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Abstract: The presence of germline mutations in the BRCA1 or BRCA2 tumor suppressor genes are strong predictors of
breast or ovarian cancer risk. Loss of the wild-type allele of BRCA1 or BRCA2 genes are required for tumorigenesis. This
study identified and characterized the germline BRCA1 and BRCA2 mutation spectrum among Filipinos using Next
Generation Sequencing. This is the first local study to perform comprehensive BRCA1 and BRCA 2 (all exons) mutational
analysis among Filipinos. This study prompts further investigation of the unique variants to enable better understanding of the

genetic predisposition to BC among Filipinos.
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1. Introduction

The incidence of breast cancer (BC) in Asia is increasing
and approximately 10% of all BC are hereditary. The most
common genetic variations are transmitted in an autosomal
dominant manner. Majority of the tested hereditary BC cases
show germline mutation in the tumor suppressor genes
BRCAI and BRCA2 conferring a life time risk of 55-85%
and 35-60% respectively [1].

The presence of germline mutations in the BRCAI or
BRCA2 tumor suppressor genes are strong predictors of
developing breast or ovarian cancers. BRCA1l and BRCA2
genes on 17q12-21, and 13q12-13 respectively, are tumor
suppressor genes, which function to maintain genomic
stability [2]. Mutations in the BRCA gene do not directly

result in tumor formation but instead cause genetic instability
and trigger further alterations, including inactivation of other
tumor suppressor genes and/or activation of oncogenes,
leading to malignant transformation [3].

BRCAI1 and BRCA2 tumors are associated with different
clinico-pathologic and histologic characteristics. Germline
BRCAl-associated BC have distinct aggressive features
including: early age of onset, high tumor grade, estrogen and
progesterone receptor (ER and PR) negativity, triple negative
breast cancer (TNBC) and high proliferation index.
Histologically, BRCA1 positive tumors are high grade
invasive ductal carcinomas (IDCA) and more commonly
with medullary subtype histology. BRCAI carriers also have
an increased risk of ovarian, prostate, colon, liver and bone
cancers. BRCA2-associated BC phenotype are also
associated with high grade IDCA, however, it is more
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heterogeneous with age distribution, ER and PR expression,
and are not always different from that of sporadic BC.
BRCA2 carriers have a lower risk of ovarian cancer when
compared with BRCA1 carriers, but they have a higher risk
of prostate, pancreatic, gallbladder, pharyngeal, gastric
cancers, melanoma, and a higher risk of BC in men [4-6].
Individuals with a pathogenic variant in BRCA1 and BRCA2
have the following lifetime risk of developing cancers: 40-
80% for BC, 11-40% for ovarian cancer, 1-10% for male BC,
1-7% for pancreatic cancer [7]. In women with ovarian
cancer, the presence of BRCAl or BRCA2 pathogenic
variant has been associated with favorable survival rate and
longer progression-free survival, after controlling for stage,
grade, histology and age at diagnosis [10-11].

The recently approved PARP inhibitor, Olaparib
monotherapy, has been shown to reduce the risk of disease
progression or death by 42% and improved progression-free

survival by 2.8 months versus standard single-agent
chemotherapy in previously treated patients with BRCA-
positive, Her2-negative BC [8-9]. Olaparib has also been
approved in Europe as maintenance in BRCA-mutated,
platinum-responsive ovarian cancer patients, and in the USA
as a single agent in BRCA-mutated ovarian cancer patients
who have received at least three previous chemotherapy lines
[12]. Olaparib also received a U.S. Food and Drug
Administration breakthrough therapy designation in January
2016 for the treatment of patients with BRCA1 and BRCA2
or ATM gene-mutated advanced castration-resistant prostate
cancer (mCRPC) [13].

In this study, we aim to characterize the BRCAl and
BRCA2 mutation spectrum among Filipino patients who met
the National Comprehensive Cancer Network (NCCN)
criteria of BRCA1 and BRCA2 genetic testing (table 1).

Table 1. National Comprehensive Cancer Network (NCCN) criteria for consideration of BRCAI and BRCA2 genetic testing.

