.

Figure 3 A rare diffuse and strong positive pattern of HER2 expression in the
Lauren diffuse type gastric cancers. EnVision immunohistochemistry stain, x 400.

testine type (13.16% »s 2.87%, P < 0.001) GC than in fe-
male patients, pMO, high-grade histology, and the Lauren
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Figure 2 Heterogeneous (A and B, x 200) or diffuse (C, x 100) expression
pattern of HER2 protein is discovered in gastric cancers. EnVision immuno-
histochemistry stain.

diffuse/mixed type (Table 4).

DISCUSSION

In this retrospective study using the revised IHC scoring
critetia of HercepTest ™ for HER2 expression in GC of
Chinese patients, we compared HER2 protein expression
profiles along with clinicopathologic features between
513 proximal and 444 distal GC in Chinese patients. The
data showed that HER2 over-expression was significantly
more common in proximal GC than in distal GC, and
significantly correlated with the Lauren intestine type and
low-grade histology in both proximal and distal GC, and
with pM1 disease and male gender in distal GC.

In the recent literature, the frequency of HER2 over-
expression in GC, determined by IHC, ranges widely from
6.8% to 26.8%"". In this study, HER2 over-expression
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Table 3 HER2 expression in proximal gastric adenocarcinoma

n HER2 score ,1/2 P Univariate analysis
0 1 2 3 rs P
Gender F 108 57 28 13 10 0.884 0.232 - -
M 405 203 98 59 45
Age (yr) <70 371 189 92 48 42 1.647 0.476 - -
>70 142 71 34 24 13
pT T1 10 4 & 1 2 15.026 0472 - -
T2 61 30 16 11 4
T3 439 226 107 59 47
T4 & 0 0 1 2
pN NO 132 71 34 15 12 6.071 0.524 - -
N1 70 31 16 13 10
N2 124 60 29 22 13
N3 187 98 47 22 20
M MO 503 255 125 70 53 1.959 0.269 - -
M1 10 5 1 2 2
pINM I 43 20 14 6 3 6.790 0.133 - -
i 129 74 26 16 13
i 331 161 85 48 37
v 10 5] 1 2 2
G Low 203 84 52 32 35 19.924 0.000 -0.179 0.000
High 310 176 74 40 20
Lauren Intestinal 340 150 85 51 54 39.351 0.000 -0.210 0.000
Diffuse/mixed 173 110 41 21 1

PTNM: Pathological tumor-node-metastasis; M: Male; F: Female.

Table 4 HER2 expression in distal gastric adenocarcinoma

n HER2 score e P Univariate analysis
1] 1 2 3 rs P

Gender F 136 92 30 8 11.510 0.000 0.148 0.000
M 308 163 78 39 28

Age (yr) <70 311 181 72 34 24 2443 0.446 - -
>70 133 74 36 11 12

pT T1 41 24 11 5] 1 3.983 0.131 - -
T2 84 49 22 8 5
T3 310 178 72 31 29
T4 9 4 3 1 1

pN NO 111 67 26 12 6 9.645 0.255 - -
N1 70 32 18 10 10
N2 81 44 21 9 7
N3 182 112 43 14 13

pM 0 432 251 107 44 30 29.728 0.000 0.133 0.000
1 12 4 1 1 6

pTNM 1 67 39 18 10 0 39.702 0.164 - -
I 138 77 31 14 16
m 227 135 58 20 14
v 12 4 1 1 6

G Low 121 51 30 18 22 31.286 0.000 -0.231 0.000
High 323 204 78 27 14

Lauren Intestinal 228 106 60 32 30 40.352 0.000 -0.209 0.000
Diffuse/mixed 209 143 47 13 6

PTNM: Pathological tumor-node-metastasis; M: Male; F: Female.

with score 2 and 3 was found in 21.73% of cases, which
was higher than that (15.9%) in another recent study
using the same antibody and scoring criteria in Korean
patients”. The discrepancy appears to result from the dif-
ferences in tissue preparations because they used tissue
microarray for HER2 immunostaining, which has a much
lower sensitivity for HER2 immunoreactivity because of
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the well-known heterogencous expression of HER2 in
GC"™*"™ In addition, different primary antibody clones,
various immunostaining protocols, and diverse immunore-
activity scoring schemes may also contribute to variations
described among recent studies™**. This inconsistency
indicates an urgent need for standardized HER2 immu-
nostaining in GC for better reporting and comparison of
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HER2 THC results among different centers.

HER?2 expression is known to differ among various
clinicopathologic factors, such as patient gender, age,
ethnicity, tumor location, type, and differentiation, efz., as
shown in this and previous studies™ ™. Our data showed
high HER2 expression in GC with low-grade histol-
ogy and advanced pTNM stages. Similar to our results,
a recent study in Japanese patients also described higher
HER?2 expression in male patients, tumors with the Lau-
ren intestine type, and pM1 stagelzﬂ. With a multivariate
analysis, Janjigian ez a/”" reported a significantly higher
frequency of HER2 immunopositivity in GC with liver
metastasis and the Lauren intestine histology, but did not
find significant differences in HER2 immunopositivity
between resections and biopsies, or primaries and me-
tastases. In that study, approximately 20% (78/381) of
distant metastatic GC or GEJ cancers in Western patients
were HER2-immunopositive (score 3+ or FISH-posi-
tive)™”, a figure which is much lower than ours (36.4%,
8/22). Howevet, the number of GC cases with distant
metastasis was limited in this study and our results should
be verified in studies with more qualified cases. Nonethe-
less, our data suggested that HER2 over-expression was
more often seen in GC with the Lauren intestine type,
low-grade histology, advanced pTNM stage, and in male
patients.

