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Abstract 
Background: High prevalence of early-onset breast cancer (EOBC) has been reported in Middle Eastern populations. For example, in Oman 
more than 50% of patients with breast cancer (BC) are under age 45 at diagnosis. Causes for this high incidence are unknown. Germline BRCA 
gene mutations have been associated with EOBC, however, prevalence of these mutations and how they relate to EOBC in Oman has not been 
assessed.
Patients and Methods: Clinical data were collected for patients with BC treated at Royal Hospital, Oman between 2010 and 2022. Germline 
BRCA1/2 gene mutations were identified using sequencing and MLPA. Correlation and Kaplan-Meier survival analyses were performed to test 
relationships among clinico-pathological features, gene mutations, and outcomes.
Results: Total of 1336 Middle Eastern patients with BC were included; 611 were aged <45 at diagnosis (45.7%). No significant correlation was 
found between BRCA1/2 mutation status and EOBC (P = .229), and the majority of EOBC cases had no family history of BC. EOBC tumors 
did, however, differ in clinicopathological features; EOBCs were significantly larger (P < .0001), of higher grade (P < .0001), and included more 
HER2-enriched, and triple negative subtypes (P = .018) compared with later onset cases. Accordingly, survival analyses revealed that EOBC had 
significantly worse disease-free survival (P = .002). BRCA gene variants showed a distinct range of mutations including, in BRCA2, 3 previously 
unreported mutations and 4 potential founder recurrent mutations.
Conclusion: Our findings showed that germline BRCA1/2 mutations were not over-represented in EOBC cases in Oman, and therefore are 
unlikely to be responsible for high EOBC rates.
Key words: early-onset breast cancer; breast cancer in Oman; BRCA1/2 genes; BRCA mutations variants.

Implications for practice
This is one of the largest study from the Middle Eastern region to investigate genetic causation factors for the high prevalence of early-
onset breast cancer (EOBC). We showed germline BRCA1/2 mutations were not over-represented in EOBC cases, and therefore are 
unlikely to be responsible for high EOBC rates. Most EOBC cases had no family history of breast cancer (BC), suggesting that inherited 
genetics may not be the sole driver. The findings of the study suggest to expand testing of young patients with BC in the region for other 
hereditary BC genes. Also, to consider sequencing tumor cells for somatic mutations in these genes that are associated with EOBC.

Background
Breast cancer is the most common malignancy in women, with 
more than 2 million new cases diagnosed globally and an esti-
mated 685 000 deaths from the disease in 2020.1 In Oman, 
according to latest Oman National Cancer Registry Report, 
breast cancer was the most frequent cancer over the period 
1996-2015, accounting for 10.9% of all cancers registered 
among females and males.2 The registry data also demon-
strate that 53.5% of these breast cancers were diagnosed in 
patients under the age of 45,2 representing a very high pro-
portion of early onset (EOBC) cases. For comparison with 

Western countries, EOBC cases accounted for approximately 
10% of all new female breast cancer cases in US,3 4% in UK,4 
and 6% in Canada.5 By contrast, data from many population- 
based cancer registries worldwide indicate relatively high fre-
quencies of EOBC in low/middle-income countries, such as 
Middle Eastern and Asian countries, as compared to high- 
income countries. The observed median age for female breast 
cancer diagnoses in low/middle-income countries has been 
reported as a decade earlier than in high-income countries,6 
and rates of EOBC have been estimated at up to 20%.7 Even 
in this context, the reported incidence of EOBC in Oman 

Received: 5 March 2024; Accepted: 1 July 2024.
© The Author(s) 2024. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), 
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

The Oncologist, 2024, 29, e1714–e1722
https://doi.org/10.1093/oncolo/oyae214
Advance access publication 26 August 2024
Original Article

D
ow

nloaded from
 https://academ

ic.oup.com
/oncolo/article/29/12/e1714/7742172 by guest on 11 D

ecem
ber 2024

https://orcid.org/0000-0002-2669-7577
mailto:waleedsaid.alamri@moh.gov.om
https://creativecommons.org/licenses/by/4.0/


The Oncologist, 2024, Vol. 29, No. 12 e1715

remains extraordinarily high. It should be noted that com-
parison of EOBC rates in the wider literature can be confused 
by use of different cutoff ages (40, 45, or 50 are all used), 
although the US Centre for Disease Control and Prevention 
has suggested a standardized definition of younger than 45; 
we have followed this definition.

Various factors may play roles in defining the high rates of 
EOBC in Middle Eastern countries. Younger people can make 
up a relatively high proportion of the overall population, as 
compared to many high-income Western countries, and this 
can lead to raised EOBC rates.8 Psychosocial and cultural fac-
tors may also contribute to under-reporting of the incidences9 
particularly in older patient groups,10,11 thereby potentially 
rising the reported EOBC proportion. However, other factors 
are needed to explain the high prevalence of EOBC in Oman 
specifically, and in the wider region, potentially including 
family history, lifestyle, and genetic factors.

Some genetic factors are known to increase lifetime risk 
of BC, and disproportionately raise the risk of developing 
EOBC. The BRCA1 and 2 genes are the best-known exam-
ples; these genes harbor a wide-range of germline pathogenic 
mutations that give a very strong penetrance for occurrence 
of BC overall (> 50% depending on population) with the 
majority of that risk within early onset years.12,13 However, 
even for these very well-understood genes, there is a lack of 
data concerning their relevance in Middle East and North 
Africa (MENA) populations. Furthermore, an increasing list 
of other genes have been shown to have rarer germ-line vari-
ants that are associated with strongly increased EOBC risk; 
these include ATM, PALB2, CHEK2, PTEN, and TP53.14 
Some centers now test for these variants in individuals with 
otherwise unexplained strong family histories of BC, and may 
offer increased and earlier monitoring for BC if variants are 
identified.15

Detailed clinicopathological, survival, and genetic charac-
terization of large cohorts of patients with BC in the MENA 
region are lacking, especially with respect to the high inci-
dence of EOBC. In this study, we present one of the largest 
studies from the region, conducted in Oman, to characterize 
patients with BC at clinico-pathological and genetic levels. To 
the best of our knowledge, this is the first study attempting 
to investigate causation factors for high prevalence of EOBC 
in an Arab country, by investigating whether BRCA1/2 gene 
mutations are associated with EOBC cases. In addition, we 
stratified our cohorts with clinco-pathological parameters, 
survival outcomes, and the BRCA mutational spectrum.

