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Simple Summary: Countries with emerging economies suffer from a high incidence of breast cancer
and advanced stage at diagnosis, coupled with limited health and medical care resources. Egypt has
witnessed the world’s oldest documented cancer case, more than 3500 years BC, and the Egyptian
population shows a high degree of genetic diversity compared to other populations due to its complex
and diverse ethnic origins, with high incidence and mortality rates of breast cancer. Though the
incidence and profile of BRCA1/2 mutations is population specific, data on population-based clinical
outcomes are scarce. In this context, this study is an attempt to elucidate the long-term prognostic
implications of BRCA1/2 mutations in Egyptian female breast cancer patients over 24 years. We
believe that our findings provide indicators to implement screening strategies as well as optimize
treatment options and prophylactic measures for BRCA1/2 carriers that can be applied in the routine
clinical practice.

Abstract: Evidence on the prognostic relevance of BRCA1/2 mutations on breast cancer survival is
still debatable. To address this ambiguity, we sought to elucidate the impact of BRCA1/2 mutation
carriership on long-term clinical outcomes for the first time in Egyptian female breast cancer patients.
This study comprised 103 Egyptian female breast cancer patients previously tested for BRCA1/2
mutations. Clinicopathological characteristics and long-term follow-up data were retrieved from
clinical records until death or loss to follow-up. Overall survival (OS), recurrence-free survival (RFS),
disease-free survival (DFS), and metastasis-free survival (MFS) were compared in BRCA1/2 mutation
carriers and non-carriers. Pathogenic variants (Class 5 according to ACMG/AMP guidelines) were
observed in 29 cases. The profile of the detected variants was previously reported. After median
follow-up time of 6.9 years (range, 4.2–24.4 years), BRCA1/2 carriers exhibited significantly worse
RFS compared to non-carriers (p = 0.01; HR = 3.00 (95%CI 1.35–6.68)). However, we couldn’t
demonstrate statistically significant difference between carriers of pathogenic mutations and non-
carriers regarding MFS (p = 0.24; HR = 1.38 (95%CI 0.8–2.4)), DFS (p = 0.11; HR = 1.23 (95%CI
0.74–2.06)), or OS (p = 0.36; HR = 1.23 (95%CI 0.58–2.61)). Though no significant impact was observed
in OS, yet BRCA1/2 mutation carriers were at high risk of recurrence, highlighting the importance of
adopting BRCA screening strategies and prophylactic measures.

Keywords: BRCA1/2 mutations; clinical outcome; breast cancer; prognosis; Egypt

1. Introduction

Breast cancer is the most commonly occurring cancer in females and the leading cause of
global cancer-related mortality [1,2]. Its marked impact is shifting gradually to the developing
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world and may even exceed that of Western industrialized societies in the near future [3,4].
These countries of emerging economies suffer from high incidence of breast cancer and
advanced stage at diagnosis, coupled with limited health and medical care resources [5].

Molecular genetic studies have elucidated breast-cancer susceptibility genes 1 and
2 (BRCA1 and BRCA2) as two major predisposing genes for breast cancer [6]. Inherited
BRCA1 and BRCA2 mutations are associated with increased lifetime risks of breast and
ovarian cancers by 45–75% and 18–40%, respectively [7–10], as well as other cancers like
pancreatic and prostate cancers [11].

In addition to the established predictive importance of BRCA1/2 mutation status in
evaluating breast cancer risk [12,13], the identification of carriers of BRCA1/2 mutations
has significant implications in guiding surgical, radiotherapeutic, and drug treatment
options [14,15]. Emerging research studies have demonstrated the clinical significance of
BRCA1/2 mutation status in predicting the response to chemotherapy [16] and poly(ADP-
ribose) polymerase (PARP) inhibitors [17,18].

Moreover, BRCA1/2 mutations have been studied as markers of pathological aggres-
siveness, with BRCA1-mutated tumors usually being of high histological grade at diagnosis,
poorly differentiated, and triple negative, whereas BRCA2-related tumors are on average
of high grade than non-carriers [19–21]. These unique histopathological features support
the notion that BRCA1/2 mutation carriers may have different prognosis in comparison to
sporadic cases [22,23].

