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Abstract

Background The incidence of breast cancer (BC) and ovarian cancer (OC) has increased in Saudi Arabia. The western
region of Saudi Arabia presents a unique population with distinct genetic backgrounds, making it vital to investigate
the prevalence of BC/OC-associated gene mutations in this area. This study aimed to determine the prevalence and
mutational profiles of BC and/or OC predisposing genes in the western region of Saudi Arabia, and to characterize the
associated phenotypes in individuals carrying these mutations.

Methods We employed next-generation sequencing (NGS) to identify the mutational spectra of 209 Saudi Arabian
patients with BC and/or OC from the Western region.

Results 51/209 (24.4%) patients had a mutation in one of the BC/OC predisposing genes. Overall, 34, 10, and
7 PV/LPV were identified in BRCA1, BRCA2, and other genes, respectively. Mutations in BRCAT were predomi-
nant and strongly related to high-grade, triple-negative BC. BRCAT NM_007294.4:c.1140dup p.(Lys381Glufs*3),
NM_007294.4:c.5095C>T p.(Arg1699Trp), NM_007294.4:c.4986 + 6 T > C (p.?), NM_007294.4:¢.5251C>T p.(Arg1751%),
and NM_007294.4:c.5067_5074 + 1del p.(Met1689llefs*3) were recurrent with NM_007294.4:c.3217_3218del p.(Gly1073%),
NM_007294.4:c.5067_5074 + 1del p.(Met1689llefs*3), and NM_007294.4:c.5234del p.(Asn1745Thrfs*20) being novel.
The combined frequency of recurrent mutations in BRCAT was 42%. Concerning BRCA2, we identified a recurrent
variant NM_000059.4:¢.7480C > T p.(Arg2494*) and two novel variants NM_000059.4:c.643del p.(Glu215Lysfs*15) and
NM_000059.4: EXon1-8del.

Conclusion In our study, we identified a high prevalence of BRCA1/2 variants in the western region of Saudi Arabia,
offering novel and important insights specific to this area. We also identified other gene variants, though their impact
remains unclear due to the limited sample size. This work represents an important first step in understanding the genetic
factors contributing to breast and ovarian cancer in the Western region. It underscores the urgent need for larger stud-
ies to comprehensively explore the genetic landscape and better understand how these variants influence cancer risk
in this population.
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1 Introduction

Breast cancer (BC) is a multifactorial genetic disease caused by the interaction of multiple genes with environmental and
lifestyle factors [31, 52]. It is the most frequently diagnosed cancer among women and the primary cause of cancer-related
deaths in women globally, following lung cancer [19]. BC incidence rates vary worldwide, most likely due to differences in
genetic susceptibility, reproductive patterns, dietary/lifestyle factors, and detection methods [47]. It differs among various
ethnic groups and geographical regions [15]. Regions with greater economic development and non-Hispanic Caucasian
women have the highest incidence of BC [56]. In the United States, BC affects approximately 425,000 women and kills more
than 66,400 women annually, with a higher mortality rate in Black women [27, 28]. In Asia, the incidence of invasive female
BC remains considerably lower than in North America and Europe. However, there has been a notable increase in the num-
ber of Asian populations, including China, Singapore, South Korea, and Taiwan [51]. This increase has been attributed to the
adoption of Western lifestyles. However, Asian women have a unique BC profile that differs from that of Western cultures,
including an earlier age of onset and a more significant frequency of aggressive tumors [34]. The incidence of BC among
Saudi women has progressively increased over the last decade, making it the most diagnosed cancer in Saudi Arabia [11, 22].
Similar observations were made in other Middle Eastern countries [2, 8,9, 17, 39]. According to a previous report, there were
3,629 newly diagnosed cases of BC, resulting in 899 fatalities, in Saudi Arabia, with the deaths accounting for approximately
8.5% of all reported deaths [1, 12]. This makes this disease the second-leading cause of death in Saudi Arabia [7, 13, 14, 51].

Hereditary breast and ovarian cancer syndrome (HBOC) is an autosomal dominant disorder. Approximately 20% and 5-10%
of all OC and BC cases, respectively, can be explained by a rare pathogenic variant (PV) or likely pathogenic variant (LPV) in
one of the cancer predisposition genes, such as BRCAT and BRCA2 [5, 40]. Both genes have the most frequently identified PV/
LPV in high-risk individuals, accounting for 80% of inherited OC cases and 30% of all familial BC cases [21, 41]. Furthermore,
for BC, the lifetime risk reached 85% and 45% for BRCAT and BRCA2, respectively, and for OC, 39% and 11%, respectively [32,
33, 42]. Moreover, HBOC patients associated with a BRCA1/BRCA2 mutation have an increased risk of developing other cancer
types, such as prostate cancer, pancreatic cancer, and melanoma [16, 37, 53].

The population frequency of BRCA1/2 mutation carriers is generally estimated to be around 1 in 400 individuals. However,
the incidence of pathogenic variants is notably higher, often several-fold, in populations with founder mutations [36, 50].
The prevalence of germline BRCAT and BRCA2 PV/LPV shows considerable variation across different geographical regions
and ethnic groups [36], although some studies suggest that these prevalence rates are relatively consistent [6, 35]. A notable
example is the identification of population-specific mutations, such as those found in Ashkenazi Jews [23, 26, 36, 55] and
individuals of Spanish ancestry [54]. Furthermore, distinct BRCA1/2 PV(s) have been documented across various European
populations [25, 29]. In addition to BRCA1/2, other genes have been associated with HBOC, including PALB2, TP53, CDH]1,
PTEN, ATM, CHEK2, STK11, and others [24, 44, 45],. However, these genes generally exhibit lower penetrance and frequency
compared to BRCA1/2. Nevertheless, an individual with a germline PV/LPV in one of these genes has a significantly increased
risk of cancer compared to the general population [23, 24]. Genetic studies in hereditary BC in Middle Eastern populations
are limited [3, 11, 38]. In Saudi Arabia, the population is homogenous, and consanguineous marriages are common [22]. The
prevalence of BRCA1/2 PV/LPV in BC patients in the Saudi Arabian population remains poorly understood. The primary aim
of this study was to determine the prevalence and impact of BRCAT and BRCA2 PV/LPV in Saudi patients diagnosed with BC
and/or OC, using next-generation sequencing (NGS). This approach facilitates cost-effective and efficient genetic testing,
enabling simultaneous assessment of multiple candidate genes. Additionally, we aimed to investigate the clinicopathologi-
cal characteristics of breast cancer associated with these genetic variants, understanding that molecular diagnosis is pivotal
in shaping the clinical management of high-risk patients. This approach enables comprehensive family risk assessment,
reduces mortality, and supports the implementation of prophylactic measures that can reduce cancer risk by up to 95% in
individuals carrying BRCA1/2 mutations [38].