Materials and methods
Study population and clinical data
Patients diagnosed with BC at the National Oncology Centre 
(NOC) at the Royal Hospital, Oman from 2010 and 2022 
were identified from their electronic health records (EHR) 
and data concerning their personal, family history, clinical 
and histopathological information were extracted (n = 1336). 
The study inclusion criteria were as follows; treated within 
the NOC, Arab ancestry from the Gulf region of the Middle 
East, and data available within the EHR at the Royal 
Hospital. Genetic testing for BRCA gene mutations has been 
ongoing since 2014 at the National Genetic Centre, Royal 
Hospital, Oman. Patients with BC attending the NOC were 
from all regions in the country. They were offered genetic 
testing and patients with high risk for familial breast/ovarian 

cancer according to National Institute for Health and Care 
Excellence (NICE) UK guidelines for BRCA gene testing were 
encouraged to participate. Genetic counseling was offered 
when mutations were identified. Disease-free survival (DFS) 
and overall survival (OS) were used to measure the survival 
rates from date of diagnosis confirmed by histopathological 
report until date of recurrence or death, respectively. Family 
history of BC was regarded as positive if patients reported 
first- or second-degree relatives who had BC.

DNA isolation
Blood samples were collected using EDTA vacutainer tubes. 
DNA isolation was carried out using a magnetic bead-based 
method using the Chemagic Star analyzer (Hamilton), fol-
lowing the manufacturer’s protocol. DNA quantitation was 
carried out using the Qubit dsDNA BR Assay (Thermo Fisher 
Scientific).

Targeted capture sequencing of BRCA1/2 genes
Genomic target BRCA1/2 regions were amplified using 
the Ion AmpliSeq Library Kit and Ion AmpliSeq BRCA1/2 
Community panel (Thermo Fisher Scientific). This utilizes 
167 amplicons for analysis of the coding regions of both 
BRCA1 and BRCA2 genes. The resulting amplicon DNA was 
treated with the FuPa reagent (Thermo Fisher Scientific), to 
partially digest the primers and phosphorylate the amplicons. 
Amplicons were then ligated to ion adapter barcodes, and 
purified. Libraries were quantified by qPCR without further 
amplification. A purification step was carried out using the 
AgencourtAMPure XP PCR purification system (Beckman 
Coulter). AgencourtAMPure XP utilizes an optimized buffer 
to selectively bind DNA fragments of 100bp and larger to 
paramagnetic beads. Excess primers, nucleotides, salts, and 
enzymes were removed by washing. Sequencing was carried 
out on the ION S5 analyzer (Thermo Fisher Scientific).

PCR and Sanger sequencing
Primers were designed using Primer3 (https://primer3.ut.ee/) 
to amplify the regions of interest of the BRCA1/2 genes, 
including exons, some introns, and flanking splice site junc-
tions. DNA was amplified using a Proflex thermocycler 
(Applied Biosystems) according to the manufacturer’s pro-
tocols. PCR products (200-800 bp) were analyzed using HT 
DNA extended range LabChip and the Caliber Lifescience 
analyzer and LabChip GX software (PerkinElmer,). Cleaning 
up of the PCR products was performed using ExoSAP-IT (GE 
Healthcare Life Sciences) following the manufacturer’s proto-
col. Sanger sequencing reactions were performed with BigDye 
Terminator v1.3 kits (Applied Biosystems) using forward and 
reverse sequencing and were analyzed on 3500 genetic ana-
lyzer (Applied Biosystems) with Sequence Pilot (GSI Medical 
Systems).

Multiplex ligation-dependent probe amplification
Sequencing methods are limited in their capability to detect 
structural variants (SVs) due to short read utilization. 
Therefore, Multiplex ligation-dependent probe amplifica-
tion (MLPA) was used in the analysis of BRCA1 and BRCA2 
genes to ensure SVs are not undetected. For this, the SALSA 
MLPA Probemixes P002 BRCA1 and P090 BRCA2 (MRC 
Holland) were used; these contain 38 and 40 separate MLPA 
probes for BRCA1 and BRCA2, respectively. Fragments 
analyses were then carried out on the 3500 genetic analyzer 
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(Applied Biosystems). The generated data were assessed 
using Coffalyser Net (MRC Holland) and interpretation was 
according to the manufacturer’s protocols.

Variant interpretation
Data were analyzed using the Ion Reporter Software v5.2, 
which comprises a suite of bioinformatics tools for data 
analysis, annotation, and reporting of sequencing data from 
Ion Torrent instruments such as the ION S5 (Thermo Fisher 
Scientific). Classification of sequence variants was made as 
per the guidelines recommended by the American College 
of Medical Genetics and European Molecular Genetic 
Quality Network. Previously reported pathogenic mutations 
were considered pathogenic as inferred from the Universal 
Mutation Database (UMD, http://www.umd.be/BRCA1/ and 
http://www.umd.be/BRCA2/), Breast Cancer Information 
Core Database of National Institute of Health (BIC, http://
research.nhgri.nih.gov/bic/) and literature evidence.

Statistical analyses
Statistical analyses were performed using SPSS v29.0.1.0 
to calculate mean and median, conduct chi-squared test for 
categorical variables correlation analysis, and Kaplan-Meier 
survival analysis. P = .05 or less was considered significant. 
Patients under age of 45 at time of diagnosis were considered 
as cases of EOBC, and at age of 45 or above were considered 
as LOBC.

Results
EOBC cases were frequent, and EOBC tumors 
showed more aggressive characteristics
A total of 1336 BC patients were included in the study; to the 
best of our knowledge, this is the largest published BC cohort 
from a MENA region. We defined 611 patients (45.7%) as 
EOBC cases (younger than 45 at diagnosis), and 725 (54.3%) 
as LOBC, confirming the high rate of EOBC in Oman. The 
median age of diagnosis with EOBC was 37 (range 22-44), 
while this was 50 for LOBC (range 45-95). Data concerning 
BC family history were available for 793 cases; 222 of these 
patients reported a family history (28%). Those with family 
histories were not significantly over-represented in the EOBC 
group (P = .398; Table 1), with a slightly smaller proportion 
of such cases (26.6%) compared to overall.

