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Introduction

Summary

Introduction. Gastric adenocarcinoma is a major cause of global
cancer mortality. The HER2 receptor plays a critical role in cell pro-
liferation and survival and is overexpressed or amplified in a subset
of gastric cancers, particularly of the intestinal type. The objective
of this study was to evaluate HER2 protein expression and gene
amplification in gastric adenocarcinoma and determine diagnostic
concordance between immunohistochemistry (IHC), chromogenic
in situ hybridization (CISH), and fluorescence in situ hybridization
(FISH) methods.

Methods. This retrospective study analyzed 96 patients with histo-
logically confirmed gastric adenocarcinoma who underwent radi-
cal surgery (2006-2014). HER2 expression was assessed using IHC
and scored according to Hofmann's system. All tumors with 2+ or
3+ scores were further analyzed for HER2 gene amplification using
CISH and FISH. Concordance was evaluated using Cohen’s kappa
coefficient.

Results. HER2 expression was negative (score 0 and 1+) in 76.1%
of cases, equivocal (2+) in 10.4%, and positive (3+) in 13.5%. All pa-
tients with a 3+ score showed HER2 gene amplification using both
CISH and FISH. In the 2+ group, amplification was detected in 30%
(CISH) and 50% (FISH). Concordance between CISH and FISH was
high (k = 0.78, p < 0.001). HER2 positivity correlated significantly
with the intestinal type and was associated with poorer survival,
particularly in early-stage tumors.

Conclusion. HER2 is a relevant biomarker in intestinal-type gastric
adenocarcinoma. FISH is more sensitive than CISH in equivocal IHC
cases. IHC score 3+ can be considered definitive, while FISH is rec-
ommended for 2+ cases to confirm gene amplification.

Key words: gastric adenocarcinoma, HER2, immunohistochemis-
try, CISH, FISH, gene amplification

According to IARC data for 2022, gastric cancer ranks the fifth in incidence and mortality
among malignant diseases worldwide, with 968,350 new cases and 659,853 deaths reported
that year [1]. In the European Union, incidence and mortality rates are estimated at 76 and
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52 per 100,000 inhabitants, respectively [2].
Gastric cancer typically affects older adults,
with a mean age at diagnosis of 68 years, and
occurs more frequently in men [3]. Its inci-
dence varies geographically, being highest in
East Asia and Eastern Europe and lowest in
Africa, Northern Europe, and North America
[4]. A rising trend has been observed among
individuals under 50 years of age. Major risk
factors include Helicobacter pylori infection,
genetic predisposition, dietary habits, alco-
hol, and tobacco use. Due to nonspecific early
symptoms and limited screening, most cases
are diagnosed at advanced stages [5].

Gastric cancer is genetically heterogeneous.
Key genetic alterations include mutations or
aberrant expression of genes such as TP53,
APC, CDH1, KRAS, MYC, MET, and HER2
[4-6]. HER2 is a membrane-bound tyrosine ki-
nase receptor encoded on chromosome 17q21,
implicated in cell proliferation and survival [7,
8]. In gastric cancer, HER2 overexpression or
amplification promotes oncogenic behavior,
particularly in the intestinal subtype.

HER?2 interacts with EGFR and other tyro-
sine kinase receptors to activate proliferative
and anti-apoptotic pathways [9, 10]. Immu-
nohistochemistry (IHC) was first used to de-
tect HER2 overexpression in gastric cancer in
1986 [11]. Today, CISH and FISH are standard
methods for detecting HER2 gene amplifica-
tion, with FISH considered the gold standard
in gastric cancers [12-14].

Methods

A total of 96 patients with histologically con-
firmed gastric adenocarcinoma who under-
went radical surgical resection between Janu-
ary 2006 and July 2014 at the University Hos-
pital Foca or Clinical Center Banja Luka were
retrospectively included. Tumor tissue and
lymph node samples were collected from re-
sected specimens, fixed in 4% formalin, and
embedded in paraffin. Sections 4 um thick
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were cut and stained with hematoxylin-eosin
(HE) for standard histopathological analysis.
One representative tumor area per patient was
selected for immunohistochemistry (IHC).

