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ABSTRACT

Background: Gastric carcinoma is a deadly disease with high mortality. A better understanding of the molecular
basis of gastric cancer has contributed to the development of rationally designed molecular targeted therapies which
will improve the survival rate. A genetic alteration that could help in targeted therapy and prognostication includes
Human Epidermal Growth Factor Receptor 2 (HER2/neu) overexpression in gastric carcinoma. The objective of the
present study was to identify and evaluate the HER2/neu protein immunohistochemical expression in gastric cancer
from biopsies and surgical resection specimens and to evaluate their correlation with histopathological features.
Methods: Total/subtotal gastrectomy specimens and gastric biopsies from a tertiary care center in South India were
included in the study and assessed by light microscopy and Immunohistochemistry (IHC).

Results: HER2/neu overexpression was seen in 28.6% of gastric adenocarcinoma. HER2/neu overexpression was
seen in 44.2% of intestinal-type and 20% of mixed type with none of the diffuse type exhibited HER2/neu positivity
and this was statistically highly significant with p value of <0.01. HER2/neu positivity was found in 50% well-
differentiated and 36.4% moderately differentiated tumors with none of the poorly differentiated tumors exhibiting
HER2/neu positivity and this was statistically highly significant with p value of <0.01.

Conclusions: This study highlights the importance of the identification of HER2/neu overexpression in gastric
adenocarcinoma. This will help in prognostication and identifying patients suitable for novel therapeutic interventions

which will help in prolongation of survival of patients with this deadly disease.
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INTRODUCTION

Gastric cancer remains one of the deadly diseases with poor
prognosis and is the fifth most common cancer and the third
most common cause of cancer-related deaths worldwide. In
India, it is the fifth most common cancer and the fifth most
common cause of cancer-related deaths.

Gastric carcinogenesis is a multistep and multifactorial
process.>® H. pylori infection, atrophic gastritis, intestinal
metaplasia, and dysplasia are related to gastric
adenocarcinoma.® Reflux oesophagitis, Barrett’s esophagus,
and dysplasia are associated with the development of

proximal gastric adenocarcinomas.* Gastric adenocarcinoma
is the most common malignancy of the stomach, comprising
over 90% of all gastric malignancies. The stage is the most
important prognostic factor for gastric carcinoma followed
by histologic type.* However patients in the same stage and
histological type may have varied prognosis, therefore
additional parameters have to be identified in addition to
stage and tumor type in order to better identify the biological
subsets of this disease.* The only proven, potentially curative
treatment for gastric cancer is surgical resection of all gross
and microscopic disease. Even after what is felt to be a
curative gastrectomy, the disease recurs in both regional and
for distant sites in the majority of patients.®
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Currently available agents are not very effective resulting
in a high recurrence rate, low survival rate, poor
prognosis of advanced gastric cancer patients.> A better
understanding of the molecular basis of cancer has
contributed to the development of rationally designed
molecular targeted therapies that interfere with signaling
cascades involved in cell differentiation, proliferation,
and survival.* Current targeted therapy for advanced
gastric carcinoma depends on the evaluation of target
gene status.> The combination of various therapeutic
agents has modestly improved the overall survival rates.
Hence there is a need to study newer targeted therapeutic
agents that improve the survival rates.®

The HER2/neu protein is 185-kDa transmembrane
Tyrosine Kinase (TK) receptor and a member of the
Epidermal Growth Factor Receptors (EGFRs) family
which can influence cell proliferation, apoptosis,
adhesion, migration, and differentiation.*’ HER2/neu is
encoded by a gene located on chromosome 17g21. In
carcinomas, HER2/neu acts as an oncogene, mainly
because high-level amplification of the gene induces
protein overexpression in the cellular membrane and
subsequent acquisition of advantageous properties for a
malignant cell. HER2/neu overexpression and /or
amplification have been detected in 10-34% of invasive
breast cancers and with 13-44% gastric cancer and
correlates with poor outcome and more aggressive
disease. Overexpression of HER2/neu protein in gastric
cancer, using IHC, was first described in 1986. In
contrast to breast, basolateral membrane staining instead
of circumferential membranous staining is sufficient to
qualify for positive immunostaining. Incomplete
basolateral membrane HER2/neu staining is more
common in gastric cancer than in breast cancer due to the
higher frequency of glandular formations that occur in
gastric tissue.*89