2 Methodology
2.1 Ethical consideration and confidentiality
The study protocol was approved by the Institutional Review Board (IRB) of Al-Qura University (UQU) with application

number LGCX011122 (issued 09 Jan 2023), and King Abdullah Medical City (KAMC) with IRB reference number 21-782
(issued 08 Oct 2023). All methods were performed according to the guidelines and regulations of UQU and KAMC.
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Before participating in the study, all the participants provided written informed consent. This study was conducted
in accordance with Good Clinical Practice (GCP) guidance.

2.2 Study population

This retrospective study was conducted in KAMC, Makkah, in the western region of Saudi Arabia. This study adhered
to the principles outlined in the Declaration [48]. A cohort of 209 Saudi patients diagnosed with BC or OC at KAMC
was enrolled between October 2019 and December 2021. These patients were referred to the Genetic Oncology
Clinic (GOC) at KAMC Hospital in Makkah and were included in the study. Detailed information regarding patient
demographics, clinical histories, and pathological characteristics was obtained through a comprehensive review of
medical records. The variables included in the study were age, family medical history, disease stage, tumor grade, and
tumor site. Furthermore, estrogen receptor status, and human epidermal growth factor receptor 2 (HER2)/neu status,
particularly in BC cases, were recorded and analyzed. Patients referred to this clinic were at high risk for familial BC
or OC according to the criteria outlined by the National Comprehensive Cancer Network (NCCN) guidelines (https://
www.nccn.org/professionals/physician_gls/default.aspx).

2.3 DNA extraction and quantification

Peripheral blood samples (2 mL) were collected from patients in EDTA tubes. Genomic DNA was extracted using
a QIAamp® DNA Mini Kit according to the manufacturer’s instructions (Qiagen GmbH, Hilden, Germany) and then
quantified using a Qubit™ dsDNA BR assay kit on a Qubit 2.0 Fluorometer (Thermo Fisher Scientific, Inc., Germany),
following the manufacturer’s instructions.

2.4 Next-generation sequencing

NGS and variant analysis were performed using the peripheral blood samples. Samples were sent for analysis to
Bioscientia International (www.Bioscientia.com, Germany). Based on official genetic reports, Bioscientia used the
following method: Genomic DNA was fragmented, and the coding exons of the ATM, BARD1, BRCA1, BRCA2, BRIP1,
CDH1, CHEK2, MRET11, NBN, PALB2, RAD51D, STK11, and TP53 were sequenced. Genes were enriched using Roche/
NimbleGen sequence capture technology and an lllumina system for NGS. Target regions were sequenced with an
average coverage of 800-fold. Moreover, a 15-fold coverage was achieved for over 99% of the regions of interest.

Next, NGS analysis was performed using bioinformatics analysis tools and a JSI variant pipeline with a minor allele
frequency (MAF) of < 1%. Bioinformatics prediction programs were used to conduct in silico analysis of the identified
variants, focusing on their functional relevance, conservation, and potential splice effects. The results obtained from
the prediction programs were not considered definitive functional proof. Therefore, our findings can be interpreted
within the broader context of clinical observations, family history, and additional laboratory data.

Variants were classified based on the interpretation of sequence variants recommended by the American College
of Medical Genetics and Genomics (ACMG). Changes in the pathogenicity classification over time cannot be excluded.
Variants classified as benign or likely benign were not previously reported. The putatively pathogenic variations
between the wild-type sequence (human reference genome per UCSC Genome Browser: hg19, GRCh37) and the
patient’s sequence were identified and evaluated based on an in-house established quality scoring system. Variants
identified in the main section that did not meet the quality threshold underwent verification through polymerase
chain reaction (PCR) amplification, followed by conventional Sanger sequencing. Furthermore, CNV (copy number
variant) analysis of NGS data indicating exon(s) deletion or duplication was validated through MLPA (multiplex
ligation-dependent probe amplification) utilizing the (MRC-Holland, Amsterdam, the Netherlands).

2.5 Breast cancer subtypes

Immunohistochemical (IHC) staining of formalin-fixed, paraffin-embedded tissue sections was performed to evaluate
the expression of progesterone receptor (PR), estrogen receptor (ER), and HER2. The BC subtypes were ER-positive or
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PR-positive/HER2-negative (ER+or PR+/HER2 —, luminal A), ER+or PR+/HER2 + (luminal B), ER —/PR —/HER2 + (HER2-
enriched), and ER-/PR —/HER2 — (triple-negative, TN).

2.6 Statistical analysis

Data were analyzed using the Statistical Package for the Social Sciences (SPSS) software version 25 (IBM Inc., Chicago,
USA). Continuous variables were analyzed using means and standard deviations to describe the basic sociodemographic
characteristics of the participants and other related factors using counts and percentages.