(One or more of these criteria is suggestive of hereditary breast/ovarian cancer syndrome that warrants further personalized risk assessment, genetic

counseling, and often genetic testing

A.Individual from a family with a known deleterious BRCA1/BRCA2 mutation.

B. Personal history of breast cancer, plus one of the following;
a. Diagnosed age </= 45 years.
b. Diagnosed age </= 50 years with:
1. An additional primary.

2. >/=first-, second-, or third-degree blood relative (on the same side of the family) with breast cancer at any age.

3. An unknown or limited family history.
c. Diagnosed </= 60 years with a triple-negative breast cancer.
d. Diagnosed at any with:

1. >/=1 close blood relative (defined as a first-, second-, or third-degree blood relative) with breast cancer diagnosed </= 50 years.

2. >/=2 close blood relatives with breast cancer at any age.

3. >/=1 close blood relative with epithelial ovarian/fallopian tube/primary peritoneal cancer.
4. >/=2 close blood relatives (on the same side of the family) with pancreatic cancer of aggressive prostate cancer (Gleason score >/=7) at any age.

5. A close male blood relative with breast cancer.

6. For an individual of ethnicity associated with higher mutation frequency (eg. Ashkenazi jewish), no additional family history may be required.
C. Personal history of epithelial ovarian/fallopian tube/primary peritoneal cancer

D. Personal history of male breast cancer

E. Personal history of pancreatic cancer or aggressive prostate cancer (Gleason score >/= 7) at any age with >/= 2 first-, second-, or third-degree blood
relatives (on the same side of the family) with breast and/or ovarian cancer and/or pancreatic cancer or aggressive prostate cancer (Gleason score >/=7)

at any age.

a. For pancreatic cancer, if Ashkenazi Jewish ancestry, only one additional affected relative is needed.

F. Family history only:
a. First-, second-degree blood relative meeting any of the above criteria.

b. Third-degree blood relative with breast cancer and/or ovarian/fallopian tube/primary peritoneal cancer with >/= first-, second-, or third-degree blood
relatives (on the same side of the family) with breast cancer (at least one breast cancer </= 50 years) and/or ovarian/fallopian tube/primary peritoneal

cancer.

2. Methodology

All patients in St. Luke’s Medical Center, Quezon City
(June 2016-December 2017) who met the National
Comprehensive Cancer Network (NCCN) criteria of
BRCA1 and BRCA2 genetic testing were included (table
1) [14]. Written informed consent was obtained and pre-
genetic testing counseling was performed before blood
sampling. Clinical and pathologic characteristics (age, sex
and diagnosis, family history of cancer, histopathologic
diagnosis, and breast hormone receptor panel based on
immunohistochemical (IHC) staining results) were
recorded (tables 2 and 3).

2.1. NGS Methodology

Briefly, DNA was extracted from 8 ml of EDTA
anticoagulated whole blood, using QiaAmp DNA
MiniKit® according to the manufacturer’s procedure
(Qiagen, USA). The DNA quality was confirmed using a
Qubit dsDNA HS Assay kit (Life Technologies, Carlsbad,
CA, USA) on a Qubit2.0 Fluorometer (Life Technologies).
Library preparation was performed using the Truseq
BRCA1 and BRCA2 Custom Amplicon Design-AFP2
according to manufacturer’s procedure (Illumina Inc., San
Diego, CA, USA). Purification was done using the
Agencourt AMPure XP reagent (Beckman Coulter, Brea,
CA, USA) and 70% ethanol on a DynaMagTM-96 Side
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Magnet (Life Technologies). Quality control for the
amplicons was established with the High-Sensitivity DNA
kit on the Agilent Bioanalyzer (Agilent, Santa Clara, CA,
USA). Sequencing was performed using the NGS MiSeq
Illumina sequencer. Obtained sequences were aligned to
the reference genome (GRCh37hg19) using MiSeq Variant
Reporter Software V.3 (Illumina, Inc.). The Miseq
VariantStudio v3 data analysis pipeline included base
calling, quality score assignment, quality control of
mapping quality, coverage analysis, and variant calling.
Sequence variants were annotated by BIC Database,
ClinVar, and USCS genome browser. Further data review
of missense variants was performed by using online
software for predicting alterations of protein function,
such as SIFT (Sorting Intolerant From Tolerant and
PolyPhen-2. Filtering of the data was done manually by
reviewing all variants identified by MiSeq Variant
Reporter Software V.3 (Illumina, Inc.) Splice site
alteration were analyzed 4 bp upstream or downstream of
exon—intron boundaries. Sequence data were reviewed
with Alamut Visual software and any sequence, alignment,
or variant call error artifacts were discarded. Sequence
variations were classified as pathogenic, benign, and VUS,
based on the most recent 2015 ACMG Standards [15].