Trastuzumab (Herceptin) is a monoclonal antibody that
specifically targets HER2 protein by directly binding to
the extracellular domain of the receptor. The antitumor
mechanism of Herceptin is not fully understood,
however, some mechanisms postulated are the
interruption of HER2/neu 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 turn over by endocytosis.'?
Trastuzumab was approved in combination with cisplatin
and a fluoropyrimidine, for the treatment of patients with
HER2/neu  overexpressing metastatic  gastric  or
gastroesophageal junction adenocarcinoma who have not
received prior treatment.®

The pivotal ToGA (Trastuzumab for gastric cancer) trial
2010 demonstrated a median survival of 13.1 months for
patients receiving Trastuzumab and chemotherapy and
11.7 months for patients receiving chemotherapy alone
thereby putting forth the advantage of concurrent use of
Trastuzumab along with chemotherapy.®

The objective of the present study was to identify and
evaluate the HER2/neu protein immunohistochemical
expression in gastric cancer from biopsies and surgical
resection specimens and to evaluate their correlation with
histological subtypes and histological grading. As there is
currently limited data available on immunohistochemical
expression of HER2/neu in gastric carcinoma in the
Indian population, authors proposed to conduct this study
to evaluate the same.

METHODS

The present study “HER2/neu immunohistochemical
expression in gastric carcinoma” is a descriptive study
conducted in the Department of Pathology in a tertiary
care hospital in South India with the cooperation of
Departments of General Surgery, Medical
Gastroenterology, and Surgical Gastroenterology over a
period of two years from February 2017 to January 2019.
A total of 70 cases including total/subtotal gastrectomy
specimens and gastric biopsies confirmed as gastric
adenocarcinoma by histopathological examination were
included in the study. Approval for the study was
obtained from the Institutional Ethics Committee.

Inclusion criteria

e Total or subtotal gastrectomy specimens, gastric
biopsies from patients with gastric adenocarcinoma
who have not received any previous treatment were
included in the study.

Exclusion criteria

e Cases where there is extensive tumor necrosis
without sufficient viable tumor cells for an accurate
evaluation of the immunohistochemical results.

The detailed clinical history including age, gender, and
results of relevant investigations done was collected or
abstracted from the patient’s case files. For prospective
cases total, subtotal gastrectomies and small biopsy
specimens were received in the Pathology Department in
10% formalin. In every case, the standard protocol for
surgical grossing of resected specimens was followed.
After a detailed specimen description, multiple sections
were taken from the tumor, surgical margins, omentum,
mesentery, and all the lymph nodes. For retrospective
cases, the histopathology reports, slides and paraffin
blocks were retrieved from the archives. After
conventional processing, paraffin sections of 5 um
thickness were stained by hematoxylin and eosin (H and
E) for histopathological study.

In addition, 4 pm sections were cut from a paraffin block
of tumor tissue and taken on a glass slide coated with
adhesive aminopropyltriethoxysilane (APES) for IHC to
detect HER2/neu overexpression. Sections were cut from
the paraffin blocks in a similar manner. The H and E
stained slides were studied for the tumor histology and
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classified into intestinal and diffuse according to
Lauren’s classification. p TNM staging was done in
gastrectomy specimens.

