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Abstract Background and Aims Gastric cancer is the third most common cause of cancer-
related mortality worldwide after lungs and colorectum. Although controversial,
Her2neu overexpression by immunohistochemistry is usually associated with poor
prognosis in patients with carcinoma stomach. We conducted a prospective study to
evaluate the prognostic role of Her2neu and its correlation with clinical, pathologic
type, and stage of the disease.

Methods A prospective study was performed on paraffin blocks of 111 gastric cancer
specimens (88 patients were biopsy specimens and 23 were gastrectomy specimens).
The paraffin blocks were processed for Her2neu receptor immunohistochemical
staining and fluorescence in situ hybridization, and scoring was done.

Results Her2neu overexpression was detected in 30 out of 111 (27%) patients. The
mean age was 57.68+12.82 years, with males constituting two-thirds of total
patients. Tobacco addiction was found in 44% of the patients and smoking in 33% of
the patients. Her2neu expression was similar in Lauren’s intestinal and diffuse
histologic type; however, proximal gastric tumors overexpressed Her2neu as com-
pared with distal tumors. Her2neu 2+ or 3 + (odds ratio: 2.52, 95% Cl: 1.61-3.95,
p=0.001) was the only independent predictor of survival in gastric cancer patients.
Kaplan-Meir survival analysis showed that the survival of gastric cancer patients with
Her2neu overexpression (Her2neu 2+ or 3 + ) was significantly lower than that of those
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Introduction

Gastric cancer is one of the aggressive tumors encountered in
clinical practice, accounting for the third most common
cancer-related death worldwide." However, in India, it is
the fifth most common cancer among males and seventh in
females.?> There is a wide topographical difference in the
incidence of gastric cancer, with the highest incidence being
reported from Japan and India being fortunate to be in the
low-risk population for cancer stomach.* These variations
are probably due to dietary habits and the prevalence of
Helicobacter pylori infection.” Although there is a declining
trend in the prevalence of gastric cancer worldwide due to
improvement in food hygiene and preservation methods, the
regional variation in India still persists with more prevalence
of gastric cancer among the southern Indian population as
compared with its northern counterpart, maybe due to
dietary habits like pickled food, high rice intake, and spicy
food rich in chilly.®’

Although surgery is the only curative option in gastric
cancer, unfortunately, most tumors present with locally
advanced disease. In the advanced stage of the disease,
surgical resection is not possible, and chemoradiation has
limited success in the management of gastric cancer. Hence,
the chances of survival in advanced gastric cancer with
currently available palliative chemotherapy are low, with
an urgent need of new effective chemotherapeutic agents
targeting molecular signaling cascades. One of these signal-
ing cascades is a 185 KDa tyrosine kinase protein and a
member of the epidermal growth factor receptors’ family,
Her2, regulating cell proliferation, differentiation, and cellu-
lar survival.’?

The overexpression of Her2neu has been shown to affect
prognosis and response to therapy in patients with breast
cancer, and it has been also observed in tumor overgrowth.'®
However, this signaling molecule has gained popularity in
patients with gastric cancer over one decade as a predictive
marker of treatment response to trastuzumab in Her2neu-
positive advanced gastric cancer along with conventional
chemotherapeutic agents. The Trastuzumab for Gastric Can-
cer (TOGA) trial has clearly shown the benefits of anti- Her2
therapies in patients of gastric cancer with Her2neu over-
expression.'! Hence, accurately characterizing Her2neu sta-
tus in carcinoma stomach patients may help to improve the
outcome of trastuzumab therapy and its undesirable side
effects. We conducted a cross-sectional study to evaluate the
Her2neu expression in gastric cancer patients by immuno-
histochemistry and correlate the Her2neu overexpression
with clinical, pathologic type, and stage of the disease. We
also evaluated the prognostic role of Her2neu overexpres-
sion in the survival of carcinoma stomach patients.

Patients and Methods

Methodology

This is a prospective study conducted in the Institute of
Medical Sciences, Banaras Hindu University, Varanasi, from
March 2013 to November 2016. All the consecutive patients
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of gastric cancer who had undergone surgery or endoscopic
biopsy were enrolled in the study. A complete history with
respect to symptoms and risk factors was ascertained. A
thorough clinical examination of the patient was also done.
Complete blood count, blood sugar, liver function test, renal
function test, and screening for human immunodeficiency
virus, hepatitis C virus, and hepatitis B virus were done. The
informed consent was taken from all patients, and study
approval was taken from the ethical committee of Banaras
Hindu University.

