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ABSTRACT

Background: Amplification of HER2/neu gene observed in 25-30% of
breast cancer patients. FDA approved Trastuzumab is only effective drug
used in tumor having the HER2/neu amplification. Fluorescence In Situ
Hybridization (FISH) and immunohistochemistry (IHC) are established gold
standard techniques widely used to study HER2/neu gene status and their
protein expression. Cases with equivocal 2+ using IHC technique showed
discordant results with FISH technique. Present study was organized to
establish the frequency of HER2/neu gene status by FISH in score 2+ by
IHC and to compare these results with clinicopathological parameters in
breast carcinoma patients.

Methods: Fifty breast cancer patients scored as 2+ by IHC were included in
the study. ER and PR status were evaluated for all the enrolled cases. FISH
was performed using ZytoLight SPEC HER2/CEN 17 Dual Color Probe Kit.
ASCO/CAP (American Society of Clinical Oncology /College of American

Pathologists) guidelines were used for analysis. Statistical Analysis (Spearman

Correlation, Chi-Square) was done by SPSS software version 23.

Results: Out of fifty patients, twenty-eight (56%) were positive for gene
amplification while 19 (38%) were negative (ratio ranging from 1 to 10), gene
amplification correlated with age, histological grade, and lymph node status.
Considerable inverse association obtain between HER2/neu gene amplification
and ER (P=0.03, r=-0.3), PR status (P 0.05, r=-0.2).

Conclusion: HER2/neu amplification status can reliably determine by FISH
especially in equivocal cases by IHC. Accurate assessment of gene with location
and their copies in individual cell reveled by FISH. The overall concordance
rate between both FISH and THC results underline the very fact that FISH is
gold standard for precise assessment of HER2/neu gene amplification in IHC-
equivocal breast carcinomas.
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Throughout the world, breast carcinoma is the most commonly diagnosed
cancer in women and leading reason of cancer-related deaths in women [1].
HER2/neu is the member of the Human Epidermal Growth Factor Receptor
(EGFR) family encoded by a gene located on the long arm of chromosome 17
(17q12-21.32) [2]. On the basis of specific markers, totally different histologic
subtypes can be characterized. Estrogen Receptor (ER), Progesterone
Receptor (PR), and Human Epidermal Group Factor Receptor 2 (HER2)
are most ordinarily studied known markers [3,4]. Patients with the HER2/
neu positive disease typically represent cancer type with special biological
behavior and clinical features with aggressive tumor progress and poor
survival. Existing therapies such as trastuzumab (Herceptin®) and Lapatinib
(Tyverb/Tykerb®), a monoclonal antibody inhibitor and a dual EGFR/HER2
kinase inhibitor, respectively, are currently used in the treatment of HER2/
neu positive cancers [5]. However, HER2/neu tumor diversity could be a huge
challenge for proper assessment of the HER2/neu gene sequence which may
affect the treatment of early and advanced breast cancer patients [6]. Recent
studies have reported that HER2,/neu gene amplified patients had decrease
disease-free survival [7]. It was more often observed in IHC 2+/equivocal
cases. It was also observed negative for HER2/neu gene amplification cases,
containing hardly one or two individual amplified tumor cells [8].

Precise estimation of HER2/neu level in individual tumor cells is required
before application of specific therapeutic agent and therefore HER2,/neu
amplification test has great importance in breast cancer. Currently two
techniques widely used for detection of HER2/neu gene. IHC used for
protein over expression while FISH used for gene amplification. FISH allows
rapid image within the cell morphology and even in single cell assessment
and distribution of gene in the histological section. FISH has tremendous
sensitivity and specificity both in detecting HER2/neu amplification however
with extremely essential of special instrumentation and experience to
perform and interpret the results [9].

The aim of present study was to assess the frequency of HER2/neu gene
amplification in IHC equivocal breast cancer patients using FISH technique
and to compare these findings with Estrogen Receptor (ER), Progesterone
Receptor (PR) status and clinicopathological parameters..

METHODOLOGY
Study design

The present study included 50 IHC 2+/equivocal cases of invasive breast
cancer registered at the Gujarat Cancer and Research Institute, a regional
cancer and research institute, Gujarat, India. Formalin fixed tissue were
used for study. Only patient with sufficient tumor cells were included in the
study. 2-4 pum thick tissue sections were cut from a paraffin block and applied
to positively charged slides. HER-2 protein expression was measured using
a commercially available reagent on Ventana Benchmark XT auto stainer
(Ventana, USA). Commercial available double-color FISH probe was used
for HER-2/neu gene amplification assessment.

IHC analysis

IHC study was done on paraffin embedded, formalin-fixed tissue sections
using Ventana Benchmark XT autostainer using Ventana reagents (Ventana,
USA), using the manufacturer’s protocol. ASCO/CAP guidelines were used
for analysis [10]. Cells with membranous positivity were considered as HER-2
protein over expression. Scoring was done by pathologists according to the
manufacturer’s recommendations, in order to truly reflect the concordance
or discordances between IHC and FISH.