The technique of IHC included antigen retrieval in tris
EDTA buffer in a microwave oven, blocking endogenous
peroxidase with 3% hydrogen peroxide, incubating with
primary mouse monoclonal antibody against HER2/neu
protein (PATH INSITU) and linking with rabbit anti-
mouse secondary antibody, enzyme linking with
streptavidin-  horseradish  peroxidase,  developing
chromogen with  Diaminobenzidine (DAB) and

counterstaining with hematoxylin. Positive and negative
controls were run with each batch of slides. The
immunostained slides have been evaluated using the
HERCEP Test (Dako Denmark AJ/S, Glostrup, Denmark)
that has been frequently used to evaluate the patterns of
membranous immunoreactivity on the tumor cells for
HER2/neu overexpression. This scoring system is based on
the intensity of reactivity, whether complete or incomplete
and the percentage of reactive cells.***2 IHC score of 0 and
1+ was considered negative, while an IHC score of 2+ and
3+ was considered positive (Table 1).111314

Table 1: HER2/neu scoring for gastric carcinoma.®

Score Surgical specimen staining pattern

Biopsy specimen staining pattern

HER2 /neu over
expression

assessment

No reactivity or membranous reactivity in ~ No reactivity or membranous reactivity in .
0 Negative
<10% of tumor cells any tumor cells
. . Tumor cell cluster (5 tumor cells) with
Faint/barely perceptible membranous faint/barely perceptible membranous Negative
1+ reactivity in >10% of tumor cells, cells arely percep g
AR . reactivity irrespective of the percentage
are reactive in only part of their membrane .
of tumor cells stained.
Weak to moderate complete, basolateral, or Ve G2l BIVSEDT IR G 3 OLaRE
S complete, basolateral, or lateral membranot .
2+ lateral membranous reactivity in >10% of L . Positive
reactivity irrespective of the percentage of
tumor cells. i
tumor cells stained.
Tumor cell clusters with strong complete,
Strong complete, basolateral, or lateral L
3+ L basolateral or lateral membranous reactivity .
membranous reactivity in >10% of tumor . . Positive
cells irrespective of percentage of tumor cells
stained.

The relationship between various parameters such as age,
gender, anatomic site of the tumor, histologic type and
grade, with overexpression of HER2/neu were studied in all
biopsy specimens. In addition, in gastrectomy specimens,
the pathologic stage, lymph node status was also studied.

Statistical analysis

Data were analyzed using computer software, Statistical
Package for Social Sciences (SPSS) version 16. Data are
expressed in their frequency and percentages. To elucidate
the associations and comparisons between different
parameters, Chi-square test was used as the nonparametric
test. For all statistical evaluations, a two-tailed probability of
value <0.05 was considered significant.

RESULTS

A total of 70 cases which were confirmed as gastric
adenocarcinoma were included for the study. Among the
total 70 specimens, 50(71.4%) were gastric biopsies,
17(24.3%) were total gastrectomies and 3(4.3%) were
subtotal gastrectomies. The age group of patients in the

study ranged from 30-80 yrs. The maximum incidence
was at the 50-59 yr age group (34.3%). Around 57.2%
occurred in the age group 40-59 yrs. Of 70 cases studied,
males accounted for the majority - 54(77.1%). Among 70
cases, 43(61.4%) were intestinal type, 22(31.4%) were
diffuse type and 5(7.2%) were mixed type. Among 70
cases, 33 cases (47.1%) were moderately differentiated,
21 cases (30%) were poorly differentiated and 16 cases
(22.9%) were well differentiated. Antrum was the
commonest site (40%) followed by antropyloric (21.4%),
body (17.2%), OGJ (14.3%) and Cardia and Fundus
(7.1%). Among the 20 gastrectomy specimens, 15(75%)
had tumor size <5 cm and 5(25%) had a tumor size of >5
cm. Among 20 gastrectomy specimens, 11(55%) had
lymph node involvement. Among the 20 gastrectomy
specimens, 40% exhibited T3 and 30% exhibited T4
stage. T1 and T2 were 15% each.

Type and grade of tumor
Among the 21 poorly differentiated cases, all (100%)

were of diffuse type while among the 16 well-
differentiated cases, all (100%) were of intestinal type.
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Among the 33 moderately differentiated cases, 27(81.8%)
were of the intestinal type, 5(15.2%) were of mixed type
and 1(3%) was of diffuse type. All these findings were
statistically highly significant (p value <0.001) (Table 2).

