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ABSTRACT

Background: Trastuzumab has been approved for the treatment of patients with HER-2 positive metastatic/locally
advanced adenocarcinoma of the stomach by FDA. Most of gastric cancer patients present at an advanced stage in our
setup, all patients of gastric adenocarcinoma should be subjected to HER-2 testing at initial diagnosis.
Immunohistochemistry should be the initial testing methodology and Fluorescence in-situ hybridization should be
used to retest immunohistochemistry 2+ samples.

Methods: We conducted this study with the aim to establish the expression profile of HER-2 and its correlation to
clinicopathological characteristics in resectable cases of gastric adenocarcinoma, in patients presenting with gastric
adenocarcinoma at IGMC Shimla. The study was conducted over a year from 1st July 2014 to 30th June 2015.
Sample size included 40 diagnosed cases of resectable gastric adenocarcinoma. All patients with operable and
resectable disease were subjected to surgery and the specimen were sent for detailed histopathological examination
and immunohistochemistry. y? statistical analysis was performed to assess the HER-2 positivity rate. All statistics
were performed using 2-sided analysis, with a significance level of p< 0.05.

Results: In present study, 7 cases (17.5%) were scored as strongly positive for HER-2 membrane staining (3+), 4
cases (10%) were moderately positive (2+) and 29 cases (72.5%) were HER-2 negative (0/1+) on IHC. The positivity
rates in diffuse type (22.2%) and poorly-differentiated (25%) gastric cancer were higher than those in intestinal type
(9.9%) and well-differentiated (14.3%) gastric cancer respectively.

Conclusions: There is a strong association of human epidermal growth factor receptor-2 positivity with Gastric
Malignancy in our country especially in poorly differentiated cancers. Targeted biological therapy with Trastuzumab
hence becomes an attractive addition to the multimodality therapy usually required in the treatment of locally
advanced /metastatic gastric cancers.
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INTRODUCTION 34,000 with a male predominance (male-to-female ratio,

2:1) with a progressive increase postulated such that by
Gastric cancer is the 2nd most common cause of cancer- the year 2020, there would be approximately 50,000 new
related deaths in Indian population. In India, the number gastric cancer cases annually in India.*? The prognosis
of new gastric cancer cases, annually, is approximately for most patients with gastric cancer is poor, with 5-year
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survival for all patients less than 30%.% Given the
disappointing results of standard therapy, a paradigm
shift in oncology is occurring that focuses on tailoring
therapy to the individual patient. Trastuzumab based
therapy has been shown to confer overall survival benefit
in HER-2 positive patients with advanced gastric cancer
in large multi centric trial (ToGA trial).* In this multi-
institutional international study, 22.1% of screened
patients with advanced or metastatic gastric cancer were
HER-2 positive and randomized to either therapy with a
HER-2-targeted monoclonal antibody (trastuzumab) in
addition to standard chemotherapy or standard
chemotherapy alone. The trial demonstrated a significant
increase in median overall survival of 2.7 months for
patients receiving trastuzumab (13.8 versus 11.1 months,
HR 0.74, 95% CI [0.60-0.91], p=0.0046) and led to the
FDA approval of the drug as part of first line therapy for
patients with metastatic gastric cancer. Finally, in the
ToGA trial, HER-2 positivity differed significantly by
histological subtype (intestinal 34%, diffuse 6%, mixed
20%).

ToGA trial was noteworthy both in its successful
introduction of a new therapeutic agent for patients with
advanced/metastatic gastric cancer and in its contribution
to the standardization of HER-2 testing (based on study
by Hofmann et al) in all stages of gastric cancer.

Given the paucity of studies on HER-2 overexpression in
gastric cancer in our country, we conducted this study
with the aim to establish the expression profile of HER-2
and its correlation to clinicopathological characteristics in
resectable cases of gastric adenocarcinoma, in patients
presenting with gastric adenocarcinoma at IGMC Shimla.

METHODS

The study was conducted after ethics committee approval
(Himachal Pradesh University, Shimla, India) from 1st
July 2014 to 30th June 2015. Sample size included 40
diagnosed cases of resectable gastric adenocarcinoma.
Written and informed consent was taken from every
patient.