EOBC and LOBC cases were further compared in terms 
of standard clinicopathological prognostic factors (Table 
2). EOBC tumors were significantly larger and of signifi-
cantly higher grade than LOBC (P < .001), although they 
did not differ in terms of node positivity or expression of the 

proliferation marker Ki67. In addition, EOBCs were com-
posed more of HER2-enriched and triple-negative breast 
cancer (ie, estrogen receptors negative, progesterone recep-
tors negative, and HER2 receptors negative) subtypes than 
LOBCs, while LOBCs showed a higher percentage of luminal 
subtype than EOBCs (P.018).

BRCA1/2 gene mutations were not more common 
in EOBC
The primary aim of the study was to investigate whether 
EOBC cases in Oman were associated with increased prev-
alence of germline BRCA1/2 gene mutations. A total of 262 
patients underwent germline genetic testing for BRCA1 and 
BRCA2 gene mutations; these cases comprised 187 EOBCs 
and 75 LOBCs. Overall, 41 patients tested positive for BRCA 
gene mutations, representing 15.6% of those tested. Thirty-
two of these patients were within the EOBC group and 9 
within the smaller LOBC group. Although the proportion of 
BRCA mutation carriers was numerically higher in EOBC as 
compared to LOBC (17.1% vs 12.0%) this was not signifi-
cant (P = .229; Table 3).

As a sense-check for our BRCA mutation data, we also 
assessed whether BRCA gene mutations were associated with 
reported BC family histories, as would be expected given that 
these mutations are the best-established inherited BC risk 
factor. Data were available for both BRCA mutations and 
family history in 180 cases (Table 4). BRCA genes mutations 
and BC family history were significantly positively associated 
(P = .017). In accordance with the high penetrance of these 
mutations, a large majority of patients with BRCA muta-
tions reported BC family histories (72.2%), although other 
inherited factors are also strongly implicated since BRCA 
mutations were found in only a quarter of the total patients 
reporting family histories (26.5%).

Also, we compared BRCA mutation-positive and nega-
tive cancers in terms of standard clinico-pathological prog-
nostic factors; we found no significant differences in tumor 
size, pathological grade, Ki67 scores, or molecular subtypes 
(Supplementary Table S1).

Mutational characterization
The range of BRCA mutations within a large cohort of BC 
patients from Omani population has not previously been 
reported. Here, we report and characterize the mutations 
identified: 41 patients had a total of 42 mutations (Table 5). 
Overall, 12 mutations (28.5% of the total) were found in 
BRCA1, and 30 mutations (71.5%) were found in BRCA2. 
Of the 42 mutations identified, 26 were classified as patho-
genic, while 16 were classified as variants of unknown signifi-
cance (VUS). Mutations in EOBC were distributed as follows: 
10 in BRCA1 (4 classified as pathogenic and 6 as variants of 
unknown significance, VUS), and 23 in BRCA2 (16 patho-
genic and 7 VUS). For comparison, the 9 mutations identified 
in LOBC were distributed as follows: 2 in BRCA1 (1 patho-
genic and 1 VUS) and 7 in BRCA2 (5 pathogenic and 2 VUS).

Four recurrent pathogenic mutations were detected in the 
BRCA2 gene. A whole exon 3 deletion was observed in 4 
patients, 3 of whom were related. Additionally, C.9382C>T 
was found in 2 unrelated patients, C.9018C>A was identi-
fied in 3 related patients, and C.2588dupA was present in 
2 unrelated patients. These 4 recurrent mutations collec-
tively accounted for 36.6% (11 out of 30) of all the patients 
with mutant BRCA2. It is noteworthy that a single recurring 

Table 1. EOBC cases were not more commonly associated with a BC 
family history than LOBC.

Characteristic Age P value

Age < 45 (n = 387) Age ≥ 45 (n = 406)

Family history 0.398

Yes 103 (26.6%) 119 (29.3%)

No 284 (73.4%) 287 (70.7%)

Abbreviations: BC, breast cancer; EOBC, early-onset breast cancer; LOBC, 
late-onset breast cancer.
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intronic mutation (C.5452-6T>G) has been discovered in the 
BRCA1 gene among 2 unrelated patients residing in the south-
ern region of Oman, specifically in the Dhofar governorate. 
Furthermore, our population has also presented 3 previously 
unidentified mutations in the BRCA2 gene: C.5705delA and 
C.4718delG, which are predicted to have pathogenic effects, 
and C.161dupA, which is classified as a VUS.

Survival outcomes
Finally, we assessed the impacts of the age of onset (EOBC or 
LOBC) or BRCA mutational status (positive or wild-type) on 
cancer outcomes. The median follow-up period for this cohort 
was 49 months (range: 2-300 months). Kaplan-Meier survival 
analyses were used to compare outcomes between EOBC and 
LOBC in terms of both disease free (DFS) and overall survival 
(OS) (Figure 1A). EOBC patients had a significantly shorter 
DFS than LOBC by a mean of 76 months (P = .002; EOBC 
170 months [95% IC, 155-185] vs LOBC 246 months [95% 
CI, 221-270]. EOBC patients also had numerically shorter 
OS by 54 months, although this was not significant (P = .38; 
EOBC 167 months [95% CI 156-178] vs LOBC 221 months 
[95% IC 201-240].

Further analyses were performed to determine survival out-
comes among BRCA-positive versus BRCA wild-type cases 
(Fig 1B). BRCA-positive cases showed significantly better DFS 
than BRCA wild-type by 12 months (P = .04; positive 182 
months [95% CI, 171-193] vs wild-type 151 months [95% 

Table 2. EOBC tumors were significantly larger and higher grade than LOBC tumors, and were enriched for aggressive subtypes.

Characteristic Age P value

Age < 45 (n = 611) Age ≥ 45 (n = 725)

Tumour size <.001

T0 17 (4.3%) 10 (2.0%)

T1 (≤2 cm) 76 (19.0%) 152 (30.7%)

T2 (>2 but ≤5 cm) 188 (47.0%) 229 (46.3%)

T3 (>5 cm) 103 (25.8%) 76 (15.4%)

T4 16 (4.0%) 28 (5.7%)

Nodal status .63

N0 144 (36.2%) 217 (44.8%)

N1 (1-3) 120 (30.2%) 129 (26.7%)

N2 (4-9) 80 (20.1%) 88 (18.2%)

N3 (≥10) 54 (13.6%) 50 (10.3%)

Pathologic grade <.001

I 60 (11.6%) 130 (21.3%)

II 277 (53.6%) 320 (52.5%)

III 180 (34.8%) 160 (26.2%)

Ki-67 .152

Mean 36.7 33.3

Range 2-95 0-90

Subtype .018

Luminal 262 (44.9%) 380 (53.3%)

Luminal-HER2 111 (19.0%) 116 (16.3%)

HER2-enriched 109 (18.7%) 102 (14.3%)

Triple negative 102 (17.5%) 115 (16.1%)

Bold values represent significance with a P value of .05 or lower.
Abbreviations: EOBC, early-onset breast cancer; LOBC, late-onset breast cancer.