Table 2: Type and grade of tumor.

Intestinal Diffuse  Mixed J& 80
Type Type Type
Poorly 0 21 0 21
differentiated 100.00% 100.00%
Moderately 27 1 5 33
differentiated 81.80%  3.00%  15.20% 100.00%
Well 16 0 0 16 Figure 2: Photomicrograph of poorly differentiated
differentiated  100.00% 100.00% diffuse type of gastric adenocarcinoma showing
Total 43 22 5 70 HER2/neu 1+ staining (IHC, 400x).
Chi square: 69.529; p <0.001

Frequency of HER2/neu overexpression among the
gastric adenocarcinoma cases

Figure 3: Photomicrograph of well-differentiated
intestinal type of gastric adenocarcinoma showing
HER2/neu 2+ positivity in >10%
tumor cells (IHC, 400x).

Figure 1: Photomicrograph of moderately
differentiated intestinal type of gastric
adenocarcinoma showing HER2/neu 0

staining (IHC, 400x).

Table 3: Frequency of HER2/neu positive and
negative cases.

HER2 / neu Frequency Percent
Negative 50 71.4
Positive 20 28.6
Total 70 100

In HER2/neu IHC staining, among the total 70 cases, 12
cases (17.2%) showed 3+, 8 cases (11.4%) showed 2+, 18
cases (25.7%) showed 1+ and 32 cases (45.7%) showed no

staining (Figures 1,2,3,4). 0 and 1+ staining is taken as Figure 4: Photomicrograph of well-differentiated
HER-2/neu Negative and 2+ and 3+ are HER- 2/neu intestinal type of gastric adenocarcinoma showing
Positive. 20 specimens (28.6%) were HER-2/neu Positive HER2/neu 3+ positivity in >10%

(Table 3). tumor cells (IHC, 400x).
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HER2/neu and type of tumor

Of the 43 intestinal types, 19(44.2%) were HER2/neu
positive, 24(55.8%) were HER2/neu negative. Of the 22
diffuse types, all were HER2/neu negative. Of the 5
mixed types, 1(20%) was HER2/neu positive and 4(80%)
were HER2/neu negative. Among the 20 HER2/neu
positive cases, 19(95%) were of intestinal-type and 1(5%)
was of mixed type, none were of diffuse type. Among the
50 HER2/neu negative cases, 24(48%) were intestinal
type, 22(44%) were of diffuse-type and 4(8%) were of
mixed type. All these findings were statistically highly
significant (p value <0.01) (Table 4).

Table 4: HER2/neu and type of tumor.

HER2 / neu

Type Negative Positive fotal
_ 24 19 43

Intestinal type

55.80% 44.20% 100.00%
Diffuse type 100.00% 100.00%

. 4 L >

Mixed type 80.00% 20.00% 100.00%
Total 50 20 70

Chi square: 14.117; p <0.01
HER2/neu and grade of tumor

Among the 21 poorly differentiated cases, all (100%)
were HER2/neu negative. Among the 33 moderately
differentiated cases, 21(63.6%) were HER2/neu negative
and 12(36.4%) were HER2/neu positive. Among the 16
well-differentiated cases, 8(50%) each were HER2/neu
positive and negative. Among the 20 HER2/neu positive
cases, 12(60%) were moderately differentiated and
8(40%) were well-differentiated and none were poorly
differentiated. Among the 50 HER2/neu negative cases,
21(42%) each were moderately differentiated and poorly
differentiated and 8(16%) were well differentiated. All
these findings were statistically highly significant (p
value <0.01) (Table 5).

Table 5: HER2/neu and grade of tumor.

