J Gastric Cancer. 2017 Mar;17(1):52-62
https://doi.org/10.5230/jgc.2017.17.e6
pISSN 2093-582X-eISSN 2093-5641

°
Journal

, ‘ of
Gastric

Cancer

Original Article

‘ '.) Check for updates ‘

Received: Nov 22, 2016
Revised: Dec 29, 2016
Accepted: Jan 9, 2017

Correspondence to

Sang Ho Lee

Department of Surgery, Kosin University
College of Medicine, 262 Gamcheon-ro,
Seo-gu, Busan 49267, Korea.

Tel: +82-63-250-2877

E-mail: gslsh@ns.kosinmed.or.kr

Doo Hyun Yang

Department of Surgery, Chonbuk National
University Medical School, 20 Geonji-ro,
Deokjin-gu, Jeonju 54907, Korea.

Tel: +82-1577-7877

E-mail: ydh@chonbuk.ac.kr

*Kyung Won Seo, Doo Hyun Yang, and Sang
Ho Lee had full access to all study data in
this study and were responsible for the final
decision to submit for publication.

Copyright © 2017. Korean Gastric Cancer
Association

This is an Open Access article distributed
under the terms of the Creative Commons

Attribution Non-Commercial License (https://

creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted noncommercial
use, distribution, and reproduction in any

medium, provided the original work is properly

cited.

Funding

Financial support for this study was provided
by Roche Korea Co., Ltd., and the study was
supported by the High-Tech Convergence
Technology Development Program through
the National Research Foundation of Korea
(NRF), funded by the Ministry of Science, ICT,

https://jgc-online.org

Epidemiologic Study of Human
Epidermal Growth Factor Receptor 2
Expression in Advanced/Metastatic
Gastric Cancer: an Assessment of
Human Epidermal Growth Factor
Receptor 2 Status in Tumor Tissue
Samples of Gastric and Gastro-
Esophageal Junction Cancer

Kyung Won Seo"’, Taeyong Jeon?, Sewon Kim?, Sung Soo Kim*, Kwanghee Kim®,
Byoung-Jo Suhé, Sunhwi Hwang’, SeongHee Choi?, Seungwan Ryu®, Jae Seok Min',
Young-Joon Lee", Ye Seob Jee, Hyeondong Chae™, Doo Hyun Yang'*’, Sang Ho Lee™’

'Department of Surgery, Kosin University College of Medicine, Busan, Korea
?Pusan National University Hospital, Busan, Korea

3Yeungnam University Medical Center, Daegu, Korea

“Chosun University Hospital, Gwangju, Korea

®Inje University Busan Paik Hospital, Busan, Korea

®Inje University Haeundae Paik Hospital, Busan, Korea

’Pusan National University Yangsan Hospital, Yangsan, Korea

8Samsung Changwon Hospital, Sungkyunkwan University School of Medicine , Changwon, Korea
°Keimyung University Dongsan Medical Center, Daegu, Korea

“Dongnam Institute of Radiological and Medical Sciences, Busan, Korea
"Gyeongsang National University Hospital, Jinju, Korea

”Dankook University Hospital, Cheonan, Korea

*Daegu Catholic University Medical Center, Daegu, Korea

“Chonbuk National University Medical School, Jeonju, Korea

ABSTRACT

Purpose: The Trastuzumab for gastric cancer (GC) trial identified human epidermal
growth factor receptor 2 (HER2) as a predictor of successful treatment with trastuzumab
(HER2 receptor targeting agent) among patients with advanced/metastatic GC. To date,
the prevalence of HER2 overexpression in the Korean population is unknown. The present
study aimed to assess the incidence of HER2 positivity among GC and gastroesophageal
(GE) junction cancer samples and the relationship between HER2 overexpression and
clinicopathological characteristics in Korean patients.

Materials and Methods: Tumor samples collected from 1,695 patients with histologically
proven GC or GE junction enrolled at 14 different hospitals in Korea were examined.
After gathering clinicopathological data of all patients, HER2 status was assessed by
immunohistochemistry (IHC) at each hospital, and IHC 2+ cases were subjected to silver-
enhanced in situ hybridization at 3 central laboratories.