All cases with pathogenic BRCA1 and BRCA2 positive

mutations, variants of uncertain significance (VUS) calls,
and 10 random benign/no pathogenic variants were
confirmed by a third-party College of American
Pathologists (CAP) accredited molecular laboratory,
Veritas Genetics (CLIA ID: 22D2089381), as part of
quality control and test validation. The association of the
BRCA1 and BRCA2 mutations with tumor histology,
grade, hormone status, were determined using Pearson
Chi-Square analysis. A p-value of <0.05 was considered
significant.

2.2. Hormone Receptor Immunohistochemical Staining

IHC staining for ER, PR and Her2 neu were performed in
Formalin Fixed Paraffin-embedded BC tissue samples, fixed
in 10% neutral-buffered formalin (for 6-8 hrs), using the
following antibodies: anti-ER (SP1), anti-PR (1E2), and Her2
(clone 4B5) from Ventana Medical System, Roche (USA).
IHCs were performed according to manufacturer’s
instructions. ER/PR results were determined based on
presence of tumor nuclear staining according to Allred
Scoring System (table 2). Her2 neu results on the other hand,
were determined based on the maximum area of staining
intensity, according to the package insert and ASCO/CAP
guidelines (table 3).

Table 2. ER and PR — ALLRED Score.

Proportion score (PS) % positive cells

Intensity score (IS) Intensity of positivity

0 0

1 <1%

2 1% to 10%
3 10% to 33%
4 33% to 66%
5 >66%

The PS and IS are added together for a total score:
Total score (TS) —PS + IS

0 None

1 Weak

2 Intermediate
3 Strong

Interpretation

0,2 Negative
3,4,5,6,7,8 Positive

Table 3. Her2 neu Immunohistochemical staining scoring.
Score Criteria

0 (negative)
1+ (negative)
2+ (equivocal)
3+ (positive)

No staining is observed or membrane staining that is incomplete and is faint/barely perceptible and in < 10% of the tumor cells
Incomplete membrane staining that is faint/barely perceptible and in >10% of tumor cells

weak to moderate complete membrane staining observed in >10% of tumor cells

Circumferential membranous staining that is complete, intense and in > 10% of tumor cells

3. Results

Among the 192 subjects (age range of 18-76 years old,
and mean age of 44 years old), 181 (94%) were females,
and 11 (6%) were males. Ninety-four (94) had BC, 14
with ovarian cancer, 1 with fallopian tube cancer, 1 with
primary peritoneal cancer, 4 with concomitant BC and
ovarian cancer, 1 with concomitant BC and endometrial
cancer, and 77 had no cancer at the time of testing.

Thirteen (6.8%) subjects were identified to have
pathogenic BRCA mutations, 10 (5.2%) have VUS, and
169 (88.0%) have benign mutations. The clinico-
pathologic features and molecular profile of cancer
patients enrolled in the study are seen in table 4.

Among patients with BC alone, 9% (9/99) of the cohort
carried the pathogenic BRCA gene.