Processing of the Specimens

The specimens were transferred to the histopathology unit
after biopsy/gastrectomy in 10% neutral buffer formalin.
Paraffin blocks were prepared after gross examination of
the specimens for staining and microscopy. The differentia-
tion, lymphovascular invasion, perineural invasion, and in-
filtration of tumor up to mucosa/submucosa/muscularis
propria/ serosa were identified in the slides. The procedure
of routine histopathology for gastric cancer has already been
standardized in the Department of Pathology, IMS, BHU,
Varanasi.

Her2neu Immunohistochemistry

After histopathological confirmation of adenocarcinoma of
the stomach, the paraffin block was processed for Her2Neu
receptor immunohistochemical staining. The slides were
deparaffinized in xylene and rehydrated in gradient ethanol
solution. The antigen retrieval was done by immersing the
slides in 10-mM citric buffer (pH 6.0) and then heating them
for 15 minutes, followed by cooling at room temperature for
20 minutes and washing with phosphate-buffered saline
(PBS). Endogenous peroxidase was blocked with 3% H202
in methanol for 10 minutes. Preincubation of 10% fetal calf
serum in PBS with 0.01% sodium azide was done to prevent
nonspecific binding. Then, the slides were incubated with
antibody against Her2neu HercepTest Kit (Thermo-Fischer)
for 1 hour followed by amplifier and horseradish peroxidase
complex for 20 minutes after washing three times in PBS and,
then, visualized with diaminobenzidine and counterstained
with hematoxylin. The primary antibody was replaced with
PBS for negative controls. Breast cancer tissue exhibiting
high levels of markers served as controls.

Two experienced pathologists reviewed the Her2neu-
stained slides, and a score of 0 to 3+ was assigned as per
the criteria recommended by Hoffman et al as per the
membrane staining in at least 10% of the tumor cells in the
Her2neu-stained slides.'? Her2neu-negative status was giv-
en to those with scores of 0 and 1 +, while scores of 3+ or 2+
with FISH positivity were defined as Her2neu-positive
status.

Statistical Analysis

Data were analyzed by Statistical Package for the Social
Sciences (SPSS) 20.0 (SPSS, Chicago, IL, United States).'?
The categorical variables were expressed as numbers with
percentages and continuous variables as mean + standard
deviation or median. Continuous data were analyzed using
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independent t-test and categorical variables with chi-square
test and Fischer exact test whenever applicable. Cox multi-
variate regression was employed to estimate the predictive
factors for survival of gastric cancer patients. Kaplan-Meir
survival analysis was done to evaluate the cumulative sur-
vival as per Her2neu status. p-value <0.05 was considered as
statistically significant.

Results

Demographics and Clinicopathological Parameters of
Gastric Cancer Patients

A total of 111 gastric cancer patients were included in the
study, 88 patients (79%) provided biopsy specimens and 23
(21%) gastrectomy specimens. =Table 1 depicts the demo-
graphics and clinicopathological parameters of gastric can-
cer patients. The mean age was 57.68 +12.82 years, with
males constituting 66% of patients. Weight loss was the most

Table 1 Baseline clinicopathological and endscopic
characteristics of carcinoma stomach patients

Parameters Number of patients (n=111)
Age in years 57.68 £12.82 (26-78)
Gender Male 73 (65.8%)

Female 38 (34.2%)
Weight loss 68 (61%)
Vomiting 53 (48%)

Pain addomen 50 (45%)
Early satiety 43 (39%)
Dysphagia 29 (26%)

Clinical symptoms

Addiction Tobacco 49 (44%)
Smoking 37 (33%)
Alcohol 20 (18%)

Morphology Polypoid 15 (13.5%)

Ulcerating 71 (64%)
Schirrous 17 (15.3%)
Fungating 8 (7.2%)
Proximal 40 (29%)
Distal 55 (50%)

Both 23 (21%)
Intestinal 57 (51.4%)
Diffuse 43 (38.7%)
Mixed 11 (9.9%)
Grade 1 11 (10%)
Grade Il 34 (31%)
Grade Ill 66 (59%)
13 (2.7%)

11 50 (45%)

Il 48 (43%)

IV 10 (9%)

Site of disease

Tumor type

Grade of differentiation

Stage of disease
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common symptom (61%), followed by vomiting (48%) and
pain in abdomen (45%). Tobacco addiction was found in 44%
of patients and smoking in 33% of patients. In upper GI
endoscopy, ulcerating growth was found in 64% of patients,
and polypoid and scirrhous morphology was detected in
around 15% of patients. The distal growth was found in 50% of
patients and proximal growth in 29%. Out of all patients,
grade Il was found in 59%, grade Il in 31%, and grade Iin 10%
patients. Around 90% of total patients were in stage Il and III
diseases, and 9% of patients were in stage IV disease.

