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Abstract

Background HER2 protein expression indicates adverse
prognosis in gastric adenocarcinoma (GCa). GCa HER2
positivity ranges from 10 to 22.8%. Similar data are scarce
in South Asia and unavailable in Sri Lanka.

Aim To evaluate HER2 protein expression, its clinico-
pathological relationship and survival in a Sri Lankan GCa
cohort.

Methods One hundred consecutive GCa patients were
recruited prospectively for 2 years. Histological diagnosis
was confirmed on endoscopic biopsies/gastrectomy speci-
mens. Clinicopathological and overall survival data were
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collected. HER2 expression was assessed using immuno-
histochemistry. 2+ and 3+ scores were considered posi-
tive. HER2 expression and clinicopathological parameters
were analyzed by Chi-squared test and multivariate anal-
ysis with logistic regression using SPSS-21. Kaplan—Meier
method and log-rank test were used for survival analysis.
Results Study includes 56 biopsies and 44 resections.
Male/female ratio was 1.9:1. Mean age of diagnosis was
61.1 years (range 32-82). Majority tumors were proxi-
mally located (58%). HER2 positivity was 9%. Even
though intestinal subtype predominated HER2 positivity
was mostly among diffuse variant (14.8%). In multivariate
analysis, mitotic count >5/hpf, high nuclear grade and
tumor necrosis were significantly associated with HER2
positivity, while poor differentiation, signet cells, extra-
cellular mucin, perineural invasion and pathological nodal
metastasis (all p < 0.05) showed a correlation in univariate
analysis. Mean follow-up duration was 37.4 weeks (range
0-104). HER2 positivity was associated with a signifi-
cantly lower median overall survival (p = 0.046).
Conclusion GCa HER?2 positivity was 9%, associated with
a lower median overall survival. Adverse histological
features had a positive correlation with HER2 positivity.
These histological features could direct patients for con-
firmatory HER2 testing in limited resource settings.

Keywords Gastric carcinoma - HER2 expression -
Adverse prognosis - Survival
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HER-2 Human epidermal growth factor receptor
GCa Gastric adenocarcinoma

CECT Contrast enhance tomography
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CEP Centromeric probe

FISH Fluorescence in situ hybridization
SISH Silver in situ hybridization

GOJ Gastroesophageal junctional
Background

Gastric carcinoma (GCa) is the fifth commonly diagnosed
cancer worldwide accounting for the third commonest
cancer-related deaths after lung cancer and liver cancer [1].
Although the global incidence of GCa has decreased, the
incidence of proximal cancer has increased in some pop-
ulations [1-3], resulting in significant public health and
economic burdens in both developed and developing
countries [4, 5]. More than 70% of GCa are from Asia and
around 50% of these occurred in East Asia [1]. East Asia
also had the highest GCa mortality rates [6]. Despite
advances in the prevention and treatment of advanced GCa,
S-year survival remains around 20-30%, with median
overall survival being less than 1 year in most parts of the
world [7].

Surgery is the mainstay of curative treatment for GCa
and is effective only in early-stage disease [8]. As GCa in
most countries present with advanced disease, those
receiving conventional therapies of surgery, chemotherapy
and radiotherapy have a poor prognosis, with a 5-year
survival of 5-20% [9, 10]. The survival rate of those with
advanced, yet resectable GCa also remains poor despite
treatment strategies such as neoadjuvant chemotherapy
[11] or adjuvant chemo-irradiation [12, 13]. Therefore,
advanced GCa is an aggressive malignancy with a poor
prognosis even if managed with the best supportive care
[14].

Human epidermal growth factor receptor 2 (EGFR2/
HER2) is a proto-oncogene encoded on chromosome
17q12 [15] which is translated into a 185-kD membrane
growth factor receptor protein. It transmits signals regu-
lating normal cell growth, development and survival.
HER?2 plays an important role in the aggressiveness and
progression of GCa [16, 17]. Over-expression of the HER2
gene is considered an adverse prognostic factor [16—19].
Multiple detection methods are available to evaluate HER2
gene status and its protein expression [20-22], including
estimation of HER2 membrane protein expression by
immunohistochemistry (IHC) and/or assessment of HER2
gene copy number, number and centromeric probe of
chromosome 17 (CEP17) ratio by in situ hybridization
techniques (ISH).