Nonetheless, the prognostic significance of BRCA1/2 mutational status on breast cancer
survival is still debatable. Few published clinical studies have found that breast cancer
patients with BRCA1/2 mutations show better prognosis than control groups [24,25], while
others have reported that they have worse survival outcomes [26–28], whereas some studies
reported similar prognosis [29–33]. This disparity might be attributed to discrepancies in
methodological issues (including study size, design, studied populations), relatively low
incidence of the BRCA1/2 mutations, lack of adjustments for clinical variables, including
risk-reducing options or treatment strategies, and short follow-up.

Previous studies have shown possible molecular, clinical, and epidemiological differ-
ences in breast cancer worldwide [34–36]. Though the incidence and profile of BRCA1/2
mutations is population specific, data on clinical outcomes in different populations are
scarce and most of the conducted studies included data on white patients, thereby poten-
tially underestimating differences pertinent to genetic defects. These data highlight the
need to elucidate the effect of BRCA1/2 mutations on breast cancer prognosis in different
populations, as this can impact future risk assessment and treatment planning. To our
knowledge, sparse clinical data have been published in the Middle East to substantiate
this assertion.

We previously reported the profile of BRCA1/2 mutations in a cohort of 103 Egyptian
female breast cancer patients who were not selected on the basis of age at onset of breast
cancer or family history [37]. This study was conducted to elucidate the clinicopatho-
logical characteristics and the prognostic relevance of BRCA1/2 mutations on long-term
survival outcome in Egyptian female breast cancer patients. These findings will help to
improve treatment options and surveillance policies for breast cancer patients harboring
BRCA1/2 mutations.

2. Materials and Methods
2.1. Data Collection and Ethical Statement

A cohort of 103 Egyptian female patients diagnosed with primary invasive breast
cancer were retrospectively included in the study. The study was conducted according to
the guidelines of the Declaration of Helsinki and approved by the Ethical Committee of
Ain Shams University, Egypt.

Clinicopathological and demographic data were extracted from hospital medical
records including age at primary breast cancer diagnosis, age at menarche, menopausal
status at diagnosis, marital status, parity, the use of hormonal contraception, age at first
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full-term pregnancy and nursing. Family history of cancer and familial relationships
between family members with cancer was collected by questionnaire. Tumor characteristics
with regard to pathological stage, tumor size, nodal involvement, evidence of metastasis,
histological type, estrogen receptor (ER), progesterone receptor (PR) and human epidermal
growth factor receptor (HER-2) status, and type of surgery performed were collected from
the pathology and medical records.

Follow-up data regarding date of diagnosis, clinical treatment details, the course of the
disease, as well as site of disease progression (recurrence or metastatic disease), if any, were
retrieved from medical records until death or loss to follow-up. The date of last follow-up
assessment was retrieved from the medical records and through the treating physician, via
telephone contact with the patient or her next-of-kin.

2.2. Mutational Analysis

BRCA1/2 mutations were tested using HRM analysis and direct sequencing as previ-
ously described [37]. DNA was extracted from whole blood samples collected at the time
of patient recruitment. The detected variants were classified according to the American
College of Medical Genetics and Genomics and the Association for Molecular Pathology
(ACMG/AMP) guidelines.

2.3. Outcomes Measures

Patients were followed from the date they were diagnosed with primary invasive
breast cancer until the last follow-up date (the last date at which the patients were seen
alive or free of the disease) or until death. The OS was calculated as the time from date of
diagnosis until the date of death from any cause or last follow up. The RFS was defined as
the time from date of surgery until the date of any loco-regional recurrence, contralateral
breast tumor, death, or last follow-up. The DFS was determined as the time from date of
surgery until the date of recurrence, distant metastasis, death, or last follow-up. The MFS
was defined as time from date of surgery until the date of any distant metastasis, death, or
last follow-up.

2.4. Statistical Analysis

The clinicopathologic characteristics were compared according to BRCA mutation
status using Chi-squared test for categorical variables and t test for continuous variables.
Multivariate logistic regression was used to determine the factors predictive of BRCA1/2
mutations. The log-rank test was used to perform comparisons between groups. The
independent association of mutation status with outcome was determined using Cox
proportional hazards regression analysis. Hazard ratios (HR) and their 95% confidence
intervals (CI) for multivariable analyses were estimated. A p ≤ 0.05 was considered
statistically significant. Statistical analysis was performed using IBM© SPSS© Statistics
version 26 (IBM© Corp., Armonk, NY, USA).