Clinicopathological and Endoscopic Parameters
according to Her2neu Status

As shown in =Table 2, age and gender distribution were
similar in both groups of patients irrespective of Her2neu
status. Polypoidal growth was more prevalent in Her2neu-
positive tumors (26 vs. 9%, p=0.04). There was no signifi-
cant difference between Lauren’s intestinal variety with
Her2neu expression in gastric cancer. However, the Her2
neu was overexpressed in proximal gastric tumors (50 vs.
32%,p=0.002) and less expressed in distal tumors (20 vs.
50%, p=0.002). Her2neu expression was not statistically
different in advanced stages (stage IIl and IV disease) of the
disease.

Predictors of Mortality in Gastric Cancer

The median survival of gastric cancer patients, as shown in
~Fig. 1, revealed that stage IV gastric cancer had a median
survival of 6 months, stage Il had of 17 months, stage Il had
of 27 months, and stage I had of 38 months. The predictive
factors of mortality in cancer stomach patients as assessed by
Cox regression analysis as shown in = Table 3, revealed that
the age of patients (odds ratio [OR]: 1.02, 95% confidence
interval [CI]: 1.01-1.04, p=0.03) and Her2Neu 2+ or
3+ (OR: 2.68, 95%Cl: 1.76-4.16, p=0.001) were significant
predictors of survival in univariate analysis. However, Her2-
Neu 2+ or 3+ (OR: 2.52,95%Cl: 1.61-3.95, p=0.001) was the
only independent predictor of survival in multivariate anal-
ysis. Kaplan-Meir survival analysis, as depicted in ~Fig. 2,
showed that survival of gastric cancer patients with Her2neu
overexpression (Her2neu 2+ or 3+) was a significantly
lower than that of those with Her2neu nonexpression
(p=0.001).

Discussion

Gastric cancer is one of the top five common cancers in India,
with the second most common cancer-related death among
the Indian population.’® High salt diet with an increase in the
smoking habit in both males and females along with Heli-
cobacter pylori infection is considered as significant risk
factors for the development of gastric cancer in India.'?
The advanced stage of the disease, along with limited pallia-
tive chemotherapeutic modalities, increases morbidity and
mortality of the patients with this deadly cancer. Her2neu
overexpression in gastric cancer has been known for years as
a therapeutic target as well as the antitumor activity of anti-
Her2neu molecules.'®
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Table 2 Demographics, clinicopathological, and endoscopic parameters according to Her2neu status

Parameters Her2neu 0 or 1+ Her2neu 2+ or 3+ p-Value
(n=281) (n=30)

Age in years 59.30+£12.82 54.93+13.80 0.06

Gender: M:F 56:25 (69%:31%) 17:13 (57%:43%) 0.26

History of smoking 32 (40%) 5(17%) 0.02

Tumor morphology

Polypoid 7(8.6%) 8 (26%) 0.04

Ulcerating 56 (69%) 15 (50%)

Schirrous 11 (13.6%) 6 (20%)

Fungating 7 (8.6%) 1(3.3%)

Site

Proximal only 26 (32%) 15 (50%) 0.002

Distal only 41 (50%) 6 (20%)

Both proximal and distal 14 (12%) 9 (30%)

Tumor type

Intestinal 42 (52%) 15 (50%) 0.76

Diffuse 32 (40%) 11(36%)

Mixed 7 (6.3%) 4 (13%)

Grade

| 8 (10%) 3 (10%) 0.68

Il 25 (31%) 10 (33%)

Il 48 (59%) 17 (57%)

Stage of diseases

| 3(3.5%) 0 0.001

Il 43 (53%) 7 (23%)

i 33 (41%) 15 (50%)

\Y 2 (2.5%) 8 (27%)

Note: Her2 2+ status with positive confirmatory FISH test.