Table 3. BRCA mutations were not more common in EOBC.

Characteristic Age P value

EOBC (n = 187) LOBC (n = 75)

BRCA mutation status .229

Positive 32 (17.1%) 9 (12.0%)

Negative 155 (82.9%) 66 (88.0%)

Abbreviation: EOBC, early-onset breast cancer; LOBC, late-onset breast 
cancer.

Table 4. Family history of breast cancer and BRCA mutation status were 
positively associated.

Characteristic BRCA mutation status P value

Negative (n = 144) Positive (n = 36)

Family history .017

No 72 (50.0%) 10 (27.8%)

Yes 72 (50.0%) 26 (72.2%)

Bold values represent significance with a P value of .05 or lower.
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CI, 138-165]), while—surprisingly—this was not significant 
in terms of overall survival (P = .44).

Discussion
To the best of our knowledge, this is the largest study in which 
BC patients from the Middle East and North Africa (MENA) 
region have been characterized at the clinico-pathological and 
genetic levels. The primary aim of the study was to investigate 
the reported high incidence of EOBC in Oman, and to exam-
ine to what extent these cases were associated with BRCA1/2 
gene mutations, which are well known to pre-dispose to 
EOBC. For example, BRCA1/2 mutations have been found 

to be approximately 6-fold enriched in EOBC populations as 
compared to later onset cohorts.12

Firstly, we confirmed the very high proportion of early 
onset cases within our overall BC cohort at 45.7%. This rate 
is more than 5-fold higher than typical figures for Western 
populations7 and is higher than any figure we have found 
reported in the literature. Next, we determined that these 
EOBC cases were not significantly associated with a greater 
proportion of BRCA1/2 germline mutations than in LOBC 
cases. Our data do not give any insight into the prevalence of 
BRCA1/2 mutations in the Omani population overall, since 
we offered genetic testing only to those with BC and with a 
high likelihood of an inherited BC pre-disposition, but they 

Table 5. Spectrum of BRCA gene mutations identified. 

Age Exon Mutation Protein Type Effect Classification

BRCA1

EOBC 3 c.178C>T p.Gln60Ter Nonsense Premature termination Pathogenic

2 c.68-69deIAG p.Glu23fs Deletion Frameshift

10 c.895_896delGT p.Val1299fs Deletion Frameshift

10 c.971G>T p.Ser324Ile Missense Potential functional disruption VUS

6 c.398G>A p.Arg133His Nonsense Potential deleterious

16 c.4993G>C p.Val665Leu Missense Potential functional disruption

— c.5452-6T>G1 p.[?] Splice site Potential functional disruption

22 c.5423T>C p.Val1808Ala Missense Potential functional disruption

LOBC 11 c.4165_4166delAG p.Ser1389Ter Deletion Premature termination Pathogenic

10 c.2123C>A p.Ser708Tyr Nonsense Potential deleterious VUS

BRCA2

EOBC 10 c.1819A>T p.Lys607Ter Nonsense Premature termination Pathogenic

3 Exon 3 deletion3 Deletion

11 c.5290_5291deITC p.Ser1764fs Deletion Frameshift

11 c.5705delA* p.Asp1902fs Deletion Premature termination

16 c.7673_7674delAG p.Glu2558fs Deletion Frameshift

16 c.7679_7680de1TT p.Phe2560fs Deletion Premature termination

23 c.9018C>A2 p.Tyr3006Ter Nonsense Premature termination

25 c.9382C>T1 p.Arg3128Ter Nonsense Premature termination

11 c.2588dupA1 p.Asn863fs Nonsense Frameshift

8 c.644_646delAAG p.Glu215del Deletion Frameshift VUS

3 c.161dupA* p.Asn54fs Nonsense Potential deleterious

10 c.1574C>G p.Thr525Ser Nonsense Potential deleterious

10 c.1694C>T p.Ala565Val Missense Moderate impact on protein structure

11 c.4045A>  p.lle1349Val Missense Likely benign

10 c.800G>A p.Gly267Glu Missense Potential functional disruption

26 c.9586A>G p.Lys3196Glu Missense Potential deleterious

LOBC 11 c.2808_2811delACAA p.Ala938fs Deletion Frameshift Pathogenic

11 c.3195_3198delTAAT p.Asn1066fs Deletion Frameshift

11 c.4718delG* p.Cys1573fs Deletion Frameshift

10 c.1423G>T p.Glu475Ter Nonsense Premature termination

10 c.1794_1798delATCTT p.Ser599Ter Nonsense Premature termination

20 c.8530G>A p.Glu2844Lys Nonsense Potential deleterious VUS

— c.8633-6T>A p.[?] Splice site Potential functional disruption

1Found in 2 unrelated patients.
2Found in 3 related patients.
3Found in 3 relative and 1 unrelated patients.
*Novel.
Abbreviation: VUS, variant of undetermined significance.
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do strongly suggest that the high rate of EOBC is not driven 
in the main by BRCA1/2 mutations. This differs from find-
ings in a Korean-population,16 a Japanese-population,17 and 
various other western populations based studies,12,18,19 and 
indicates other causative factors that are specific to Oman. 
Furthermore, it should be noted that epigenetic deregula-
tion has been reported to damage the function of BRCA1, 
via increases in promotor DNA methylation, changes to his-
tone modifications.20-22 The epigenetic alterations in BRCA1/2 
genes could possibly have contributed to our findings, 
although we have not investigated this further.