In this study, we found a significantly higher frequen-
cy of HER2 over-expression in proximal GC than in
distal GC. The result is similar to those reported recently
in most other studies™. It must be pointed out that the
vast majority of GE]J cancers in Chinese patients are not
Barrett’s esophagus-related and originate primarily in the
proximal stomach, invading into the distal esophagus
with clinicopathologic features of GC, as we reported
previously®™. Despite similar HER2 over-expression
characteristics between Western GE]J cancers and Chi-
nese proximal GC, there exist a number of differences
in HER2 over-expression features between proximal and
distal GC of Chinese patients in the present study. For
example, in distal rather than proximal GC, HER2 over-
expression in GC was more common in male patients
and in tumors staged at pM1 than in female patients and
in pMO cases, respectively.

A major limitation in this observational study is the
absence of the confirmatory FISH test for HER2 gene
amplification. However, unlike in breast cancer, HER2
expression with an IHC score of 0 or 1+ but with FISH
positivity in GC tumors does not play a statistically signif-
icant role with regard to trastuzumab therapy”. GC with
IHC 3+ HER?2 status responds well to this treatment.
Thus, the ToGA trial recommended testing HER2 gene
amplification by the FISH method only in GC cases with
an THC scote of 2+, Therefore, a conformation FISH
test might not be performed in GC with IHC 0, 1+ or
3+. However, our cohort is large with 957 GC resection
cases and differences in HER2 expression are dramati-
cally significant in many important clinicopathologic pa-
rameters. Therefore, the validity of our results should be
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reasonably sound.

In summary, our data showed a significantly higher
frequency of HER2 over-expression in proximal GC
than in distal GC. HER2 over-expression was signifi-
cantly correlated with low-grade histology and the Lauren
intestine type in both proximal and distal GC, and with
male gender and distant metastasis in distal GC.
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COMMENTS

Background

HER?2 gene amplification and over-expression is a potential therapeutic target
and is found in 6%-53.4% of gastric cancer (GC) in patients from Western
countries. As such, it is now recommended that all patients with GC should
have their tumors tested for HER2 status at the time of initial diagnosis. In
China, GC remains one of the leading cancers. Because there exist consider-
able differences in GC between Western and Chinese patients, the need for a
comprehensive investigation of the HER2 expression profile in GC of Chinese
patients is urgent for better clinical management.

Research frontiers

The purpose of the present study was to investigate HER2 expression with the
same assessment criteria of IHC as used in the ToGA frial and its correlation
with clinicopathological variables between proximal and distal GC in the Chi-
nese population.

Innovations and breakthroughs

Our study represented a very large cohort of GC. In this study, HER2 expres-
sion in the overall GC was significantly higher in male patients, the Lauren
intestinal type, low-grade and pM1 diseases. There was a significant difference
in HER2 expression among some pTNM stages. Similar to some Western
study results, our data showed that HER2 expression was significantly higher
in proximal GC than in distal GC. Also, HER2 expression in the distal GC was
significantly higher in male patients, low-grade histology, the Lauren intestinal
type, and pM1. In the proximal GC, however, higher HER2 expression scores
were observed only in tumors with low-grade histology and the Lauren intestinal
type.

Applications

Our data, derived from a comprehensive investigation of HER2 expression
profile with the same ToGA criteria in GC resection specimens in a large cohort
of homogeneous Chinese patients, provide pathologists and oncologists with
more accurate study results than tissue microarray regarding HER2 over-
expression characteristics in both proximal and distal GC, which is essential for
better clinical management of patients with GC in the Chinese population.

Terminology

ToGA trial: An international, open-label, randomized, controlled, phase I trial
of Herceptin (Trastuzumab) in combination with chemotherapy compared with
chemotherapy alone in patients with HER2-positive advanced gastric cancer,
which was undertaken in 122 centers in 24 countries; Lauren classification: the
Lauren classification is based on the histological features of gastric adenocar-
cinomas, and divides gastric adenocarcinomas into 3 types: intestinal type (the
tumor consists of neoplastic glands arranged in tubules, acini, and papillae),
diffuse type (the tumor cells are discohesive and many show the signet-ring
morphology) and mixed type.

Peer review

The authors reported statistically more frequent HER2 over-expression in
proximal than distal GC. HER2 over-expression was also associated with
some clinicopathological characteristics, such as gender, the Lauren intestinal
type, low-grade dysplasia, and pM1 diseases in GC. This is a valuable paper
which represents a very large cohort of cancers (957 cases). This provides
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some real strength and confidence in the HER2 expression values. The data
are consistent with but extend (for the Chinese population) the information
already available.
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