Breast Cancer Research and Treatment (2019) 178:231-237
https://doi.org/10.1007/510549-019-05379-6

EPIDEMIOLOGY q

Check for
updates

The yield of full BRCA1/2 genotyping in Israeli Arab high-risk breast/
ovarian cancer patients

Rinat Bernstein-Molho'"'* . Inbal Barnes-Kedar? - Mark D. Ludman?® - Gili Reznik* - Hagit Baris Feldman*> .
Nadra Nasser Samra®” - Avital Eilat® - Tamar Peretz’ - Lilach Peled Peretz'® - Tamar Shapira'' - Nurit Magal? -
Marina Lifshitc Kalis? - Rinat Yerushalmi'? - Chana Vinkler'? - Sari Liberman* - Lina Basel-Salmon?¢ .
Mordechai Shohat'" - Ephrat Levy-Lahad'* - Eitan Friedman'>'® . Lily Bazak? - Yael Goldberg®"

Received: 22 May 2019 / Accepted: 25 July 2019 / Published online: 31 July 2019
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract

Purpose While the spectrum of germline mutations in BRCA /2 genes in the Israeli Jewish population has been extensively
studied, there is a paucity of data pertaining to Israeli Arab high-risk cases.

Methods Consecutive Israeli Arab breast and/or ovarian cancer patients were recruited using an ethically approved protocol
from January 2012 to February 2019. All ovarian cancer cases were referred for BRCA genotyping. Breast cancer patients
were offered BRCA sequencing and deletion/duplication analysis after genetic counseling, if the calculated risk for carrying
a BRCA mutation by risk prediction algorithms was >10%.

Results Overall, 188 patients participated; 150 breast cancer cases (median age at diagnosis: 40 years, range 22—-67) and 38
had ovarian cancer (median age at diagnosis: 52.5 years, range 26—79). Of genotyped cases, 18 (10%) carried one of 12 patho-
genic or likely-pathogenic variants, 12 in BRCA1, 6 in BRCA2. Only one was a rearrangement. Three variants recurred in more
than one case; one was detected in five seemingly unrelated families. The detection rate for all breast cancer cases was 4%,
5% in bilateral breast cancer cases and 3% if breast cancer was diagnosed < 40 years. Of patients with ovarian cancer, 12/38
(32%) were carriers; the detection rate reached 75% (3/4) among patients diagnosed with both breast and ovarian cancer.
Conclusions The overall yield of comprehensive BRCA 1/2 testing in high-risk Israeli Arab individuals is low in breast cancer
patients, and much higher in ovarian cancer patients. These results may guide optimal cancer susceptibility testing strategy
in the Arab-Israeli population.
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Introduction

The clinical significance and implications of identifying
germline BRCAI/2 mutations in cancer patients and in
healthy individuals has been described extensively in the
literature [1, 2]. While in most outbred populations there
are family-specific, unique mutations, specific ethnic groups
exhibit a more limited spectrum of recurrent mutations—the
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Icelandic, Polish and the Jewish Ashkenazi populations are
notable examples [3].

The non-Jewish population comprises ~20% of the Israeli
population, encompassing ~ 1.8 million individuals, the
majority of whom are Muslim Arabs, with Christian Arabs
and Druze forming the rest [4]. The Israeli Arabs are part
of the Palestinian community that also resides in the West
Bank, the Palestinian Authority and the Gaza Strip, and
includes Palestinian refugees in Jordan, Syria and Lebanon
[5]. This community, traditionally advocated and practiced
consanguineous marriage, and has originated from Mid-
dle Eastern ancestors. These features made it plausible to
assume that a limited spectrum of mutations in the BRCA
will be defined in this population, akin to the situation in
Israeli Jews.

@ Springer


http://orcid.org/0000-0002-9855-9472
http://crossmark.crossref.org/dialog/?doi=10.1007/s10549-019-05379-6&domain=pdf

232

Breast Cancer Research and Treatment (2019) 178:231-237

Israeli National Cancer Registry INCR—(https://www.
health.gov.il/English/Ministry Units/HealthDivision/Icdc/
Icr/Pages/default.aspx) data indicate that breast cancer
rates among non-Jewish (mostly Muslim Arab) women in
Israel are lower than among Jewish women: breast cancer
age-standardized incidence rate (ASR) are 56.1/100,000
in non-Jews, compared to 8§9.4/100,000 in Jewish women.
However, in Mediterranean countries breast cancer is often
diagnosed in premenopausal women [6, 7] and the median
age at diagnosis is younger compared with Western Euro-
pean countries [8]. These differences in breast cancer
phenotype are similar to those observed between African
American and Caucasian populations. These phenotypic
and clinical features differences may in part be attrib-
uted to differences in breast cancer risk factors, including
genetic predisposition [7, 9, 10].

