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~—ABSTRACT

Background and objectives: Assessment of HER2 gene status has central role in the management of
breast cancer patients. For determining HER? status, immunohistochemistry (IHC) and fluorescence in situ
hybridization (FISH) are the most commonly used tests. Immunohistochemistry scores of 3+ and 1+ were
considered as HER2 positive and negative, respectively. On the other hand, HER2 equivocal cases need further
confirmation by FISH test assessment. This study aimed to identify the clinicopathological characteristics of
patients with HER2 equivocal tumors served by Sultan Qaboos University Hospital (SQUH) in Muscat,
Oman, with emphasis on treatment plans and disease outcome.

Methods: This was a retrospective cross-sectional study, which involved all breast cancer female patients
who were referred to SQUH from 2016 to 2020. It included a total of 108 patients who were diagnosed with
HER? (2+) breast cancer. Patients’ data were analyzed in relation to the subsequent FISH status.

Results: During the study period, data from 108 females with HER2 2+ were collected; among them,
22 (20%) were FISH positive, 64 (59%) FISH negative, 17 (16%) FISH borderline and five (5%) with no
results. Regarding patients’ characteristics, 91.2% of all subjects had invasive ductal carcinoma, 93.2%
expressed estrogen receptors and 77.6% progesterone receptor. Age, postmenopausal histopathology, tumor
grade, TNM staging, ER, PR, Ki67, LVSI, NLR, treatment and follow-up did not show significant association
with different FISH results.

Conclusions: The majority of HER2 equivocal breast cancer cases were FISH negative. In trastuzumab
chemotherapy, an association between different FISH results was expected.
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INTRODUCTION

reast cancer is one of the most com-

monly diagnosed types of cancer

among women globally and it remains

the main cause of cancer death among

women worldwide (1). Breast cancer
is the most frequently seen in Oman, ranking the
third in cancer-related mortality in 2016 (2). Be-
tween 2015 and 2016, the median age at dia-
gnosis was 46 years, predominantly in female
patients, according to the Ministry of Health in
Oman (2). In 2016, 269 new breast cancer cases
were diagnosed in Oman, representing 27.36%
and 10.29% of all cancer cases among woman
and men, respectively. It was responsible for
21 deaths among females.

Human epidermal growth factor receptor 2
(HER 2) is a member of the growth factor receptor
family. It is encoded by the gene ERBB2 or
HER 2/neu, which is located on the long arm of
chromosome 17 (1 7q12). HER2 protein over-
expression or HER2 gene amplification may be
present in 15-20% of cases (3). Determining HER2
status is crucial to define patients who can benefit
from trastuzumab (herceptin) therapy (4). Trastu-
zumab, a humanized monoclonal antibody which
binds to HER 2, improves the outcomes for pa-
tients with HER 2 positive breast cancer. Phase 3
randomized trials that involved more than
8,000 patients showed that trastuzumab improved
overall survival and reduced the risk of cancer re-
currence by approximately 50% (5).

In clinical practice, immunohistochemistry
(IHC) and fluorescence in situ hybridization (FISH)
are used to determine HER2 status (6), with the
following interpretation: a score of 3+ means the
breast cancer is HER2 positive, a score of 0 and
1+ HER2 negative and a score of 2+ is equivocal.
Besides IHC, HER2 status can be further assessed
by FISH in the IHC HER2 equivocal cases, which
need to be tested more thoroughly to clarify
whether they belong to either the positive or ne-
gative side (7). Fluorescence in situ hybridization
is conducted using either a single probe or dual
probes to enumerate HER2 copies per a nucleus.
Therefore, HER2 probe and chromosome 17 cen-
tromere probes were established; thus, chromo-
some enumeration probe 17 (CEP17) was used to
determine the HER2/CEP17 ratio (8).