2.7 Review of existing research on BRCA1/2 mutations in Saudi Arabia

To provide context for our study and highlight the significance of BRCA1/2 genetic research in Saudi Arabia, we conducted
a targeted literature review summarizing previously published studies on BRCA1 and BRCA2 germline mutations in the
Saudi population. Thus, a structured search was performed in PubMed, and EMBASE databases using the keywords:
(BRCA1, BRCA2, mutation, variant, germline, Saudi Arabia, Hereditary breast cancer, hereditary ovarian cancer and genetic
testing). Studies were included if they: Reported germline pathogenic or likely pathogenic BRCA1/2 variants in Saudi
individuals, used genetic sequencing methods such as NGS, Sanger sequencing, or MLPA, and if they Were published in
English and focused on the Saudi population.

3 Results
3.1 General characteristics of the study population

A total of 209 patients (205 women and four men) were assessed according to the NCCN testing criteria. The mean age
was 43.54 +11.23 years, with an age range of 22—73 years. A total of 171 cases of BC, 36 cases of OC, and 2 cases of both
BC and OC were reported (Table 1). Approximately 24.4% (51/209) of the patients had either PV/LPV, 36% (76/209) had
a Variant of Uncertain Significance (VUS) and 39% (82/209) had no Class lll to Class V variants reported (Table 2).

Among the 51 patients with PV/LPV, 43 had BC (41 females and 2 males), seven had OC, and one had both BCand OC
(Table 3). For the BC patients, 28 BRCA1 and nine BRCA2 (8 female and 1 male) actionable variants were identified, with
a single variant in PALB2, three in ATM, and two in CHEK2 (1 female and 1 male) (Table 3). In patients with OC, causative
variants were identified in seven of the 36 cases (19.4%): five in BRCAT, with one each in BRCA2 and BRIP1, respectively.
A BRCAT mutation was identified for the female affected by both BC and OC (Table 3).

3.2 Clinicopathological characteristics of mutation-carriers

The age at diagnosis of patients with BC ranged from 22 to 53 years (Table 1). Most patients were <40 years old (25/43,
58%), with all having ductal carcinoma. Our findings indicated that 83% (24/29) of the individuals carrying BRCAT PV/
LPV exhibited high-grade BC (grade 3), whereas 78% (7/9) of those with BRCA2 PV/LPV presented with grade 2 tumors.
Triple-negative cases were found in 86% of patients with BC BRCAT (25/29) and 44% of patients with BRCA2 PV/LPV (4/9).
When comparing BRCAT and BRCA2 mutation carriers, we found a stronger association between patients with BRCA1 PV/
LPV and young age at diagnosis, high-grade BC, and the triple-negative phenotype. However, the association with low-
grade and (ER, PR)-positive tumors was more robust in patients with BRCA2 PV/LPV (Table 3). This study involved a single
patient with BC who had a PV in the PALB2 gene and was diagnosed at the young age of 29 years. Three cases of BC had
an ATM PV/LPV, one of which was a triple-negative BC (TNBC). Additionally, two patients harbored CHEK2 PV (Table 3).

All the OC mutation carriers had high-grade serous adenocarcinomas. The age at the time of diagnosis ranged between
47 and 73 years, and 63% of the patients were diagnosed in the fourth decade (5/8 The majority of mutation carriers (61%)
reported a family history of cancer (Table 1). Additionally, two cases of double primary malignancies were observed,
exhibiting the BRCAT p.Glu1257Glyfs*9 pathogenic variant and a VUS (p.Tyr1716Cys) respectively. We observed one BRIP1
(PV) in a patient with OC, which was of the high-grade serous type (Table 3).
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Table 1 Demogra‘ph'ic and Variable Study population (n=209) Patients with PV/LPV (n=51)
general characteristics of the
study population and patients Frequency Percent (%) Frequency Percent (%)
with identified PV/LPV
Gender
F 205 98.09 49 96
M 4 1.91 2 4
Cancer type
BC 171 82 43 84
BC/OC 2 1 1 2
oC 36 17 7 14
Age (Years)
BC Range (22—-70) Range (22-53)
BC<40 78 46 25 58
BC>40 93 54 18 42
oC Range (32—73) Range (47—73)
Family history of cancer
No 85 41 20 39
Yes 124 59 31 61

F, female, M: Male, BC: Breast cancer, OC: Ovarian cancer

Table 2 Individuals with Study popula- BRCA1  BRCA2  PALB2 CHEK2 ATM  BRIPI  Other genes

‘PVs/L.PVs, VU§, and with no tion N=209 of the panel
identified variant

PVs/LPVs 51 (24.4%) 34 10 1 2 3 1 0

VUS 76 (36%) 6 27 10 3 19 2 8

No variant 82 (39%)

PV, pathogenic variant, LPV: Likely pathogenic variant, VUS: Variant of unknown significance

3.3 Genetic characterisation of the PV/LPV

We observed 38 distinct pathogenic and likely pathogenic variants in 51 patients. Of these, 61% (23/38) were identified
in BRCAT and included three novel variants (c.3217_3218del, c.5067_5074 + 1del, and c.5234del). Among the remain-
ing PV/LPV, 21% (8/38) were found in BRCA2; 8% (3/38) in ATM, 5% (2/38) in CHEK2, 3% (1/38) in PALB2, and 3% (1/38) in
BRIP1.1n the BRCAT gene, we observed all types of variants, including nonsense, insertions/deletions (frameshift), indels,
splice sites, and missense (Fig. 1a). Furthermore, we detected five recurrent variants in unrelated families: c.1140dup
p.(Lys381Glufs*3), ¢.5095C>T p.(Arg1699Trp), c.4986 + 6T >C p.(?), c.5251C>T p.(Arg1751%), and ¢.5067_5074 + 1del
p.(Met1689llefs*3) (Table 3). The most prevalent variant identified was the frameshift c.1140dup p.(Lys381Glufs*3) in
BRCA1, identified in 15% (5/34) of BRCAT mutation carriers (Tables 3 and 4). All patients had TNBC, while only three had
a significant family history of BC. The other frequently recurring variant, c¢.5095C >T, accounted for 12% (4/34) of the
mutation-positive results for BRCAT. Three cases (8.8%) were TNBC diagnosed in their 2nd and 3rd decade with no fam-
ily history of cancer. One of four cases (1/4) had a family history of TNBC and was diagnosed in the second decade, and
later with OC at the age of 50 years (Table 3). For BRCA2, all mutation types except for missense variants were observed
with a single recurrent variant ¢.7480C > T p.(Arg2494%)identified in three unrelated patients (Fig. 1b, Table 3). No clear
genotype—phenotype correlation was observed for both genes.