3. Results
3.1. Demographic and Clinicopathological Characteristics of the Study Cohort

In total, BRCA1/2 variants were detected in 46 patients; 29 patients were carriers
of BRCA1/2 pathogenic variants (ACMG/AMG Class 5). The profile of the detected
mutations was previously reported [37]. The majority of patients (91.3%) were treated
with modified radical mastectomy (MRM). More than 70% of cases have received adjuvant
chemotherapy: cyclophosphamide, methotrexate, and fluorouracil (CMF) regimen; or
flourouracil, adriamycin, cyclophosphamide (FAC) regimen. In addition, 71.8% of cases
have received hormonal therapy. The clinicopathological characteristics of the cohort are
shown in Table 1.
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Table 1. Clinicopathological characteristics of BRCA1/BRCA2 mutation carriers (together and separately) and non-carriers.

Factors

BRCA1/2
(n = 29)

BRCA1
(n = 16)

BRCA2
(n = 16)

All BRCA1/2 Variants
(n = 46)

No BRCA
Mutation (n = 57)

N (%) p N (%) p N (%) p N (%) p N (%)

Age at diagnosis
≤40 14 (48) 0.05 9 (56) 0.024 7 (44) 0.17 27 (59) 0.002 16 (28)
>40 15 (52) 7 (44) 9 (56) 19 (41) 41 (72)

Median age at diagnosis
Year 40

0.008
40

0.006
41 0.26 40

0.002
48

(range) (24–57) (24–61) (39–66) (24–63) (39–66)

Family history of cancer
Breast cancer
Other cancers 13 (45)

0.024
10 (63)

0.125
5 (31)

0.001
21 (46)

0.005
20 (35)

No 10 (34) 2 (12) 9 (56) 16 (34) 9 (15)
6 (21) 4 (25) 2 (12) 9 (20) 28 (50)

Menopausal state
Premenopausal 23 (79)

0.02
13 (81)

0.05
13 (81)

0.05
37 (80)

0.006
31 (54)

Postmenopausal 6 (21) 3 (19) 3 (19) 9 (20) 26 (46)

Tumor size
T1–T2 20 (69)

0.7
13 (81)

0.45
9 (56)

0.2
27 (59)

0.02
41 (72)

T3–T4 9 (31) 3 (19) 7 (44) 19 (41) 16 (28)

Lymph node involvement
Negative
positive 7 (24)

0.03
10 (62)

0.4
2 (12)

0.012
10 (22)

0.007
27 (47)

22 (76) 6 (38) 14 (88) 36 (78) 30 (53)

Histological grade
G1 0 0 0 0 0
G2 28 (96.6) 0.62 15 (94) 0.33 16 (100) 0.59 44 (97) 0.35 56 (98)
G3 1 (3.4) 1 (6) 0 (0) 2 (3) 1 (2)

Histological type
Ductal 25 (86.2) 13 (81) 15 (94) 42 (91) 54 (95)

Lobular 3 (10.3) 0.24 2 (13) 0.45 1 (6) 0.9 3 (7) 0.5 3 (5)
Mixed 1 (3.5) 1 (6) 0 1 (2) 0
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Table 1. Cont.

Factors

BRCA1/2
(n = 29)

BRCA1
(n = 16)

BRCA2
(n = 16)

All BRCA1/2 Variants
(n = 46)

No BRCA
Mutation (n = 57)

N (%) p N (%) p N (%) p N (%) p N (%)

ER status
Positive 21 (72)

0.49
12 (75)

0.85
10 (63)

0.23
30 (65)

0.17
45 (78)

Negative 8 (28) 4 (25) 6 (37) 16 (35) 12 (22)

PR status
Positive 18 (62)

0.44
11 (69)

0.9
8 (50)

0.13
26 (57)

0.15
40 (70)

Negative 11 (38) 5 (31) 8 (50) 20 (43) 17 (30)

HER2 status
Positive 6 (24)

0.29
3 (23)

0.5
4 (29)

0.4
14 (35)

0.2
14 (33)