HER2 protein expression was assessed
using the HercepTest™ (DAKO, USA) and
scored according to Hofmann’s system (0-3+).
Cases scored as 2+ and 3+ underwent fur-
ther testing for HER2 gene amplification us-
ing both chromogenic in situ hybridization
(CISH) and fluorescence in situ hybridization
(FISH). For CISH, the HER2 pharmDx™ Kit
(SK109, DAKO) was used. Following pretreat-
ment, hybridization, and enzymatic detection,
HER2/CEP17 ratios were calculated in at least
20 tumor nuclei. Amplification was defined as
a HER2/CEP17 ratio >2 or presence of HER2
signal clusters.

For FISH analysis, a PATH Vysion HER2
kit (Abbott Vysis, USA) was applied to 2 um
sections using HER2 and CEP17-specific fluo-
rescent probes. After denaturation and over-
night hybridization, slides were analyzed
under a Leica fluorescence microscope. Am-
plification was defined as HER2/CEP17 >2 or
presence of signal clusters. Equivocal cases
(HER2/CEP17 ratio 1.8-2.0) were reassessed
in an additional 20 nuclei.

Tumor heterogeneity was evaluated at low
magnification prior to signal counting. Only
tumors with IHC scores of 2+ or 3+ were test-
ed for gene amplification. Positive and nega-
tive controls were included in all staining runs.
Agreement between CISH and FISH results
was analyzed using Cohen’s kappa (k) coeffi-
cient. Statistical analysis was performed using
SPSS v15 (SPSS Inc., Chicago, IL, USA).

Results

Immunohistochemical analysis of HER2 ex-
pression showed: score 0 — 50 patients (52.1%),
score 1+ —23 patients (24.0%), score 2+ —10 pa-
tients (10.4%), score 3+ — 13 patients (13.5%),
(Figure 1a).
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Tumor samples from paraffin blocks of
all patients categorized as 2+ and 3+ on IHC
stained slides were analyzed for HER2 gene
amplification by CISH method (Figure 1b, Fig-
ure 1c). In all 13 patients with an IHC score of
3+, HER2 gene amplification was found. Out of
a total of 10 patients with a score of 2+ on IHC
stained slides, HER2 gene amplification was
found in 3 patients.

pie
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Figure 1a. Adenocarcinoma ventriculi, intestinal type,
positive HER2 protein expression (score 3+), IHC, HER2
x400; b. Adenocarcinoma ventriculi, intestinal type, no
HER?2 gene amplification present, CISH method x400;
c. Adenocarcinoma ventriculi, intestinal type, HER2
gene amplification present, CISH method x200

Tumor samples from paraffin blocks of all
patients categorized as 2+ and 3+ on IHC stained
slides were analyzed for HER2 gene amplifica-
tion by FISH method (Figure 2). In all 13 patients
with an IHC score of 3+, HER2 gene amplifica-
tion was found. In the group of 10 tumors with
a score of 2+ on IHC stained slides, HER2 gene

HER? and prognosis in gastric cancer

amplification was found in five patients. Anal-
ysis of patients categorized as 3+ on IHC slides
showed complete concordance of all three meth-
ods used for detecting HER2 positivity. In all 13
tumors positive by IHC staining with HER2 an-
tibody, the presence of HER2 gene amplification
was confirmed by both CISH and FISH meth-
ods. In the group of 10 patients whose tumors
were categorized as 2+ (equivocal positivity) on
histological slides stained by IHC with HER2 an-
tibody, three patients were found to have HER2
gene amplification by CISH, and five patients by
FISH method (Graph 1).

Figure 2a. Adenocarcinoma ventriculi, intestinal type,
HER?2 gene amplification, FISH x 400, b. Adenocarcino-
ma ventriculi, intestinal type, no HER2 gene amplifica-
tion, FISH x 400

Kappa coefficient was used to determine
the level of agreement between CISH and FISH
methods for determining HER2 gene ampli-
fication for the group of patients with HER2
equivocal and positive expression (score 2+
and score 3+). The level of agreement between
these two methods was high and statistically
significant, Kappa = 0.78 (p <0.001).