TNBC were seen in 23% (3/13), 20% (2/10) and 5%
(9/168) of individuals with BRCA pathogenic mutations,
VUS and non-pathogenic group, respectively.
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Table 4. BRCA1/2 status among Filipinos with history of cancer.
Variabl BRCA1 BRCA2
ariable Negative Pathogenic  VUS Negative Pathogenic  VUS
No. of subjects (n=115) 104 6 5 103 7 5
A () <45 51 5 2 52 4 2
>45 53 1 3 51 3 3
Female 101 6 5 100 7 5
Sex

Male 3 0 0 3 0 0
BC 59 5 3 58 7 2
OvCA 12 2 0 10 3 1
FTCA 3 1 0 2 2 0
Peritoneal CA 1 0 0 1 0 0
Family history of cancer L e 4 0 ! 4 ! 0
Prostate CA 14 0 0 11 2 1
GBM 1 0 0 1 0 0
RCC 0 0 1 1 0 0
HCC 0 0 1 0 0 0
None 39 1 1 39 0 2
IDCA 82 4 3 82 4 3
ILCA 1 0 0 1 0 0
IMCA 2 0 0 2 0 0
BC* @=59) IPCA 0 0 0 0 0 1
DCIS 6 0 0 5 1 0
Unknown histology 1 0 0 0 0 0
Mucinous 0 1 0 1 0 0
Diagnosis Endometrioid 1 0 0 0 0 1
Clear cell 6 0 0 5 0 1
OVEA* @718)  Serous 4 0 0 4 0 0
Germ cell 1 0 0 1 0 0
Unknown histology 4 0 1 5 0 0
FTCA (n=1) 1 0 0 0 1 0
Peritoneal cancer (n=1) 0 0 1 1 0 0
Endometrial cancer* (n=1) 1 0 0 0 1 0
ER (+) 60 0 2 56 4 2
ER (-) 22 4 1 25 0 2
Unknown 10 0 0 9 1 0
PR (+) 55 1 2 52 3 3
o PR (-) 25 3 1 27 1 1
Breast panel (if with BC) Unknown 12 0 0 1 ) 0
Her2 neu (+) 31 0 1 29 2 1
Her2 neu (-) 51 4 2 52 2 3
Unknown 10 0 0 9 1 0
TNBC (n=14) 10 3 1 13 0 1
I 21 1 1 22 1 0
11 33 2 1 33 1 2
Stage of BC 111 19 1 0 16 3 1
1\% 14 0 1 15 0 0
Unknown 5 0 0 4 0 1
I 3 0 1 4 0 0
11 0 1 0 1 0 0
Stage of OvCA 111 2 0 0 2 0 0
v 7 0 0 7 0 0
Unknown 4 0 0 2 0 2
1 1 0 0 0 1 0
2 7 0 0 7 0 0
Grade of BC 3 29 3 ) 1 ) 0
Unknown 53 2 2 49 4 4

CA — cancer; BC — breast cancer; OvCA — ovarian cancer; FTCA — fallopian tube cancer; GBM — glioblastoma multiforme; RCC — renal cell carcinoma; HCC
— hepatocellular carcinoma; IDCA — invasive ductal carcinoma; ILCA — invasive lobular carcinoma; IMCA — invasive mucinous carcinoma; IPCA — invasive
solid papillary carcinoma; DCIS — ductal carcinoma in-situ; ER — estrogen receptor; PR — progesterone receptor; TNBC — triple negative breast cancer;

* Five (5) patients had double primary carcinomas (4 with concurrent breast and ovarian CA and 1 with concurrent breast and endometrial CA).

3.1. Patients with BRCAI and BRCA?2 Pathogenic
Germline Mutations

Among the thirteen cases with BRCAl1 and BRCA2

pathogenic mutations, 38% (5/13) were identified to be point
mutations, including non-sense and missense mutations, 38%
(5/13) were insertion/deletion mutations and 23% (3/13)
were duplication mutations (tables 5 and 6).
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Of the 6 patients with BRCA1 pathogenic mutations, 4
(67%) patients had breast IDCA, 1 (16.5%) had mucinous
ovarian cancer, and 1 (16.5%) was free of cancer at the time

of testing. All 4 patients with BRCAl-mutant IDCA were
TNBC, and with high Nottingham histologic grade 3 (table

5).

Table 5. Characteristics of subjects with BRCAI pathogenic variants.

