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Abstract
 
Background: Human Epidermal Growth Factor Receptor-2 (HER2) gene triggers a cascade of cellular responses leading to 
cell proliferation, survival, and metastasis in malignant cells. Therapies targeting HER2 gene are emerging as a promising 
treatment option for patients with HER2 gene amplification. Hence, the present study aims to investigate the HER2 gene 
amplification and relationship with clinicopathological features in ovarian cancer patients.

Method: Histopathologically confirmed 37 ovarian cancer patients were included and analysed for HER2 gene amplifica-
tion by Fluorescence In Situ Hybridization (FISH) using HER2/CEN 17 dual color probe kit. ASCO/ CAP guidelines were used 
for analysis and interpretation.

Results: HER2 gene amplification was observed in 6 patients and 3 patients has monosomy in chromosome 17 and rest 28 
patients had non-amplified HER2 gene. The incidence of HER2 gene amplification was found to be 16% (6/37) in ovarian 
cancer patients. The amplified gene was significantly associated with older age group patients as compared to younger 
age group. Also, amplified HER2 gene showed a trend towards significant association in patients with high HE4. However, 
there was no significant correlation with rest of the clinicopathological parameters of ovarian cancer patients.

Conclusion: The incidence of HER2 amplification is found to be 16% while 8% patients had monosomy chromosome 17, 
which is a rare event. HER2 amplification is significantly associated with older age group and hence could be useful to 
treat this subset of people which otherwise would have poor response and outcome. Detection of HER2 amplification 
could help to identify a specific subset of the patients.

Introduction

The Human Epidermal Growth Factor Receptor (HER) family 
member - HER2 is a transmembrane tyrosine kinase recep-
tor that triggers a cascade of cellular responses leading to cell 
proliferation, survival, and metastasis [1,2]. HER2 expression 
is often observed to be dysregulated in various malignancies 
such as those of breast, ovarian, lung, prostate, colorectal and 
gastric cancer [3-8]. Overexpression of HER2, commonly by 
gene amplification is observed in 15-30% of breast cancers, 
wherein an anti-Her2/neu-therapy administering Trastuzum-
ab is directed against the extracellular domain of the Her2/
neu protein and reveals a significant anti-tumour activity 
[9,10]. It is an established therapeutic target in breast and gas-
tric carcinomas [11,12].
HER2 amplification is also observed in ovarian cancer with an 
incidence of 20-30%. Moreover, ovarian cancer patients with 
HER2 overexpression were found to be associated with poor 
survival. In addition, concern with Epithelial Ovarian Cancer 
(EOC) which is responsible for more mortality than any other 

gynecologic malignancy, is lack of a screening test, absence of 
specific symptoms early in the disease course as well as the 
development of acquired drug resistance in patients. Thus, 
application of trastuzumab, can result in increased overall sur-
vival of such patients with amplified HER2 gene. As adminis-
tration of therapeutic agent depends on the detection of HER2 
gene amplification, precise estimation of HER2 levels in EOC 
is required. Based on this, the present study aimed to evalu-
ate the ovarian cancer patients for the amplification of HER2 
gene by Fluorescence In-Situ Hybridization (FISH) so that the 
patients could be treated accordingly.

Materials and Methods

Patients
In the present retrospective study, a total of 37 untreated his-
tologically confirmed ovarian cancer patients registered at The 
Gujarat Cancer & Research Institute were enrolled. The study 
was approved by the Institute’s Ethics Committee Board and 
general consent forms were obtained from all the patients. 
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Detailed clinical and histopathological record of the patients 
such as age at diagnosis, gender, tumor differentiation, lymph 
node involvement etc. was obtained from the institute’s medi-
cal records. The clinicopathological characteristics of the en-
rolled patients are enlisted in Table 1. All ovarian cancer pa-
tients in the present study were of epithelial type.

Fluorescence In-Situ Hybridization (FISH)
FISH analysis was carried out on formalin fixed paraffin-em-
bedded tumor tissue blocks of the enrolled ovarian cancer 
patients using commercially available ZytoLight SPEC ERBB2 /
CEN 17 Dual Color Probe Kit (ZytoVision GmbH, Germany). The 
probe consists of two fluorochrome-labelled DNA probes - 
ERBB2 (HER2) labelled with Spectrum Green and CEN17 probe 
labelled with Spectrum Orange. FISH assay was performed as 
per the manufacturer’s instructions. Pre-treatment included 
deparaffinization of tumor tissue sections followed by dehy-
dration with alcohol series (100%, 90%, 70%) and incubation 
in Pre-Treatment Solution (PT1) at 900 C. Protease action was 
done by applying Pepsin Solution (ES1) to the tissue section. 
Subsequently, probe was applied prior to denaturation and 
hybridization process which was carried out overnight at 37°C 
in a humidifying chamber. Next day, post-hybridization wash-
es were given, and slides were counterstained with DAPI. The 
slides scanning and capturing were done using OLYMPUS BX61 
fluorescent microscope (OLYMPUS BX61, Japan). Images were 
captured at a magnification of 100X, Total 20 randomly select-
ed invasive tumor cells were evaluated for interpretation. The 
ratio of HER2 signals to centromere CEN17 signals were cal-
culated and ASCO/CAP guidelines were used for analysis and 
interpretation of results.