Results: A total 0of 182 specimens tested positive for HER2, whereas 1,505 tested negative.
Therefore, the overall HER2-positive rate in this study was 10.8% (95% confidence
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INTRODUCTION

Gastric cancer (GC) is the fourth most frequently diagnosed cancer and the second most
common cause of cancer-related deaths worldwide. Although the GC-related death rate

is decreasing, the incidence of gastric and gastroesophageal (GE) junction cancers has
increased abruptly in recent years [1-3]. In Korea and Japan, this increase includes cases of
advanced, metastatic, or inoperable disease, despite the diagnosis of more early GCs by the
national health endoscopy screening programs. Therefore, clinics worldwide require more
effective and tolerable therapeutic methods to treat advanced, metastatic or inoperable GCs.

The phase III Trastuzumab for Gastric Cancer (ToGA) trial has reported that the addition

of trastuzumab to the chemotherapy regimen significantly improved overall survival,
compared with chemotherapy alone. This trial defined human epidermal growth factor
receptor 2 (HER?2) positivity as an immunohistochemistry (IHC) score of 3+ or positive
fluorescence in situ hybridization (FISH+) result and reported an overall HER2-positive rate
0f22.1% [4,5]. The frequency of HER2-positive GC varies considerably among studies, with
reported rates ranging from 6% to 30% depending on evaluation assays and other factors;
as a result, the precise figure remains uncertain [6-10]. It is therefore important for local
laboratories to determine the incidence of HER2 positivity among gastric and GE junction
adenocarcinomas in a community setting.

The present study aimed to apply a modified scoring system and thus generate vital
epidemiological data from local laboratories regarding HER2 expression in gastric and GE
junction cancers in a broader and more real-life setting.

MATERIALS AND METHODS

Study design and participants
This was a non-interventional, epidemiology study conducted at 14 centers in Korea to
determine the HER2 positivity rate among patients with gastric and GE junction cancer.

Tumor samples that had been stored in the pathology departments of participating centers
from October 1, 2010 until the Institutional Review Board (IRB) approval date were collected
retrospectively. In addition, new specimens obtained via surgical retrieval or via endoscopic
biopsy were included prospectively after IRB approval (Fig. 1). The results were recorded
using case report forms.

https://jgc-online.org https://doi.org/10.5230/jgc.2017.17.e6 53


http://jgc-online.org

Journal
, ‘ of
Gastric

Cancer

HER2 Status in Korean Advanced Gastric Cancer Patients

https://jgc-online.org

’ Patient tumor sample ‘
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FISH/SISH
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Fig. 1. HER2 test algorithm.

HER2 = human epidermal growth factor receptor 2; IHC = immunohistochemistry; FISH = fluorescence in situ
hybridization; SISH = silver-enhanced in situ hybridization.

Eligible for
trastuzumab

Objectives

The primary study objective was to assess the HER2 positivity rate in gastric and GE junction
cancer tumor samples analyzed by local laboratories. The secondary objective was to assess
correlations of the HER2 status with stage, tumor type, gastric vs. GE junction cancer, age,
and sex. We described the tumor depth and lymph node metastasis according to the 7th
American Joint Committee on Cancer/Union for International Cancer Control tumor node
metastasis staging system (2010 revision).

HER2 test algorithm

The definition of HER2 positivity was based on an approved indication by the European
Medicine Agency (EMA) (Fig. 2). The HER2 statuses of tumor tissues were examined by 18
pathologists at 14 participating centers. Tumor samples that received IHC scores of O or 1+
were classified as HER2-negative, and those that received IHC scores of 3+ were classified
as HER2-positive, while waiving the requirement for in situ hybridization (ISH) re-testing.
However, samples that received IHC scores of 2+ were subjected to silver-enhanced ISH
(SISH) for HER2 status confirmation. Three central laboratories in the present study
(Yeungnam University Medical Center, Pusan National University Hospital, Chosun
University Hospital) subjected IHC 2+ samples to IHC re-testing before conducting SISH.

