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ABSTRACT

Background: HER2 overexpression in gastric cancer varies depending on tumor histology and anatomical
location. This study aimed to score and evaluate the immunohistochemical marker HER2 in gastric
adenocarcinoma and also to compare the expression of HER2 between gastro-oesophageal and gastric
adenocarcinoma.

Materials and Methods: A cross-sectional, retrospective study was conducted on 44 cases of
histopathologically proven gastro-oesophageal and gastric adenocarcinoma by endoscopic Biopsy (41
cases) and gastrectomy (7 cases) specimens. Out of the 48 participants enrolled, we received both
endoscopy and gastrectomy specimens from 4 cases. Hence, the analysis was based on the findings of
44 cases. HER2 immunohistochemistry was done on formalin-fixed paraffin-embedded tissues. Variables
like age, gender, anatomical distribution of tumor, type of cancer, tumor grade and HER2 grade were
studied.

Results: Out of the 44 cases, the majority of the adenocarcinoma were gastric in origin [29/44 cases
(65%)], with antral adenocarcinoma accounting for the largest proportion of gastric adenocarcinoma
[12/29 cases (42%)]. HER2 overexpression was seen in 6/44 cases (14%) of the total cases. Well-
differentiated adenocarcinoma showed maximum HER2 expression [4/8 cases (50%)] compared to
moderately differentiated and poorly differentiated adenocarcinomas.

Conclusions: HER2 overexpression is more frequent in well-differentiated gastric and gastro-esophageal
adenocarcinomas, and in gastro-esophageal junction adenocarcinomas than in gastric adenocarcinomas.
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INTRODUCTION

Gastric cancer ranks second in mortality and fourth in
incidence among all cancers worldwide.! Gastric cancer is
the fifth most common cancer among males and the seventh
most common cancer among females in India.

HER2 is a member of the Her-family of growth factor
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receptors, which includes Herl, Her3, and Her4, all of
which are involved in the complex regulation of cell growth,
proliferation and survival.?
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Monitoring of the tumor HER2 status (protein over-
expression and/or gene amplification) in breast cancer has
turned into a routine practice, as positive HER2 status is
associated with poorer prognosis, more aggressive disease,
and a greater risk of disease recurrence.?

Since the advent and the success of adjuvant medical therapy
for human epidermal growth factor receptor 2 (HER2)-
positive breast cancer in the form of trastuzumab, there has
been growing interest in the development of related therapies
in other solid organ malignancies, including oesophageal
cancer and gastric cancer.’

Patients with HER2-positive advanced gastric and
gastroesophageal carcinoma have shown an increased overall
survival rate on treatment with Trastuzumab combined with
chemotherapy.

This study aimed to evaluate the expression and score
the immunohistochemical marker HER2 in gastric and
Gastro-esophageal junction (GEJ) adenocarcinoma and
also to compare the expression of HER2 between gastro-
oesophageal and gastric adenocarcinomas.

MATERIALS AND METHODS

A cross-sectional, retrospective study was conducted on 44
histopathologically proven gastro-oesophageal and gastric
adenocarcinomas diagnosed on endoscopic biopsy or
gastrectomy. 41 biopsies and 7 gastrectomy specimens were
received at the Department of Pathology, MES Medical
College, Perintalmanna, Kerala (A tertiary care center)
between December 2015 to May 2017. Inadequate biopsy,
biopsies not representative of tumor, and inadequately fixed
specimens were excluded from the study (4 cases).

Proper informed consent was taken from patients, and ethical
clearance was obtained from the institutional review board.

The tissue were formalin-fixed and paraffin-embedded
and were then stained with haematoxylin and eosin
for histopathological typing and grading. The gastric
adenocarcinoma and gastroesophageal junction carcinoma
was both graded as per the World Health Organization
Tumor Classification, 2010.* All the cases were further
subjected to immunohistochemistry for HER2 expression.
The antibody used for HER2 was Rabbit monoclonal anti
HER?2 antibody, clone EP3 (PathnSitu). HER2 expression
and staining patterns were analyzed by the scoring system
proposed by Hofmann et al.’ that has been assimilated
by CAP and FDA (Table 1). The expression pattern of
HER2 and its correlation with the grade of tumor was
established. For HER2, membranous staining was taken
into consideration. HER2 overexpression was defined as a
3+ positivity according to Hoffman et al, while Scores 0, 1+
and 2+ were considered negative. A tumor cell cluster was
described as at least five tumor cells. Equivocal HER2 THC
was considered as negative in the present study.