Statistical analysis
The statistical evaluation of the data was carried out using 
SPSS Inc. version 20 software. Two-tailed chi square test and 
spearman’s correlation method was used to correlate the 
HER2 gene expression with various clinicopathological charac-
teristics of ovarian cancer patients. P≤0.05 was considered to 
be statistically significant. 

Results

Clinicopathological parameters of Ovarian Cancer patients 
HER2 gene expression was analyzed in 37 pre-treated ovarian 
cancer patients using formalin fixed paraffin embedded tissue 
samples. As shown in Table 1, ovarian cancer patients enrolled 
in the study were in the age group of 11 to 71 years and the 
median age of patients was 50 years. Median age was used 
as a cut off to categorize the patients into younger (≤50) and 
older age group (>50). Accordingly, 20 (54%) patients were in 
younger age group and 17 (46%) patients were in older age 
group. Cancer Antigen (CA)-125 level normal range is 0 - 35 U/
mL and accordingly 15 (40.5%) patients had normal values of 
CA-125 and 21 (57%) patients had high level of CA-125. Nor-

Characteristics N (%)

Total 37(100)

Age (Range: 11 - 71 years )
Median: 50 years
Younger(≤50)
Older (>50)

20(54)
17(46)

CA 125 (Normal: 0 - 35 U/mL)
Low
High
Unknown

15(40.5)
21(57)
01 (2.5)

CA 19-9 (Normal: 0 - 37 U/mL)
Low
High
Unknown

24(65)
09(24)
04 (11)

CEA (Normal: 0 - 3 ng/mL)
Low
High
Unknown

27(73)
08(22)
02 (05)

Tumor type
Epithelial
Dysgerminoma

33(89)
04(11)

Tumor grade
Low
Intermediate
High
Unknown

02(5)
03(8)
21(57)
11 (30)

Nodal involvement
Absent
Present

24(65)
13(35)

Lympho-vascular invasion
Absent
Present

29(78)
08(22)

Ovarian surface involvement
Absent
Present

24(65)
13(35)

Fallopian tube involvement
Absent
Present

31(84)
06(16)

Metastasis
Absent
Present

28(76)
09(24)

Stage
I
II
III
IV
Early (I+II)
Advanced (III+IV)

16(43)
01(3)
09(24)
11(30)
17 (46)
20 (54)

Table 1: Clinico-pathological characteristics of Ovarian Cancer 
patients.
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involvement by tumor was found in 13 (35%) patients while 
24 (65%) patients did not show nodal involvement. Lympho-
vascular invasion was present in 8 (22%) patients and absent 
in 29 (78%) patients. Ovarian surface involvement by tumor 
was present in 13 (35%) patients and absent in 24 (65%) pa-
tients. Fallopian tube involvement of tumor was observed in 6 
(16%) patients and absent in 31 (84%) patients. There were 16 
(43%) patients belonging to stage I, 1 (3%) patient was in stage 
II, 9 (24%) patients in stage III and 11 (30%) patients were in 
stage IV.

HER2 gene status
The observed signaling pattern for ERBB2/CEN 17 dual color 
probe in the present study leads to following interpretations: 
out of 37 (100%) patients, 28 (76%) patients showed OOGG 
signal pattern in a cell and had ratio of HER2 gene/CEN 17 sig-
nals < 2 as well as HER2 copy signals < 4 / cell. Hence, these 
patients were considered non-amplified for HER2 gene. There 
were 6 (16%) patients who showed multiple green signals in 
a cell and had ratio of HER2 gene/CEN 17 signals ≥ 2 as well 
as HER2 copy signals ≥ 4/cell. Hence, these patients were con-
sidered amplified for HER2 gene. In addition, 3 (8%) patients 
showed OG signal pattern indicating monosomy of chromo-
some 17 (Table 2, Figure 1).
Out of total ovarian cancer patients, 33 patients belong to 
epithelial type, in which 27 patients had non-amplified HER2 
gene and 6 patients had HER2 gene amplification. Of 33 epi-
thelial type ovarian cancer, 23 were of serous carcinoma, 5 
belonged to endometrioid type, 3 were of mucinous type and 

HER2 gene status N (%)
Total patients 37(100)
Non- amplified 28(76)
Amplified 06(16)
Monosomy 17 03(8)

Tumor type Total HER2
Non-Amplified

HER2
Amplified

Epithelial
    Serous carcinoma
    Endometrioid 
    Mucinous 
    Undifferentiated 

33
23
05
03
02

27
19
05
01
02

06
04
00
02
00

Dysgerminoma 04 04 00

Table 3: Ovarian Cancer types and HER2 gene status.