20

m10(2+)
m13(3+)

FISH

CISH

Graph 1. Distribution of HER2 gene amplification results determined by CISH and FISH methods
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Three-year survival of patients with nega-
tive HER2 expression/amplification was 33.9%,
while in patients with positive HER2 expres-
sion/amplification it was 5.6% (Graph 2).
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Graph 2. Kaplan-Meier survival curve in relation to
HER?2 expression/amplification

Discussion

Amplification of the human epidermal
growth factor receptor 2 (HER2/neu) gene
and/or overexpression of the HER?2 protein is
present in a large number of cancers includ-
ing breast, colon, endometrium, uterine cer-
vix, urothelial carcinomas, lung carcinomas,
ovarian carcinomas, and gastric and gastro-
esophageal junction carcinomas [15]. Tumors
with amplification/overexpression of the
HER?2 gene have a poorer prognosis, and it is
necessary to apply targeted biological thera-
py in these patients [15, 16].

Gastric and gastroesophageal junction car-
cinomas generally represent a large share as a
cause of death from malignant diseases world-
wide, with a combined incidence of about 1.4
million new cases per year and a 5-year surviv-
al rate of less than 20% [17]. Standard chemo-
therapeutics given to these patients—5-fluoro-
uracil, cisplatin, epirubicin, and docetaxel —
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have quite limited effects, and numerous new
studies are based on identifying molecular
“targets” and appropriate targeted biologi-
cal therapy from which better therapeutic re-
sponse and survival are expected in these pa-
tients [18]. HER2 gene amplification and HER2
protein overexpression in gastric and gastro-
esophageal junction carcinomas were first
discovered in 1986 and have since been stud-
ied in a large number of studies [19]. Gastro-
esophageal junction carcinomas have a 1.8 to
2.6 times higher incidence of HER2 amplifica-
tion/expression with an incidence of 24%-32%
compared to the rest of the stomach, where the
incidence according to various authors ranges
from 9.5% to 18% [20].

Differences in the prevalence of HER2
amplification/expression, in addition to dif-
ferences in the primary tumor location in the
proximal third and the rest of the stomach, can
also be the result of differences in sample size,
inter-population differences, interobserver dif-
ferences, differences in fixation and sample
preparation, as well as the results of applying
different staining methodologies [21].

The prognostic significance of HER2 am-
plification/expression in gastric cancer is part-
ly controversial. Recent literature review stud-
ies on the impact of HER2 overexpression on
survival have published results showing that
HER2 overexpression had no impact on pa-
tient survival in 20 published studies (57%),
two studies (6%) reported significantly better
survival for patients with HER2 overexpres-
sion compared to HER2-negative patients,
and 13 studies (37%) found significantly worse
survival for patients with HER2 overexpres-
sion/amplification [22]. Chua and colleagues
in their study published results showing that
the median percentage of HER2-positive gas-
tric carcinomas was 18% (range 4%-53%) [23].
Terashima and colleagues in their study found
a HER2 score of 2+ in 101 (12.2%) carcinomas
and a HER2 score of 3+ in 75 (9.0%) gastric car-
cinomas. These authors analyzed gene ampli-
fication by FISH method in carcinoma samples
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that were scored 2+ and 3+ on immunohisto-
chemically stained slides [24].

In patients with a 3+ score on IHC slides,
gene amplification was found in 97.3%, while
in patients with a 2+ score, gene amplification
was found in 37.6% of patients. HER2 positive
expression/amplification was significantly as-
sociated with well-differentiated tumors, male
sex, older age, and lower tumor stage. These
authors did not find a significant correlation
between positive HER2 expression/amplifica-
tion and patient survival [24, 25].

In our study, according to Hofmann’s scor-
ing recommendations on IHC stained slides,
73 (76.1%) patients were classified as HER2
negative, 10 (10.4%) patients in the 2+ catego-
ry (HER2 equivocal), and 13 (13.5%) patients
were classified as 3+ (positive HER2 expres-
sion). Our results are largely consistent with
the results of He and colleagues, who in their
study of 197 patients found HER2 expression
distribution according to Hofmann’s scoring:
9.64% positive tumors (3+), 12.69% equivocal
tumors (2+), and 77.66% of tumors scored as 0
and 1+ (negative HER2 expression) [25].