HER2 / neu

el Negative  Positive fotal
Poorly 21 0 21
differentiated 100.00% 100.00%
Moderately 21 12 33
differentiated 63.60% 36.40%  100.00%
Well 8 8 16
differentiated 50.00% 50.00% 100.00%
Total 50 20 70

Chi square: 12.982; p <0.01

In this study, there was no significant association
between HER2/neu with age, gender, nature of the

specimen, site of the tumor, size of the tumor, lymph
node status and tumor invasion.

DISCUSSION

Gastric carcinoma is a deadly disease with high mortality.
Even after a potentially curative surgical resection for
gross and microscopic disease, it recurs in both regional
and distant sites in the majority of patients.> This
emphasizes the importance of early detection,
prognostication, and novel individualized targeted
therapy. A genetic alteration which could help in
prognostication and targeted therapy include HER2/neu
overexpression in gastric carcinoma.

In the present study, of the 70 specimens, 50(71.4%) were
gastric biopsies and 20(28.6) were gastrectomies (17(24.3%)
total gastrectomies and 3(4.3%) subtotal gastrectomies). The
relative percentage of gastric biopsy and gastrectomy
specimens in other studies were 73% and 27% - Rajagopal |
etal, 73% and 27 % - Lakshmi V et al 1516

In the present study, of the 70 cases, 20(28.6%) showed
HER2/neu positivity. Previous studies have reported the
prevalence of overexpression of HER2/neu in gastric
carcinoma ranging from 13-44% (Table 6). Previous
studies from India are showing HER2/neu positivity in
the range of 21.4-44.2%. The result from South India is
in concordance with this study. Authors included both
IHC 3+ and 2+ as HER2/neu positivity. This might have
caused the inclusion of more cases into HER2/neu
positivity because IHC 2+ has only around 58%
concordance with FISH.'” Authors could not do FISH
studies for IHC 2+ (equivocal) cases due to financial
constraints. IHC 2+ cases were subjected to FISH
confirmation in studies done by Gravalos et al, He C et
al, and Sekaran et al, but was not done in studies
conducted by Rajagopal | et al, Tewari M et al, Lakshmi
V et al, and Lordick et al.4101516.18-20

Table 6: Comparison of HER2/neu overexpression in
various studies.

Geographic  No of Her2/neu

Zone

Gravalos et al,* Europe 166 13

He C et al 10 China 197 18.3
Europe, Asia,

Lordick et al,2 Latin 1527 22
America

Rajagopal I etal,*> South India 60 26.7
Lakshmi V et al,®®  South India 78 35.9
Sekaran A etal,’® India 52 442
Tewari Metal,®®  North India 70 21.4
Present study South India 70 28.6

In the present study as per Lauren’s classification,
HER2/neu overexpression was highest in intestinal-type
(44.2%), followed by mixed type (20%) but none of the
diffuse-type showed HER2/neu overexpression and this
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was statistically highly significant with p value <0.01.
This is in concordance with other studies which show a
disproportionate  overexpression of HER2/neu in
intestinal compared to diffuse type of gastric carcinoma
(Table 7).

The evolution of intestinal and diffuse types of gastric
carcinomas along different molecular pathways could
explain the association of HER2/neu with intestinal type.

A review of the literature shows a decreased percentage
of HER2/neu overexpression in the diffuse types of
gastric cancers rather than absent expression. The present
study and study by Rajagopal | et al, shows the total
absence of HER2/neu expression in diffuse type.®®

This could probably be because of the smaller number of
diffuse types of gastric cancers included in these two
studies. Studies by He C et al, Rajagopal | et al, Tewari
M et al, and Lakshmi V et al, had not categorized any of
the cases to mixed type and hence no HER2/neu
positivity in the mixed type category,%1516.19