The phase III randomized study, Trastuzumab for Gas-
tric Cancer (ToGA) in 2010, revealed combination treat-
ment with trastuzumab (HER2-targeted therapy), and
chemotherapy significantly improved survival of patients

with advanced GCa or gastroesophageal junction cancers
with HER2 over-expression [22]. The ToGA study devel-
oped a new set of [HC scoring criteria based on the study
by Hofmann et al. [23] and demonstrated HER2-positive
(IHC 34 or IHC 2+/Fluorescent in situ hybridization or
FISH+) tumors in 22.1% of advanced GCa cases.

Sri Lanka has a low incidence of GCa in comparison
with global and regional countries, with an incidence of 1.2
per 100,000 population and an age adjusted mortality rate
of 6.7 [24]. The GCa incidence data of 2010 represents a
total number of 323 cases (male = 226, females = 97)
[24]. As a screening endoscopy program is currently
unavailable in Sri Lanka for early diagnosis, all detected
cases were symptomatic patients diagnosed on histological
evaluation of endoscopic biopsy/surgical resections.
Additionally, clinicopathological information pertaining to
GCa patients in Sri Lanka is sparse. A single documenta-
tion highlighted majority GCa’s in Sri Lanka were
advanced (Stages III, IV) at presentation [25]. Published
data regarding the HER2 status of Sri Lankan GCa patients
are hitherto unavailable, with paucity of similar data
originating from South Asia.

This study aimed at assessing HER2 protein expression
in a cohort of Sri Lankan patients with gastric adenocar-
cinoma by immunohistochemistry methodology, and to
correlate HER?2 protein expression with clinicopathological
parameters and overall survival of these patients.

Method

A prospective study was carried out at the Departments of
Surgery and Pathology, Faculty of Medicine, University of
Colombo and the National Hospital of Sri Lanka (NHSL).
Ethical approvals for the study were obtained from the
ethics review committees of the Faculty of Medicine,
University of Colombo and the NHSL.

One hundred consecutive symptomatic patients pre-
senting to the NHSL and diagnosed to have gastric ade-
nocarcinoma, by histological evaluation of upper
gastrointestinal endoscopic biopsy/gastric resection, over a
2-year period (2012 April-2014 April) were included in the
study. Gastroesophageal junctional tumors (GOJ) were
excluded on endoscopy. Only the resection specimen was
included in patients who proceeded to surgery following
biopsy. The endoscopic biopsy was included in others with
advanced tumors, who did not undergo gastric resection. A
structured data sheet was used to document age at diag-
nosis, gender, type of specimen, tumor location (proximal/
distal stomach), and radiological stage assessed by con-
trast-enhanced computerized tomography (CECT) of the
abdomen, pelvis and thorax. Radiological data were used to
determine the N (nodal enlargement >1 cm in maximum
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diameter in draining stations [26]) and M stages of patients
who only had biopsies without resections.

All patients were followed up for 2 years or until death,
Death certification was obtained through telephone inter-
view/contact letter.

Tumor samples were fixed in 10% formalin for 24-48 h
for histopathological and IHC evaluation. Histopathologi-
cal parameters were evaluated on routinely processed,
hematoxylin and eosine (H&E)-stained tissue sections, cut
into 4 um slices. Lauren’s histological classification for
gastric adenocarcinoma was used for histological typing
(diffuse, intestinal or mixed) [27]. Tumor differentiation
(tumor grade), nuclear grade, tumor necrosis, mitotic count
(< or >5/hpf), signet ring cells, extracellular mucin, tumor
inflammation with eosinophils, lymphocytes were assessed
histologically and documented in a data sheet. Additionally
perineural, lymphovascular and muscle invasion, infiltrat-
ing tumor border, lymph node status and pathological
staging were assessed in gastric resections and documented
in the data sheet.