Moreover, the targeted literature review identified three studies that reported BRCA1/2 germline mutations in the
Saudi population. A comprehensive summary of the identified variants from our study, alongside findings from previous
studies, is presented in Tables 4 and 5. Fifty-one pathogenic/likely pathogenic BRCAT variants have been reported in over
106 patients. Mutations were detected across all gene regions, with notable clustering in exons 10, 11, and 17 (frequen-
cies of 39%, 10%, and 9%, respectively) (Fig. 1a, Tables 3 and 4). For BRCA2, approximately 17 mutations were identified,
representing 20 patients. The most common recurrent BRCAT mutations included c.1140dup p.(Lys381Glufs*3) in 20/106,

@ Discover



Research

| https://doi.org/10.1007/512672-025-02640-x

(2025) 16:829

Discover Oncology

OH DSOH 20 6v Ad  snobAzoisieH [3P Z1-S UOXI:¥'¥62/00 WN  LVDHS e
- - - € oal g 13 Ad  snobAzoisieH I2P £1-LNOXI+'¥62£00  WN  LVDY4g €€
- - - € oal od LS Ad  snobAzoisieH (¢)dV<1THTEESIPY6TL00 WN  [VDHS 43
OH DSOH D0 6t Ad  snobAzoisireH («LS£1Bay)d 1 <DLSTS Y6200 WN  LYDYE Le
- - - € oal Dd 8z Ad  snobAzoisieH (x1S£1LBaY)d 1 <DLSTS D' P6TL00 WN  LVDYg 0€
- - - € oal Dd 0S/9% [PAON\AT  snobAzossiaH (0T«SHYLSTLLUSY)d [BPYETS I Y62L00 WN  LVDHY 6T
- - - € oal pl:| €€ Ad  snobAzoisieH (d11669161y)d 1 <DS60S ¥ Y6200 WN  LYDHS 8T
DH DSOH ple) 0S Ad  snobAzoissieH (di1669161y)d 1 <DS60S ¥ ¥62L00 WN  LVDHS LT
- - - € odal pY:| 9z Ad  snobAzoisreH (d11669161y)d 1 <DS60S 2462200 WN  LVDHd 9
- - - € odl od 143 Ad  snobAzossreH (d11669161y)d 1 <DS60S 2462200 WN  LVDHd 14
- - - € oal pl:| T4 Ad  snobAzossieH (yd ¥V <OL++L0S27'#62L00 WN  LYDHS T
- - - € oal od 65 [PAON\Ad1 shobAzoisisH €4S1911689133W)'d [SP L +1£0S £90S2:'¥62/00” WN  LVDHS €C
- - - € oal od €S |PAON\ADT  snobAzossieH (€x5911689L39N)'d ISP L +¥£0S™ £90S > ¥6TL00 WN  [VDYS 44
-+ 4+ € oal og 24 Ad  snobAzoisieH (8)d D<19+986v2:F'v62L00 WN  L¥DHE Lz
- - - 14 oal og st Ad  snobAzoissieH (¢)d D<19+986v2:%'v62L00 WN  L¥DHE (174
- - - 14 oal od e Ad  snobAzoisieH (¢)d D<19+986v2:%'v62L00 WN  L¥DHE 6l
- - - € oal pY:| Ad  snobAzoisieH (x8051d41)d ¥ <OYZSHIY¥6TL00 WN  [VDHS 8l
- - - € oal g 1 Ad  snobAzoisieH (x68€1495)d [9p99 Ly SOLY W '¥62/00” WN  LVDHS LL
- - - 14 oal g 44 Ad  snobAzoisieH (x6LE1L49S)d ISPLELY 9ELY W ¥6CL00” WN  LVDHS ol
-+ o+ DH/T DJSDH /2dl 20/24 9S/vv Ad  snobAzoisioH (6xS¥A1DLSTLNO)d 9P LLLE 0LLED Y V6TLO0 WN  LVDYE Sl
- - - € oal Dd Lt [9AON\Ad  ShobAzoisisH (+££0LAID)d 19P8LTE LLTED Y P6TL00 WN  LVDYE 4!
- - - € oal p}:| 8t Ad  snobAzoisieH (P 1x5449598631)'d [9PZS6T ¥ Y6700 WN  [VDHS €l
OH DSOH 20 Ly Ad  snobAzoisieH (ExSHAL60/9Yd "d)VSUIOZLT STLT Y '¥62L00” WN  LVYDHS zl
OH DSOH D0 LY Ad  snobAzoisreH (8LxSHEASS9IAL)d dNPLI96L Db P62L00 WN  LVDYg Ll
- - - € oal Bl 43 Ad  snobAzoisireH (€xsIND18€5A7)'d dnpoY L LD ¥62/00 WN  LVDHE oL
- - - € oai Bl 8t Ad  snobAzoisreH (€xSiND18€5A7)'d dNpoY L LD ¥62/00 WN  LVDHS 6
- - - € oal Bl 8¢ Ad  snobAzoisreH (€xIND18€5A7)'d dnpOY L LD ¥62/00 WN  LVDHE 8
- - - € oal Bl 143 Ad  snobAzoisreH (€xSIND18€5A7)'d dnpOY L LD #6200 WN  LVDHE L
- - = € oal Bl 8t Ad  snobAzoisreH (€xiNID18€sA7)'d dNpOYy L LD #62/00 WN  LVDHE 9
- - - € oal p):| 0S Ad  snobAzossieH (61x5495297495)d [9P66/ 86 %' ¥62/00 WN  LVDHg S
- - - € oal pY:| 24 Ad  snobAzossieH (xcozuD)d L<DY8L DY ¥62/00 WN  LVDHE ¥
- - - € oal pY:| (34 Ad1  snobAzosmisH (¢)d IPPL-SELF Y6200 WN  LYDYHS €
+ - = € oal od 43 Ad  snobAzossieH (L1sSHeAETN|D)d |9P69 892K ¥6TL00 WN [ VDYS 14
+ - = 14 oal od % Ad  snobAzossieH (645413517 LIeA)d [9POY:F ¥622/00 WN  LVDYHY L
¢PH ¥d & sisou
sn1e1s auow -Beip s2dued
-JoH Jnown] abeis /opein  ABojoisiH  adAyiown jeaby juswwod A)soBAz (24niePUSWIOU SADH) JUBLIB,  DUSD  judlied