Begnami and colleagues in their study
found only 3% of gastric tumors with a 3+ score
on IHC slides and 9% with a 2+ score. A score
of 1+ was found in this study in 38% of patients,
and a score of 0 in 50% of patients. Gene ampli-
fication by FISH method was found in 8% of pa-
tients with gastric carcinoma. A positive correla-
tion between expression on IHC slides and gene
amplification determined by FISH method was
found in 62.5% of patients. In this study, 99.9%
of patients who were negative (score 0 and 1+)
on IHC slides were also negative for gene am-
plification determined by FISH method. These
authors found statistically significantly worse
survival for patients with HER2 positive expres-
sion/amplification compared to patients with
HER?2 negative expression/amplification. They
also found a statistically significant positive as-
sociation between HER2 positive expression/
amplification and intestinal type adenocarcino-
ma, as well as low-grade adenocarcinoma [26].
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In our study, analogously to other stud-
ies, we investigated HER2 gene amplification
using CISH and FISH methods. The CISH
method is standardized for determining
HER2 gene amplification in breast cancers.
The FISH method is, in numerous studies, the
method of choice for determining gene ampli-
fication in gastric cancers [27]. Some authors
have reported perfect concordance between
these two methods (CISH and FISH) in deter-
mining HER2 gene amplification [13]. Analo-
gous to the results of Begnami et al. and Marx
et al., who confirmed negative HER2 gene
amplification by FISH method in 99.9% and
100% of patients with negative HER2 protein
expression, we did not analyze gene amplifi-
cation in patients with scores 0 and 1+ [26, 27].
Marx and colleagues examined the correla-
tion between HER2 protein expression results
on IHC slides and HER2 gene amplification
determined by FISH method. Their results
showed a very high correlation between these
two methods. All tumors that were positive
for expression on IHC slides (score 3+) had
present gene amplification, and five out of six
tumors with a score of 2+ on IHC slides had
present gene amplification. All tumors scored
negative on IHC slides (score 0 and 1+) were
negative for gene amplification determined
by FISH method [27].

Analysis of patients in our study catego-
rized as 3+ on IHC slides showed complete
concordance of all three methods used to
detect HER2 positivity. In all 13 tumors pos-
itive by IHC staining with HER2 antibody,
the presence of HER2 gene amplification was
confirmed by both CISH and FISH methods.
In the group of 10 patients whose tumors were
categorized as 2+ (equivocal positivity) on
histological slides stained by IHC with HER2
antibody, 30% of patients had HER2 gene am-
plification by CISH, and 50% by FISH meth-
od. The level of agreement between these two
methods was high and statistically significant,
Kappa =0.78 (p <0.001). Our results are largely
consistent with those of Yan et al. [15].
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Shan and colleagues, in their study analyz-
ing HER2 expression in 1,463 patients, found
HER2 overexpression on IHC slides (score
3+) in 7.0% of patients with gastric cancer and
14.6% of patients with gastroesophageal junc-
tion adenocarcinomas [20]. A score of 2+ was
found in 13.0% of patients with gastric can-
cer and 16.9% of patients with gastroesoph-
ageal junction adenocarcinomas. HER2 gene
amplification by FISH method was found
in 97.5% of patients with a 3+ score on IHC
slides, 28.9% of patients with a 2+ score on
IHC slides, and 1.3% of patients with scores 0
and 1+. The concordance percentage between
IHC and FISH methods in this study was
98.5%. Other authors reported a concordance
of 94.5% [20]. In contrast, the ToGA study
reported a concordance percentage between
the IHC method and the FISH method for
determining HER2 positivity of 87.2% [17].
According to the results of this study, 7.5%
of patients with scores 0 and 1+ had positive
gene amplification determined by FISH, and
54.6% of patients with a 2+ score on IHC slides
had positive HER2 gene amplification deter-
mined by FISH. The concordance percentage
between IHC determination of HER2 protein
overexpression and HER2 gene amplification
by FISH method in numerous studies ranges
from 88.6% to 97.7% [20].

He and colleagues, in their study analyzing
the agreement between IHC determination of
HER?2 overexpression and HER2 gene ampli-
fication by FISH method, found 100% agree-
ment in the group of patients with a 3+ score,
and 32.26% agreement in the group with a 2+
score [25]. Our results are largely consistent
with these authors. When looking at the CISH
method, the concordance percentage between
IHC and gene amplification determination is
identical, and when looking at the FISH meth-
od, our study found a higher concordance per-
centage in the group of patients with a 2+ score,
but in the total tested sample with all three
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methods, there is a high level of agreement.
Our results and those of many other studies
indicate the necessity of determining gene am-
plification in the group of patients with a 2+
score on IHC slides. The choice of ISH (in situ
hybridization) method is somewhat unclearly
defined, but the results of our study suggest
that the FISH method has greater sensitivity in
identifying gene amplification in gastric ade-
nocarcinoma. Based on our results and those
of many other studies, the recommendation is
that there is no need for additional testing of
gene amplification in patients with a 3+ score
on IHC slides, and the results of the IHC test
can be accepted as definitive.