DOI: 10.3126/jpn.v15i1.76377

Data was entered in MS Excel and analysed using SPSS.
Variables like age, expressed using mean, and qualitative
variables like gender, anatominal distribution of tumor,
type of malignancy, tumor grade, and HER2 grade were
expressed in percentage. Association between HER2
expression, gender, site and tumor grade was analyzed using
Chi-square test.

Table 1: Human Epidermal Growth Factor Receptor
(HER2) scoring criteria for gastric cancer®

SCORE Surg‘ic‘al specimen- Biops.)f specimen- . HER2 ;
staining pattern staining pattern  interpretation
0 No reactivity No reactivity or Negative
or membranous no membranous
reactivity in <10% reactivity in any
of tumor cells tumor cell
1+ Faintly/barely Tumor cell cluster Negative
perceptible with a faint/
membranous barely perceptible
reactivity in >/= membranous
10% of tumor cells; reactivity irrespective
cells are reactive of percentage of
only in part of their tumor cells stained
membrane
2HF Weak to moderate, Tumor cell cluster Equivocal
complete, with a weak to
basolateral or moderate complete,
Lateral basolateral or
membranous Lateral membranous
reactivity in >/= reactivity irrespective
10% of tumor cells of percentage of
tumor cells stained
3+ Strong complete,  Tumor cell cluster Positive

basolateral or with a strong

lateral membranous complete, basolateral

reactivity in >/= or

10% of tumor cells Lateral membranous
reactivity irrespective
of percentage of
tumor cells stained

RESULTS

Forty-four subjects meeting the inclusion criteria were
enrolled in the study. For cases in which both endoscopic
biopsy and gastrectomy specimens were available,
the findings were regarded as concordant when HER2
immunohistochemistry was performed on both specimens.
Therefore, in such patients, only the endoscopic biopsy
results were considered.

Majority of the patients were males, constituting 31/44
(70%) of the total. The study group consisted of patients
from the third decade to the eighth decade with a mean age
of 63 years (range: 35-86 years).

Only 6 out of 44 cases showed HER2 overexpression, which
formed 14% of the study. Of the 6 HER2-overexpressing
cases, 4 were males and 2 were females.

Of the 44 cases, 29 were gastric and 15 were obtained from
the GEJ. Of the 15 GEJ adenocarcinomas, 3 cases showed



2298

Jeesemon J et al.

HER2 overexpression and this formed 20% of the GEJ
tumors.

Table 4: HER2 expression and tumor grade in both Gastric
and Gastro-esophageal junction carcinoma

Well Moderately

Poorly

Table 2: Number of cases showing HER2 overexpression differentiated_differentiated Diftrentated P™¥'"®
in gastro-esophageal junction and gastric adenocarcinoma Overexpressed 4 1 1
HER2 Mmool Negative 4 9 25 0.004
overexpressed (%) Total 8 10 26
Gastro-esophageal 3 (20%) 12 80%) 0376
junction carcinoma 30
Gastric carcinoma 3 (10%) 26 (90%) -
20
Of the 15 GEJ adenocarcinomas, 7(47%) were poorly 5
differentiated, 6 (40%) were moderately differentiated and 2 o
(13%) were well differentiated. The gastric adenocarcinomas
were predominantly poorly differentiated [19 (66%)], ’ O I I
followed by moderately differentiated [4 (14%)] and well : et _Moderately — roory

differentiated [6 (20%)].

Out of the 29 gastric tumors, 12 were in the antrum, 9 in the
body, 6 in the fundus, and 2 in the pylorus.

Out of the 29 gastric adenocarcinomas, 3 cases showed
HER?2 overexpression, which constituted 10% of the total
gastric tumors. Within the gastric tumors, the highest
number of cases with HER2 over-expression was observed
in the body (84%), followed by the fundus (16%).