FISH for HER-2/neu gene amplification

FISH was performed using ZytoLight SPEC HER2/CEN 17 Dual Color
Probe Kit (ZytoVision GmbH, Fischkail, D-27572 Bremerhaven, Germany).
It was consisted of two DNA probes: The probe contained green-labeled
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polynucleotides for HER2 gene and orangelabeled polynucleotides for
the centromere of chromosome 17. FISH assay was performed as per the
manufacturer’s instructions.

FISH analysis was done by two molecular cytogenetic experts without
prior knowing the clinical diagnosis. The slides scanning and capturing were
done by using OLYMPUS BX 51 fluorescent microscope (OLYMPUS BX51,
Japan). Total Twenty randomly selected invasive tumor cells were evaluated
for reporting. Cells were scored as per mentioned in Table 1.

In case of equivocal result, more randomly selected tumor nuclei were
evaluated by other evaluator.

RESULTS

Total 50 breast cancer patients were enrolled in the present study; out of
that 90% patients were diagnosed as invasive ductal carcinoma. Patients were
in the age range of 28-85 years with a mean age of 52 years. 82% patients
were in the postmenopausal status while 18% were in premenopausal
status, predominantly in 54% patients Grade Il tumors were seen; and
grade III were seen in 18% patients. Cases with Stage II and Stage III were
more frequent (44% and 38% respectively), while cases with stage I and IV
were less common (2% and 6% respectively). “ER+ PR+” (ER positive and
PR positive) status was seen in 48% of the patients, while “ER- PR-” (ER
negative and PR negative) status was seen in 38% patients. Lymph nodes
were involved in 56% patients (Table 2)..

TABLE 1
FISH HERZ2/neu scoring as per ASCO/CAP guidelines

HER2/neu gene level was correlated with different clinico-pathological
parameters such as grade, stage of the disease, age, menopausal status, tumor
size, nodal status, and hormone receptor status.

In the present study HERZ/neu amplification was increased with grade
and tumor stage. Gene amplification also correlated with lymph node
positivity as compared to lymph node negativity, 28 cases was positive for
nodal involvement, from those 68% patients showed gene amplification. 14
(73.6%) patients out of 19 ER negative patients showed gene amplification
by FISH which was inversely correlated, also statistically significant (P=0.03,
r=-0.3). But there was no significant result found between ER positivity and
gene amplification as the number of patients showing amplification and
non-amplification are similar. ER, PR also had inverse correlation, from
26 negative cases 18 (69.2%) showed gene amplification which was also
statistically significant (P=0.05, r=-0.2), while 7 (26.9%) were negative for
amplification (Table 3).

Out of 50 equivocal IHC cases, 28 (56%) patients were positive for gene
amplification while 19 (38%) were negative, 2 cases showed equivocal result
by FISH. Assay was repeated for both cases. Results were positive for gene
amplification in both cases. 1 case was failed for FISH assay may be due to
inappropriate tissue processing or prolonged storage of paraffin block (Table

3).

From 50 cases, there were only 4(8%) ER/PR negative cases and also
negative for gene amplification. 14 (73.6%) cases were ER/PR negative but

Interpretation HER-2/neu to CEP 17 ratio
Negative ratio <2 and average HER-2 copy numbers less than 4 signals/cell
Equivocal ratio <2 and average HER-2 copy numbers > 4 to <6 signals/cell
Positive ratio > 2 or ratio <2 and average HER-2 copy numbers > 6 signals/cell
TABLE 2

Clinicopathological characteristics of total 50 breast Cancer patients

Variables Data number (%)
Age range 28-85 years
Age <45 16 (32)
Age >45 34 (68)
Menopausal status
Premenopausal 09 (18)
Postmenopausal 41 (82)
Histology
Grade [ 04 (08)
Grade 11 27 (54)
Grade III 09 (18)
Non informative 10 (20)
Stage of disease
Stage | 01 (02)
Stage 11 22 (44)
Stage 111 19 (38)
Stage IV 03 (06)
Non informative 05 (10)
Lymph node involvement
Node positive 28 (56)
Node negative 16 (32)
Non informative 06 (12)
Hormone receptor
ER+ PR+ 24 (48)
ER- PR- 19 (38)
ER+ PR- 07 (14)
ER- PR+ 00 (00)
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TABLE 3