In the present study as per CAP grading, HER2/neu
positivity was found in 50% of well-differentiated and
36.4% of moderately differentiated tumors with none of
the poorly differentiated tumors expressing HER2/neu
and this was statistically highly significant with p value
<0.01 and indicating that better-differentiated tumors
showed HER2/neu overexpression. The findings of the
present study are in concordance with the other studies in
that HER2/neu expression is more in well and moderately
differentiated tumors in comparison to poorly
differentiated tumors (Table 7). An exception to this is
the study by Tewari M et al, which shows the total
absence of HER2/neu expression in well-differentiated
tumors.’® This could probably be explained by the fact
that only 3 out of 70 cases were well-differentiated
tumors in that study. Similar to the present study another
study from South India by Rajagopal I et al, shows a
complete absence of HER2/neu expression in poorly
differentiated tumors which could probably be explained
by a geographical variation in gastric cancer
epidemiology within India.®®> HER2/neu overexpression is
commoner in better-differentiated tumors. None of the
diffuse types showed HER2/neu overexpression.

Table 7: Comparison of HER2/neu overexpression with respect to histologic type and grade in various studies.

HER2/neu overexpression

Grade (Differentiation)

Type

Intestinal Diffuse
He C et al,*° 28.6 134
Rajagopal l etal,'® 32.7 -
Lakshmi V etal,’®*  37.8 2.5
Tewari M et al,*° 45 12
Present study 44.2 -

In this study, there was no significant association
between HER2/neu with age, gender, nature of the
specimen, site of the tumor, size of the tumor, lymph
node status and tumor invasion. Few of the previous
studies have noticed a higher rate of HER2/neu
overexpression in gastric biopsies compared to
gastrectomies.’®>1"20 Also, few studies have noticed a
higher rate of HER2/neu positivity in gastro-esophageal
junction tumors compared to other locations.#*>% The
present study also showed a higher rate of HER2/neu
overexpression in gastric biopsies compared to
gastrectomies and also noticed a higher rate of HER2/neu
positivity in gastro-esophageal junction tumors but did
not achieve statistical significance.

The present study has a few limitations. The proportion of
gastrectomy specimens was less compared to gastric
biopsies which could have influenced the tumor grading,
typing and also IHC staining because of the relatively small
representative tissue in the gastric biopsy. Another limitation
is inadequate patient follow up to allow comparison of

Well Moderate

37.2 - 11.6

11.1 375 -

60 29.1 20.6

- 27.27 21.4
20 50 36.4 -

prognosis and survival rate between tumor subgroups and
their IHC profiles.

Also, various study groups have used different protocols for
HER2/neu overexpression which could affect the
comparison between various studies. Regarding HER2/neu
testing, IHC 2+ (equivocal) cases should have been
confirmed with gene amplification studies which were not
done in the present study because of financial constraints.
This could have spuriously increased the IHC positive cases.
Due to the relatively smaller sample size, findings of this
study have to be confirmed with future large-scale studies.

These results show that in patients with gastric
adenocarcinoma, identification of genetic alterations will
help in the prognostication and identifying patients who
might benefit from targeted therapy. Trastuzumab is a
monoclonal antibody that specifically targets HER2/neu
receptor  protein.  Trastuzumab  combined  with
chemotherapy showed a significant improvement in
overall survival compared to chemotherapy alone in

International Journal of Research in Medical Sciences | February 2020 | Vol 8 | Issue 2  Page 594



Sadanandan A et al. Int J Res Med Sci. 2020 Feb;8(2):589-596

advanced gastric carcinoma as stated in ToGA

(Trastuzumab for gastric cancer) trial 2010.
CONCLUSION

This study highlights the importance of identification of
HER2/neu overexpression in gastric adenocarcinoma
which helps in prognostication and identifying patients
suitable for novel therapeutic interventions. HER2/neu
overexpression was seen in 28.6% cases of gastric
adenocarcinoma. HER2/neu positivity was seen in better-
differentiated tumors with none of the poorly
differentiated tumors showing positivity.

Also, none of the diffuse types showed HER2/neu
overexpression. There is no significant association of
HER2/neu with age, gender, nature of the specimen, site
of the tumor, size of the tumor, lymph node status and
tumor invasion. The identification of these genetic
alterations will help in prognostication, prediction of
progression and identification of patients suitable for
novel therapeutic agents which will help in prolongation
of survival of patients with this deadly disease.
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