Subject ID Variant ¢ Protein p Age Sex Family history
31 ¢.5398delC p-GIn1800AsnfsTer14 42 F BC — 1 sister
57 ¢.5398delC p-GIn1800AsnfsTer14 35 F None
90 c.4148C>G p-Ser1383Ter 34 F BC — 1 sister, 1 maternal aunt and 1 paternal aunt
13 . 7300G>A p.Ser1383Ter 18 F BC - mother, 1 maternal aunt and 1 maternal grandaunt;
Ovarian CA — maternal grandaunt
142 ¢.5314C>T p-Argl772Ter 32 F BC — maternal grandmother and 3 maternal cousins
BC - 2 sisters;
172 c.2213 2214dupTT p-Lys739LeufsTerl5 47 F OVCA — maternal cousins
Table 5. Continued.
Subject ID Diagnosis ER PR Her2 neu Grade Stage
31 BC, left — IDCA, associated with DCIS N(-) N(-) N(-) NG3, HG3 IIIA
57 BC, left — IDCA N(-) N(-) N(-) HG3, HG3 11B
90 BC, left — IDCA N() N() N() NG3, HG3 I
113 None N/A N/A N/A N/A N/A
142 BC, left — IDCA N(-) N(-) N(-) NG3, HG3 ITA
172 OvCA — mucinous CA N/A N/A N/A N/A 11B

CA — cancer; BC — breast cancer; FTCA — fallopian tube cancer; OvCA — ovarian cancer; HG — high grade; IDCA — invasive ductal carcinoma; DCIS — ductal
carcinoma in-situ; NG3 — nuclear grade 3; HG3 — histologic grade 3; P (+) — positive; N (-) — negative

Out of the 7 patients with BRCA2 pathogenic mutations, 4
(58%) patients had breast IDCA (1 of which has bilateral
BC), 1 (14%) had fallopian tube cancer, 1 (14%) had
concomitant BC and endometrial cancer, and 1 (14%) was
free of cancer at the time of testing (table 6). Lymph node

metastasis were identified at diagnosis in 3 (23%) patients
with BRCA2 mutations. All 4 BC patients with BRCA2
mutations had high Nottingham histologic grade 3, and were
hormone-receptor positive (table 6).

Table 6. Characteristics of subjects with BRCA2 pathogenic variants.

Subject ID Variant c. Protein p. Age Sex Family history
1 ¢.3362C>G p.Ser1121Ter 37 F BC — mother

BC — 3 sisters and 1 paternal aunt;
9 ¢.2176delG p.Val726PhefsTer4 51 F OvCA and FTCA — 2 sisters;

Prostate CA — maternal grandfather

BC — 3 sisters and 1 paternal aunt;
11 ¢.2176delG p.Val726PhefsTer4 60 F OvCA and FTCA - 2 sisters;

prostate CA — maternal grandfather

BC — 3 sisters and 1 paternal aunt;
12 ¢.2176delG p.Val726PhefsTer4 56 F OvCA and FTCA — 2 sisters;

Prostate CA — maternal grandfather
21 c.5851_5854dupAGTT p.Leul952Ter 43 F BC — mother and 1 sister
22 ¢.5851 5854dupAGTT p-Leul952Ter 45 F BC — mother and 1 sister

BC — 1 sister and 1 maternal first cousin;
118 ¢.8009C>T p.Ser2670Leu 60 F Pancreatic CA — 1 brother:

Table 6. Continued.

Subject ID Diagnosis ER PR Her2 neu  Grade Stage
1 BC, right - IDCA, with lobular features, associated with HG DCIS P(+) P(+) N () NG3, HG3 1Ic
9 BC, right - DCIS with extension to the lobules OvCA P(+) N () P(+) High I
11 None N/A N/A N/A N/A N/A
12 FTCA, bilateral — Serous Papillary CA N/A N/A N/A High v
21 BC, right — IDCA with mucinous features P(+) P(+) N () NG3, HG3 1ic
22 BC bilateral — IDCA P(+) P (+) N() NG3, HG3 1B
118 BC, right - IDCA; N/A N/A N/A HG3,NG3  IIB

Endometrial CA — Endometrioid Adenocarcinoma

CA — cancer; BC — breast cancer; FTCA — fallopian tube cancer; OvCA — ovarian cancer; HG — high grade; IDCA — invasive ductal carcinoma; DCIS — ductal
carcinoma in-situ; NG3 — nuclear grade 3; HG3 — histologic grade 3; P (+) — positive; N (-) — negative

BRCAl-mutant patients were significantly more ER-
negative than the group without the BRCA1 mutation (p=0.02).