Conclusion

Positive HER2 expression/amplification is as-
sociated with shorter survival in patients with
gastric adenocarcinoma when it comes to the
intestinal type adenocarcinoma according to
Lauren’s classification.

Differences in survival in the entire sample
covering all adenocarcinoma subtypes, where
patients in the study did not receive anti-HER2
biological therapy, are statistically significant
in stages I and II, while in stage III there was no
statistically significant difference. Determining
HER?2 expression/amplification is recommend-
ed for the intestinal type adenocarcinoma. The
level of agreement in determining HER2 gene
amplification using CISH and FISH methods
is high and statistically significant. The FISH
method is more sensitive and is recommend-
ed in routine practice for determining HER2
gene amplification in patients with gastric ad-
enocarcinoma with immunohistochemically
equivocal positivity (score 2+). Our results in-
dicate that tumor tissue samples with an IHC
score of 3+ do not need to be additionally test-
ed for gene amplification, but the results of the
IHC test can be accepted as final.
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Prognosticki znacaj HER2 kod Zzeluda¢nog adenokarcinoma

Mirjana Cuk', Radoslav Gajanin?, Svjetlana Kuli¢', Milena Vasi¢ Milanovi¢!

'Univerzitet u Isto¢nom Sarajevu, Medicinski fakultet Foca, Foca, Republika Srpska,
Bosna i Hercegovina

2Univerzitet u Banjoj Luci, Medicinski fakultet, Banja Luka, Republika Srpska,
Bosna i Hercegovina

Uvod. Adenokarcinom Zeluca je jedan od vodecih uzroka smrtnosti od malignih bolesti. Receptor
HER2 ima vaznu ulogu u proliferaciji i prezivljavanju ¢elija, a njegova prekomjerna ekspresija ili am-
plifikacija prisutna je kod dijela tumora, narocito intestinalnog tipa. Cilj ovog istrazivanja je da proci-
jenimo ekspresiju i amplifikaciju HER2 gena kod adenokarcinoma zeluca, te da utvrdimo dijagnostic-
ku uskladenost izmedu metoda: imunohistohemijsko bojenje (IHC), hromogena in situ hibridizacija
(CISH) i fluorescentna in situ hibridizacija (FISH).

Metode. U retrospektivnu studiju uklju¢eno je 96 pacijenata sa histoloski potvrdenim adenokarcino-
mom zeluca operisanim u periodu 2006-2014. Ekspresija HER2 proteina analizirana je IHC metodom
po Hofmanovoj skali. Slu¢ajevi sa ocjenom 2+ i 3+ dodatno su analizirani CISH i FISH metodama radi
potvrde amplifikacije HER2 gena. Uskladenost je procijenjena Kappa koeficijentom.

Rezultati. HER2 ekspresija bila je negativna (ocjena 0 i 1+) kod 76,1%, neodredena (2+) kod 10,4%,
a pozitivna (3+) kod 13,5% pacijenata. Svi pacijenti sa ocjenom 3+ imali su potvrdenu amplifikaciju
HER2 gena i CISH i FISH metodama. U grupi 2+, amplifikacija je potvrdena kod 30% (CISH) i 50%
(FISH). Uskladenost izmedu metoda bila je visoka (k = 0,78; p < 0,001). HER2 pozitivnost bila je zna-
¢ajno povezana sa intestinalnim tipom i losijom prognozom, posebno u ranoj fazi bolesti.

Zakljucak. HER2 je vazan biomarker kod intestinalnog adenokarcinoma zeluca. FISH metoda je
osjetljivija od CISH kod sumnijivih IHC slucajeva, dok se IHC rezultat 3+ moZze smatrati konacnim bez
dodatne potvrde.

Kljucne rijeci: adenokarcinom zeluca, HER2, imunohistohemija, CISH, FISH, amplifikacija gena
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