Many studies were conducted in order to
better understand the features of patients with
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breast cancer and a HER2 dual equivocal status.
A study conducted in China from 2009 January
to December 2014 aimed to investigate whether
HER2 (2+) could be managed as HER2 negative
diseases. ~Among the 691 participants,
133 (19.25%) were HER?2 positive, 533 (77.13%)
HER2 negative and 25 (3.62%) HER2 dual equi-
vocal. The authors concluded that HER2 dual
equivocal showed more similarities with HER2
negative tumors, whereas the HER2 positive ones
revealed different clinicopathological features
from them. In 2018, another cohort study, which
was conducted by the American Society of Clini-
cal Oncology/College of American Pathologist
(ASCO/CAP), showed no significant association
between anti HER2 therapy and dual equivocal
breast cancer patients, which reclassified as
HER2 negative and overall survival (OS) and
event free survival (EFS) on either primary di-
sease cohort or recurrent metastatic disease co-
hort (9). In addition, another cohort study was
carried out to explore the impact of alternative
chromosome 17 probe (Ch17P) in resolving
equivocal cases rule out any deleterious effect of
dual equivocal HER2 (8).

The current study aimed to assess the clinico-
pathological characteristics, treatment and out-
come of breast carcinoma patients with an equi-
vocal HER 2 immunohistochemical status, who
were treated in Sultan Qaboos University Hospital
(SQUH) over a period of five years, with emphasis
on treatment plans and disease outcome. 1

MATERIALS AND METHODS

tudy design and settings

This is a retrospective cross-sectional study
conducted in SQUH, a tertiary referral center in
the capital city of the Sultanate of Oman, Muscat.
Before conducting the study, institutional ethical
approval was obtained from the Medical Re-
search Ethics Committee (MREC), College of
Medicine and Health Science (COMHS)
(MERC # 2489), Sultan Qaboos University. This
study includes all female patients diagnosed with
HER2 2+ breast cancer who were referred to the
SQUH over a period of five years (from January
2016 to December 2020).

Data collection
All data were gathered from patient’s medical re-
cord numbers in the SQUH. Data collection
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started by choosing the medical record number
“MRN” for 108 female patients who were dia-
gnosed with HER2 2+ breast cancer. Data such
as age, menopausal status, tumor grade, histopa-
thology, TNM stage, estrogen receptor, proge-
sterone receptor, Ki67, lymphovascular space
invasion (LVSI), neutrophil to lymphocyte ratio
(NLR), obtained by dividing the absolute number
of neutrophils to the absolute number of lym-
phocytes, patients’ follow-up and their treat-
ment.

Statistical analysis

All data were analyzed using a statistical package
for the social sciences (SPSS) software. Patients’
data were manually inserted into the SPSS soft-
ware. For numerical data, percentages were
used and presented as tables, pie charts. For
measuring the association between different
pathological and clinical findings, the catego-
rized variables were analyzed using the chi
square test, and P-value of .05 or less were con-
sidered to be statistically significant. The end re-
sults were used to identify the clinicopathologi-
cal characteristics, disease outcome and
treatment pattern of patients with HER2 equivo-
cal tumors admitted to the pathology lab of
SQUH. All variables were addressed using SPSS
and generated graphs to support and enhance
the research findings. 4

RESULTS

emographic features

A total of 108 patients (out of 1197 breast
cancer cases) had a HER2 2+ status. For further
assessment, FISH analysis was conducted. All
subjects were females with a median age of 49
years and a mean age of 51+12.4 years, of
whom 22 (20%) were FISH positive, 64 (59%)
FISH negative, 17 (16%) FISH borderline and
five (5%) with no results (Figure 1).

Patient characteristics

The relation of the HER2 2+ status after FISH
analysis, with different clinicopathological fea-
tures, treatment and outcome, is shown in
Table 1.

According to the menopausal status, (37.5%)
of patients were in postmenopause and 62.5% in
premenopause. The majority of premenopausal
subjects were FISH negative (63.1%), 21.5%
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FIGURE 1. FISH result among female patients with HER2 2+ breast

carcinoma

FISH positive and (15.4%) FISH borderline
(p value 0.759).