Table 3: Anatomical variation in HER2 overexpression in
the stomach

Sublocation of Number of No. of cases with HER2
stomach cases overexpression (%)
Fundus 6 1(16)
Body 9 2 (84)
Antrum 12 0
Pylorus 2 0

Out of the total 6 cases (both gastric and GEJ) with HER2
overexpression, 4 cases (50%) were well-differentiated,
1 (10%) moderately-differentiated, and 1 (4%) poorly-
differentiated. The difference of HER2 expression was
found to be statistically significant (Table 4). (fig.1)

Signet ring cell morphology was identified in 3 out of 26
poorly-differentiated carcinomas, all of which were HER2-
negative.

differentiated differentiated differentiated
® Number of cases m Total

Her2 over expressed

Figure 1: HER?2 overexpression and tumor grade in gastric and
gastroesophageal carcinomas

Figure 2: Gross image showing gastrectomy specimen of
Adenocarcinoma - signet ring cell type.
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Figure 4: (4)Well-differentiated gastric adenocarcinoma. [H&E, 100x]; (B) Tumor cells exhibiting HER2overexpression. [IHC, 100x];
(C) Signet ring cell carcinoma in the body of stomach. [H&E, 100x]; (D) Negative HER2 immunostaining in signet ring cell carcinoma
[THC, 400x].

DISCUSSION

Gastric cancer ranks fourth in incidence and second in
mortality among all cancers worldwide. Many of them are
detected late, at advanced stages. HER2 overexpression
in gastric and gastroesophageal junction carcinoma is
associated with a poor prognosis. But the addition of
targeted therapy with Trastuzumab has a survival benefit for

DOI: 10.3126/jpn.v15i1.76377

these patients.

Our study found that HER2 overexpression occurred in 14%
of gastric and gastroesophageal junction carcinoma cases.
HER?2 overexpression has been shown to vary widely, as per
different studies (Table 5). In the TOGA trial, the HER2-
positivity rate was 22.1% throughout the tumor samples
(2168 patients) that were analyzed."
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Table 5: Comparison of HER?2 in different studies

Percentage of

No. of cases

Study evaluated cases with HERZ
overexpression

Oshima et al® 82 45

Pinto-de-sousa et al’ 157 15.3

Takehana et al® 352 8.2

Ougolkov et al' 40 13

Song et al'4 739 26.2

Tanner et al’ 131 12.2

Yano et al' 200 23

Park et al® 182 15.9

Kim et al'® 2438 22.6

Gravalos et al'’ 166 13

Lordick et al® 1527 22

Barros-Silva et al'® 463 9.3

Grabsch et al** 506 <10

ToGA study"’ 810 22.1

Tsapralis et al'! 120 20

Terashima et al* 829 13.6

Laboissiere et al'? 124 10.5

Present study 44 14

In the current study, HER2 overexpression was observed
predominantly in well-differentiated carcinoma, whereas
poorly differentiated carcinoma cases exhibited lower levels
of HER2 expression. Although some studies have reported
conflicting results, the majority of the literature supports
the finding that HER2 overexpression is more commonly
associated with well-differentiated carcinoma (Table 6).
No significant association was found between HER2
overexpression and either gender or tumor topography in
our study.

Table 6: Comparison of HER2 expression with tumor
grades in different studies

Study

Most common type of tumor grade
showing HER2 over-expression

Oshima et al® Well-differentiated carcinoma

Laboissiere et al' Well and moderately differentiated

carcinoma

Kim et al'® Well and moderately differentiated

carcinoma

Halon et al?! Poorly differentiated carcinoma

Wang et al Poorly differentiated carcinoma

Our study Well-differentiated carcinoma

The present study included predominantly endoscopic
biopsy specimens. In cases where HER2 expression was
evaluated on both gastrectomy specimens and endoscopic
biopsies, the immunohistochemistry (IHC) results were
found to be concordant. According to Yano et al'®, small
biopsy specimens are suitable for the evaluation of HER2
overexpression in gastric cancer. However, a study by

Grabsch et al** reported that HER2 expression in endoscopic
biopsies may be prone to false-negative results due to
intratumoral heterogeneity.