sauab JaYI0 pue ‘ZiDYg ‘L YDYg Ul SAdT/SAd YHM S[enpiaipu| € 3jqe

@ Discover



| https://doi.org/10.1007/512672-025-02640-%

(2025) 16:829

Discover Oncology

Research

7 403dad31 1035e) yamodb [ewsspids uewnH
:7J9H 103doada1 3uU0I3)sab0Id Hd ‘40rdedal usbonsy Y3 ‘spelb-ybiH :DH ‘ewouldied snoiss apeib-ybiH :DSHH ‘ewouldied [e1dnp Bupesjyul ‘OJ| 19dued ueleAQ DO ‘4adued 1sealq g

SH DSHH 20 €9 Ad  snobAzoissieH (x86£B1y)d 1 <DTEETIEELOTED WN  LdI¥E LS

S 4 ple] od 8t Ad  snobAzosaieH (xCLTAL)Yd D<19€9DH'Y61L00 WN  ZHIHD 0S
+ - - 4 ple od LE Ad  snhobAzoisrsH (x9€uD)d L <D90L 2461400 WN  ZYIHD 6t
- - - 4 odl od LE Ad1  snobAzossiaH (s¥¥€cdil)d ¥ <DLEOLDE LSO000 WN wiy 1514
- + + 4 odl Dg €€ Ad  snobAzoisieH (x286LUD)d 1 <D¥¥65:€°LS0000  WN wiy ya4
- - + € odl od 514 Ad  snobAzoisieH (19559/7AID)d ¥ <DE6Z8:E' 150000 WN wiy o
- - + 4 odl L] 6C Ad  snobAzoisieH (£xS3R11£5€5K7)d [9P£SOLT9S0LH'S/9vZ0 WN 29 Tvd 4
- + + € oal od 6S  I9AON\A  SnobAzoisieH [9Pg-LUOX3 :7'650000 WN CVDYd 144
- - - 4 odl L] 9¢ Ad  snobAzoisieH (LLsSpusye€0€yL)d dnp/6062:4°650000 WN  ZVDHd 134
-+ + 4 odl od [44 Ad  snobAzoisieH («¥6tbIV)d L<D08FLD:4'650000 WN  ZVDYE [474
- - - 4 ple] pl| 6% Ad  snobAzoisieH («¥6¥7bBIY)d L<D08Y/L 2650000 WN  Z¥DHE L
- + + C ple] pl:| [4% Ad  snobAzossieH (xv612bIY)d 1 <D08YLIH'650000 WN  ZVDHd ot
- - - C pld] pl| 8¢ Ad  snobAzoiayeH (xCT0TI95)d D<D59092:'650000 WN  ZVD¥d 6€
- - - C ple] pl| 6€ Ad  snobAzoiayeH (2+S3619¥8061LN31)d I9PETLS CTLS 650000 WN  ZVDHS 8¢
SH DSHH 20 €L Ad  snobAzoisreH (9xS3K197ZS LN37)d [9pYISY €9SHDH'650000 WN - Z¥D¥g LE

- + + € ple] pl:| 8¢ AdT  snobAzossidH  (;)d DIVLIDDSULIYDLVLIDOVISPL + /8¥8 9878 14°650000 WN  ZVDYg 9¢€
- + + C ple] pl:| TE [|9AON\ADT snobAzoiseH (SL«S#sK1G LZND)d |I9PEYI 650000 WN  ZVDYS 13

CIH  H4d W3 s1s0u
snjejs suowl -Belp 1adued

-JoH Jnown] abeis /opein  ABojoisiH  adAyiown jeaby juswwod K)sobAz (24niePUSWIOU SADH) JUBLIB,  DUSD  judlied

(panunuod) € d|qey

@ Discover



Research

| https://doi.org/10.1007/512672-025-02640-x

(2025) 16:829

Discover Oncology

V<12Z+2€€50

V<OL+€61G0
0<9O1L+2G160

V<12+¥/050
V<OL+¥20G0

V.LOOVOVYYVOIeP+720S L9050

a. BRCA1

0<19+9861°0

O<VZ-9/9v0

19pL-GELD

Splice site

ll IIH-
17181920 2122 23 24

16

2/9p0ESS D
dnpz1650
1<OLEYS
"0
1<0lses 19P#£2S 0
1<01916
1<056050 —illl
19PEE0S 0£060 =
1<0609%0
V<OPZSHD
1<0/zepo