This unexpected finding prompted us to investigate 
whether EOBC cases in Oman were associated with family 
history of BC, which again showed no significant correla-
tion; the majority of EOBC cases (73.4%) reported no family 
history suggesting non-hereditary factors may have a role in 
Oman. This finding appears to contradict the global findings 
in which EOBC cases were more likely to report at least 1 
first-degree relative diagnosed with BC.18,19,23 However, our 
results agree with data from international studies showing 
a significant correlation between BRCA gene mutations and 
family history.24,25

EOBC cancers were next compared in terms of clinico-
pathological features to LOBCs, which revealed that EOBCs 
were significantly larger, of higher grade, and of more 
aggressive subtypes. These findings are broadly consistent 
with studies performed in a population from the neighbor-
ing country of Saudi Arabia26 and from other populations 
in Africa, including Ghana, Tanzania, and Tunisia, which 
show EOBC to be associated with a variety of different poor 
prognostic factors with some variation in whether signifi-
cant findings were found for size, grade, Ki-67 expression 
levels, or lymph nodal status.27-29 We also found EOBC to 
have significantly shorter DFS, which can potentially be 
explained in part by the poor prognostic features. Similar 
findings have been reported in various populations,30 some 
of which have had the statistical power to demonstrate in 
multi-variate analyses that EOBC itself was an predictor of 
poor prognosis independently of standard prognostic fac-
tors,31,32 hinting at aggressive biology that differs in more 
subtle ways.7 However, this remains controversial with some 
reports showing no significant difference in outcomes in 
EOBC31 and others suggesting the difference only exists in 
the better prognosis subtypes.33

Figure 1. Kaplan-Meier survival analyses plots for DFS and OS. (A) DFS and OS curves for EOBC vs LOBC. (B) DFS and OS curves for BRCA-mutation 
positive vs BRCA wild-type. Abbreviation: DFS, disease-free survival; EOBC, early-onset breast cancer; LOBC, late-onset breast cancer NS, not 
significant; OS, overall survival.
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Tumors in BRCA mutation carriers did not significantly 
differ in clinicopathological features from those in BRCA 
wild-type patients in our data, but despite this, they were 
associated with better DFS. This differs from the literature in 
a number of regards. Firstly, breast tumors in BRCA muta-
tion carriers have long been reported to show poorer prog-
nostic features than wild-type patients; for example, BRCA1 
mutant tumors tend to be a higher grade and are more fre-
quently triple-negative, although this is less marked and less 
consistently observed in the literature for BRCA2.34,35 Our 
study may be limited in terms of patient numbers, and in 
particular in mutations in BRCA1 that are reported to show 
the stronger differences, to draw a confident conclusion. 
With respect to survival, the literature is conflicting to some 
extent, for example, studies have been published that show 
no difference in survival between BRCA mutation carriers 
vs BRCA wild-type,36 others contradict our findings,37 while 
others agree.38 It is likely that these differences relate to 
variations in case-mix, mutations (specifically proportions 
of BRCA1 or BRCA2), and in treatments offered. Recent 
reports show subgroups within BRCA mutation carriers to 
have significant differences from each other and relative to 
wild-type; for example BRCA mutant triple negative cancer, 
but not luminal cancers, have improved outcomes compared 
to wild-type39 and similar differential responses are seen with 
platinum-based therapies and—most recently—with PARP 
inhibitors.40

In terms of mutations identified, the distribution showed 
BRCA2 mutations were the majority (71.5%), which is in 
alignment with other reports in Asian populations but not 
in Western populations,41,42 highlighting that ethnic differ-
ences are prevalent and that studies into specific popula-
tions are essential to guide treatment in these regions. We 
also uncovered a distinct range of mutations in BRCA2, 
including 4 recurrent pathogenic mutations (exon 3 deletion, 
C.9382C>T, C.9018C>A, and C.2588dupA) that collec-
tively accounted for 37% of patients with mutant BRCA2. 
Interestingly, none of these mutations were reported previ-
ously in Arab regions, and were only rarely reported in some 
other Western countries.43-46 This indicates the Omani popu-
lation possesses a BRCA mutational spectrum that is differ-
ent from the other MENA populations. Also, these mutations 
potentially represent founder mutations in the Omani popu-
lation, which could be used in targeted screening for BRCA2 
gene mutations as a cost- and time-effective alternative to 
comprehensive gene screening. However, a large-scale cohort 
study is required to validate the applicability and founder 
mutation status of these mutations from unselected patients, 
particularly as at this stage we found the C.9018C>A muta-
tion only within members of one family. Also, genotype and 
haplotype analyses are required to confirm whether these 
mutations relate to a common ancestor and therefore identi-
fied as founder mutations. Furthermore, a recurrent VUS was 
found in 6 nucleotides upstream of the splice site between 
intron 20 and exon 20 in BRCA1. A previous publication 
reported this mutation as being pathogenic solely on the 
basis of mutation frequency and without experimental evi-
dence.47 Interestingly, we discovered this mutation in the 
BRCA1 gene in 2 unrelated patients residing in the south-
ern region of Oman, specifically in the Dhofar governorate. 
This mutation may prompt further validation to assess its 
pathogenicity in BC and may serve as a founder mutation 
specifically for this part of the country. Additionally, we 

have discovered 3 mutations that have not been previously 
reported in the Breast Information Core (BIC) database, 
or Universal Mutation Database (UMD); they are unique 
to our population (namely C.5705delA, C.4718delG, and 
C.161dupA). In other Arab regions, some other studies 
have also reported novel mutations in BRCA genes in Arab 
regions, indicating there is a distinct mutational spectrum in 
this part of the world, supporting the need for genetic data-
bases for the MENA region.48,49 Reporting of these variants 
is important to allow future assessments of their potential 
pathogenic roles50

Conclusion
We have demonstrated that EOBC is unusually common in 
Oman, but is not associated with germline BRCA1/2 gene 
mutations. Our recommendation is to expand testing of 
young BC patients in the region for autosomal dominant gene 
mutations that are associated with hereditary BC including 
ATM, CHEK2, PALP2, PTEN, and TP53. Also, consideration 
should be given to sequencing tumor cells for somatic muta-
tions in these genes that are associated with EOBC.

Acknowledgments
The authors would like to thank the patients for taking part 
in this study. Also, we express our gratitude to Zakiya AlAjmi 
(FRCpath, FRCPI) for her insights into this study.

Author contributions
WSAA planned the project, designed, analyzed data, and 
wrote the manuscript; AHAA provided resources and ana-
lyzed data; AAA provided resources and collected data; TAH 
and FAL supervised and managed project, and manuscript 
editing. All authors have read and agreed to the published 
version of the manuscript.

Funding
The study was funded by Ministry of Health, Oman to con-
duct the genetic testing for BRCA genes at National Genetic 
Centre. The funder had no role in the design of the study, the 
collection, analysis and interpretation of data, or in writing 
the manuscript.

Conflicts of interest
The authors declare no conflicts of interest.

Data availability
All data are available either within the manuscript and sup-
plementary materials, or directly from the corresponding 
author.