Overall, 94 out of 103 cases (five cases were
missing) were diagnosed as invasive ductal carci-
noma (IDC) (91.2%), 21.3% were FISH positive,
60,6% FISH negative and 18.1% FISH border-
line, whereas nine (8.8%) patients were diag-
nosed as invasive lobular carcinoma (ILC), 22.2%
were FISH positive, 77.8% FISH negative and
none of all subjects had borderline FISH (p value
0.364).

In terms of tumor grading, there were 79
(76.7%) grade Il tumors, with 20.3%, 63.3% and
16.5% of patients being FISH positive, negative
and borderline, respectively (p value 0.800).

Regarding TNM staging, 36 (39.6%) cases
had T2 stage, of which 25% were FISH positive,
61.1% FISH negative and 13.9% FISH borderline
(p value 0.385). About one third of cases (30.0%)
without metastases in axillary lymph node (NO)
were FISH positive (18.5%), FISH negative
(63.0%) and FISH borderline (18.5%) (p value
0.792). About half of cases (49.5%) with no me-
tastasis in other areas of the body (M0) were
FISH positive (22.7%), FISH negative (59.1%)
and FISH borderline (18.2%) (p value 0.847).

Lymphovascular space invasion was found in
19 (18.6%) of all patients and absent in the ma-
jority of them (83; 81.4%).

Estrogen and progesterone receptors were
differently distributed among FISH positive, FISH
negative and FISH borderline explanation in
Table 1. The chi square test showed a significant
difference in estrogen receptors (ER) between
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FABLE 1. Patient characteristics by different FISH results