All patients with operable and resectable disease were
subjected to surgery and the specimen were sent for
detailed histopathological examination and
immunohistochemistry in 10% neutral buffered formalin
to department of pathology. Their 10% neutral buffered
formalin fixed paraffin embedded (FFPE) tissue blocks
were retrieved. Sections were made and staining done
using routine haematoxylin and Eosin stain. The slides
were reviewed for quality and quantity of material by a
pathologist IGMC, Shimla laboratories. Suitable cases
were selected and presented for IHC for HER-2 receptors
using anti HER-2 antibodies.

All histopathological diagnosis was established on
routine haematoxylin and eosin staining of the sections.
Immunohistochemistry for HER-2 was done on Bio

Genex Xmatrx fully automated front-end processing
system.

Immunohistochemistry staining 5 - IHC staining was
done on fully automated Xmatrx IHC staining machine
on poly-I-lysine coated slides from formalin fixed,
paraffin embedded tissues. 3-4 microns’ thin sections
were mounted on slides. Slides were then placed in fully
automated Xmatrx IHC staining machine, where the
slides were heated at 800°C for 15-20 minutes. Dewaxing
was done for 3 cycles of 3 minutes each and washed with
IHC buffer solution.

Antigen retrieval was done by applying micro reagent:
EZAR 1 (HX0031) for HER-2, the slides were heated for
800°C for 20-25 minutes and washed with IHC buffer.
Peroxide block was then applied (HX0026) and slides
were incubated for about 10 minutes. Power block was
then applied (HX0083) and slides incubated for about 10
minutes. Antibody was added for HER-2. Slides were
heated and incubated at 370°C for 1 hour, washed with
IHC buffer and deionized water. Slides were heated and
incubated at 250°C for 40 minutes, washed with IHC
buffer and deionized water. Polymer HRP was added to
slides and were heated at 300C and incubated for 30
minutes. DAB working solution was added and slides
incubated for 8-10 minutes and then washed with
deionized water and IHC buffer. Counterstaining was
then done with haematoxylin and slides incubated for 5
minutes and then washed with deionized water and IHC
buffer. Mounting was done by using DPX mountant.
HER-2  overexpression  was  correlated  with
clinicopathological profile of the tumours. y 2 statistical
analysis was performed to assess the HER-2 positivity
rate  amongst the  subgroups  with  different
clinicopathological characteristics. All statistics were
performed using 2-sided analysis, with a significance
level of p<0.05.

RESULTS

In this prospective study, the mean age of patients with
carcinoma was 60 years (10.9 years SD). 55% of patients
were greater than 60 years of age and 45 % of patients
were less than 60 years of age (p = 0.9735). The number
of male patients were more than female (67.5% vs 32.5%,
p = 0.4604). According to Hofmann’s HER-2 gastric
cancer scoring criteria, 7 cases (17.5%) were scored as
strongly positive for HER-2 membrane staining (3+), 4
cases (10%) were moderately positive (2+) and 29 cases
(72.5%) were HER-2 negative (0/1+) on IHC. Most of
the tumors were located at antrum (22; 55%) and the
number of patients involving cardia and body were 2
(5%) and 15 (37.5%) respectively. One patient had
diffuse involvement of entire stomach like linitisplastica.
The HER-2 positivity rate was not correlated with tumor
location (p=0.1314). The histopathological examination
revealed Lauren’s diffuse variant as most common
pathology in 27 (67.5%) patients. Most of them had
poorly differentiated adenocarcinoma (24. 60%). The
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positivity rates in diffuse type (22.2%) and poorly-
differentiated (25%) gastric cancer was higher than those
in intestinal type (9.9%) and well-differentiated (14.3%)

types or tumour differentiation (p >0.05). Among all
patients, 33 were staged as T4, 3 were staged T3, 2 each
were staged T2 and T1. HER2 overexpression was also

gastric  cancer  respectively.  However, HER-2
overexpression rate was not correlated with histological

not correlated with T-stage (p = 0.1544).