While there are studies that focused on Arab popula-
tions in Saudi Arabia, North African countries, Egypt and
the Palestinian Authority, regarding the range of BRCA
gene mutations in these countries [11, 12], there is a
paucity of data regarding the yield of BRCA sequencing
among high-risk Arab patients residing in Israel [13, 14].

The aim of this study was to evaluate the rate and
spectrum of BRCAI/2 mutations in Israeli Arab high-risk
breast cancer and/or ovarian cancer patients.

Methods
Population study

Population study consisted of non-Jewish patients from the
two main HMOs in Israel, affected with breast cancer and/
or ovarian cancer, who had genetic counseling between
January 2014-February 2019, and found eligible for com-
prehensive BRCA testing, For breast cancer cases all geno-
typed individuals had a 10% or more predicted risk for
harboring a BRCA mutation based on, BRCAPRO, PENN
II, or Myriad BRCA Risk Calculator prediction models
[15-17]. BRCA sequencing and deletion/duplication analy-
sis was performed in one of four large genomic laborato-
ries (Recanati Genetics Institute Molecular Genetics Labo-
ratory, Galil Genetic Analysis -GGA; Pronto Diagnostics,
and Gene-by-Gene).

DNA isolation

Genomic DNA was extracted from peripheral blood using a
MagNA Pure LC DNA Isolation Kit-LargeVolume and an
automated Magna Pure LC2.0 instrument (Roche Diagnos-
tics) according to manufacturer’s instructions.
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Genotyping methodology

BRCA1/2 sequencing, deletion/duplication analysis and
assessment of pathogenicity of variants were performed as
previously described [18].

Results
Study participants

The study cohort included 188 (185 females) unrelated
patients, 146 of whom (78%) were Muslim, 30 (16%) Chris-
tians, 8 (4%) Bedouins and 4 (2%) Druze. Clinical charac-
teristics of the study participants are presented in Table 1.
Unilateral breast cancer was diagnosed in 128 (68%) women
and 3 men, 19 (10%) women had bilateral breast cancer, 34
(18%) had ovarian cancer and 4 (2%) had both breast cancer
and ovarian cancer. Age of diagnosis of breast cancer ranged
from 22 to 67 years (median: 40 years), and age of ovar-
ian cancer diagnosis ranged from 26 to 79 years (median:
52.5 years). Seventy-seven patients (41%) were diagnosed
with cancer before the age of 40 years and 145/188 (77%)
before 50 years of age. Family history of breast cancer
or ovarian cancer among first or second-degree relatives
was reported in 116 (62%) of patients. Nine patients (5%)
reported family history of pancreatic cancer, and 16 (9%)
reported prostate cancer in the family. All breast cancer
cases had a probability of at least 10% of carrying delete-
rious BRCA variants as determined by at least one of the
prediction models; of these, 104 had risks higher than 15%.

Genotyping results

Of 188 participants, 18 (9.6%) carried one of 12 pathogenic
or likely pathogenic variants in BRCAI/BRCA2 (Table 2).
Pathogenic variants were detected in 11% of Muslim Arab
patients and in 7% of Christian Arabs. Twelve (67%) patients
carried BRCAI mutations and 6 (33%) BRCA2 mutations.
Only one gene rearrangement was detected. Variants of
unknown significance (VOUSs) were reported in 20 (11%)
patients.

Pathogenic or likely pathogenic variants were identified
in 4% of patients with unilateral breast cancer, and in 5% of
patients with bilateral breast cancer. None of the 3 men with
breast cancer carried a BRCA pathogenic or likely patho-
genic variant. The detection rate was 3% (2/71) for women
who were diagnosed with breast cancer at age younger than
40 years, 5% (3/56) for women diagnosed between 40 and
49 years, 6% (1/17) for women between 50 and 60 years.
None of the 8 patients diagnosed with breast cancer under
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Table 1 Characteristics

. Patients number (%) Carriers
of patients referred to full
sequencing of BRCA1/2 Number % Out of all % Out of carriers
patients
All patients 188 18 9.6 100
Female/male 185/3 18/0 100/0 100/0
Age at first cancer diagnosis
<40 77 (41) 2 2.6 11
40-49 68 (36) 7 10.3 39
50-60 30 (16) 5 16.6 28
> 60 13 (7) 4 30.7 22
Age at BC first diagnosis
<40 71 (48) 2 3 33
40-49 56 (38) 3 5 50
50-60 17 (12) 1 6 17
>60 32 0 0 0
Diagnosis
Breast cancer 147 (78%) 6 4
Unilateral breast cancer 128 (68) 5 4 28
Bilateral breast cancer 19 (10) 1 5 5
Ovarian cancer 38 (20) 12 32
Ovarian cancer only 34 (18) 9 26 50
Breast and ovarian cancer 4(2) 3 75 17
Male breast cancer 3Q2) 0 0 0
Ethnicity
Muslim Arab 146 (78) 16 11 89
Christian Arab 30 (16) 2 7 11
Druse 4(2) 0 0 0
Bedouin 8(4) 0 0 0
Family history- OC and/or BC
Yes 116 (62) 13 11 73
No 72 (38) 5 7 27
Family history-prostate cancer
Yes 16 (9) 2 12 11
No 172 (91) 16 9 89
Family history-pancreatic cancer
Yes 9(5) 0 0 0
No 179 (95) 18 100 100