Ethics approval and consent to participate
This study was approved by the Research and Ethical Review 
& Approval Committee (RERAC), Ministry of Health, Oman, 
reference number: (MoH/CSR/21/24231). Informed consent, 
using a process that adhered to the tenets of the Declaration 
of Helsinki, was obtained from all the patients.

D
ow

nloaded from
 https://academ

ic.oup.com
/oncolo/article/29/12/e1714/7742172 by guest on 11 D

ecem
ber 2024

https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae214#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae214#supplementary-data


The Oncologist, 2024, Vol. 29, No. 12 e1721

Supplementary material
Supplementary material is available at The Oncologist online.

References
1.	 Arnold M, Morgan E, Rumgay H, et al. Current and future burden 

of breast cancer: Global statistics for 2020 and 2040. Breast (Edin-
burgh, Scotland). 2022;66(6):15-23. https://doi.org/10.1016/j.
breast.2022.08.010

2.	 Al-Lawati NA, Al-Bahrani BJ, Al-Raisi SS, Al-Lawati JA. Twenty- 
year trends of cancer incidence in Omanis, 1996-2015. Oman Med 
J. 2019;34(4):361-387.

3.	 Prevention CfDCa. Breast cancer in young women. Updated April 
13, 2023. Accessed August 20, 2023. https://www.cdc.gov/bring-
your-brave/breast-cancer-in-young-women/?CDC_AAref_Val=, 
https://www.cdc.gov/cancer/breast/young_women/bringyourbrave/
breast_cancer_young_women/index.htm

4.	 UK CR. Accessed August 20, 2023. https://www.cancerresearchuk.
org/health-professional/cancer-statistics/statistics-by-cancer-type/
breast-cancer/incidence-invasive#heading-One

5.	 Brenner DR, Poirier A, Woods RR, et al; Canadian Cancer Statistics 
Advisory Committee. Projected estimates of cancer in Canada in 
2022. CMAJ. 2022;194(17):E601-E607. https://doi.org/10.1503/
cmaj.212097

6.	 Bidoli E, Virdone S, Hamdi-Cherif M, et al. Worldwide age at onset 
of female breast cancer: a 25-year population-based cancer registry 
study. Sci Rep. 2019;9(1):14111. https://doi.org/10.1038/s41598-
019-50680-5

7.	 Siddig A, Tengku Din TADA-A, Mohd Nafi SN, et al. The 
unique biology behind the early onset of breast cancer. Genes. 
2021;12(3):372. https://doi.org/10.3390/genes12030372

8.	 Chouchane L, Boussen H, Sastry KS. Breast cancer in Arab pop-
ulations: molecular characteristics and disease management 
implications. Lancet Oncol. 2013;14(10):e417-e424. https://doi.
org/10.1016/S1470-2045(13)70165-7

9.	 Salem H, Daher-Nashif S. Psychosocial aspects of female breast can-
cer in the Middle East and North Africa. Int J Environ Res Public 
Health. 2020;17(18):6802. https://doi.org/10.3390/ijerph17186802

10.	Saadeh S, Abdel-Razeq H. Breast Cancer in the Arab World. Cancer 
in the Arab World. Springer; 2022:353–362.

11.	Khalil RB. Attitudes, beliefs and perceptions regarding truth dis-
closure of cancer-related information in the Middle East: a review. 
Palliat Support Care. 2013;11(1):69-78. https://doi.org/10.1017/
s1478951512000107

12.	Peto J, Collins N, Barfoot R, et al. Prevalence of BRCA1 and 
BRCA2 gene mutations in patients with early-onset breast cancer. 
J Natl Cancer Inst. 1999;91(11):943-949. https://doi.org/10.1093/
jnci/91.11.943

13.	Antoniou A, Pharoah PD, Narod S, et al. Average risks of breast 
and ovarian cancer associated with BRCA1 or BRCA2 mutations 
detected in case series unselected for family history: a combined 
analysis of 22 studies. Am J Hum Genet. 2003;72(5):1117-1130. 
https://doi.org/10.1086/375033

14.	McVeigh UM, Tepper JW, McVeigh TP. A review of breast can-
cer risk factors in adolescents and young adults. Cancers. 
2021;13(21):5552. https://doi.org/10.3390/cancers13215552

15.	Chelmow D, Pearlman MD, Young A, et al. Executive summary 
of the early-onset breast cancer evidence review conference. 
Obstet Gynecol. 2020;135(6):1457-1478. https://doi.org/10.1097/
AOG.0000000000003889

16.	Son BH, Ahn SH, Kim S-W, et al; KOHBRA Research Group and 
Korean Breast Cancer Society. Prevalence of BRCA1 and BRCA2 
mutations in non-familial breast cancer patients with high risks in 
Korea: the Korean Hereditary Breast Cancer (KOHBRA) Study. 
Breast Cancer Res Treat. 2012;133(3):1143-1152. https://doi.
org/10.1007/s10549-012-2001-0

17.	Okano M, Nomizu T, Tachibana K, et al. The relationship 
between BRCA-associated breast cancer and age factors: an  

analysis of the Japanese HBOC consortium database. J Hum Genet. 
2021;66(3):307-314. https://doi.org/10.1038/s10038-020-00849-y

18.	Claus EB, Petruzella S, Matloff E, Carter D. Prevalence of BRCA1 
and BRCA2 mutations in women diagnosed with ductal carcinoma 
in situ. JAMA. 2005;293(8):964-969. https://doi.org/10.1001/
jama.293.8.964

19.	de Sanjosé S, Leone M, Berez V, et al. Prevalence of BRCA1 and 
BRCA2 germline mutations in young breast cancer patients: a pop-
ulation‐based study. Int J Cancer. 2003;106(4):588-593. https://
doi.org/10.1002/ijc.11271

20.	Downs B, Wang SM. Epigenetic changes in BRCA1-mutated famil-
ial breast cancer. Cancer Genet. 2015;208(5):237-240. https://doi.
org/10.1016/j.cancergen.2015.02.001

21.	Archey WB, McEachern KA, Robson M, et al. Increased CpG meth-
ylation of the estrogen receptor gene in BRCA1-linked estrogen 
receptor-negative breast cancers. Oncogene. 2002;21(46):7034-
7041. https://doi.org/10.1038/sj.onc.1205844