Table 1: correlation of HER2 with clinicopathological characteristics.

| Clinicopathologic characteristics n

Positive Equivocal  Negative
Age (years)
<60 18 03 (3.15) 02 (1.80) 13(13.05)
>60 22 04 (3.85) 02 (2.20) 16 (15.95) 0.0537 0.9735
Gender
Male 27 06 (4.72) 03 (2.70) 18 (19.58)
Female 13 01 (2.28) 01 (1.30) 11 (9.43) 1.5511 0.4604
Tumour site
Cardia 02 00 (0.86) 00 (0.38) 02(2.72)
Body 15 03(3.21) 00 (1.43) 12 (10.36)
Antrum 22 03(471)  04(210)  15(1519) 04 0.1314
Linitis plastica 01 01(0.21) 00 (0.10) 00 (0.69)
Lauren’s classification
Intestinal 11 01(1.92) 01 (1.10) 09 (7.98)
Diffuse 27 06 (4.72) 03 (2.70) 18 (19.58) 1.848 0.7637
Mixed 02 00 (0.35) 00 (0.20) 02 (1.45)
Tumour differentiation
Well-differentiated 07 01(1.23) 01 (0.13) 06 (5.08)
Moderately-differentiated 09 00 (1.58) 00 (0.90) 09 (6.52) 4.837 0.3044
Poorly-differentiated 24 06 (4.20) 03 (0.15) 18 (17.43)
T-stage
Tl 02 00 (0.35) 00 (0.20) 02 (4.95)
T2 02 01(1.21) 01 (0.20) 00 (28.05)
T3 03 00(0.52) 01 (0.30) 02 (2.17) 9.3574 0.1544
T4 33 06 (5.78) 02 (3.30) 25 (23.92)

Gastric adenocarcinoma - IHC staining

Figure 1: Well-differentiated adenocarcinoma, HER-2
score 3+ (IHC, 100X)

Figure 2: Well-differentiated adenocarcinoma, HER-2
score 3+ (IHC, 400X)
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Figure 3: Poorly -differentiated adenocarcinoma,
HER-2 score 3+ (IHC, 400X).

Table 2: HER-2 expression.

| Variable _Frequency (%
IHC 3+ (positive) 07 (17.5)
IHC 2+ (equivocal) 04 (10)
IHC 1+ (negative) 03 (7.5)
IHC 0 (negative) 26 (65)
Total 40

DISCUSSION

The HER-2 gene is a proto-oncogene located on
chromosome 17.6. It expresses HER-2 protein, one of the
epithelial growth factor receptor families, and has
tyrosine Kkinase activity, which mediates cancer
proliferation. HER-2 gene amplification and protein
overexpression in gastric cancer were first reported in
1986 and have since been confirmed by numerous
studies, highlighting ranges in both HER-2 gene
amplification rates from 16%-27.1% by FISH analysis
and HER-2 protein overexpression from 4%-53% by IHC
analysis.” The variability within these results is likely due
to several factors including sample size, study design and
differences in geographic location. However, the most
important variability factor is likely a consequence of
having no standardized HER-2 test and scoring criteria.®
In the present study, IHC scoring criteria followed were
that of Hofmann which is considered to be the most
appropriate HER-2 scoring system in human gastric
cancer.® Furthermore, to ensure the reliability of our
results, we used the test kit certified by the United States
Food and Drug Administration. Herceptin (trastuzumab)
is a recombinant human monoclonal antibody designed to
target and block the function of HER-2 by directly
binding to the extracellular domain of the receptor.'©
Herceptin has been used for the treatment of HER-2
overexpressing breast cancer for more than 10 years and
was approved by the European Medicines Agency in
2010 for use in combination with capecitabine or 5-FU
and cisplatin for metastatic gastric or GE junction
cancers, based on data from the ‘ToGA’ clinical trial.

The exact anti-tumor mechanism of Herceptin is not fully
understood. However, some mechanisms have been
postulated including interruption of HER-2 mediated cell
signaling pathways and cell cycle progression; induction
of antibody-dependent cell-mediated cytotoxicity and
apoptosis; induction of anti-angiogenesis effects and
increasing receptor turnover by endocytosis.*

The incidence of HER-2 overexpression in our study was
17.5% and this is in comparable with other studies.
(ToGA trial 2 - 22.1%, Chao et al - 25.38%, Shan et al -
9.8%, Yan et al - 11.7%, Yonemura et al - 11.9%,
Rajagopal | et al - 26.7% Patil P et al - 7%, Lakshmi V et
al - 35.9%)).28.13-17

The mean age of patients with carcinoma in our study
was 60 years (10.9 years SD HER-2 was overexpressed
in 18.2% (3/18) patients under 60 years of age and in
16.7% (4/22) patients older than 60 years. This is not
statistically significant with no association between HER-
2 overexpression and age which is also seen in other
studies. 281217

Amongst our study subjects, gastric cancer was more
common in males (67%, n = 27/40) than in females (33%,
n = 13/40). This correlates with a distribution ratio of 2:1
as seen in the literature. However, HER-2 overexpression
was 22.2% (n=6/27) in males and 7.7% (n = 1/13) in
females, showing no significant association of HER-2
overexpression and gender. Similar trend is observed in
some studies.!® Geographic and ethnic heterogeneity of
tumour associated aberration which exist in solid tumours
may help to explain the differences for HER-2
overexpression in various studies.’® In addition, there is
paucity of data in our Indian population for HER-2
overexpression with no specific documented prevalence
in Indian population.