BC breast cancer, OC ovarian cancer

age 30 years were found to carry a BRCA mutation (Table 2).
The youngest age of disease among carriers was 30 years
(BRCAI) for breast cancer, and 43 years (BRCA) for ovar-
ian cancer.

Of patients with ovarian cancer (with and without breast
cancer), 32% (12/38) carried pathogenic variants. Mutation
detection rates were 26% for women diagnosed with ovar-
ian cancer only, and reached 75% (3/4) in women with both
breast cancer and ovarian cancer (Table 1).

The majority (13/18-73%) of carriers had positive family
history of breast cancer/ovarian cancer, while only 2/18 (11%)
had family history of prostate cancer, and none had reported

pancreatic cancer in the family (Table 1). In 4 of the carriers,
there was no discernable family history of cancer.

One likely pathogenic variant, ¢.5074+3A>G in BRCAI,
was detected in 5 reportedly unrelated Muslim Arab patients
from the same village, and two pathogenic variants occurred
twice in apparently unrelated patients.
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Table2 BRCAI and BRCA?2 pathogenic and likely pathogenic variants in Arab patients

Gene DNA change Protein change ACMG No of patients ~ Ancestry Diagnosis Family history
classifica-
tion
(age of diagnosis)

BRCAI  Exons 5-7 del 5 1 Muslim Arab OC 47) No
c.1224delA p-Val409* 5 1 Muslim Arab OC (43) BC+0C
c.4523G>A p-Trp1508* 5 1 Muslim Arab OC (51) BC
¢.5074+3A>G 5 5 Muslim Arab OC (54) BC + Prostate Ca

BC (51)+0C (62) BC+0C
BC (52)+0C (46) BC
OC (57) oC
OC (64) BC
c.5161C>T p-GIn1721Ter 1 Muslim Arab Bilateral BC (30) BC
¢.5309G>T p-Gly1770Val 1 Muslim Arab OC (73) BC
c.5444G>A p-Trp1815* 2 Muslim Arab BC (42)+0C (53) BC
Christian Arab  BC (39) BC

BRCA2  ¢.3847_3848delGT  p.Vall283Lysfs*2 1 Muslim Arab BC (46) Prostate Ca

c.4284dupT p-GIn1429Serfs*9 5 2 Muslim Arab OC (64) No

OC (73) No
¢.6685G>T p.Glu2229%* 1 Muslim Arab BC (40) BC
¢.7024C>T p.GIn2342%* 1 Muslim Arab BC (40) No
¢.8332-3C>G 1 Christian Arab ~ OC (56) BC

Total 12 18

ACMG American College of Medical Genetics, BC breast cancer OC ovarian cancer

* Ter

Discussion

In this study, the yield of comprehensive BRCA testing in
Israeli Arab high-risk breast cancer and/or ovarian can-
cer cases was ~ 10%, with lower rate of 4% for high-risk
breast cancer patients. Twelve different pathogenic vari-
ants were identified in 18 cases, only one was a large rear-
rangement. This detection rate in breast cancer patients is
lower than the reported rates in other Mid-Eastern popula-
tions [19-21]. Consistent with the findings in the current
study, in a previous study, the rate of BRCA mutations in
the non-Jewish population in Israel was also low—only
1/68 breast and ovarian patients carried a pathogenic vari-
ant [14]. Lolas Hamameh et al. have reported (in a cohort
of Palestinian patients from the West Bank, Gaza strip
and East Jerusalem) a 6.8% prevalence of mutations in
BRCA1/2 genes and an additional 6.7% of patients with
mutations in other breast cancer susceptibility genes in
a series of cases diagnosed with breast cancer by age 40
or with family history of breast cancer/ovarian cancer
in a first or second degree relative [12]. In that study, a
seemingly recurrent mutation, BRCA2 c.2482delGACT,
(0.7%, 6/875) was noted that was notably not detected in
our cohort.