Characteristics Total FISH positive | FISH negative | FISH borderline | P value
n=108 (%) | n=22 (20%) | n=64 (59%) n=17 (16%)
Postmenopause 0.759
Yes 39(37.5) | 9(23.1) 26 (66.7) 4(10.3)
No 65(62.5) | 14(21.5) 41 (63.1) 10 (15.4)
Site of cancer 0.527
Right breast 51 (49.5) 9(17.6) 34 (66.7) 8 (15.7)
Left breast 52 (50.5) 14 (26.9) 31 (59.6) 7(13.5)
Histopathology 0.364
IDC (invasive ductal carcinoma) 94 (91.2) 20 (21.3) 57 (60.6) 17 (18.1)
ILC (invasive lobular carcinoma) 9(8.8) 2(22.2) 7(77.8) 0
Tumor grade 0.800
| 7(6.8) 1(14.3) 4 (57.1) 2 (28.6)
11 79 (76.7) 16 (20.3) 50 (63.3) 13 (16.5)
I 17(16.5) | 5(29.4) 10 (58.8) 2(11.8)
T (of TNM) 0.385
T1 21(23.0) | 5(23.8) 12 (57.1) 4(19.0)
T2 36 (39.6) 9 (25.0) 22 (61.1) 5(13.9)
T3 15 (16.5) 0 13 (86.7) 2(13.3)
T4 19 (20.9) 6(31.6) 10 (52.6) 3(15.8)
N (of TNM) 0.792
Nx 2(2.2) 1(50.0) 1(50.0) 0
NO 27 (30.0) 5(18.5) 17 (63.0) 5(18.5)
NI 32 (35.6) 5(15.6) 22 (68.8) 5(15.6)
N2 9 (10.0) 3(33.3) 6 (66.7) 0
N3 20(22.2) 5(25.5) 11 (55.0) 4 (20.0)
M (of TNM) 0.847
Mx 22(24.7) | 4(182) 14 (63.6) 4(18.2)
MO 44(49.5) | 10(22.7) 26 (59.1) 8 (18.2)
Ml 23 (25.8) 5217 16 (69.6) 2(8.7)
Ki67 labelling index 0.662
<20 31(30.7) 6(19.4) 21 (67.7) 4(12.9)
>=20) 70 (69.3) 16 (22.9) 41 (58.6) 13 (18.6)
LVSI (lymphovascular space invasion) 0.834
Present 19(18.6) | 4(21.1) 11 (57.9) 4(21.1)
Absent 83 (81.4) 17 (20.5) 53(63.9) 13 (15.7)
NLR (neutrophils to lymphocytes ratio) 0.147
<1.26 35(34.7) 11(31.4) 22 (62.9) 2(5.7)
1.26-1.85 22 (21.8) 3(13.6) 13 (59.1) 6(27.3)
>1.85 44(43.5) [ 8(18.2) 27 (61.4) 9 (20.5)
ER (estrogen receptors) 0.053
Positive 96(93.2) 18 (18.8) 62 (64.6) 16 (16.7)
Negative 7(6.8) 4 (57.1) 2 (28.6) 1(14.3)
PR (progesterone receptors) 0.203
Positive 80(77.7) | 14(17.5) 52 (65.0) 14 (17.5)
Negative 23(22.3) | 8(34.8) 12 (52.2) 3(13.0)
Treatment 0.680
Chemotherapy 13 (13.0) 4 (30.8) 6(46.2) 3(23.1)
Hormonotherapy 1(1.0) 0 1 (100.0) 0
Chemo-radio 17 (17.0) 5(29.4) 10 (58.8) 2(11.8)
Radio-hormone 9 (9.0) 1(1L.1) 7(71.8) 1(1L1)
Chemo-hormone 16 (16.0) 3(18.8) 13 (81.3) 0
Chemo-radio-hormone 44 (44.0) 10 (22.7) 26 (59.1) 8(18.2)
Trastuzumab 5.43x10
Yes 24 (24.2) 19 (79.2) 2(8.3) 3(12.5)
No 75 (75.8) 3(4.0) 59 (78.7) 13(17.3)
Follow-up 0.618
Cure 62(62.6) | 15(24.2) 38 (61.3) 9 (14.5)
Recurrence 24 (24.3) 5 (20.8) 16 (66.7) 3 (12.5)
Death 13(13.1) | 2(15.4) 7 (53.8) 4(30.8)
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FIGURE 2. Estrogen receptor (ER) scores distribution among the
different FISH results. The scores (1 to 8) correspond to Allred score,
which is routinely used for the evaluation of ER immunohistochemical
staining, considering the staining intensity and the percentage of

positive cells
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FIGURE 3. Progesterone receptor scores distribution among the
different FISH results. The scores (1 to 8) correspond to Allred score,
which is routinely used for the evaluation of ER immunohistochemical
staining, considering the staining intensity and the percentage of

positive cells

different FISH results (FISH positive, FISH nega-
tive and FISH borderline). Ninety-six (93.2%) of
all patients had estrogen receptor expression, of
which 18 (18.8%) were FISH positive, 64.6%
FISH negative and 16.7% FISH borderline. On
the other hand, 77.7% of patients had progeste-
rone receptor expression (PR), of which 17.5%
were FISH positive, 65.0% FISH negative and
17.5% FISH borderline. By using immunohisto-
chemical assessment, estrogen and progesterone
receptor expression scored from 0 to 8. Estrogen
receptor score 8 was highly dominant among
other scores, with 60%, 45% and 59% of cases
being FISH positive, negative and borderline, re-
spectively (Figure 2). There was a fluctuation in
progesterone score among different FISH results,
as score 0 was highly dominant among FISH po-
sitive (32%) and FISH negative (20%) cases, but
score 6 was highly dominant in FISH borderline
(29%) cases (Figure 3).

Regarding the proliferation index (Ki67), 20
out of 101 cases (seven cases were missed) had a

AT

FIGURE 4. Examples of two cases of invasive
ductal carcinomas (NST) grades 1 (A, H&E 200x)
and 2 (C, H&E 200x), with both being HER2
equivocal (2+) by IHC (B, immunoperoxidase 200x)
and (D, immunoperoxidase 200x), as shown by the
complete week to moderate membranous staining in
more than 10% of invasive tumor cells, but turning
to be negative by FISH

proliferating index more than equal 20, with
22.9% of cases being FISH positive, 58.6% FISH
negative and 18.6% FISH borderline, while
30.7% of patients had a proliferating index less
than 20. There was no significant difference in
Ki67 between different FISH results since (p va-
lue > 0.05) (Table 1).