22.	Ruffner H, Joazeiro CA, Hemmati D, Hunter T, Verma IM.  
Cancer-predisposing mutations within the RING domain of 
BRCA1: loss of ubiquitin protein ligase activity and protec-
tion from radiation hypersensitivity. Proc Natl Acad Sci USA. 
2001;98(9):5134-5139. https://doi.org/10.1073/pnas.081068398

23.	Loman N, Johannsson O, Kristoffersson U, Olsson H, Borg A. 
Family history of breast and ovarian cancers and BRCA1 and 
BRCA2 mutations in a population-based series of early-onset 
breast cancer. J Natl Cancer Inst. 2001;93(16):1215-1223. https://
doi.org/10.1093/jnci/93.16.1215

24.	Singer CF, Tan YY, Muhr D, et al. Association between family his-
tory, mutation locations, and prevalence of BRCA1 or 2 mutations 
in ovarian cancer patients. Cancer Med. 2019;8(4):1875-1881. 
https://doi.org/10.1002/cam4.2000

25.	Kuchenbaecker KB, Hopper JL, Barnes DR, et al; BRCA1 and 
BRCA2 Cohort Consortium. Risks of breast, ovarian, and con-
tralateral breast cancer for BRCA1 and BRCA2 mutation carri-
ers. JAMA. 2017;317(23):2402-2416. https://doi.org/10.1001/
jama.2017.7112

26.	Elkum N, Dermime S, Ajarim D, et al. Being 40 or younger 
is an independent risk factor for relapse in operable breast 
cancer patients: the Saudi Arabia experience. BMC Cancer. 
2007;7(1):1-8.

27.	Akakpo PK, Imbeah EG, Edusei L, et al. Clinicopathologic char-
acteristics of early-onset breast cancer: a comparative analysis of 
cases from across Ghana. BMC Womens Health. 2023;23(1):5. 
https://doi.org/10.1186/s12905-022-02142-w

28.	Gnanamuttupulle M, Henke O, Ntundu SH, et al. Clinicopatholog-
ical characteristics of breast cancer patients from Northern Tanza-
nia: common aspects of late stage presentation and triple negative 
breast cancer. Ecancermedicalscience. 2021;15(9):1282. https://
doi.org/10.3332/ecancer.2021.1282

29.	Mighri N, Mejri N, Boujemaa M, et al. Association between epide-
miological and clinico-pathological features of breast cancer with 
prognosis, family history, Ki-67 proliferation index and survival in 
Tunisian breast cancer patients. PLoS One. 2022;17(9):e0269732. 
https://doi.org/10.1371/journal.pone.0269732

30.	Partridge AH, Hughes ME, Warner ET, et al. Subtype-dependent 
relationship between young age at diagnosis and breast can-
cer survival. J Clin Oncol. 2016;34(27):3308-3314. https://doi.
org/10.1200/JCO.2015.65.8013

31.	Bhatti ABH, Jamshed A, Khan A, et al. Comparison between 
early and late onset breast cancer in Pakistani women undergo-
ing breast conservative therapy: Is there any difference? Asian Pac 
J Cancer Prev. 2014;15(13):5331-5336. https://doi.org/10.7314/
apjcp.2014.15.13.5331

32.	Han W, Kim SW, Ae Park I, et al. Young age: an independent risk 
factor for disease-free survival in women with operable breast can-
cer. BMC Cancer. 2004;4(1):1-8.

33.	Fu J, Wu L, Xu T, et al. Young-onset breast cancer: a poor prognosis 
only exists in low-risk patients. J Cancer. 2019;10(14):3124-3132. 
https://doi.org/10.7150/jca.30432

D
ow

nloaded from
 https://academ

ic.oup.com
/oncolo/article/29/12/e1714/7742172 by guest on 11 D

ecem
ber 2024

https://doi.org/10.1016/j.breast.2022.08.010
https://doi.org/10.1016/j.breast.2022.08.010
https://www.cdc.gov/bring-your-brave/breast-cancer-in-young-women/?CDC_AAref_Val=
https://www.cdc.gov/bring-your-brave/breast-cancer-in-young-women/?CDC_AAref_Val=
https://www.cdc.gov/cancer/breast/young_women/bringyourbrave/breast_cancer_young_women/index.htm
https://www.cdc.gov/cancer/breast/young_women/bringyourbrave/breast_cancer_young_women/index.htm
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer/incidence-invasive#heading-One
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer/incidence-invasive#heading-One
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer/incidence-invasive#heading-One
https://doi.org/10.1503/cmaj.212097
https://doi.org/10.1503/cmaj.212097
https://doi.org/10.1038/s41598-019-50680-5
https://doi.org/10.1038/s41598-019-50680-5
https://doi.org/10.3390/genes12030372
https://doi.org/10.1016/S1470-2045(13)70165-7
https://doi.org/10.1016/S1470-2045(13)70165-7
https://doi.org/10.3390/ijerph17186802
https://doi.org/10.1017/s1478951512000107
https://doi.org/10.1017/s1478951512000107
https://doi.org/10.1093/jnci/91.11.943
https://doi.org/10.1093/jnci/91.11.943
https://doi.org/10.1086/375033
https://doi.org/10.3390/cancers13215552
https://doi.org/10.1097/AOG.0000000000003889
https://doi.org/10.1097/AOG.0000000000003889
https://doi.org/10.1007/s10549-012-2001-0
https://doi.org/10.1007/s10549-012-2001-0
https://doi.org/10.1038/s10038-020-00849-y
https://doi.org/10.1001/jama.293.8.964
https://doi.org/10.1001/jama.293.8.964
https://doi.org/10.1002/ijc.11271
https://doi.org/10.1002/ijc.11271
https://doi.org/10.1016/j.cancergen.2015.02.001
https://doi.org/10.1016/j.cancergen.2015.02.001
https://doi.org/10.1038/sj.onc.1205844
https://doi.org/10.1073/pnas.081068398
https://doi.org/10.1093/jnci/93.16.1215
https://doi.org/10.1093/jnci/93.16.1215
https://doi.org/10.1002/cam4.2000
https://doi.org/10.1001/jama.2017.7112
https://doi.org/10.1001/jama.2017.7112
https://doi.org/10.1186/s12905-022-02142-w
https://doi.org/10.3332/ecancer.2021.1282
https://doi.org/10.3332/ecancer.2021.1282
https://doi.org/10.1371/journal.pone.0269732
https://doi.org/10.1200/JCO.2015.65.8013
https://doi.org/10.1200/JCO.2015.65.8013
https://doi.org/10.7314/apjcp.2014.15.13.5331
https://doi.org/10.7314/apjcp.2014.15.13.5331
https://doi.org/10.7150/jca.30432


e1722 The Oncologist, 2024, Vol. 29, No. 12

34.	Hodgson A, Turashvili G. Pathology of hereditary breast and 
ovarian cancer. Front Oncol. 2020;10(9):531790. https://doi.
org/10.3389/fonc.2020.531790