Table 2: HER2 gene status.

Figure 1: (A) FISH results showing amplified HER2 gene.
(B) FISH results showing non amplified HER2 gene.
(C) FISH results showing monosomy of chromosome 17.
(D) Graphical representation of HER2 gene amplification of ovarian cancer patients.

mal range of Carbohydrate Antigen (CA) 19-9 level is 0 - 37 U/
mL and accordingly 24 (65%) patients exhibited normal values 
of CA19-9 and 9 (24%) patients had high level of CA 19-9. With 
respect to Carcinoembryonic Antigen (CEA) (normal range: 0 
- 3 ng/mL), 27 (73%) patients had normal values and 8 (22%) 
patients had high values of CEA.
Out of 37 patients, the type of ovarian cancer in 33 (89%) pa-
tients was epithelial type and 4 (11%) patients were of dys-
germinoma tumor type. Of total patients, 2 (5%) patients be-
longed to low grade tumor, 3 (8%) were of intermediate grade 
and 21 (57%) were of high-grade tumor. The tumor grade of 
the remaining patients was not known. In this study, nodal 
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Metastatic site HER2  
Amplified

HER2 
Non- Amplified

Ascitic fluid (2) 0 2
Colorectal 1 0
Pelvic mass 0 1
Pleural fluid 0 1
Omentum 0 1
Uterus & colon 0 1
Colon & bladder 1 0
Spinal cord 0 1

Clinico- pathologi-
cal Characteristics

Total Patients
N (%)

Non-Amplified
N (%) Amplified

N (%)
χ2 r P

Total 37 (100) 31(84) 6 (16)
Age
Younger (≤50) 20 (100) 19(95) 1(5) 4.031 0.330 0.046
Older (>50) 17 (100) 12(71) 5(29)
CA 125 (U/ml)
Low 15(100) 11(73) 4(27)

1.851 -0.227 0.183High 21(100) 19(91) 2(9)
CA 19-9 (U/ml)
Low 24(100) 19(79) 5(21)

0.416 -0.112 0.534High 9  (100) 08 (92) 1(1)
CEA (ng/ml)
Low 27(100) 22(82) 5(18)

0.157 -0.067 0.702High 8  (100) 7(88) 1(12)
HE 4
Low 06(100) 03(91) 3(9) 4.821 -0.491 0.061
High 14(100) 13(73) 1(27)
Type
Epithelial 33(100) 27(82) 6(18) 0.868 0.153 0.365
Dysgerminoma 4  (100) 4(100) 0(0)
Tumor Grade
Low 2 (100) 2(100) 0(0)

1.126 0.196 0.343Intermediate 3 (100) 3(100) 0 (0)
High 21(100) 17(81) 4 (19)
Nodal Involvement
Absent 24(100) 21(88) 3(12)

0.694 0.137 0.419Present 13(100) 10(77) 3(23)
Lympho-vascular Invasion
Absent 29(100) 25(86) 4(14)

0.580 0.125 0.460Present 8 (100) 6 (75) 2(25)
Ovarian Surface involvement
Absent 24(100) 19(79) 5(21) 1.072 -0.170 0.314
Present 13(100) 12(92) 1(8)
Fallopian tube Involvement
Absent 31(100) 25(81) 6(19)

1.386 -0.194 0.251Present 6 (100) 6 (100) 0 (0)
Metastasis
Absent 28(100) 24(86) 4(14)

0.316 0.092 0.587Present 9 (100) 07(78) 2(22)
Stage 
I 16(100) 14(88) 2(12)

1.519 0.144 0.394
II 1  (100) 01(100) 0(0)
III 9 (100) 08 (89) 1(11)
IV 11(100) 08  (73) 3(27)
Early (I + II) 17 (100) 15 (88) 02 (12) 0.459 0.111 0.512
Advanced (III + IV) 20 (100) 16 (80) 04 (20)

Table 5: Correlation of clinico-pathological characteristics of ovarian cancer patients with HER2 gene status.

Table 4: HER2 gene status in different metastatic sites. 2 patients had undifferentiated tumor type. Four patients of 
serous carcinoma were HER2 amplified and 2 of mucinous 
carcinoma were HER2 amplified. There were 4 patients with 
dysgerminoma, and all were HER2 non-amplified (Table 3).
Out of 37 patients, 28 (76%) patients did not show metasta-
sis while 9 (24%) patients were metastasized in which HER2 
amplification was noted in 2 patients. No correlation was ob-
served between HER2 status and metastasis. Among 9 metas-
tasized patients 2 patients had metastasis in ascitic fluid both 
were negative for HER2 status, and one patient had metasta-
sis in colorectal which was HER2 negative. 5 patients of Pelvic 
mass, pleural fluid, omentum, uterus & colon, and spinal cord 
all are negative for HER2 status. Colon & bladder metastasis 
observed in 1 patient which was negative for HER2 status.
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Figure 2: Graph for HER2 correlation with age.
Significant association of amplified HER2 gene in patients with 
older age as compared to patients with younger age (p=0.046).