Correlation of HER2 status with clinicopathological characteristics

HER2/neu in Breast Cancer

HER?2 - number (%)
Variables
Amplified Non amplified Equivocal Non Informative P value r value
Grade
I(n=4) 02 (50) 02 (50)
I (n=27) 15 (57.7) 11 (42.3) 0.25 0.18
III (n=9) 07 (77.7) 02 (22.2)
Non informative (n=10) 06 (60) 04 (40)
Stage
I(n=1) - 01 (100)
I1 (n=22) 10 (45.4) 11 (50) 01 (4.5) - 0.08 0.26
III (n=19) 13 (68.4) 05 (26.3) 01(5.2)
IV (n=3) 02 (66.6) 01 (33.3)
Non informative (n=>5) 03 (60) 01 (20) 01 (20)
Lymph node
Positive (n=28) 19 (67.8) 08 (28.5) 01 (3.5) - 0.27 0.19
Negative (n=16) 06 (37.5) 09 (56.2) 01 (6.2)
Non informative (n=6) 03 (50) 02 (33.3) 01 (16.6)
Age
>45 (n=34) 21 (61.7) 12 (35.2) 01(2.9) - 0.33 0.14
<45 (n=16) 7 7 01 (6.2) 01 (6.2)
Menopausal status
Premenopausal (n=09) 04 (44.4) 03 (33.3) 01 (11.1) 01 (11.1) 0.7 0.04
Postmenopausal (n=41) 24 (58.5) 16 (39) 01(2.4)
Hormone status
ER
Positive (n=31) 14 (45.1) 15 (48.3) 01(3.2) 01(3.2) 0.03 0.3
Negative (n=19) 14 (73.6) 04 (21) 01 (5.2)
PR
Positive (n=24) 10 (41.6) 12 (50) 01 (4.1) 01 (4.1) 0.05 0.27
Negative (n=26) 18 (69.2) 07 (26.9) 01 (3.8)

showed gene amplification. There was no notable difference between ER/PR
positive cases and gene amplification (Table 4).

TABLE 4

Comparison of HER2 gene amplification with combined ER/PR status

HER?2 amplification by FISH number (%)

PEPRC Y Amplified S Bl e
ER+PR+ (n=24) 10(416) 12(50  OL(4D) Ol (41)
ER PR (n=19) 14(736) 04Q) 152
ER+PR- (n=07) 04(57.1) 03 (42.8)
ER-PR+  (n=00)

DISCUSSION

US Food and Drug Administration were accepted that HER2/neu
gene expression is a significant predictor for response to some therapy.
Trastuzumab (Herceptin), a humanized monoclonal anti-HER2 antibody
and chemo adjuvant therapy used for patients with metastatic breast cancer
over expressing HER2,/neu protein [11]. To estimate of HER2/neu gene status
become most important part of pathologic report of breast cancer. Although
some evidence that FISH testing predicts the therapeutically significant
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HER2 status more correctly, the approach of primary IHC screening with
additional FISH molecular verification is broadly used [12]. No statistically
significant results obtained between HER2,/neu gene amplification and age,
grade or lymph nodes metastasis in present study. This was also mentioned
by other study group [12].

Gene amplification showed positive correlation with high grade tumors as
compared to low grade tumors. Panjwani et al. showed positive correlation
between grade Il and HER2 amplification which is concordant with existing
literature [11].

In the present study patients with advanced stage (stage III) showed
frequent gene amplification than patient in early stage (stage I and II). Zubair
Ahmed et al. documented gene amplification in 4.17% patients of grade 1
tumors, 75.83% patients of grade 2 and 20% patients of grade 3 tumors [13].
Mudduwa reported gene amplification in 14.6% patients of grade 1 tumors,
36.4% patients of grade 2 tumors and 49% patients of grade 3 tumors [14].
The grade 1, grade 2 and grade 3 tumors in the study by Lobna Ayadi et al.
was 10.9%, 63.2% and 25.8% [15].

Present study showed contrary association between hormone receptor
and HER-2 gene amplification (Table 3) possibly may be due to the complex
signaling between ER and other growth factor signaling pathways in breast
cancer cells. In present study, ER positive and HER2//neu amplification was
observed in 45% cases. Gunn et al. have reported HER2,/neu amplification
with ER positive cases with resistance to tamoxifen therapy [16]. It is believed
that, tamoxifen functions as an estrogen agonist to improve growth in breast
cancer cells which express high levels of HER2/neu and estrogen receptor
co-activator resulting in resistance for Tamoxifen [17].
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In the present study we have reported 56% cases with HER-2/neu
amplification among IHC 2+ patients. In accordance to our finding, another
group in India reported 66.6% cases of HER-2/neu amplification in IHC 2+
cases in their study [18].

In our study findings of HER-2/neu gene amplification (56%) by FISH
and protein expression by IHC indicates very weak association particularly
in IHC equivocal cases. This highlights the fact that FISH is the standard
technique for HER-2/neu gene amplification study particulary in IHC-
equivocal breast cancer patients [19]. However, larger number of cases needs
to be study before stating any conclusion. In current study triple negatives
i.e., negative for ER, PR and HER-2 gene, were reported in 8% patients.
Triple negative patients are resistant to chemotherapy and indication of
more aggressive tumor also need more advance clinical course to overcome
less effective conventional chemotherapy [20-22]. In the current study 4%
cases shows equivocal FISH results. This is in correlation with the 2013
ASCO/CAP guidelines [23]. Patients in this category also need to be treated
from trastuzumab therapy [24].

The debate on the best method to conclude HER-2/neu status, we find that
the HER-2/neu status can be reliably determined by FISH method and allows
the precise cell by cell evaluation in these samples [25]. Investigation of HER-
2/neu amplification would be helpful in determining prognostic factors. The
equivocal cases investigated by both methods should be monitored on follow
up study. The present study strongly recommended combined approach
using both techniques can be a optimize test. In conclusion, the present
study highlights the significance and remarkable nature of FISH technique
as gold standard for determination of HER2/neu status in breast cancer..
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