Negative 19 (76) 10 (77) 10 (71) 26 (65) 28 (67)
Not available 4 3 2 6 15

Laterality
Unilateral 24 (83)

0.2
14 (88)

0.25
13 (81)

0.25
35 (76)

0.007
52 (91)

Bilateral 5 (17) 2 (12) 3 (19) 11 (24) 5 (9)

T, tumor size; G, grade; ER, estrogen receptor; PR, progesterone receptor; Her-2, human epidermal growth factor receptor 2; Bold, statistically significant differences as compared to BRCA1/2 non-carriers.
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Median ages at diagnosis were 40 years (range, 24–57 years) in BRCA1/2 carriers of
pathogenic variants and 48 years (range, 39–66 years) in BRCA non-carriers (p = 0.008). In
comparison to non-carriers, BRCA1/2 carriers were more likely to have early onset breast
cancer (48% versus 28%, p = 0.05), to be premenopausal at the time of diagnosis (82% vs.
54%, p = 0.02), and to have family history of breast cancer (45% vs. 35%, p = 0.024). BRCA1/2
carriers were also more likely to have positive family history of any cancer (OR: 3.969,
95%CI (1.623–9.71), p = 0.002). There was no statistically significant difference with respect
to the median ages of menarche, first full-term pregnancy, parity, nursing, or the use of
hormonal contraception. Positive lymph node metastasis was more frequently observed
in BRCA1/2 carriers (76% vs. 53%, p = 0.03). No statistical significance was observed in
tumor size. The majority of patients had grade II invasive ductal carcinoma. The inci-
dence of ER-negative, PR-negative and HER-2 negative tumors was higher in BRCA1/2
carriers versus non carriers (28% vs. 22%, 38% vs. 30%, 76% vs. 67%, respectively) though
not statistically significant. Multivariate logistic regression model in all carriers revealed
that age at diagnosis (p =0.047), positive lymph node involvement (p = 0.05), family his-
tory of any cancer (p = 0.051, borderline) remained statistically independent predictors
for BRCA1/2 mutations. More than 70% of cases have received adjuvant chemotherapy:
cyclophosphamide, methotrexate, and fluorouracil (CMF) regimen; or flourouracil, adri-
amycin, cyclophosphamide (FAC) regimen. In addition, 71.8% of cases have received
hormonal therapy.

When we compared BRCA1 or BRCA2 independently versus non-carriers, BRCA1
carriers were found to be diagnosed at younger age than non-carriers (p = 0.006). Both
BRCA1 and BRCA2 carriers tended to be premenopausal at time of diagnosis (p = 0.05). In
comparison to non-carriers, 63% of BRCA1 positive cases reported family history of breast
cancer and 56% of BRCA2 cases had family history of other cancers (p = 0.001). BRCA2
carriers were more likely to have positive regional lymph node metastasis than non-carriers
(p = 0.012). There was no significant difference regarding tumor size, histological type,
grade, hormone receptor status or the presence of bilateral breast cancers between BRCA1
or BRCA2 carriers and non-carriers.

3.2. Prognosis of BRCA1/2 Mutation Carriers and Non-Carriers
3.2.1. BRCA1/2 Carriers of Pathogenic Variants

As shown in Figure 1, BRCA1/2 carriers of pathogenic mutations exhibited significantly
worse RFS in comparison to non-carriers (p = 0.01; HR = 3.00 (95%CI 1.35–6.68)). Though
there was a trend toward worse MFS and DFS in BRCA1/2 carriers compared to non-
carriers, but the difference was not statistically significant (p = 0.24; HR = 1.38 (95%CI
0.8–2.4) and p = 0.11; HR = 1.23 (95%CI 0.74–2.06), respectively). Similarly, the difference in
OS in BRCA1/2 carriers versus non-carriers didn’t reach statistical significance (p = 0.36;
HR = 1.23 (95%CI 0.58–2.61)).

