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Abstract

Background: Gastrointestinal adenocarcinomas (GIAs), particularly gastric and colorectal cancers, remain
major global health burdens. HER2/neu (human epidermal growth factor receptor-2) is a proto-oncogene
encoding a transmembrane tyrosine kinase receptor that plays a critical role in cell proliferation and
differentiation. Overexpression of HER2/neu has been associated with poor prognosis and aggressive tumor
behavior in several malignancies. The present study aimed to determine the prevalence and pattern of HER2/neu
overexpression in gastrointestinal adenocarcinomas and to correlate these findings with demographic and
histopathological parameters.

Materials and Methods: This was a retrospective and prospective cross-sectional study of 50 histologically
confirmed cases of gastric and colorectal adenocarcinomas obtained for two years in the Department of
Pathology in a tertiary care teaching hospital. Immunohistochemical (IHC) evaluation of HER2/neu was
performed using standard protocols and scored according to Hoffmann et al. (2008) criteria. A score of 3+ was
taken as positive, 2+ equivocal, and 0—1+ as negative.

Results: HER2/neu positivity (3+) was observed in 12 (24%) of 50 gastrointestinal adenocarcinomas, with 7/28
(25%) gastric and 5/22 (22.7%) colorectal cases showing overexpression. HER2/neu overexpression was
significantly associated with well-differentiated histology (p = 0.003), but not with age, sex, or tumor site.
Conclusion: HER2/neu overexpression was found in nearly one-fourth of gastrointestinal adenocarcinomas.
Given its significant association with tumor differentiation, HER2/neu assessment by IHC should be included in
the routine evaluation of gastrointestinal adenocarcinomas to identify patients who may benefit from targeted
anti-HER?2 therapy.
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Introduction

Gastrointestinal malignancies are among the pathogenesis of gastrointestinal adenocarcinoma is
leading causes of cancer-related morbidity and complex and multifactorial, involving both

mortality worldwide. Gastric adenocarcinoma is the
fifth most common malignancy and second leading
cause of cancer death globally, accounting for
nearly one million deaths annually [1]. Its
incidence is particularly high in East Asia, Eastern
Europe, and parts of South America. In India, the
incidence rate of gastric cancer is estimated at 10.6
per 100,000 population [2]. Colorectal cancer
(CRC), on the other hand, ranks third in incidence
and second in mortality, with 1.8 million new cases
and 881,000 deaths reported in 2018 [3]. The
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environmental and genetic factors. Dietary habits
such as high salt intake, consumption of smoked
foods, and low intake of fruits and vegetables have
been implicated as risk factors [4]. Chronic
Helicobacter pylori infection is an established
etiological factor for gastric carcinogenesis and is
classified as a Class I carcinogen by the World
Health Organization [5]. The progression of gastric
cancer follows a “precancerous cascade” as
described by Correa, in which normal mucosa
undergoes sequential transformation through
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atrophic gastritis, intestinal metaplasia, dysplasia,
and finally invasive carcinoma [6,7]. Despite
advances in diagnostic techniques and multimodal
therapy, the prognosis for advanced gastrointestinal
cancers remains dismal. The 5-year survival rate
for advanced gastric cancer ranges between 4-13%,
and while surgery remains the cornerstone of
treatment, outcomes are significantly improved
only in early-stage disease [8]. Consequently, there
has been a growing interest in identifying
molecular biomarkers that may serve as diagnostic,
prognostic, or therapeutic targets.

Among these biomarkers, HER2/neu (human
epidermal growth factor receptor 2)—encoded by
the ERBB2 gene on chromosome 17ql2—has
received particular attention [9]. It belongs to the
epidermal growth factor receptor (EGFR) family,
which includes HER1 (EGFR), HER2, HER3, and
HER4 [10]. These receptors have extracellular
ligand-binding domains, transmembrane regions,
and intracellular tyrosine kinase domains [11].
HER2/neu  activation  triggers intracellular
signalling  cascades, notably the MAPK,
PI3K/AKT, and PKC pathways, which promote
cellular proliferation, differentiation, and survival
[12]. HER2/neu overexpression or amplification
results in constitutive activation of these pathways,
contributing to uncontrolled tumor cell growth,
invasion, and metastasis [13]. In breast carcinoma,
HER2/neu overexpression occurs in approximately
25-35% of cases and serves as both a prognostic
marker and a predictive factor for response to
targeted therapy with trastuzumab, a monoclonal
antibody that inhibits HER2 signalling [14,15]. The
landmark ToGA trial (2010) demonstrated a
significant survival benefit in patients with HER2-
positive advanced gastric or gastroesophageal
junction cancers treated with trastuzumab in
combination with chemotherapy [16].