OVIePI9LY S9LY0
LOBPLELY 9ELYD

19pgLze ™ L12ED

1<0g.5¢°

[oPEEYL ™92y L 0

1<09901 72

1<0¥8L7
YVOLSUZLL LLLD
vvOL1dnpLL. 80L0

12 13 14

1

<<Otmvw©omewov.o
1oPLLLE 0LLE™

“IIIEE

19p25622

119p29922

18PELYZ 0LYZD
18P90YZS0PZ 0
VsuI9zLZ 62120
dnpL96L2

OIdPESE LD
VVVLLIeP8OSL ¥0SL 0

10

OSUILZEL 9ZELD
dnpopLio

19P91012
19P66. 860

vdnpgze o

I -
I

Nonsense

N — B -
=N

19p69'0
OVI®P69 892
18P0y

Frameshift

Missense

.1

b. BRCA2

oL
VLOOSULLYOLVLOO
VIeP.+/8¥8 981780

1<9 lzees™

Splice site

dnpz606°0

1<D 08¥L

VIePEY9L™D

I

V<O 00,

ains

<0 690972

Nonsense

19PETLS 22LS 0
19PZLLS 2915

<o<+50tt_%ﬁE\%B.o
O119PZ6S9 16590

19PY¥0S_pE0S 0
19PY9SY €95%0

19PL18Z 808Z0

18PL26 8960

Frameshift

19pEY9™d

12 1314 1516 171819 20 2122 23 24 25 2627

1

10

1234567829

I Mutation identified in our cohort

I Mutation identified in other studies in Saudi Arabia*
I Mutation identified in both cohorts

— Large deletion

Fig. 1 Distribution of the identified PV/LPV along the (a) BRCAT and (b) BRCA2 genes in breast and ovarian cancer patients within the Saudi

population. *Other studies: Abulkhair O et al. (2018), Alhuqail et al. (2018), and Agha et al. (2022) [47, 49, 50]

@ Discover



Research

@ Discover

| https://doi.org/10.1007/512672-025-02640-%

(2025) 16:829

l L ¥LSAI ausdNds  96085£08s! (¢)d D<VT-9/9%D €€
l l vl 9SUISUON  67TLSE08S! (x£ESLUPD)d 1<D609¥D  z€
€ L v vl 9SUISUON  $8895£08S! (xg051di1)d V<OYISyd  LE
L L 4} 9SUISUON  SSHE6TLYS (xEv¥1Bay)d 1<D/Tewd  of
L L Ll SSUISUON  7/S/SE08S! (x68€1495)d [PPY9LY S9LYD 6T
v S L ol Ll 3SUISUON  |¥160SL6ES (x6£€1495)d [PPLELY 9ELYD 8T
L L oL Hlysawely  80S/SE08S)  (01«SISAISSELUSY)d [9P890Y S90¥D [T
L L ol Hysawely  6/5/5€08s)  (6+53KD5TLND)d IBPLLLE 0LLED 9T
L L [9AON oL 3SUISUON (x€£01AD)d I9P8LTE L1TED ST
L L ol Ylyssweld  /79/SE08S1  (¥1«5}959863]))d [PPTS6TY ¥
l L ol Hlysaweiy (7x5401d 168195)d [PP£99T> €T
l L [2AON oL 3SUISUON (x8s8u|o)d 1<DTL5T>  TC
L L ol Ylysowel4 (0L«SyeArO8UID)d [PPELYT OLYTD LT
l L oL Ylysswel4  90//S€08S (L«SIN1DTO8IeA)d [PP90YT SOVZ> 0T
L oL Blyssweld  |/8/S€08S)  (£xSHAL60/3Ud)d  ySUIOZLZ STLTD 6l
z oL Ylysawely  7zS/SE08s!  (814SHBASS9IAL)d dnploslD 8l
l oL Ylysawely 9866£0988S1  (LbxSH9SHS9sAT)d [PPES6LD L1
l oL Hlysawely  888/5£08s! (zxselveosna)d [9P8OSL #0519l
l ol 9SU3SUON (x9LPSIH)d [PPEEYL9TYLD  SL
L oL Hlysawel4 (ExSINIDEPYSAN)d  DSUILZELT9ZELD bl
(074 oL Hlysowel4  £7€6599/8s/ (€xsnIDL8ESAT)d dnpovLL> €L
L oL 3SUISUON  §1T/SE08SI (x95€up)d 1<2990LD Tl
L oL Ylyssweld  695/5£08s (¢+s4bIv6EESAT)d [PP9LOLD Ll
L oL ylysswely  $7//S€0851  (614S5)5A1£92196)d [9P66/ 864D 0L
L ol 9SUISUON  6/6/£098854 (xc9zup)d L<Ov8/D 6
L ol 9SU3SUON (+8€TsIHYd  yyOlsSuIZLL LLLD 8
L oL 9SUISUON (x8€TsIH)d dnpL1/780LD £
L 9 Ylyssweld  £09/5€08s (€xS3ADLLLND)d dnpeze> 9
L L 14 €SAI a)is 221|dg (¢)d PPL-GELD G
L L € Ylysawely  £46/5£08S! (8xS4hLepa|N)d PPYZLd v
L L 14 Hlysawei4 (8xSydsyezn|o)d [PpP69> €
[e<]
SM3[ 1Zeuayysy ul
L l  uonelnw Ispuno 4 ylysaweld  ¥16/5£08S! (£L«S)leAgTnD)d 1PP697 892 ¢
L L z HYlysaweld  LOZ0OY0988s! (6+S443SpLIep)d PpPoy> L
19=N 607=N
[oslzzoz  €/1=NI[6¥18L0C OLE=N[/¥]8L0T Apnis
“leroeyby “je1dry |iebnyyy “|e1s O Jeyynqy uaun) 1d-oN JUSWIWOD)  UOXJ 3uepeA jo adA) #dNS abueyd uiaoid jueuep  ON