3.2.2. All BRCA1/2 Mutation Carriers

When we compared the survival outcomes in carriers of all BRCA1/2 variants to
non-carriers, BRCA1/2 carriers exhibited worse DFS than non-carriers: at two years 86%
vs. 88%; at five years 38% vs. 58%; and at 10 years 22% vs. 34% (p = 0.04; HR = 2 [95%CI
1.1–2.4]) (Figure 2). As shown in Table 2, univariate analysis revealed that, in addition to
BRCA mutation status, ER-, PR-negative receptor status, bilateral breast cancer, and large
tumor size (T3–T4) were associated with worse DFS. However, stepwise cox proportional
regression analysis showed that only ER-negative receptor (HR = 2.44 (95%CI = 1.33–4.47);
p = 0.004) and large tumor size (HR = 2.19 (HR = 1.21–3.98); p = 0.01) were the only variables
that independently affected DFS. The RFS was significantly worse in all carriers compared
to non-carriers. The RFS at two years was 94%vs 98%; at five years: 50% vs. 84%; and
at 10 years 34% vs. 60% (p = 0.005, HR = 2.53 (95%CI 1.3–4.92)). However, as shown in
Figure 2, no statistical difference was noted in OS (p = 0.42; HR = 1.32 (95%CI 0.66–2.62)) or
MFS (p = 0.41; HR = 1.25 (95%CI 0.74–2.11)), where OS was 82%, 59%, and 36% vs. 94%,
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60%, and 59% at five, 10, and 15 years in carriers versus non-carriers, respectively. While
MFS in all carriers versus non carriers was 87%, 45%, and 25% vs. 88%, 62%, and 38% at
two, five, and 10 years, respectively.
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Figure 1. Kaplan Meier plots of survival analysis in carriers of BRCA1/2 pathogenic mutations and non-carriers.
(a) Recurrence-free survival (RFS), (b) Metastasis-free survival (MFS), (c) Disease-free survival (DFS), (d) Overall sur-
vival (OS). p-values calculated by log-rank test (considering whole follow-up period).

3.2.3. BRCA1 and BRCA2 Carriers Independently

No statistically significant difference was detected between carriers of BRCA1 or
BRCA2 pathogenic mutations when analyzed independently with regards to RFS (p = 0.27;
HR = 1.71 (95%CI 0.79–3.7); MFS (p = 0.64; HR = 1.38 (95%CI 0.78–2.44)); DFS (p = 0.74;
HR = 1.38 (95%CI 0.8–2.36)) or OS (p = 0.09; HR = 1.36, (95%CI 0.62–2.98)) (Figure 3).

3.2.4. BRCA1 Mutation c.5205delA

As previously reported [37], this pathogenic mutation was detected in high frequency
in our cohort. Hence, we sought to analyze the clinicopathological characteristics and sur-
vival outcome in the patients harboring this mutation in comparison to non-carriers. How-
ever, no significant difference was detected except for young age at diagnosis (p = 0.036).
The association of this mutation with OS, DFS, RFS, or DFS did not reach statistical signifi-
cance (Table 3).
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Figure 2. Kaplan Meier plots of survival analysis in carriers of all BRCA1/2 variants. (a) Disease-free survival (DFS),
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Table 2. Univariate analysis for disease-free survival (DFS).

Factors Number of Cases Number of Events DFS % 1 Year Median p-Value

Age, years ≤40 43 71 24.3 4.9
0.41>40 60 33 23.8 4.7

Menopause Post 35 38 24.4 5.3
0.16Pre 68 20 42.2 5.3

Nursing No 35 51 18.8 4.7
0.68Yes 68 23 18.8 5.3

Hormonal
contraceptive

No 36 48 26.0 4.7
0.83Yes 67 25 34.6 5.7

ER
Negative 29 43 18.3 5.3

0.02Positive 74 22 18.3 3.9

PR
Negative 37 49 27.7 5.8

0.03Positive 66 29 20.8 4.4
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Table 2. Cont.

Factors Number of Cases Number of Events DFS % 1 Year Median p-Value

HER-2
Negative 53 42 31.4 5.8

0.80Positive 29 38 6.8 4.5

Lymph node N0 37 20 0.0 4.0
0.74N1 66 25 26.1 5.3

T-stage T1-T2 68 46 22.9 5.0
0.012T3-T4 35 22 45.7 30.5

Laterality Bilateral 16 16 25.0 12.5
<0.001Unilateral 87 29 65.5 65.5

Family history No 40 23 29.4 5.7
0.29Yes 63 47 20.0 4.4

BRCA1/2
Carrier 46 32 13.2 4.2

0.024Non-carrier 57 39 31.5 5.8

Bold: statistically significant.
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(OS). p-values calculated by log-rank test (considering whole follow-up period).
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Table 3. Survival outcomes in patients harboring BRCA1 mutation c.5205delA (p.Val1736Serfs*29) as compared to non-carriers.