IHC scoring system

Local laboratories used 5 different IHC testing methods to evaluate HER2 protein expression
according to normal practices. The most common methods used the fully automated Ventana
CONFIRM HER2/neu (4B5) Antibody System (Roche Tissue Diagnostics/Ventana, Tucson,
AZ, USA) and the Anti-HER2 (A0485) Antibody or HercepTest (Dako, Carpinteria, CA, USA).
All re-tested cases were analyzed using the Ventana system. The slides were examined and
scored by experienced pathologists at local laboratories by using the ISH scoring criteria
defined in the ToGA trial (Table 1).

SISH

Three central laboratories performed automated SISH analyses using the PathVysion HER2
DNA Probe Kit (Abbott/Vysis, Des Plaines, IL, USA) and Ventana INFORM HER2 DNA dual-
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Fig. 2. Flowchart of tumor sample testing results.

IHC = immunohistochemistry; FISH = fluorescence in situ hybridization; SISH = silver-enhanced in situ
hybridization; HER2 = human epidermal growth factor receptor 2.

color assay (Roche Tissue Diagnostics/Ventana). The entire assay process (deparaffinization,
pretreatment, hybridization, stringency wash, signal detection, counterstaining) was fully
automated.

Positive SISH was defined as a HER2 gene copy number per tumor cell to chromosome 17 copy
number per cell ratio of 2. This ratio was calculated by dividing the total number of HER2
gene signals counted within 20 cells by the total number of chromosome 17 (centromeric
probe=CEP17) signals counted in the same 20 cells. For equivocal cases, signals were counted
in 20 or 40 additional cells.

Ethics statement

This study was conducted in accordance with Good Clinical Practice Guidelines and the
Declaration of Helsinki. Approvals for the study protocol were gained from the independent
IRB (KUGH IRB No.11-98) of each of the 14 participating institutes. Human rights and
informed consent statements: All procedures were conducted in accordance with the ethical
standards of the responsible committees on human experimentation (institutional and
national) and with the Helsinki Declaration of 1964 and later revisions. Informed consent or
an acceptable substitute was obtained from all patients prior to inclusion in the study.

Sample size

Although no formal calculation was performed for this exploratory investigation, the sample
size was primarily determined using practical considerations such as the availability of
patients, laboratories, and resources. Approximately 2,000 samples were collected at 14 local
laboratory centers to estimate the HER2 positivity rate in GCs. This sample size was expected

https://doi.org/10.5230/jgc.2017.17.e6 55


http://jgc-online.org

HER2 Status in Korean Advanced Gastric Cancer Patients

Cancer

°
Journal

, ‘ of
Gastric

Table 1. HER2 gastric cancer scoring criteria used in the Trastuzumab for Gastric Cancer trial

Example figure Score

Surgical specimen-staining pattern

Biopsy specimen-staining pattern

HER2 overexpression
assessment

2+

4 3 E e

No reactivity or membranous reactivity in
<10% of tumor cells

Faint/barely perceptible membranous
reactivity in 210% of tumor cells; cells are
reactive only in part of their membrane

Weak to moderate complete, basolateral
or lateral membranous reactivity in >10%
of tumor cells

Strong complete, basolateral or lateral
membranous reactivity in 210% of tumor
cells

No reactivity or no membranous
reactivity in any tumor cell

Tumor cell cluster with a faint/barely
perceptible membranous reactivity
irrespective of percentage of tumor
cells stained

Tumor cell cluster with a weak to
moderate complete, basolateral

or lateral membranous reactivity
irrespective of percentage of tumor
cells stained

Tumor cell cluster with a strong
complete, basolateral or lateral
membranous reactivity irrespective of
percentage of tumor cells stained

Negative

Negative

Equivocal

Positive

https://jgc-online.org

HER2 = human epidermal growth factor receptor 2.

to provide sufficiently precise overall and subgroup incidence estimates. For example, the
95% confidence interval (CI) around an observed incidence of 12% would range from 10.5%
to 13.5% in a subgroup of 1,800 patients.