Discover Oncology

uonejndod Ipnes ayi ul paynuapl Ad1/Ad dusb [YDYg +31qeL



Research

| https://doi.org/10.1007/512672-025-02640-x

(2025) 16:829

Discover Oncology

134 14 ¥T ve 90l LS :[eloL

L L PP ZL-SNOX3 LS

L L PP £1-LNOX3  0S

€ 14 S [9AON €T Hlysawel4 (LL4Sp3SHH8LNST)d dI9POESSD  6b

L L [9AON 14 Hlysawei4 (¢r«syk1DgESLIBA)d dnpz1ssd  8p

L L [2AON [44 3SUASUON (xL18LuD)d L<DOLEVSD  Lb

L | 0TSAI dUsdIdS  Z8185£08s! (¢)d V<IZTH+TEESD  9b

L L 14 v 6l 9SUISUON  £T1/SE08S! (x15£1Bay)d 1<DLSTSD  SP

L L [9AON 6l Ylysswei4 (0T«SHYLSY/L LUsy)d [PPYETSD b

L L 8LSAI s ad1|ds ()d V<DL+E615D €b

l L 8l 9SUISUON  /S6%588/8S) (s1zLLuUP)d 1<D1918D ¥

€ € LLSAI dusdNdS  $6085£08S! (¢)d JD<OL+TSLS? b

z 4 2 oL LL 3SUISSIN 0L80LLSSS (d11669161y)d 1<DS6052  OF

L L 9LSAI ausadNds  68085£08s! (¢)d V<IZT+YL0SD  6€

L L 4 9LSAI ausadNds  £5085£08s! (¢)d V<DL+¥/0S7 8€

z 4 [9AON  9LSAI SITNER][¢] (¢yd |9pPL+t£0S 29082 L€

L L ol ISUSSSIN - €40/5€08S/ (e11s8914yL)d 1<D¥S0S>  9¢

L L 9l Ylysawel  08S/S€08S)  (T«S4R01££914yL)d [PPEE0S 0£0SD  S€

€ € SLSAl ausadNds  98085£08s! (o)d D<19+986v>  tE
19=N 607=N
[oslzzor  €£1=NI6¥I8L0C 0LE=N[/¥]810T Apnis

“leyoeyby “je1dry |iebnyyy “|e1s O Jeyynqy uaun) 1id-oN JUSWIWOD)  UOXJ 3ueleA jo adA) #dNS abueyd uiaoid jueuep  ON

(panunuod) ¥ 3|qer

@ Discover



| https://doi.org/10.1007/512672-025-02640-%

(2025) 16:829

Discover Oncology

Research

L € 9 oL 0z Lleyo]
L L [9AON 8-l [Ppg-Luox3 /1
L L €C ylysswesy  6LHL0SL6ES! (L LxSpusYEE0gIyL)d dnpz606> 9l
D1VLIDSUILYD1YL
L L 6LSAl ays d1|ds (6)d  DOVISpL+/8¥8798Y8D Sl
L L 14 8LSAI ays d1|ds 6/6/0S/6€S) (¢yd 1<DL-ZEE8D ¥l
L L oL Ylysoweyy (€xSIn18YSTSIH)d [PPEY9LD €L
€ € Sl asuasuou 7£685£085/ (xv6¥7bIy)d 1<208%LD Tl
L L €l asuassiw (siH9s€¢bIy)d vV <D/00L7? L
L L LL asuasuou £7885£08s/ (xczozaes)yd D<DS909° 0l
l L L Ylysawely 0£565€08S!  (Z«S4Pav806LNaT)d I9PETLS CTLS™D 6
L L [9AON L Ylysoweyy (€45449S1Z613yd)d I9PTLLS T9LS™ 8
L L L Ylysawesy | /1€€Z99S1S (€45449S1Z613yd)d I9P0OLLS 09/57 L
L L Ll Ylysowesy 50965£08s/ (P+Spusyg6LZn|D)d I9PT659 16597 9
L L Ll Ylysaweyy (9+544956£914y1)d I9PYY0S ¥E D g
L L Ll Ylysaweyy  GLLESEEBYS (9+s$A1DzESLnaT)d I9PY9SY €95+ v
L L L Ylysaweyy LSE65£08S! (Lz4Sy01d8¢e60Y)d I9PL 18T 80872 €
L L oL Blysawesy /480709885 (STasynoeTEIRA)d [PPLL6™ 896 z
L L [9AON 8 Ylysawiey (SL+Sysh151ZND)d [PPEY9D L
[os] zzoz
“leye  [6¥]8LOT “[e¥® [/¥]18LlOT “|232
eyby v |rebnyy oMeyyinqy  Apnissiyl  1d'ON  JuUSWWOD uoxj  juenea jo adA| #dNS abueyd uiajoid Sjuelep ON

uone|ndod Ipnes ay3 ul Ad1/Ad 2uab ZvDyg S d1qelL

@ Discover



Research
Discover Oncology (2025) 16:829 | https://doi.org/10.1007/512672-025-02640-x

c.4136_4137del p.(Ser1379*) in 10/106, c.5095C>T p.(Arg1699Trp) in 10/106, and p.(Leu1844Serfs*11) in five patients.
The combined frequency of recurrent variants in BRCA1 is 42%, which can be considered high. For BRCA2, c.7480C>T
p.(Arg2494*) was reported in 3/20 and ¢.8332-1G >T p.(?) in 2/20 patients (Fig. 1b, Tables 3 and 5).

4 Discussion

Approximately 1:400-1,000 persons are carriers of BRCAT or BRCA2 PV/LPV [33]. However, the frequencies of germline
BRCAT and BRCA2 PV/LPV vary across geographical regions and ethnic populations [36]. Patients with BRCA1/2 germline
PV/LPV have a significantly increased lifetime risk of BC and OC. Moreover, PV/LPV in these and other genes (such as
PALB2, TP53, ATM, and CHEK?) elevate cancer risk in their carriers. Early recognition of individuals with a PV/LPV in one of
the predisposing genes is essential to properly assess cancer risk, initiate appropriate cancer screening for early detec-
tion, and improve cancer prevention strategies to avoid potential complications associated with this disease.