Outcome Mutation Status No. of Cases No.of Events %2 yrs %5 yrs %10 yrs p-Value

RFS
Mut carrier 16 6 100 67.7 60.2

0.740Noncarrier 57 17 98.2 84.0 60.1

MFS
Mut carrier 16 11 100 42.2 28.1

0.462Noncarrier 57 34 87.7 62.7 38.4

DFS
Mut carrier 16 12 100.0 42.2 21.1

0.403Noncarrier 57 37 87.7 64.6 34.0

OS
Mut carrier 16 4 100.0 86.7 75.8

0.582Noncarrier 57 18 100.0 94.0 60.6

RFS: Recurrence-free survival, MFS: Metastasis-free survival, DFS: Disease-free survival, OS: Overall survival.

4. Discussion

Besides their impact on the susceptibility to breast cancer, BRCA1/2 mutations may be
linked to distinctive clinical course and biological features. We sought to retrospectively
evaluate the impact of the BRCA1/2 variants that were previously detected in this cohort,
on the long-term survival outcomes over 24 years (1997–2019).

In this population-based retrospective study, the median follow-up period was 6.9 years
(range, 4.2–24.4 years). BRCA1/2 carriers exhibited significantly worse RFS than non-
carriers, with three-fold increased risk of contralateral breast cancer or locoregional re-
currence. This finding is in broad agreement with results of other studies. For instance,
Verhoog et al. showed that the development of contralateral breast cancer was 4–5 times
more frequent in BRCA1 mutation carriers than in the sporadic patients [38]. Bordeleau
and colleagues also reported a 10-year increased risk of contralateral breast cancers of
20–40% in BRCA mutation carriers [31]. By the age of 70 years, BRCA1 and BRCA2 carriers
were previously found to have average cumulative risk of contralateral breast cancer of
83% and 62%, respectively [10]. Ye et al. also showed higher risk of contralateral breast
cancer in BRCA mutation carriers [39].

Nonetheless, no difference in DFS was noted between carriers of pathogenic variants
in this study and non-carriers, although carriers of all BRCA1/2 variants showed slightly
worse DFS that could not independently predict survival. A recent study by Vocka et al. [40]
recently reported slightly worse DFS in carriers of BRCA1/2 mutations, whereas a meta-
analysis by van den Broek et al. [26] showed that BRCA1/BRCA2 mutation carriers had a
non-significant tendency towards poorer survival.

Furthermore, our results did not reveal a statistically significant difference between
BRCA1/2 mutation carriers and non-carriers regarding MFS or OS. Some studies showed
worse OS in patients with BRCA1 mutations compared to sporadic cases [41,42]. Schmidt
et al. reported that BRCA1/2 mutation carriers who were diagnosed with breast cancer
before the age of 50 years had worse OS that may be attributed to differences in tumor
features, response to treatment, and secondary cancers [28]. Similarly, BRCA1 mutation
only was previously shown to decrease the OS and progression-free survival [43]. Besides,
a metanalysis by Barretta and colleagues, including 105,220 breast cancer patients from
60 studies, showed worse OS and worse breast cancer specific survival (BCSS) in BRCA1
mutation carriers while BRCA2 carriers had worse BCSS only in comparison to sporadic
cases [27]. However, other reports revealed similar survival outcome in both mutation
carriers and non-carriers [31,38,44–47]. Systematic reviews with meta-analysis of survival
outcome in BRCA1 or BRCA2 mutation carriers and non-carriers showed that current
evidence did not support either poorer or better survival of BRCA carriers [26,27,32]. The
POSH prospective study also found no significant differences in OS or distant DFS in
patients with and without BRCA1 or BRCA2 mutations [48].