Regarding the neutrophil to lymphocyte ratio
(NLR), 35 out of 101 cases (seven cases were
missed) had NLR less than 1.26, with 22 patients
having an NLR 1.26-1.85 and 44 of them an in-
creased NLR (> 1.85) (Table 1).

Patients’ management and outcome

Out of 100 patients (eight were missed), 13.0%
received chemotherapy, 1.0% hormone therapy,
17.0% both chemotherapy and radiation, 9.0%
both radiation and hormone therapy, 16.0%
both chemotherapy and hormone therapy and
44.0% all three types of treatment (chemothera-
py, radiation and hormone therapy). Chi square
test showed no association in treatment between
different FISH results (p value 0.680). The majo-
rity of patients (62.6%) were cured from HER2 2+
breast cancer, with 24.2% of them having been
FISH positive, 61.3% FISH negative and 14.5%
FISH borderline. Twenty-four patients had breast
cancer recurrence and 13 of them unfortunately
dead (Table 1). Nineteen (79.2%) patients had a
FISH positive diagnosis and were given trastu-
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zumab (herceptin) chemotherapy, while three of
them (4.0%) did not receive it. Also, 59 (78.7%)
patients had a FISH negative diagnosis and did
not receive trastuzumab, whereas two of them
(8.3%) did. The chi square test showed signifi-
cance difference in trastuzumab chemotherapy
between a different FISH status (p value < 0.05)
(Table 1). A representative example from one
case is illustrated in Figure 4. O

DISCUSSION

his is a retrospective cross-sectional study

aimed to identify the clinicopathological
characteristics of patients with HER2 equivocal
tumors served by SQUH over a period of
five years.

There was a small difference in comparison
to prior published data regarding patients’ de-
mographics. Older age at presentation in SQUH
is a frequent finding, the median age in our study
is about 49 years old (age range 25-85 years),
similarly to findings from a prior study conducted
in India (subjects” median age at presentation 50
years, with an age range between 25 and
81 years) (10).

In our study, out of 108 cases, 22 (20%) pa-
tients were FISH positive, 64 (59%) FISH nega-
tive, 17 (16%) FISH borderline and five (5%) with
no results, which was in contrast with the above-
mentioned study (10), that found HER2 amplifi-
cation by FISH in 72 (54%) cases, while there
was no HER2 amplification in 52 (39%) patients
and ten subjects were identified as borderline
FISH (10).

According to the type of breast cancer, IDC
was dominant in our study, with 94 (21.3%) pa-
tients being FISH positive, 60.6% FISH negative
and 18.1% FISH borderline, which was different
from a previous study done in the US showing
that 80% of all subjects had known or unknown
HER2 assays, 12% were FISH positive, 7% FISH
negative and 1% FISH borderline (11).

Regarding the tumor grading, we found no
significant difference in grade between different
FISH results, which was in agreement with the
findings of a previous study (4).

Regarding TNM staging, there was no signifi-
cant association between TNM stage and the
FISH results, which was not consistent with a
study conducted in 2014 that found a significant

32

difference in TNM staging between different
FISH results (12).

The hormone receptor status for estrogen re-
ceptor (ER) and progesterone receptor (PR) was
also analyzed for all cases. The immunohisto-
chemical expression of ER and PR determines
whether a patient can be treated with hormonal
therapy that will block these receptors leading to
slow the tumor growth (4). We found no signifi-
cant difference in the immunohistochemical ER
and PR expression between the various FISH re-
sults. A previous study done in Shanghai showed
significant differences between ER and different
FISH results, which was in disagreement with
our results, but found no difference between PR
and different FISH results, which was in agre-
ement with our results (4).