Representative formalin-fixed, paraffin-embedded tumor
tissue sections cut at 4 um were stained manually for
HER?2 protein expression by IHC. Polyclonal rabbit anti-
human c-erB-2 oncoprotein (Dako A0485) and Dako Real
TM Envision system were used for IHC staining. Breast
cancer tissue with HER2 +3 score by IHC was used as the
positive control. HER2 staining was interpreted by two
independent pathologists based on the scheme described by
Riischoff et al. [15] (Table 1).

A score of IHC 0 or 1+ was considered negative for
HER?2 over-expression, where as a score of IHC 3+ was
considered strongly positive. A score of IHC 2+ was also
considered positive for HER2 over-expression based on
IHC scoring criteria by Riischoff et al. [15].

The statistical software program SPSS 21 (SPSS Inc.,
Chicago, IL, USA) and Microsoft Windows were used for
data analysis. The Chi-squared test was used for the uni-
variate analysis between HER2 status and clinicopatholog-
ical parameters. A p value <0.05 was considered significant.

Multivariate analysis with logistic regression was per-
formed to build a statistical model in predicting the HER2

Table 1 THC scoring criteria [15]

status based on above clinicopathological parameters. A
p value <0.2 was selected for the model that was built with
purposive selection method. Parameters showing an inde-
pendent risk at 95% significance level (p value < 0.05) were
retained in the final model. The beta coefficients and the
respective odds ratios were described with their confidence
intervals. Survival analysis was performed by the Kaplan—
Meier method. Median overall survival of HER2-positive
and HER2-negative groups was analyzed. The differences
between the survival curves of HER2-positive and HER2-
negative tumors were analyzed using the log-rank test.

Results

Of the one hundred GCa patients in the study, male gender
predominated with a male/female ratio of 1.9:1. The mean
age at diagnosis was 61.1 years (range 32-82) (Table 2).
The majority, 56% (n = 56) underwent upper gastroin-
testinal endoscopic biopsy followed by palliative
chemotherapy due to advanced stage of the disease at
presentation, while 44% (n = 44) underwent gastric
resection. Most tumors, 58% (n = 58) were located in the
proximal stomach. The majority, 59% (n = 59) were of the
intestinal subtype on histology and were of advanced stage
(IV) (50%, n = 50) at presentation (Tables 2, 3).

HER?2 Expression by IHC

HER?2 expression score in gastric resections and endo-
scopic gastric biopsies is shown in Table 3. 9% (n = 9)
showed HER2 positivity on IHC (score 2+ n = 6, score
3+ n = 3), while most tumors were negative for HER2
expression (Figs. 1, 2, 3).

HER2 Expression and Clinicopathological Features

Table 3 shows the HER2 THC score and demographic,
clinicopathological features of GCa. Comparison of
demographic and clinicopathological features with the
HER?2 status in univariate analysis is shown in Table 4.

IHC Surgical specimen
score

Endoscopic biopsy

0 No membranous staining or staining of <10% of the tumor cells No membranous staining or staining only in rare
cells (less than 5 cohesive cells)
+1 Faint/barely perceptible membranous reactivity in >10% of tumor cells (cells ~ Staining is weak or detected in only one part of the

are reactive only in part of their membrane)

+2 Weak to moderate complete, basolateral or lateral membranous reactivity in

>10% of tumor cells

+3 Complete, basolateral or lateral membranous reactivity of strong intensity in

>10% of tumor cells

membrane of at least 5 cohesive cells

Moderate/weak complete or basolateral membranous
staining of at least 5 cohesive cells

Strong complete or basolateral membranous staining
of at least 5 cohesive cells
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:;c?tatzllo?;l;g;?ilfgggigg?g Lauren histological classification Tumor location
of the gastric carcinoma study Intestinal (%) Diffuse (%) Mixed (%) Total Proximal Distal Total
population
Gender
Male 42 17 7 66 40 26 66
Female 17 10 7 34 18 16 34
Age
>60 28 12 7 47 27 20 47
<60 31 15 7 53 31 22 53
Tumor stage
1 6 3 0 9 5 4 9
1I 23 6 6 35 20 15 35
1 4 2 0 6 4 2 6
v 26 16 8 50 29 21 50
Tumor differentiation
Well 4 0 4 1 3 4
Moderate 41 2 4 47 30 17 47
Poor 14 25 10 49 27 22 49
Total 59 27 14 100 58 42 100

HER2-positive GCa also predominated in males 77.7%
(n=7) and in those less than 60 years of age. HER2
positivity was observed predominantly in distal tumors
11.9% (n = 5), though this was not statistically significant
[p = 0.486, OR = 0.548 (CI = 0.138-2.178)].