CONCLUSIONS

In present study, HER2 overexpression was observed in
14% of gastroesophageal and gastric adenocarcinomas,
with higher frequency in well-differentaited tumors. GEJ
adenocarcinomas showed more frequent HER2 positivity
compared to gastric carcinomas. Well-differentaited
tumors demonstrated the strongest association with HER2
overexpression. This study underscores the correlation of
HER?2 expression in gastric and GEJ adenocarcinomas with
their histological grade. However, authors acknowledge the
limitation of the study in its very small sample size and the
unavailability of FISH to further categorize HER2-equivocal
cases. Present study paves the path for future studies with
a larger sample size to explore correlations between HER2
expression and other clinicopathological parameters.

Conflicts of Interest: Nil

REFERENCES

1. Piazuelo MB, Correa P. Gastric cancer: Overview. Colomb Med
(Cali). 2013;44(3):192-201. DOI: Crossref

2. Koltz BR, Hicks DG, WhitneyMiller CL. HER2 testing in gastric
and esophageal adenocarcinoma: new diagnostic challenges arising
from new therapeutic options. Biotech Histochem. 2012;87(1):40-5.
Crossref

3. Lordick F, AlBatran SE, Dietel M, et al. HER2 testing in gastric
cancer: results of a German expert meeting. J Cancer Res Clin Oncol.
2017;143(5):835-41. Crossref

4. Bosman FT, Carneiro F, Hruban RH, Theise ND (Eds.). WHO
Classification of Tumours of the Digestive System. 4th ed. Lyon,
France: International Agency for Research on Cancer (IARC); 2010.
(World Health Organization Classification of Tumours, Vol. 3).

5. Hofmann M, Stoss O, Shi D, et al. Assessment of a HER2
scoring system for gastric cancer: results from a validation study.
Histopathology. 2008;52(7):797-805. Crossref

6.  Oshima CT, Lanzoni VP, Iriya K, Forones NM. C-erbB-2 oncoprotein
in gastric carcinoma: correlation with clinical stage and prognosis. /nt
J Biol Markers. 2001;16(4):250—4. Crossref

7.  Pinto-de-Sousa J, David L, Almeida R, Leitao D, Preto JR, Seixas
M, Pimenta A. c-erb B-2 expression is associated with tumor location
and venous invasion and influences survival of patients with gastric
carcinoma. Int J Surg Pathol. 2002;10(4):247-56. Crossref

8. Takehana T, Kunitomo K, Kono K, et al. Status of c-erbB-2 in gastric
adenocarcinoma: a comparative study of immunohistochemistry,
fluorescence in situ hybridization, and enzyme-linked immunosorbent
assay. Int J Cancer. 2002;98(6):833—7. Crossref

9. Tanner M, Hollmén M, Junttila TT, et al. Amplification of HER-
2 in gastric carcinoma: association with topoisomerase Ilo gene
amplification, intestinal type, poor prognosis, and sensitivity to
trastuzumab. Ann Oncol. 2005;16(2):273-8. Crossref

10. Yano T, Ochiai A, Doi T, Hashizume K, Nakanishi M, Ouchi K,
Tanaka Y, Ohtsu A. Expression of HER?2 in gastric cancer: Comparison
between protein expression and gene amplification using a new
commercial kit. J Clin Oncol. 2004;22(14_suppl):4053. DOI:Crossref

DOI: 10.3126/jpn.v15i1.76377


https://doi.org/10.25100/cm.v44i3.1263
doi: 10.3109/10520295.2011.591830
doi: 10.1007/s00432-017-2374-x
DOI: 10.1111/j.1365-2559.2008.03028.x
DOI: 10.1177/172460080101600405
DOI:  10.1177/106689690201000402
doi:  10.1002/ijc.10257
DOI: 10.1093/annonc/mdi064
https://doi.org/10.1200/jco.2004.22.90140.405

HER?2 in gastro-esophageal and gastric adenocarcinoma

2301

11.

12.

13.

14.

15.

16.

17.