BRCA-associated breast cancers have unique clinicopathological characteristics com-
pared to sporadic counterparts. In agreement with previous studies [22,41,49,50], carriers
of BRCA1/2 mutations in the current study are characterized by early onset, positive family
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history of breast cancer, premenopausal state at diagnosis, and positive lymph node in-
volvement. Other reports showed that BRCA-associated tumours are more often ER and PR
negative [51,52]. However, though BRCA1/2 mutation carriers in the current study showed
higher incidence of negative hormone receptors status than non-carriers, the difference was
statistically indistinguishable. Consistent with prior observation [22], HER-2 expression
status was similar in patients with and without mutations. Our findings show that early
age at diagnosis, lymph node metastasis, and positive family history of any cancer are
independent predictors BRCA1/2 mutations, which have important clinical implications
for screening and early diagnosis in our population.

As previously reported by Kwong et al. [50], BRCA1 carriers were found to be younger
at the time of diagnosis than non-carriers. BRCA2 carriers showed positive family history of
other cancers, which may indicate that in addition to breast cancer, BRCA2 mutations may
increase the risk of developing other cancers including prostate, pancreatic, pharyngeal,
brain cancers and leukemia [53]. Unlike other studies illustrating that BRCA1 mutant
tumors feature higher grade, invasive borders and higher proliferation indices; while
BRCA2 mutation carriers are more likely to present with ER positive tumors and increased
risk of contralateral breast cancer [29,44], however these differences were not noted in the
current study. Additionally, we couldn’t demonstrate distinct survival outcomes when
assessing the impact of BRCA1 and BRCA2 mutations separately. This finding is in line with
the work of Templeton et al., a systematic review and meta-regression study that included
10,180 patients from 16 studies, showing that BRCA1 or BRCA2 mutations independently
were not associated with worse OS [33].

The BRCA1 pathogenic mutation c.5205delA was a novel mutation detected for the
first time in our cohort (NCBI ClinVar VCV000140168). Patients harboring this mutation
were diagnosed at significantly younger age than non-carriers. However, this mutation
was not linked to worse survival outcomes.

BRCA mutation status could provide important insights regarding prevention, surveil-
lance, and treatment strategies [15]. Primary prevention measures, including prophylactic
mastectomy, chemoprevention, and intensive surveillance, can decrease the risk of breast
cancer in BRCA1/BRCA2 mutations [54–56]. The standard treatment protocols for BRCA
mutation carriers are still debatable. Studies have shown that contralateral mastectomy in
breast cancer patients with BRCA1/2 mutations can decrease breast cancer specific mortal-
ity [57]. A study including 1504 patients with germline BRCA1 or BRCA2 mutations showed
that chemoprevention using tamoxifen is associated with a 50% reduction in the risk for de-
veloping contralateral breast cancer [45]. In addition, 10 years of tamoxifen therapy can also
reduce the risk of breast cancer recurrence in premenopausal women [58]. Some studies
have also shown that BRCA1/2 mutation carriers exhibit different response to chemother-
apy [59,60]. Under the precision medicine initiative, tailored treatment strategies including
PARP inhibitors can be beneficial to carriers of BRCA1 and BRCA2 mutations [17,18].

The results of this study may unveil the underlying genetic alterations that may be
predominating in the disparate population of Egyptian female breast cancer patients that
may be linked to clinical characteristics and outcome. Major strengths of the current study
are the long follow-up time and the unselected cohort. Nevertheless, study limitations
lay in the retrospective study design as the 24-year study period (1997–2019) should have
witnessed changes in diagnostic modalities and treatment options. Another limitation
is the limited sample size. However, the meta-analysis by Baretta et al. on breast cancer
survival in carriers of BRCA1/BRCA2 mutations included 60 studies with the number of
mutation carriers ranging from 5 to 326 (median, 39.5) [27]. Further prospective studies on
larger cohorts are warranted to ascertain the prognostic significance and clinicopatholog-
ical differences in BRCA1/2 mutation carriers, aiming to optimize treatment choices and
surveillance policies in patients harboring these mutations.
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5. Conclusions

To the best of our knowledge, this is the first study in the Middle East to report
long-term survival outcome of BRCA1/2 related breast cancer. Based on our findings,
BRCA-associated breast cancers showed a high pattern of locoregional recurrence and
contralateral breast cancer. Herein, we emphasize the importance of adopting BRCA
screening strategies and patient counselling regarding prophylactic measures and tailored
treatment options in the mainstream oncology practice in Egypt.
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