Majority patients, 74% (n = 74) presented with locally
advanced (T3 and above) tumors. Of the locally advanced
GCa’s, 8.1% (n = 6) showed HER2 positivity. In early-
stage GCa (T2 and below, n = 26), HER2 positivity was
11.5% (n = 3). Early-stage (T2 and below) tumors showed
higher HER2 positivity when compared to locally
advanced tumors, even though this was not statistically
significant [p = 0.693, OR = 1.478 (CI = 0.342-6.393).

Cross-sectional image (contrast-enhanced CT)-based
staging revealed malignant lymphadenopathy (defined as
lymph nodes >1 cm in maximum diameter in draining sta-
tions [27]) in 64% of patients. The HER?2 positivity rate of
14% (n = 9) in this group was significantly higher than in
those without malignant lymphadenopathy defined radio-
logically [p = 0.024, OR = 1.164 (CI = 1.054-1.285).
Pathological staging of resected gastrectomy specimens
showed lymph node metastasis rates of 50% (n = 22).
Similarly, the HER2 positivity rate of 22.7% (n = 5) in this
group was significantly higher than in those without
lymph node metastasis [p = 0.048, OR = 0.436 (CI =
0.305-0.623)].

Radiological staging showed metastatic disease (M stage)
in 51% of patients but interestingly with HER2 positivity
rates of only 5.9% (n = 3), which was not significantly
different [p = 0.313 OR = 2.233 (CI = 0.526-9.477)]
compared to the M stage negative group by radiology.

Most tumors 59% (n = 59) belonged to the intestinal
subtype. Though the diffuse subtype expressed higher levels
of HER2 positivity (14.8%, n = 4), no significant correlation
was observed between the histological subtype of GCa
and HER2 positivity [p = 0.537, OR = 1910 (CI =
0.480-7.593)]. In the case of the mixed histological type, the
expression of HER2 occurred in the intestinal component.

In univariate analysis, a significant association was
observed between HER2 positivity and the histological
characteristics of high tumor grade [p = 0.040, OR = 0.79
(CI = 0.010-0.646), high nuclear grade [p = 0.030,
OR = 0.170 (CI = 0.033-0.868)], the presence of tumor
necrosis [p = 0.019, OR = 0.171 (0.041-0.707), high

mitotic count (>5/hpf) [p = 0.003, OR = 0.107
(0.024-0.472)], signet cells [p = 0.049, OR = 4.167
(1.025-16.936)],  extracellular mucin [p = 0.043,

OR = 0.208 (0.049-0.879)] and perineural invasion (in
resected specimens) [p = 0.015, OR =155
(CI = 1.516-158.524)]. Of the above clinicopathological
parameters, perineural invasion showed a wide confidence
interval from 1.516 to 158.524 (Table 4). Hence, except for
this, the other six parameters and the age of the participants
were selected purposively for the multivariate analysis
(Table 5) with logistic regression. In multivariate analysis,
the presence of high mitotic count (>5/hpf) [p = 0.001,
OR = 0.035 (CI = 0.005-0.268)], high nuclear grade
[p = 0.014, OR = 19.491 (CI = 1.82-208.41)] and tumor
necrosis [p = 0.030, OR = 7.508 (CI = 1.21-46.46)]
were significantly associated with HER2 positivity.
Table 6 shows that these parameters are retained as pre-
dictors of HER2-positive status in the regression model.
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Table 3 HER2 score and demographic, clinicopathological features of gastric carcinoma