@ Springer

Several explanations may account for the lower than pre-
dicted detection rates in both BRCA genes in high-risk Arab
population in Israel. First, germline-pathogenic variants in
other breast cancer susceptibility genes. This notion seems
to be supported by the fact that none of the patients who had
breast cancer < 30 of age, and only 2/71 (3%) who were diag-
nosed with breast cancer under 40 years of age were BRCA
gene carriers. In addition, family history of prostate and/
or pancreatic cancer was not associated with BRCA muta-
tions. Another plausible explanation for the discrepancy in
observed vs expected mutation detection is that VOUs that
were reported in 11% of genotyped individuals may, in fact,
represent pathogenic variants in this population. Notewor-
thy, pathogenicity assignment was limited in some of the
reported VOUSs as they novel or rare and insufficient func-
tional data to accurately assign pathogenicity was available.
The higher predicted mutation detection compared with
the observed mutation detection rate could also be partially
accounted for by the fact that these models were validated
predominantly in Western, Caucasian population which is
genetically different from the population in our cohort. The
prevalence of BRCA mutations has never been assessed in
the Israeli Arab population. If lower than used by the mod-
els, it could explain their inaccuracy. Lastly, the perceived
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inherited predisposition in the current study participants
(based on familial clustering and/or age at diagnosis) may
in fact be due to a combination of environmental and mul-
tiple low-penetrance genetic factors. Indeed, previous stud-
ies focusing on Arab high-risk population in Israel [12, 14]
support the notion that carriers of mutations in non-BRCA
genes may have been detected in our cohort if multi-gene
panel testing had been performed.

Comparison between three probability prediction models
demonstrated significant variability in their clinical applica-
bility, accuracy and performance [18, 22]. This reflects the
inherent differences between the models, resulting in higher
sensitivity of some and higher specificity of others [22].

As previously suggested [23], all patients with ovarian
cancer should be offered comprehensive BRCA 1/2 genotyp-
ing, as defining BRCA carrier status has potential therapeu-
tic implications (i.e., treatment with PARP-inhibitors) [24].
Indeed, the rate of mutation detection among ovarian cancer
cases in the present study was 32%. Even if all five carriers
of the same variant ¢.5074+3A > G in BRCAI, represent
the same extended family, detection rates in ovarian cancer
cases remains high—23% (7/31). These rates, that are in line
with other studies in outbred populations, certainly justify
BRCA genotyping for all ovarian cancer cases, regardless of
family history.

The recurrent variant ¢.5074+3A > G in BRCA1, detected
in 5 seemingly unrelated patients from the same village,
probably represents a founder mutation. The same variant,
also detected in two other Arab cohorts, from Israel [12]
and Jordan [21], has been reported to affect splicing [25].
This variant does not have a gnomAD exomes entry, though
its locus is covered in gnomAD exomes. It is categorized in
ClinVar as a variant with conflicting interpretations of path-
ogenicity. Based on its effects on splicing and its occurrence
in high-risk cancer affected women of Palestinian origin we
suggest that this be re-assigned a likely pathogenic status.

Three mutations in BRCAI (c.1224delA, ¢.5074+3A >
G, ¢.5444G > A,) and one mutation in BRCA2 (c.6685G >
T) detected in this study were previously reported by Lolas
Hamameh et al. in another cohort of Palestinian patients
from West Bank, Gaza and East Jerusalem [12]. The same
BRCA2 ¢.6685G > T and the BRCAI ¢.5074+3A > G muta-
tions were also described previously in a Jordanian cohort
of breast cancer patients [21]. In light of the historical back-
ground of Muslim population in this area, these common
mutations probably reflect family ties or represent a com-
mon ancestor. However, none of the other detected muta-
tions in our cohort were reported in other populations from
the Middle East [26]. Some were either reported as founder
or recurrent mutations in other populations, such as BRCA
¢.5309G > T in Morocco [27], or in diverse populations
worldwide according to the BIC database [28]. These find-
ings may suggest ethnic and genetic associations between

seemingly unrelated populations, or that some of these muta-
tions involve mutational hotspots. Awareness of these recur-
rent mutations may be exploited for a useful strategy for
focused genotyping platform in this population.

In conclusion, BRCA 1/2 mutations account for ~4% of
the high-risk Arab, mostly Muslim, breast cancer patients
in Israel, and for a much larger fraction of high-risk ovarian
cancer cases. These findings suggest that all ovarian can-
cer cases should be offered comprehensive BRCA testing.
Regarding breast cancer patients, as the majority of carriers
had a family history of breast/ovarian cancer, positive family
history should be scored and prompt genotyping more than
age of diagnosis.

Several recurrent mutations in BRCAI [29], CHEK?2 [30],
TP53[12,31], MSH2, MSH6 and PMS?2 [32-34] have been
reported in the Arab population in the Middle East. It may
be of benefit to implement a first pass genotyping platform
that includes the recurring mutations for screening in this
underserved population, followed by NGS multi-gene cancer
panel for high-risk patients in whom none of these mutations
was identified. Further studies are needed to gain knowledge
and insight, and prioritize testing.
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