The proliferation index, as assessed by the
immunohistochemical expression of Ki67, is
strongly associated with tumor cell growth and
proliferation, and is therefore used as a prolifera-
tion marker in routine pathological investigation
(13). In our study, there was no significant dif-
ference in Ki67 labeling indices between the
various FISH results. In comparison, a Chinese
retrospective study found that Ki67 statuses were
differently distributed among FISH positive, FISH
negative and FISH borderline (4); it also revealed
that patients with higher Ki67 had more ad-
vanced breast cancer compared to those with
lower Ki67 due to the association with rapidly
growing and dividing cells.

Neutrophil to lymphocyte ratio is not among
the routinely assessed variables of patients with
breast cancer. However, we chose to explore this
parameter because NLR has been now consid-
ered as an inflammatory marker that could be
raised in some tumors, including breast cancer
(14). In our study there was no significant dif-
ference between NLR and various FISH results,
which was inconsistent with the findings of a
previously conducted study in Asian women
(15), reporting that NLR was significantly higher
in breast cancer patients, with NLR >1.67 being
related to an increased risk of breast cancer.
Multiple studies conducted in US, Scotland and
UK showed that higher NLR was associated not
only with more aggressive and advanced breast
cancer but also with adverse survival (14, 16, 17).

Trastuzumab is an anti HER2 therapy proven
to be effective in blocking HER2 in FISH positive
patients (18). We found an expected significant
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difference in trastuzumab chemotherapy be-
tween different FISH results, which was consis-
tent with a retrospective study from China (4). In
our study, 19 FISH positive patients received
trastuzumab, less than the 25 subjects from the
Chinese study (4). There were three HER2 2+
FISH positive patients who did not receive trastu-
zumab because of certain drug contraindications
and intolerance. Also, 59 of our patients did not
receive trastuzumab because their HER2 was not
amplified or overexpressed, so they would not
benefit from trastuzumab, and two FISH nega-
tive patients received trastuzumab. A study car-
ried out in the University of Michigan, US, re-
vealed that HER2 negative patients could benefit
from trastuzumab. The explanation is that HER2
is selectively expressed in cancer stem cells of
many HER2 negative breast tumors. Moreover,
given that stem cells are not at all numerous in
the tumor, the amount of HER2 is not sufficiently
high as to meet the threshold for a HER2 positive
cancer (19).

There was no significant association in recur-
rence of breast cancer between different FISH
results, which was consistent with a previous US
study showing that patients with HER2 equivocal
status did not have a significantly higher risk of
recurrence (7).

Our study has some limitations. First, it in-
cluded only one tertiary health center (SQUH),
albeit a large referral unit, so the results may not
be representative for the entire population of
Oman. A small sample size of only 108 HER2 2+
patients was not enough to show the significance
of some variables. Moreover, there was some
missing data in patients’ record system, including
TNM staging, ER and PR. Also, the present study
was restricted to HER2 2+ female patients only.

-~

Further studies concerning the clinicopatho-
logical characteristics of patients with HER2
equivocal tumors needed to be conducted. We
aim to continue this study by including a larger
sample size and multiple health centers in
Oman. We also plan to include both male and
female patients in order to compare the results
between both sexes. In addition, we aim to study
some additional characteristics of HER2 2+ pa-
tients in comparison with HER2 positive and
HER2 negative patients using the same variables
in our study. 4

CONCLUSIONS

he majority of HER2 equivocal breast cancer

cases had a FISH negative status, showing a
negative HER2 expression. An expected associa-
tion in anti HER2 therapy (trastuzumab) between
different FISH results was observed. HER2 equi-
vocal cases seemed to have a clinical behavior
similar to that of HER2 negative breast cancers.
We recommend, future expansion of study to
compare with HER2 positive and HER2 negative
cases. Also, we recommend to expand the study
at the national level. O
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