IHC score
HER2 negative HER 2 positive Total
0 +1 +2 +3
Demographic features
Age
<60 45 1 4 3 53
>60 42 3 2 0 47
Gender
Male 56 3 4 3 66
Female 31 1 2 0 34
Radiological/pathological features
TNM stage
T1 2 0 0 0 2
T2 18 3 3 0 24
T3 33 0 2 2 37
T4 34 1 1 1 37
NO 32 4 0 0 36
N1 55 0 4 5 64
MO 41 2 4 2 49
M1 46 2 2 1 51
Radiological/pathological staging
I 7 1 1 0 9
I 29 1 3 2 35
I 6 0 0 0 6
v 45 2 2 1 50
Type of specimen
Biopsy 50 2 3 1 56
Resection 37 2 3 2 44
Tumor location
Proximal 50 4 3 1 58
Distal 37 0 3 2 42
Lauren histological type
Intestinal 54 1 2 2 59
Diffuse 21 2 3 1 27
Mixed 12 1 1 0 14
Tumor differentiation (grade)
Well 2 0 2 0 4
Moderate 44 0 2 1 47
Poor 41 4 2 2 49
Nuclear grade
Low 55 2 1 1 59
High 32 2 5 2 41
Tumor necrosis
Present
Focal 10 2 2 2 16
Extensive 4 0 0 5
Absent 73 2 3 1 79
Mitotic count
>5/hpf 15 1 5 1 22
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Table 3 continued

IHC score
HER?2 negative HER 2 positive Total
0 +1 +2 +3
<5/hpf 73 2 1 2 78
Signet cells
Present 17 4 3 2 26
Absent 70 0 3 1 74
Extracellular mucin
Present 12 1 3 1 17
Absent 75 3 3 2 83
Tumor inflammation with eosinophils
Present 4 1 1 0 06
Absent 83 3 5 3 94
Tumor inflammation with lymphocytes (lymphocytic response-resections)
Present 22 0 0 0 22
Absent 9 4 6 3 22
Perineural invasion (in resections)
Present 7 1 2 2 12
Absent 30 1 1 0 31
Lymphovascular invasion (in resections)
Present 11 0 1 1 13
Absent 26 2 2 1 31
Muscle invasion (in resections)
Present 32 2 3 2 39
Absent 5 0 0 0 05
Infiltrating border (in resections)
Present 26 1 2 2 31
Absent 11 1 0 1 13
Total 87 4 6 3 100

Fig. 1 HER2-negative gastric carcinoma by IHC. a Score 0 tumor (x10), b score 1 tumor (x40)
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Fig. 3 HER2-positive gastric carcinoma by IHC. a Score 3+ tumor (x20), b score 3+ tumor (x40)

HER?2 Expressions and Survival

Majority of the patients (83%) were followed up for
2 years or death as the end point. The mean duration of
follow-up was 37.4 weeks (range 0-104). The median
overall survival durations for HER2-negative and HER2-
positive patients were 18 and 10 weeks, respectively. The
overall survival appears worse among HER2-positive
patients, and the differences in survival curves (Fig. 4)
were statistically significant (p = 0.046). There was no
statistically significant difference among both males
(p = 0.109) (Fig.5) and females (p = 0.149) (Fig. 6)
regarding the HER?2 status and overall survival.

Discussion

The male gender, older age (mean 61.1 years) and
advanced-stage disease at presentation seen in this GCa
patient cohort are consistent with the demographic findings
of similar studies from the east and the west parts of the
world [25, 28-31].

Most American and European studies have documented
GCa HER?2 positivity rates ranging from 10 to 22.8% using

@ Springer

IHC [16, 17], while Asian studies have reported rates
ranging from 11.7 to 15.74% [32-34]. One study from
India which analyzed 52 gastric resection specimens
reported a higher percentage (44%) of HER2 expression
[35] by IHC/FISH using Hoffman’s scoring criteria [23].
The landmark ToGA trial [22] reported a rate of 22.1%
also using both IHC/FISH and Hoffman’s scoring criteria
[23]. The HER 2 positivity rate of 9% by IHC seen in the
current study, using scoring criteria of Riischoff et al. [15],
is toward the lower end of the spectrum of rates reported by
most other studies. The significant difference from the
other South Asian study from India [35] may be due to the
smaller sample size (52) including only gastric resections
and using both IHC and FISH and different scoring criteria
(Hoffman’s criteria), in comparison with the current study.
The sample sizes of previous studies were also in the
ranges of 48—1414 [16, 17, 32-34]. Alternatively, the low
HER?2 positivity rate could be a reflection of a genuine
difference in tumor biology of the local population.
Additionally, heterogeneity in HER2 expression is a well-
recognized phenomenon in GCa [36, 37]. Studies also
reveal a wide variation in HER2 levels within a single
tumor type [36-39]. The majority of samples analyzed in
this study were endoscopic biopsies (56%). These may not
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Table 4 Comparison of demographic and clinicopathological features with the HER2 status in univariate analysis