Given these results, there is increasing interest in
exploring HER2/neu expression in non-breast
malignancies, including gastric and colorectal
adenocarcinomas [17,18].

However, studies have shown variable rates of
HER2/neu positivity ranging from 6-35% in gastric
and 0-83% in colorectal cancers, depending on the
population studied and the criteria used [19-21].
This variability underscores the need for region-
specific data and standardization of HER2/neu
testing protocols. Therefore, the present study was
undertaken to determine the frequency and pattern
of HER2/neu overexpression in gastrointestinal
adenocarcinomas and to correlate HER2/neu status
with  clinicopathological —parameters, thereby
assessing its potential diagnostic and therapeutic
significance.

Materials and Methods
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This research was conducted as a retrospective and
prospective cross-sectional observational study in
the Department of Pathology of a tertiary care
teaching hospital for a period of two years. The
study comprised 50 histopathologically confirmed
cases of gastric and colorectal adenocarcinomas.
Ethical clearance was obtained from the
Institutional Ethics Committee prior to initiation of
the study, and informed consent was secured from
patients or their relatives as applicable.

The study included all biopsy and resection
specimens that were diagnosed histologically as
adenocarcinoma arising from the stomach or large
intestine. Both retrospective cases, identified
through archival paraffin blocks, and prospective
cases, obtained during the study period, were
included. Cases were selected based on adequate
fixation in 10% neutral buffered formalin,
sufficient tissue for analysis, and intact morphology
suitable for  immunohistochemical (IHC)
evaluation. Non-adenocarcinomatous malignancies,
recurrent tumors, and samples with insufficient or
necrotic tissue were excluded.

For each selected case, representative paraffin-
embedded tissue blocks were sectioned at 3 um
thickness using a rotary microtome. Sections were
mounted on poly-L-lysine coated slides and
incubated at 60°C for one hour to promote
adhesion. Following deparaffinization in xylene
and rehydration through graded alcohols, heat-
induced antigen retrieval was carried out using
citrate buffer (pH 6.0-9.5) in a pressure cooker.
Endogenous peroxidase activity was quenched
using 3% hydrogen peroxide for 10 minutes. The
slides were then incubated with a primary
monoclonal antibody against HER2/neu (ready-to-
use clone, supplied by PathnSitu Biotechnologies)
for 60 minutes at room temperature.

After thorough washing, a Polyexcel HRP
(horseradish  peroxidase) secondary antibody
system was applied, followed by visualization with
diaminobenzidine (DAB) chromogen. Finally,
counterstaining was performed with Harris
hematoxylin, and the slides were dehydrated,
cleared, and mounted using DPX.

A case of breast carcinoma known to be HER2/neu
positive served as the positive control, while the
negative control was prepared by omitting the
primary antibody. All slides were independently
reviewed by two senior pathologists to minimize
observer bias.

HER2/neu immunoreactivity was evaluated based
on Hoffmann et al. (2008) criteria [22]. A case was
scored as 0 if there was no membranous staining or
staining in <10% of tumor cells; 1+ for faint,
incomplete membranous staining in >10% of cells;
2+ (equivocal) for weak to moderate complete or
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basolateral membranous staining in >10% of cells;
and 3+ (positive) for strong complete or basolateral
membranous staining in >10% of cells. Only
membranous staining was considered; cytoplasmic
reactivity was disregarded.

Cases with a 2+ score were considered equivocal
and recommended for confirmatory testing by
fluorescence in situ hybridization (FISH), although
this was not performed in the present study. All
clinical data including age, sex, site, and
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histological grade were recorded and correlated
with HER2/neu expression. Statistical analysis was
performed wusing SPSS software version 21.
Descriptive statistics were expressed in frequencies
and percentages. Associations between HER2/neu
expression and various parameters were analyzed
using the Chi-square test and Fisher’s exact test,
with a p-value < 0.05 considered statistically
significant.

Results

Table 1: Distribution of HER2/neu Expression among 50 Gastrointestinal Adenocarcinomas

HER2/neu Expression Number Percentage
Negative (0-1+) 30 60.0%
Equivocal (2+) 8 16.0%
Positive (3+) 12 24.0%
Total 50 100.0%
HER2/neu overexpression (3+) was observed in 12 cases (24%), equivocal in 8 (16%), and negative in 30
(60%).

Table 2: Site-wise HER2/neu Positivity
Site Total Cases HER2/neu Positive Percentage
Gastric 28 7 25.0%
Colorectal 22 5 22.7%
Total 50 12 24.0%

HER2/neu positivity was slightly higher in gastric carcinomas (25%) compared to colorectal adenocarcinomas

(22.7%).