Statistical analysis

The Statistical Package for Social Sciences (SPSS) Statistics ver. 17.0 (SPSS Inc., Chicago, IL,
USA) was used to conduct statistical analyses. The HER2 positivity rate was determined from
local assessments and has been displayed with its 95% CI (Clopper-Pearson method). In
addition, incidence estimates have been presented for subgroups defined by the type of GC
(e.g., histological type or location), age, and sex. Appropriate subgroup comparisons were
performed using the chi-square test for discrete variables and Student's t-test for continuous
variables. A P-value <0.05 was considered statistically significant.

RESULTS

This study was conducted at 14 sites nationwide from October 11, 2011 to April 19, 2013.
Although an estimated 2,000 samples were planned, 1,695 samples were collected within the
planned study period to complete the study.

Of these samples, 6 were withdrawn from the study because of incompatibility with the
inclusion criteria, and the rest were included in the clinical study evaluation. Furthermore,
198 0f 1,689 samples were subjected to IHC re-testing, one sample was withdrawn, and 64

https://doi.org/10.5230/jgc.2017.17.€6

56


http://jgc-online.org

°
Journal

, ‘ of
Gastric

Cancer

HER2 Status in Korean Advanced Gastric Cancer Patients

https://jgc-online.org

samples were subjected to FISH/SISH testing. Among the latter, one sample was withdrawn.
Sample testing identified 182 samples as HER2-positive and 1,505 as HER2-negative. Among
the 1,695 samples included in this study, 8 samples were withdrawn either for incompatibility
with the inclusion criteria (6 samples, 0.35%) or for non-evaluable sample testing results (2
samples, 0.12%; Fig. 2).

The primary efficacy evaluation included 1,687 samples subjected to tumor sample testing,
among which 182 samples were found to be HER-2 positive. The HER2 positivity rate was
therefore 10.8%, with a 95% CI 0f9.3% to 12.3%.

Among the 1,687 cases with assessed samples, the mean patient age was 61.9 years, with a
wide age range of 24 to 95 years, and the study group comprised 69.5% and 30.5% male and
female subjects, respectively. The most common tumor stage was stage 3 (45.5%), followed
by stage 2 (32.6%), stage 1 (15.6%), and stage 4 (6.3%). The stomach was the tumor location
in most cases (99.0%), and the most dominant tumor type was diffused (46.2%), followed
by intestinal (36.8%) and mixed (11.4%). Most samples collected were collected via excision
(97.3%), and all were fixed in 10% neutral buffered formalin (Table 2).

Regarding tumor, node, metastasis (TNM) classification by tumor stage, all 263 samples

diagnosed as stage 1 were T stage 2, with infiltration limited to the muscle layer, whereas 393
(71.5%) of 550 samples diagnosed as tumor stage 2 were T stage 3 or 4a. Among 768 samples
diagnosed as tumor stage 3, TAN3MO was most prevalent (264 samples, 34.4%), followed by

Table 2. Correlations of HER2 status with patient information and characteristics

Factors Assessed samples (n=1,687) HER2 positivity (n=182) P-value®
Age (yr) 61.9+12.2 (24.0-95.0) 0.0185
<50 276 (16.4) 19 (10.4)
50-59 407 (24.1) 53 (29.1)
60-69 467 (27.7) 49 (23.1)
>70 537 (31.8) 68 (37.4)
Sex 0.0080
Male 1,172 (69.5) 142 (78.0)
Female 515 (30.5) 40 (22.0)
Tumor stage’ 0.1554
1 263 (15.6) 31(17.0)
9 550 (32.6) 57 (31.3)
3 768 (45.5) 76 (41.8)
4 106 (6.3) 18 (9.9)
Tumor location 0.8962
Stomach 1,670 (99.0) 180 (98.9)
Gastro-esophageal junction 17 (1.0) 2 (1.1)
Lauren’s classification <0.0001
Intestinal 620 (36.8) 109 (59.9)
Diffused 780 (46.2) 41 (22.5)
Mixed 193 (11.4) 924 (13.2)
Not available 90 (5.3) 8 (4.4)
Others” 4(0.2) -
Source of samples -
Surgically resected 1,641 (97.3) -
Endoscopic biopsy 46 (2.7) -

Values are presented as meanzstandard deviation (range) or number (%). The sum of the percentages does not
equal 100% because of rounding.