Specimens which demonstrated weak to moderate
complete or basolateral membranous reactivity in more
than 10% of cells (10%, N = 4/40) were classified as
equivocal (+2). These cases required to undergo FISH
test evaluation to classify them as positive or negative for
HER-2 overexpression. FISH was not available in our
study as alluded earlier in the study limitation. However,
in the ToGA trial 26% of the equivocal were FISH
positive for HER-2 overexpression, while in a Chinese
cohort study, 28.8% of equivocal turned positive upon
FISH evaluation.?®?' On extrapolation using the above
studies, our HER-2 positivity will be expected to rise to
22.5%.

On assessment of HER-2 overexpression in specific
anatomical sites, only tumours located at body and
antrum overexpressed HER-2. Further, it was observed
that 20% (n = 3/15) of tumours located at body and
13.6% (n = 3/22) of gastric cancer located at antrum,
overexpressed HER-2. Present study, as well as that of
another group, showed no statistically significant
difference between HER-2 positivity and the gastric
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tumor site. In general, out of all the 7 cases which
revealed HER-2 over-expression, 3 cases each were
located at body and antrum (15%) and in remaining one
case (2.5%) there was diffuse involvement of stomach.
However, tumours located at cardia (5%, 2/40) did not
overexpress HER-2 and this association was not
statistically significant.2812-1” This was attributed to fewer
cases of cardia cancer in our study.

On evaluation of histological pattern for HER-2
overexpression, this study shows higher HER-2
overexpression in diffuse type (22.2%, n =6/27)
compared to intestinal (9.9%, n = 1/11) and mixed (0%, n
= 9/40) for gastric adenocarcinoma. This is in contrast to
other studies comparing HER-2 overexpression and
histological types of gastric adenocarcinoma.?®117 This
could be attributed to higher prevalence of diffuse type of
gastric cancer in our sample population. However, this
association was not statistically significant and this trend
is similar to trend in other studies.

In present study, HER-2 overexpression was seen more in
poorly-differentiated cancers (25%, n = 6/24 as compared
to well-differentiated cancers (14.3%, n = 1/7). However,
this association was not statistically significant. This
finding is in contrast to other studies which demonstrated
both an association and no association between HER-2
overexpression and tumor differentiation.812Y" These
conflicting data may be due to different sample sizes and
the low prevalence of HER-2 in GC. In addition, varying
methods of evaluation and scoring schemes with different
cut-points were used before the establishment of a
standard guideline for assessing HER-2 expression.
Perhaps with the current consistent guidelines for HER-2
assessment in this disease, future studies will provide
more clarity regarding this issue.

Most of cases in our study were pathologically T4 and
HER-2 expression was 18.2% (n = 6/33) in T4 tumours.
Out of the two cases with T2 tumours, HER-2
overexpression was seen in half. However, this
association was also not statistically significant which is
concordance with other studies.28117

CONCLUSION

As clinical surgeons, study should be readily and
accurately able to identify which patients are suitable for
Herceptin treatment. In view of the high cost of treatment
with trastuzumab therapy and different HER-2 staining
pattern in gastric cancer from that in breast cancer due to
tumour heterogenicity, HER-2 testing should be
standarised and interpretation of HER-2 results is
performed with strict adherence to the scoring criteria
specific for gastric cancer to select eligible candidates for
trastuzumab therapy. Immunohistochemistry should be
the initial testing methodology and Fluorescence in-situ
hybridization should be used to retest
immunohistochemistry 2+ samples. Hence, the need to
build our local capacity for Fluorescence in-situ

hybridization test. Further studies with larger cohorts
need to be conducted to provide more clarity on
prevalence of HER-2 overexpression and to explore the
role of HER2 as an independent prognostic factor in our
set up.
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