HER?2 status p value  OR (CI)
Positive (n = 9)  Negative (n = 91)

Age
>60 1 43 0.180 3.135 (0.618-15.914)
<60 8 48

Gender
M 07 59 0.496 1.898 (0.372-9.682)
F 02 32

Primary tumor
T1 00 02
T2 03 21 0.693 1.478 (0.342-6.393)
T3 04 33
T4 02 35

Regional lymph nodes (radiological/pathological)
NO 00 36 0.024* 1.164 (1.054-1.285)
N1 09 55

Pathological malignant lymphadenopathy (resections only)
NO 00 22 0.048* 0.436 (0.305-0.623)
NI 05 17

Distant metastases (radiological)
MO 06 43 0.313 2.233 (0.526-9.477)
M1 03 48

Radiological/pathological tumor stage
I 01 08
I 05 30 0.176 2.789 (0.656-11.858)
11 00 05
v 03 48

Tumor location
Proximal 04 54 0.486 0.548 (0.138-2.178)
Distal 05 37

Lauren histological classification
Intestinal 04 55 0.537 1.910 (0.480-7.593)
Diffuse 04 23
Mixed 01 13

Tumor differentiation (grade)
Well 02 02
Moderate 03 44 0.040* 0.79 (0.010-0.646)
Poor 04 45

Nuclear Grade
LG 02 57 0.030* 0.170 (0.033-0.868)
HG 07 34

Tumor necrosis
Yes 05 16 0.019* 0.171 (0.041-0.707)
No 04 75

Mitotic count
<5/hpf 03 75 0.003* 0.107 (0.024-0.472)
>5/hpf 06 16

Signet ring cells
Yes 05 21 0.049* 4.167 (1.025-16.936)
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Table 4 continued

HER?2 status p value  OR (CD)
Positive (n = 9)  Negative (n = 91)
No 04 70
Extracellular mucin
Yes 04 13 0.043* 0.208 (0.049-0.879)
No 05 78
Tumor inflammation with eosinophils
Present 01 05 0.838 0.878 (0.098-7.844)
Absent 08 86
Tumor inflammation with lymphocytes (lymphocytic response)
Present 00 22
Absent 09 69 0.200 0.885 (0.816-0.958)
Perineural invasion (in resections)
Yes 04 08 0.015* 15.5 (1.516-158.524)
No 01 31
Lymphovascular invasion (in resections)
Yes 03 11 0.307 3.318 (0.560-26.052)
No 02 28
Muscle invasion (in resections)
Yes 05 34 0.621 0.872 (0.773-0.983)
No 00 05
Infiltrating border (in resections)
Present 04 26 0.660 2.000 (0.202-19.754)
Absent 01 13

Bold values indicate statistically significant at p < 0.05

* Significant p values

Table 5 Independent risk of

. Parameter
the parameters which are

Beta coefficient Standard error Significance (p value)

significantly associated with the
HER2-positive status in
multivariate analysis

Higher age

Presence of malignant LN
Higher nuclear grade

Presence of poor differentiation
Mitotic count (>5/hpf)
Presence of signet cells
Presence of extracellular mucin
Presence of necrosis

2.090 1.477 0.157
3.212 1.785 0.072
3.920 1.860 0.035*
2.090 1.635 0.201
5.685 2.087 0.006*
0.887 1.584 0.575
2.353 1.554 0.130
4.329 1.706 0.011*