HER2 = human epidermal growth factor receptor 2.

*Indeterminate in two subjects; lymphoid stroma in one subject; mucinous adenocarcinoma in one subject.
TClassification according to the Union for International Cancer Control/American Joint Committee on Cancer 7th edition.
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T3N3MO (143 samples, 18.6%), T3N2MO (139 samples, 18.1%), and T4aN2MO (102 samples,
13.3%). All 106 samples diagnosed as tumor stage 4 were M stage 1 (metastatic).

Automated methods were used for IHC testing and re-testing, and SISH was used for all ISH
confirmation testing. The Ventana CONFIRM HER2/neu (4B5) Antibody System (Roche Tissue
Diagnostics/Ventana) was used most frequently (777 samples, 46.0%), followed by the Anti-HER2
(A0485) Antibody or HercepTest (Dako; 607 samples, 36.0%) and others (303 samples, 18.0%).
Al 198 THC re-tests were performed using the Ventana CONFIRM HER2/neu (4B5) Antibody
System (Roche Tissue Diagnostics/Ventana). Ventana INFORM HER2 DNA dual-color assay
(Roche Tissue Diagnostics/Ventana; SISH) was used for all 64 samples subjected to ISH. For the
secondary efficacy evaluation, correlations of HER2 status with stage, tumor type, gastric vs. GE
junction cancer, age, and sex were assessed. Regarding tumor type, the HER2 positivity rates were
17.6%, 12.4%, and 5.3% for the for intestinal, mixed, and diffused tumor types, respectively. These
differences in HER2 positivity rates were significant (P<0.0001). Regarding sex, male and female
subjects had HER?2 positivity rates of 12.1% and 7.8%, respectively, which showed a significant
difference (P=0.0080). Regarding the correlation of HER2 status with sex, this significant
difference in HER2 positivity did not exhibit a consistent tendency (P=0.0185). Furthermore,
significant differences were not observed among tumor stages (stage 1-4, P=0.1554; Table 2).

DISCUSSION

This study examined HER overexpression in 1,695 patients with gastric and GE junction
cancer using samples from 14 different hospitals. HER2 positivity was defined as IHC 3+ or
IHC 2+ plus SISH+. Regarding the primary study objective, the HER2-positive rate was 10.8%
based on data from 14 local laboratories, and slightly lower than the rates reported by other
studies [9-11]. Moreover, this rate was much lower than the rate reported by the ToGA trial
(IHC 3+ or IHC 2+/FISH+; 16.0%) [5]. Regarding the secondary objectives, the HER2-positive
rate was significantly higher in intestinal type tumors (Lauren classification), compared

to diffuse/mixed type tumors (17.6% vs. 5.3%/12.4%; P<0.0001), which corroborated the
findings of other studies, including the ToGA trial. However, the HER2-positive rate of GE
junction cancers was not higher than that of GCs in the present study. Furthermore, HER2
positivity did not correlate significantly with disease stage.

HER2 has increasingly become an important biomarker of gastric and GE junction cancers.
Current estimations suggest approximately 16% of gastric and GE junction tumors
overexpress HER2, although the precise figure remains uncertain with reported frequencies
of HER2-positive GC ranging from 6.0% to 30.0% [6-10].

Various HER2 positivity rates have been reported for Korean patients with GC; studies have
published rates of 3.4% (8/232), 6.0% (11/182), and 4.0% (10/248) using the IHC 3+ criterion
and of 6.5% (15/230), 3.8% (7/182), and 7.7% (19/248) using ISH [6,12,13]. Although HER2
positivity appears to vary by IHC and ISH type (chromogenic ISH [CISH], FISH, or SISH), the
authors have similarly noted that the frequency of HER2 mutation appears to be lower among
GC, compared to breast cancer, and recommend discussion and validation as necessary for
consistency among studies.