Grabsch H, Sivakumar S, Gray S, Gabbert HE, Miiller W. HER2
expression in gastric cancer: rare, heterogeneous and of no prognostic
value - conclusions from 924 cases of two independent series. Cell
Oncol (Dordr). 2010;32(1-2):57-65. Crossref

Tsapralis D, Panayiotides I, Peros G, Liakakos T, Karamitopoulou
E. Human epidermal growth factor receptor-2 gene amplification
in gastric cancer using tissue microarray technology. World J
Gastroenterol. 2012;18(2):150-5. Crossref

Laboissiere RS, Buzelin MA, Balabram D, et al. Association between
HER?2 status in gastric cancer and clinicopathological features: a
retrospective study using whole-tissue sections. BMC Gastroenterol.
2015;15:157. Crossref

Ougolkov A, Yamashita K, Bilim V, Takahashi Y, Mai M, Minamoto
T. Abnormal expression of E-cadherin, B-catenin, and c-erbB-2 in
advanced gastric cancer: its association with liver metastasis. Int J
Colorectal Dis. 2003;18(2):160—6. Crossref

Song HS, Do YR, Kim IH, Sohn SS, Kwon KY. Prognostic
significance of immunohistochemical expression of EGFR and
C-erbB-2 oncoprotein in curatively resected gastric cancer. Cancer
Res Treat. 2004;36(4):240-5. Crossref

Park DI, Yun JW, Park JH, et al. HER-2/neu amplification is an
independent prognostic factor in gastric cancer. Dig Dis Sci.
2006;51(8):1371-9. Crossref

Kim MA, Jung EJ, Lee HS, et al. Evaluation of HER-2 gene status in
gastric carcinoma using immunohistochemistry, fluorescence in situ
hybridization, and real-time quantitative polymerase chain reaction.
Hum Pathol. 2007;38(9):1386-93. Crossref

Gravalos C, Jimeno A. HER2 in gastric cancer: a new prognostic
factor and a novel therapeutic target. Ann Oncol. 2008;19(9):1523-9.
Crossref

DOI: 10.3126/jpn.v15i1.76377

19.

20.

21.

22.

23.

24.

25.

Barros-Silva JD, Leitdao D, Afonso L, et al. Association of ERBB2
gene status with histopathological parameters and disease-specific
survival in gastric carcinoma patients. Br J Cancer. 2009;100(3):487—
93. Crossref

Van Cutsem E, Bang YJ, Feng-Yi F, et al. HER2 screening data from
ToGA: targeting HER2 in gastric and gastroesophageal junction
cancer. Gastric Cancer. 2015;18(3):476-84. Crossref

Terashima M, Kitada K, Ochiai A, et al. Impact of expression of human
epidermal growth factor receptors EGFR and ERBB2 on survival in
stage II/III gastric cancer. Clin Cancer Res. 2012;18(21):5992-6000.
Crossref

HalonA, Donizy P, Biecek P, Rudno-Rudzinska J, Kielan W, Matkowski
R. HER-2 expression in immunohistochemistry has no prognostic
significance in gastric cancer patients. ScientificWorldJournal.
2012;2012:941259. Crossref

Wang YL, Sheu BS, Yang HB, Lin PW, Chang YC. Overexpression
of c-erb-B2 proteins in tumor and non-tumor parts of gastric
adenocarcinoma—emphasis on its relation to H. pylori infection
and clinicohistological characteristics. Hepatogastroenterology.
2002;49(46):1172—6. PMID: 12498467.

Gravalos C, Jimeno A. HER2 in gastric cancer: a new prognostic factor
and a novel therapeutic target. Ann Oncol. 2008 Sep;19(9):1523-9.
Crossref

Grabsch H, Sivakumar S, Gray S, Gabbert HE, Miiller W. HER2
expression in gastric cancer: Rare, heterogeneous and of no prognostic
value - conclusions from 924 cases of two independent series. Cell
Oncol. 2010;32(1-2):57-65. Crossref PMID: 20208134; PMCID:
PMC4619246.



DOI: 10.3233/CLO-2009-0497
DOI: 10.3748/wjg.v18.i2.150
doi: 10.1186/s12876-015-0384-1
doi: 10.1007/s00384-002-0427-2
doi: 10.4143/crt.2004.36.4.240
doi: 10.1007/s10620-005-9057-1
doi: 10.1016/j.humpath.2007.02.005
DOI:  10.1093/annonc/mdn169
doi: 10.1038/sj.bjc.6604885
doi: 10.1007/s10120-014-0402-y
doi: 10.1158/1078-0432.CCR-12-1318
doi: 10.1100/2012/941259
DOI:  10.1093/annonc/mdn169
doi: 10.3233/CLO-2009-0497.