Bold values indicate statistically

* Significant p values

have accurately reflected the heterogeneity of HER2
expression in the overall tumor. The TOGA study sample
also included GOJ tumors. GOJ tumors are reported to
have higher HER2 expression rates [40]. The exclusion of
GOJ tumors from the current study as they are now con-
sidered as a distinct entity [41] would also have contributed
to the lower HER2 positivity rate encountered. Varying
criteria have been employed to assess HER2 over-expres-
sion in different studies. Other studies [16, 33, 34]

@ Springer

significant at p < 0.05

including TOGA study used Hoffmann criteria, with pos-
sible higher HER2 positivity rates. Current study used the
revised criteria proposed by Riischoff et al. [15] which
could have contributed to the lower HER2 rate seen in this
GCa cohort. THC is the most frequently employed method
for assessment of HER2 status. Much of the published data
have been derived from assays employing a variety of
polyclonal and monoclonal antibodies reacting with HER2
which differ in terms of binding affinity, epitope specificity
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Table 6 Parameters that are
retained as predictors of HER2-
positive status in the regression
model

2507
Parameter Beta coefficient Standard error Significance OR (CD)
Higher nuclear grade 2.970 1.209 0.014* 19.491 (1.82-208.41)
Mitotic count (>5/hpf) 3.357 1.041 0.001* 0.035 (0.005-0.268)
Presence of necrosis 2.016 0.930 0.030* 7.508 (1.21-46.46)
Constant 3.093 1.041 0.003 NA

Bold values indicate statistically significant at p < 0.05

* Significant p values

Survival Functions

Survival Functions
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Fig. 4 Kaplan—-Meier survival curves for HER2-positive and HER2-
negative gastric carcinoma cases. Log-rank Mantel-Cox test was used
(p = 0.046)

and cross-reactivity with non-HER?2 proteins. This could
additionally explain the variability in the incidence of
HER?2 positivity seen among the different study popula-
tions. Nakajima et al. [42] have reported HER2 positivity
in 9-38% of GCa cases using polyclonal antibodies
directed against different domains of the HER2 protein.
HER 2 copy number, HER2/CEP 17 ratio are better indices
to differentiate among IHC scores [43].

Non-assessment of the HER2 gene copy number using
FISH/SISH techniques to confirm the IHC expression of
HER?2, in those cases classified as 2+, could be considered
a limitation of this study. Cases recognized as 2+ by IHC
have shown a greater positivity (36.4—66%) when gene
amplification was evaluated by FISH [44]. HER2 2+ cases
on IHC in this GCa cohort would have benefited from
additional SISH/FISH testing.

According to previous studies [40, 45], there was no
significant association between HER2 positivity and age
and gender. There was no significant association between

followup(weeks)

Fig. 5 Kaplan—-Meier survival curves for HER2-positive and HER2-
negative male gastric carcinoma cases. Log-rank Mantel-Cox test
was used (p = 0.109)

gender and the age with HER 2 positivity in the current
study too.

The ToGA study and another Japanese study found
increased HER2 expression in more proximally located
gastric tumors [22], whereas another study from Brazil,
which analyzed the HER2 IHC expression in 462 GCa,
found that there was no difference related to the anatomical
site of the tumor [46]. Current study sample consisting
predominantly of proximal tumors showed a slightly higher
prevalence of HER2 expression in distal tumors. However,
this association was not statistically significant. The
heterogeneity in data regarding the relationship of HER2
expression to tumor location could be secondary to varying
sample sizes and/or true variations based on the setting.

Several American and European studies have shown
HER?2 over-expression to be mostly in the intestinal sub-
type of GCa [46—48], as have Asian studies [32, 33]. The
ranges of HER2 positivity reported for both intestinal and
diffuse subtypes have varied from 6.1 to 28.57% and 0.7 to
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Fig. 6 Kaplan—Meier survival curves for HER2-positive and HER2-
negative groups in female gastric carcinoma cases. Log-rank Mantel—
Cox test was used (p = 0.149)

13%, respectively [42, 46]. Although tumors of intestinal
subtype predominated in this study cohort, the diffuse
subtype expressed higher levels of HER2 positivity,
though this difference was not significant. Even in this
study the expression of HER2 occurred in the intestinal
component in the case having a mixture of histological
types. The relatively small sample size coupled with the
low incidence of HER2 positivity in the current study
makes correlation of pathological subtype with HER2
status less reliable.