Here, we comprehensively analyzed 13 genes in patients diagnosed with BC and/or OC in the western region of
Saudi Arabia using NGS. Among the 209 patients, 51 (24.4%) were carriers of a pathogenic germline PV/LPV in one of
the BC and/or OC-related genes: 43/171 (25%) in BC, 7/36 (19.4%) in OC, and 1/2 in both BC and OC. This percentage
(24.4%) is relatively high compared to other BC studies in Saudi and most other global populations [3, 10]. Contributing
factors include the use of potentially different selection criteria for the various Saudi studies performed to date and the
homogenous population structure influenced by the common practice of consanguineous marriages compared to the
rest of the world. On the other hand, regarding OC, our percentage (19.4%) was in line with previous studies [4, 10, 48].

The clinical characterization of BC with BRCA1/2 gene mutations is in line with previous publications for the Saudi and
European populations [3, 4, 10, 12, 46, 48, 50], which showed a stronger association between BRCAT mutations, younger
age at diagnosis, and TNBC compared with BRCA2 PV/LPV. Moreover, our investigation revealed a predominance of BRCA1
PV/LPV in 67% (34/51) of the cases, in contrast to the 20% (10/51) attributed to BRCA2 PV/LPV. This trend corresponds
with the results of previous studies conducted in Arab countries [57]. Interestingly, this pattern mirrors observations in
Western populations [30, 50] but contrasts sharply with specific Asian populations where BRCA2 gene PV/LPV is more
prevalent [18, 56].

For BRCAT, the study identified various prerecorded variants, such as the c.68_69del p.(Glu23Valfs*17) variant, preva-
lent among both Ashkenazi Jews and individuals of Spanish descent [33, 37-39]. Moreover, ¢.5095C>T p.(Arg1699Trp),
¢.1140dup p.(Lys381Glufs*3), and c.4136_4137del p.(Ser1379*) were observed for different ethnic groups, including
the Saudi population [3]. The study, however, did reveal novel BRCAT variants such as c.3217_3218del p.(Gly1073%),
€.5067_5074+ 1del p.(Met1689llefs*3), and c.5234del p.(Asn1745Thrfs*20), which are novel and possibly specific to the
Saudi population, including ¢.5030del p.(Thr1677llefs*3) previously described by Abulkhair et al. [3]. Additionally, our
research revealed the presence of five recurrent variants within BRCA1, namely c.1140dup p.(Lys381Glufs*3), c.5095C>T
p.(Arg1699Trp), c.4986+6 T >C p.(?), c.5067_5074 + 1del p.(Met1689llefs*3) and c.5251C>T p.(Arg1751%). Interestingly,
the most prevalent mutation was BRCAT c.1140dup, previously reported as a potential founder variant in Saudi Arabia
[4, 10]. For BRCA2, c.7480C >T p.(Arg2494*) was the most frequent mutation not only in our cohort but also in a previous
Saudi study [10] and in a Korean study [18]. The current study, however, did detect two novel variants, namely c.643del
and a copy number variant that included the deletion of exons 1 to 8.

Cultural factors, including consanguinity and inbreeding, may have contributed to the accumulation of population-
specific founder mutations in Saudi Arabia. A comprehensive summary of BRCA1 and BRCA2 variants identified in the
Saudi population provides a valuable overview of the mutation spectrum, aiding physicians in clinical decision-making
and supporting genetic counseling efforts [4, 10, 48].

These recurrent mutations offer a valuable avenue for targeted BRCA1/2 genotyping, which applies to both unse-
lected BC and OC patients and asymptomatic individuals from high-risk families. This approach facilitates efficient and
cost-effective population-based screening initiatives similar to those for the Ashkenazi Jewish population. The economic
viability of implementing such a testing strategy is subject to variation within healthcare systems. However, a recent
study in the United Kingdom underscored its cost-effectiveness, particularly in identifying asymptomatic carriers of PV/
LPV, thereby enabling preventive measures before cancer onset [49].

Our data regarding the variants identified in ATM, CHEK2, PALB2, and BRIP1 remain limited owing to the relatively small
number of patients harboring PV/LPV in these genes and the lack of data for the Saudi population. A single recurrent
ATM c.6115G > A p.(Glu2039Lys) variant has thus far been identified [20, 49], but it was absent in our cohort. Finally, we
acknowledge the limitations posed by our small sample size and the exclusive recruitment from a single tertiary referral
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center in the Makkah region. This warrants caution when extrapolating our findings to broader patient populations across
other cancer centers or regions in Saudi Arabia. Furthermore, the genetic landscape of ethnic mutations in this popula-
tion has not been studied, Therefore, we emphasize the need for further regional studies to deepen our understanding
of the contribution of other non-BRCA predisposition genes in this population. Other genes that predispose to BC and
OC, were not comprehensively studied, which limits our understanding of the full genetic landscape of hereditary cancer
risk in this population. Despite these limitations, this study represents a crucial starting point. Moving forward, we plan
to expand this research with a larger sample size and a broader assessment of additional cancer predisposition genes.
Future studies will aim to provide a more in-depth genetic characterization of breast and ovarian cancers in the Saudi
population, facilitating improved risk assessment and personalized approaches to cancer prevention and treatment.

5 Conclusion

Our study revealed that the prevalence of BRCA1/2 variants in the Saudi population appears to be higher than that in the
Western population despite a similarity in the pattern. certain mutations were discovered for the first time in this cohort
and further research in this area is needed. To establish population-based screening, a genotyping study should be initi-
ated for recurrent mutations identified thus far in BRCA1/2. This advancement holds promise for enhancing treatment
efficacy through targeted therapies, such as poly (ADP-ribose) polymerase (PARP) inhibitors, in Saudi patients with BC
and OC, along with implementing effective preventive measures.
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