In our study, we found that 30 out of 111 (27%) had
Her2neu 2+ or 3 +. One recent study from Assam reported
56% Her2neu positivity in their study.'® Another study from
Tamil Nadu reported a lower Her2neu positivity rate of 12%.°
This variability of Her2neu positivity in various studies may

n=3 (2.7%)

Median surviva in months

Stage I
stage of Carcinoma stomach

n=50 (45%)

stage N

n=48 (43%)

n=10 (9%)

Fig.1 Bardiagram showing the median survival of different stages of

carcinoma stomach patients.

be attributed to intratumoral heterogeneity of Her2neu, and
also a selection of primary antibodies, either monoclonal or
polyclonal, may also affect the result. Our study was at par

Median survival Her 2 neu 0 or 1+
22months vs 2+or 3+ 17 months
p<0.001
0.5

0.6

Cumulative Survival

Survival in months

Fig. 2 Kaplan-Meir survival analysis of patients with carcinoma
stomach, according to Her2neu staining.
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Table 3 Cox regression analysis showing factors predicting survival in patients with carcinoma stomach

Univariate analysis Multivariate analysis
Parameters OR 95% Cl p-Value AOR 95% Cl p-Value
Age of patient 1.02 1.01-1.04 0.03 1.01 0.99-1.03 0.16
Male gender 1.44 0.89-2.44 0.13 - - -
Intestinal type vs. diffuse type 1.25 0.87-1.87 0.22 - - -
Proximal tumor vs. distal tumor 1.16 0.84-1.88 0.25 - - -
Her2neu 2+ or 3+ 2.68 1.76-4.16 0.001 2.52 1.61-3.95 0.001

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; OR, odds ratio.

Note: Her2 2+ status with positive confirmatory FISH test.

with the previously reported Her2neu positivity rate of 9 to
38%.'78 In addition, the proximal location of the tumor was
also associated with Her2neu overexpression in the current
study. The studies by Tanner et al and Gordon et al also found
higher Her2neu expression among gastroesophageal junc-
tion favoring higher proximal predominance of Her2neu
expression, as found in our study.'®1?

In the current study, the Her2neu overexpression was not
correlated with the pathologic type of tumor; the intestinal
type had a similar Her2neu expression as the diffuse-type
tumor. However, previous Korean studies had shown higher
rates of Her2neu overexpression in Lauren’s intestinal type
of cancer than in diffuse cancers, and this higher Her2neu
expression in intestinal-type cancer was also observed TOGA
trial.’"2% Hence, the preferential coexpression of Her2neu
with intestinal phenotype tumor cells is responsible for
Her2neu overexpression in intestinal phenotype than in
diffuse variety.?° In addition, Her2neu expression was in-
versely associated with E cadherin mutation found in
diffuse histologic type, hence overexpression of Her2neu
in intestinal-type rather than in diffuse variety. However,
one Indian study from Hyderabad found a similar Her2neu
expression rate among intestinal and diffuse histologic
varieties, at par with our findings.?! The grade of differen-
tiation was not correlated with Her2neu expression in our
study. Multiple studies had earlier shown a higher Her2neu
positivity rate among well-differentiated gastric cancer
than among poorly differentiated cancers.®**?> The underly-
ing molecular mechanisms of Her2neu positivity in differ-
ent grades of differentiation are usually complex and need
further evaluation.

The role of Her2neu as a prognostic factor in the survival
of gastric cancer patients is highly controversial due to
different results in different studies. In our study, Her2neu
positivity was an independent predictor of mortality in
patients with carcinoma stomach, and patients with Her2-
neu overexpression (Her2neu 2+ or 3 +) had significantly
lower survival than those with Her2neu nonexpression.
Hence, gastric cancer patients with her2neu overexpression
showed poor outcomes than Her2neu-negative patients.
Previous studies had shown shorter overall survival rates
with overexpression of Her2neu in gastric cancer
patients.>2> A study from Bulgaria found that Her2neu
positivity was associated with the worst outcome after

South Asian Journal of Cancer

surgical resection compared with Her2neu negativity.?
Zhang et al, in their series of 102 gastric cancer patients,
found decreased survival time among patients with Her2neu
overexpression.27 However, one large series by Yu et al of
1,143 gastric cancer patients did not show any correlation of
survival time with Her2neu positivity.?® However, the ma-
jority of publications had confirmed the association of
Her2neu positivity with the worst outcome among gastric
cancer patients, suggesting the predictive role of Her2neu in
prognosticating patients with carcinoma stomach.?%3? The
major limitation of our study was the relatively small sample
size. The prospective nature of the study and correlation of
Her2 Neu with outcome were factors adding significant
strength to our study.

In conclusion, Her2neu has a significant role in the tumor
development and progression of disease in carcinoma
stomach. Her2neu positivity was an independent predictor
of mortality in patients with carcinoma stomach, and
patients with Her2neu overexpression had significantly
lower overall survival than those with Her2neu nonexpres-
sion. The proximal location of gastric cancer is more likely
to have Her2neu positivity than the distal location. Her2neu
testing should be recommended in all patients with early
gastric cancer, and target therapy with trastuzumab may be
considered after detection of Her2neu status in gastric
cancer patients.
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