Those with both radiological and pathological malignant
lymphadenopathy had higher HER2 positivity rates of
(11.2 and 22.7%, respectively) in this GCa cohort, com-
pared to the 6.2% pathological lymphadenopathy seen in
the study by Grabsch et al. [18]. Pathological staging of a
larger number of GCa’s in the study by Grabsch et al. (924
vs 100 in our study) may account for the observed differ-
ences. Interestingly, only 5.9% (Table 3, HER2-positive
M1 tumors, 3/51) of those in this cohort with metastatic
GCa were HER2 positive compared to the study by Qiu
et al. who demonstrated rates of 14.8% in M stage positive
patients [49]. A reason for lower HER2 rates in our cohort
of positive M stage patients may be related to small
numbers and the lack of an adequate number of gastric
resection specimens in the study group and the tumor
heterogeneity as has already been mentioned.

Previous studies [40, 50, 51] have shown a significant
correlation between HER2 expression and tumor grade.
High rates of HER2 positivity were observed in well and

@ Springer

moderately differentiated carcinomas when compared to
poorly differentiated ones. This is in sharp contrast to
current observation, which revealed HER2 positivity to be
a significant feature of poorly differentiated tumors. The
reason for this difference could be due to regional variation
in tumor biology as markers of poor tumor differentiation,
i.e., nuclear grade, the presence of tumor necrosis and
mitotic count >5/HPF, also attained statistical significance
for HER2 expression in both univariate and multivariate
analyses in this study. Additionally, tumor grade, nuclear
grade, the presence of tumor necrosis, mitotic count >5/
HPF, the presence of signet ring cells and extracellular
mucin and perineural invasion were significantly associ-
ated with HER2 expression in univariate analysis. These
adverse histological and cytological features could be used
as screening parameters for HER2 testing in limited
resource settings and may be of value in future patient
management.

According to the previous studies, HER2 over-expres-
sion is associated with decreased overall survival in GCa
[16-19, 47]. Our study also showed that HER2 over-ex-
pression was associated with decreased overall survival
despite the fact that they were treated with standard
chemotherapeutic ~ regimes  excluding trastuzumab.
According to the study by park et al. [16], tumors with
HER?2 over-expression were associated with poor mean
survival rates (922 vs 3243 days) and 5-year survival rates
(21.4 vs 63.0%; p < 0.05). There were 182 patients in
this study. Our study also showed a poor median overall
survival of 10 weeks (range 1-50) in HER2-positive
patients. On the other hand, Jgrgensen et al. [19] have
shown an absent correlation between the survival of HER2
over-expressed and negative cases based on the gender.
The numbers of HER2-positive cases based on the gender
were small in the current study (males 07, females 02).
Therefore, the difference of survival between HER2-posi-
tive males and HER2-positive females was not compared
to see whether there is a gender-based difference.

Data on HER2 expression and its correlation with
demographic, clinicopathological parameters and overall
survival are sparse in South East Asia. This is the first
prospective study to report on the incidence of HER2
expression of GCa, its correlation with demographic,
clinicopathological parameters and overall survival in Sri
Lanka, a South Asian country. Knowledge on the HER2
receptor status and its correlation with the clinicopatho-
logical parameters and survival would be of value in
making evidenced-based decisions on target therapy in
GCa in the future. Additionally, the adverse pathological
parameters that were significantly associated with HER2
over-expression in the regression model could be used to
direct patients for confirmatory HER2 testing in limited
resource settings.
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Conclusion

The study reveals an immunohistochemical HER2 positiv-
ity rate of 9% in a cohort of Sri Lanka GCa patients. While
several adverse pathological parameters appeared to influ-
ence HER?2 over-expression, only the mitotic count >5/hpf,
high nuclear grade and the presence of tumor necrosis were
significantly associated with HER2 positivity in multivari-
ate analysis. These parameters are retained as predictors of
the HER2-positive status in the regression model. The
HER2-positive patients had a significantly lower median
overall survival than HER2-negative patients.
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