We believe that at least three important points regarding differences in HER2 positivity
among studies should be considered. First, inter-study variability can largely be attributed

https://doi.org/10.5230/jgc.2017.17.e6 58


http://jgc-online.org

°
Journal

, ‘ of
Gastric

Cancer

HER2 Status in Korean Advanced Gastric Cancer Patients

https://jgc-online.org

to differences in the definition of HER2-positive GC. The authors of the ToGA study used
a modified HER2-scoring system based on a protocol for breast cancer, which defined an
IHC score of 3+ and/or FISH positivity, leading to an overall HER2-positive rate of 22.1%.
However, the frequency of HER2-positive GC defined as IHC 3+ or IHC 2+/FISH+, after
excluding FISH+ IHC 0/1 samples, was 16.0% [4,5].

Compared to IHC 3+, the criterion of ISH positivity tends to yield a slightly higher rate of
HER2 positivity in GC. IHC-based studies have reported a wide range of HER2 positivity
rates in GC (8.2%-32.0%) (7, 8, 14-18]. FISH-based studies have reported a similarly wide
range (7.1%—-43%) [7,9,19-21]. Notably, most previously reported data were generated without
applying a modified scoring system for GC and must be interpreted with caution. The
present study followed the EMA criteria for HER2 positivity and obtained a rate of 10.8%.
Second, inter-observer and inter-institutional variability might also explain differences in
HER?2 positivity, as different pathologists at each institute use different assays, definitions

of HER2 positivity, and scoring systems. HER2 staining results seem to be influenced by a
number of factors, including fixative type, staining method, and pathologist's experience
level [22,23]. However, these inter-observer differences may not be highly influential.

In the Chinese HER-EAGLE study, a comparison revealed good concordance regarding
HER?2 status, with a total agreement rate between local and central laboratories of 97.2%
(kappa=0.86) [11]. In addition, several IHC kits are currently available in Korea. Various
antibody methods are still used, although only two have been approved by the Food and
Drug Administration (HercepTest and Ventana), and all cases were included in the present
study. Accordingly, the present study subjected IHC 2+ samples from the 14 participating
hospitals to an IHC re-testing step conducted at 3 central laboratories. Third, differences in
population characteristics among studies may have contributed to the different outcomes.
Per previous reports, HER2 positivity rates tend to be higher among GE junction cancers vs.
GCs and among intestinal type vs. diffuse/mixed type cancers. Our study population included
a lower proportion of intestinal type cases relative to diffuse/mixed type cases (36.8% vs.
46.5%/11.4%). In contrast, the ToGA trial enrolled more intestinal type cases relative to
diffuse/mixed type cases (52.0% vs. 30.3%/17.6%) [4]. These two studies, however, observed
similar patterns in HER2 positivity rates among subtypes (intestinal vs. diffuse/mixed, 32.3%
vs. 6.1%/20.4% in ToGA and 17.6% vs. 5.3%/12.4% in the present study). Moreover, the
proportion of GE junction cases was extremely small in our study, compared to that in the
ToGA study (1.0% vs. 18.1%). Our study also reported a higher HER2 positivity rate among
GE junction tumors. Their effects did not contribute to HER2 incidence, in comparison to
the ToGA study. These factors could potentially explain our lower HER2 positivity rate.

In contrast to breast cancer findings, the ToGA trial reported similar frequencies of FISH
positivity among IHC 0/1 and IHC 2 samples (23% vs. 26%). However, in a ToGA study ad-hoc
analysis, patients with HER2 IHC 2+/FISH positive or IHC 3+ gastric and GE junction cancer
achieved the greatest overall survival benefits when compared to patients with IHC 0/1/FISH
positive disease.

In Korea, the national health insurance system does not cover expenses associated with FISH/
SISH for all GC patients. Hence, IHC-based HER2 status assessment and subsequent FISH/

SISH, if indicated, is more a cost-effective and acceptable clinical practice in a clinical setting.

In conclusion, this was the first epidemiologic study of the HER?2 positivity rate in gastric
and GE junction cancers among patients in a Korean multicenter community-based setting.
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Using a modified scoring system and settings more similar to actual clinical scenarios, the
HER?2 positivity rate among GC and GE junction adenocarcinomas was 10.8% according
to assessments by local laboratories at participating centers. Our findings demonstrate
the crucial role of epidemiological data in studies of HER2 expression rates in GCs and GE
junction adenocarcinomas.
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