35.	Atchley DP, Albarracin CT, Lopez A, et al. Clinical and pathologic 
characteristics of patients with BRCA-positive and BRCA-negative 
breast cancer. J Clin Oncol. 2008;26(26):4282-4288. https://doi.
org/10.1200/JCO.2008.16.6231

36.	Copson ER, Maishman TC, Tapper WJ, et al. Germline BRCA 
mutation and outcome in young-onset breast cancer (POSH): a 
prospective cohort study. Lancet Oncol. 2018;19(2):169-180. 
https://doi.org/10.1016/S1470-2045(17)30891-4

37.	Arpino G, Pensabene M, Condello C, et al. Tumor characteristics 
and prognosis in familial breast cancer. BMC Cancer. 2016;16(1):1-
8.

38.	De Talhouet S, Peron J, Vuilleumier A, et al. Clinical outcome of 
breast cancer in carriers of BRCA1 and BRCA2 mutations accord-
ing to molecular subtypes. Sci Rep. 2020;10(1):7073. https://doi.
org/10.1038/s41598-020-63759-1

39.	Ye F, He M, Huang L, et al. Insights into the impacts of BRCA 
mutations on clinicopathology and management of early-onset 
triple-negative breast cancer. Front Oncol. 2021;10(1):574813. 
https://doi.org/10.3389/fonc.2020.574813

40.	Wan A, Zhang G, Ma D, Zhang Y, Qi X. An overview of the 
research progress of BRCA gene mutations in breast cancer. Bio-
chim Biophys Acta (BBA)-Rev Cancer. 2023;1878(4):188907. 
https://doi.org/10.1016/j.bbcan.2023.188907

41.	Fukutomi T, Ushijima T, Inoue R, et al. BRCA 1 and BRCA 2 ger-
mline mutations in Japanese with hereditary breast cancer fami-
lies. Breast Cancer. 1997;4(4):256-258. https://doi.org/10.1007/
BF02966517

42.	Thirthagiri E, Lee S, Kang P, et al. Evaluation of BRCA1 and 
BRCA2 mutations and risk-prediction models in a typical Asian 

country (Malaysia) with a relatively low incidence of breast cancer. 
Breast Cancer Res. 2008;10(4):1-12.

43.	Muller D, Rouleau E, Schultz I, et al. An entire exon 3 germ-line 
rearrangement in the BRCA2 gene: pathogenic relevance of exon 
3 deletion in breast cancer predisposition. BMC Med Genet. 
2011;12(1):1-12.

44.	Pajares B, Porta J, Porta JM, et al. Hereditary breast and ovarian 
cancer in Andalusian families: a genetic population study. BMC 
Cancer. 2018;18(1):1-12.

45.	Ficarazzi F, Vecchi M, Ferrari M, Pierotti MA. Towards  
population-based genetic screenings for breast and ovarian can-
cer: a comprehensive review from economic evaluations to patient 
perspectives. Breast (Edinburgh, Scotland). 2021;58(4):121-129. 
https://doi.org/10.1016/j.breast.2021.04.011

46.	Belanger MH, Dolman L, Arcand SL, et al. A targeted analysis iden-
tifies a high frequency of BRCA1 and BRCA2 mutation carriers in 
women with ovarian cancer from a founder population. J Ovarian 
Res. 2015;8(3):1-10. https://doi.org/10.1186/s13048-015-0124-8

47.	Orban T, Olah E. Emerging roles of BRCA1 alternative splicing. 
Mol Pathol. 2003;56(4):191.

48.	Bu R, Siraj AK, Al‐Obaisi KA, et al. Identification of novel BRCA 
founder mutations in Middle Eastern breast cancer patients 
using capture and Sanger sequencing analysis. Int J Cancer. 
2016;139(5):1091-1097.

49.	Abu-Helalah M, Azab B, Mubaidin R, et al. BRCA1 and BRCA2 
genes mutations among high risk breast cancer patients in Jordan. 
Sci Rep. 2020;10(1):17573. https://doi.org/10.1038/s41598-020-
74250-2

50.	Abulkhair O, Al Balwi M, Makram O, et al. Prevalence of BRCA1 
and BRCA2 mutations among high-risk Saudi patients with breast 
cancer. J Global Oncol. 2018;4(8):1-9. https://doi.org/10.1200/
JGO.18.00066

D
ow

nloaded from
 https://academ

ic.oup.com
/oncolo/article/29/12/e1714/7742172 by guest on 11 D

ecem
ber 2024

https://doi.org/10.3389/fonc.2020.531790
https://doi.org/10.3389/fonc.2020.531790
https://doi.org/10.1200/JCO.2008.16.6231
https://doi.org/10.1200/JCO.2008.16.6231
https://doi.org/10.1016/S1470-2045(17)30891-4
https://doi.org/10.1038/s41598-020-63759-1
https://doi.org/10.1038/s41598-020-63759-1
https://doi.org/10.3389/fonc.2020.574813
https://doi.org/10.1016/j.bbcan.2023.188907
https://doi.org/10.1007/BF02966517
https://doi.org/10.1007/BF02966517
https://doi.org/10.1016/j.breast.2021.04.011
https://doi.org/10.1186/s13048-015-0124-8
https://doi.org/10.1038/s41598-020-74250-2
https://doi.org/10.1038/s41598-020-74250-2
https://doi.org/10.1200/JGO.18.00066
https://doi.org/10.1200/JGO.18.00066

	BRCA1/2 mutations and outcomes among Middle Eastern patients with early-onset breast cancer in Oman
	Background
	Materials and methods
	Study population and clinical data
	DNA isolation
	Targeted capture sequencing of BRCA1/2 genes
	PCR and Sanger sequencing
	Multiplex ligation-dependent probe amplification
	Variant interpretation
	Statistical analyses

	Results
	EOBC cases were frequent, and EOBC tumors showed more aggressive characteristics
	BRCA1/2 gene mutations were not more common in EOBC
	Mutational characterization
	Survival outcomes

	Discussion
	Conclusion
	Acknowledgments
	References