Correlation of clinico-pathological characteristics of ovarian 
cancer patients with HER2 gene status
As shown in Table 5, clinico-pathological characteristics were 
correlated with HER2 gene status to analyse possible associa-
tion of these characteristics in ovarian cancer. Amplification of 
HER2 gene was significantly associated with patients in older 
age group (29%) as compared to those in younger age group 
(71%; χ2= 4.031,r= 0.330, p=0.046) (Figure 2).
Preponderance of amplified HER2 gene was observed in pa-
tients with high grade ovarian tumor (19%) as compared to 
those with low grade (0%) and intermediate grade ovarian 
tumors (0%), but without statistically significant correlation. 
Similarly, amplified HER2 gene was observed in patients with 
nodal involvement (23%) as compared to absence in nodal 
involvement patients (12.5%), but without statistically signifi-
cant correlation. Further, higher incidence of amplified HER2 
gene was observed in patients with lympho- vascular invasion 
(25%), advanced stage patients (20%) and patients with me-
tastasis (22%) as compared to those without lympho-vascular 
involvement patients (14%), early-stage patients (12%) and 
patients without metastasis (14%), respectively, however the 
correlation was not statistically significant.

Discussion

Activated HER2 pathway initiates intracellular signaling path-
ways, including the MAPK and PI3K-Akt pathways [13]. Dysreg-
ulation of HER2 signaling in the ovary occurs, frequently due 
to overexpression or mutations in HER family members and 
is often linked to the growth and proliferation of ovarian tu-
mors. Overexpression of HER2 is one of the most common and 

frequent mechanisms, by which HER2 signaling is activated in 
oncogenesis. Different studies have reported varied incidence 
rates of HER2 amplification in ovarian cancer, ranging from ap-
proximately 5% to 30%, determined by several methods [14].
In the present study, a total of 37 pre-treated ovarian cancer 
patients were studied for HER2 gene amplification by FISH 
method. The study was conducted to identify incidence of 
HER2 amplification in ovarian cancer patients and its correla-
tion with clinico-pathological parameters. The present study 
observed HER2 gene amplification rate to be 16% (06/37) in 
ovarian cancer patients. This is in accordance with the study 
by McAlpine et al. wherein HER2 gene amplification was ob-
served in 18.2% (6/33) of ovarian mucinous carcinomas [15]. 
Moreover, various studies have reported HER2 gene amplifi-
cation in 27.3%, 10.41% and 66% of ovarian cancer patients 
[16,14,17]. Such difference in incidence rates of HER2 amplifi-
cation could be due to use of different methods of detection. 
Further, a rare event of monosomy chromosome 17 was ob-
served in 8% (3/37) of ovarian cancer patients in the present 
study. Similarly, Brunelli et al has also observed monosomy of 
chromosome 17 in 2.5% of breast cancer patients [18]. More-
over, Nakopoulou et al reported that monosomy 17 also had 
been associated with nodal metastasis [19], while no such cor-
relation was observed in the present study. 
Further, in the present study, age of the enrolled ovarian can-
cer patients ranged from 11 to 71 years with median age of 50 
(p=0.046). Similar median age of 50 years was reported by Cai 
et al in their study [20]. Also, we observed a significant asso-
ciation of amplified HER2 gene with older age group patients 
(29%) as compared to younger age group (71%), implying that 
HER2 amplification might be related to aggressiveness of the 
disease. However, several other studies did not find significant 
association between HER2 amplification and age of the pa-
tient [20-22].
The present study did not find significant difference between 
HER2 status in ovarian cancer patients and tumor stage, tu-
mor grade and type. Similarly, various other studies too did 
not find any significant association of HER2 gene with tumor 
stage, histological type, and histological grade of ovarian can-
cer patients [21,23] and breast cancer patients [24,25]. In ad-
dition, the present study observed that HE4 marker showed a 
trend towards significance with amplified HER2 gene. Similar-
ly, [26] observed strong association between HER2 status and 
HE4 in breast cancer patients. These may be commented as 
HE4 expression rises in patients with HER2 amplification [26].
Concluding, although not significantly associated with any 
other parameters, the present study observed a significant 
higher incidence of HER2 amplification in older age group. 
Hence, this subset of patients could be stratified and treated 
with anti-HER2 therapies to get a better response and out-
come.
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