Table 3: Correlation with Histologic Grade

Grade HER2 Negative HER?2 Positive Total p-value
Well Differentiated 6 8 14

Moderately Differentiated 12 4 16

Poorly Differentiated 10 0 10 0.003

HER?2 positivity was significantly higher in well-differentiated tumors (p = 0.003), suggesting an association
between differentiation and HER2/neu overexpression.
Table 4: Age and Sex Distribution

Variable HER2 Negative HER?2 Positive p-value
Age >50 years 29 12 0.092
Male 22 8 0.598
Female 16 4

HER?2 positivity was more frequent in patients aged >50 years and males, though the associations were not

statistically significant.
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IHC SCORE 0 THC SCORE 1+
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Figure 1 & 2: THC score 0 and 1
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Figure 3 & 4: IHC Score 2 & 3
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Discussion

The  present study revealed HER2/neu
overexpression (3+ IHC score) in 24% of
gastrointestinal adenocarcinomas, consistent with
reported global data of 6-35% for gastric and 0—
30% for colorectal carcinomas [23-25].

HER2/neu in gastric adenocarcinoma: Among
the 28 gastric adenocarcinoma cases, 25% showed
HER?2 positivity. Gupta et al. [26] reported 24.5%
HER2 positivity in Indian gastric carcinoma
patients, which aligns closely with our findings.
Similarly, Gravalos and Jimeno [27] and Halder et
al. [28] reported rates of 22% and 25%,
respectively. However, studies by Sekaran et al.
[29] and Lakshmi et al. [30] observed higher rates
(44% and 60%), possibly due to population
heterogeneity and differences in scoring criteria.

HER2/neu overexpression in gastric carcinoma has
been associated with intestinal-type histology and
well-differentiated tumors, as per the Lauren
classification [31]. The current study supports this
association, showing a statistically significant
correlation (p = 0.003) between HER2 positivity
and well-differentiated histology. This suggests that
HER2-driven oncogenic signaling might be an
early event in carcinogenesis, promoting
differentiation and proliferation in gland-forming
adenocarcinomas.

HER2/neu in colorectal adenocarcinoma: HER2
positivity was observed in 22.7% of colorectal
adenocarcinomas, consistent with findings from
Ummerali et al. [32] who reported 24%, and
Shabbir et al. [33] who found membranous
expression in 26.6% of positive cases. McKay et al.
[34], however, reported minimal HER2
involvement, suggesting geographic and
methodological variability.

Notably, our study used Hoffmann’s strict
membranous  positivity  criteria,  excluding
cytoplasmic staining, which enhances specificity
for therapeutic relevance.

Correlation with clinicopathological features: In
the present study, HER2/neu overexpression
showed a significant association with tumor
differentiation (p = 0.003) but not with age, gender,
or tumor site. Similar correlations were noted by
Dewan et al. [35], Raziee et al. [36], and Ling et al.
(37]. HER2 positivity was higher among older
patients (>50 years) and males, though not
statistically significant, possibly reflecting the
general  epidemisology  of  gastrointestinal
malignancies.

Therapeutic implications: The therapeutic
importance of HER2/neu testing lies in identifying
candidates for trastuzumab therapy. The ToGA trial
[38] demonstrated that adding trastuzumab to
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chemotherapy improved median overall survival in
HER2-positive advanced gastric or
gastroesophageal junction cancers. Moreover,
ongoing trials are evaluating dual HER2 blockade
and antibody-drug conjugates for HER2-positive
colorectal cancers, highlighting the translational
potential of accurate HER?2 testing.

When reviewing the literature collectively, our
results correlate well with global and Indian data.
Studies conducted by Gupta et al. [19], Gravalos et
al. [20], Lakshmi et al. (23), Halder et al. [21], and
Ummerali et al. [27] report HER2 positivity
ranging between 20% and 30%, similar to our
findings. This reinforces the reliability of
HER2/neu as a marker of clinical significance in
gastrointestinal adenocarcinomas. The variability
observed across studies emphasizes the influence of
geographic, genetic, and methodological factors on
HER2 expression and underscores the importance
of standardized assessment criteria.

Limitations: This study’s limitations include a
relatively small sample size and lack of
confirmatory FISH or PCR analysis for equivocal
(2+) cases. Furthermore, patient follow-up and
survival analysis could not be conducted,
precluding assessment of prognostic significance.

Conclusion

HER2/neu overexpression was identified in 24% of
gastrointestinal adenocarcinomas, predominantly in
gastric cancers. A strong correlation was noted
between HER2 positivity and well-differentiated
histology. Routine assessment of HER2/neu status
using standardized IHC protocols is recommended
for gastrointestinal adenocarcinomas, both for
prognostic evaluation and potential eligibility for
anti-HER2 targeted therapy. Confirmation of
equivocal cases by FISH/PCR and inclusion in
molecular oncology panels could further refine
therapeutic decision-making.
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