Although it did not reach statistical significance, BRCA1-
mutant patients had a higher stage of BC at diagnosis than
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BRCAI1 wild-type patients (p=0.29). On the other hand, the
BRCA2-mutant patients had more ER-positive BC than the
BRCA2-negative group (p=0.18). In contrast to the BRCA1
status, there was no significant difference in the stage at
diagnosis of BRCA2-mutant and BRCA2-wild type patients
(p=0.56). TNBC was significantly higher in those with
pathogenic BRCA mutations than those with BRCA VUS
mutations and BRCA wild-type (p=0.01). There was also no
significant difference in the age at diagnosis and Her2 neu
status in both BRCA1 and BRCA2 mutants versus wild-type
patients (p=0.41 and p=0.21) (table 4).

Among the 77 patients with no cancer at the time of
testing, 2 patients had pathogenic BRCA genes (BRCAIl
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¢.7300G>A, p.Serl383Ter and BRCA2

p.Val726PhefsTer4).

¢.2176delG,

3.2. Patients with BRCAI and BRCA2 VUS Mutations

Among the 10 (5.21%) cases with VUS, five (50%)
mutations were identified in the BRCAT1 gene, and the other
five (50%) in the BRCA2 gene. Out of the 10 patients with
BRCA1 and BRCA2 VUS mutations, 6 had BC (5 IDCA and
1 invasive papillary carcinoma), 1 had ovarian cancer (clear
cell carcinoma), 2 had concurrent breast and ovarian cancer,
and 1 had primary peritoneal cancer (high grade serous
papillary carcinoma). (Refer to Table 7).

Table 7. Characteristics of subjects with Variant of Uncertain Significance (VUS).

Subject ID Variant ¢ Protein p Age Sex Family history
7 c.824G>A p-Gly275Asp 28 F BC - mother
13 c.9104A>G p-Tyr3035Cys 57 F BC — mother, sister
16 ¢.3308G>T p.Cys1103Phe 32 F N/A
135 c.7522G>A p-Gly2508Ser 48 F BC -1 aunt, 1 cousin
167 c.446A>C p-Glul49Ala 56 F BC — mother, sister
170 c.8515T>C p.Tyr2839His 51 F N/A

BC - 2 sisters, mother, grandmother, aunt, cousin;
182 c.824G>A p-Gly275Asp 58 F Pancreatic CA - father

OvCA — mother;
184 c.5495C>A p-Ser1832Tyr 44 F Prostate CA — father
189 c.5231G>T p-Serl744lle 31 F N/A

RCC - 1 brother;
191 ¢.3596C>T p.Alal199Val 66 F HCC — 1 brother

Table 7. Continued.

Subject ID Diagnosis ER PR Her2 neu Grade Stage
7 N/A N/A N/A N/A N/A N/A
13 BC, right — IPCA P(+) P (+) N (-) NG1, HG1 N/A
16 BC, left — IDCA PH) P(+) P(+) NG3, HG3 v
135 BC, right — IDCA N(-) N () N() N/A 1B
167 PPCA N/A N/A N/A N/A N/A
170 OvCA — clear cell CA N/A N/A N/A N/A N/A
182 BC, right — IDCA P(+) P (+) N (-) NG3, HG3 II
184 BC, left — IDCA N(-) P (+) P(+) N/A 1A
189 BC, left — IDCA PH) P(+) N(-) N/A ITA
191 BC, right — IDCA; OvCA, right N (-) N (-) N (-) N/A N/A

CA — cancer; BC — breast cancer; PPCA — primary peritoneal cancer; OvCA — ovarian cancer; IDCA — invasive ductal carcinoma; RCC — renal cell carcinoma;
HCC — hepatocellular carcinoma; NG3 — n HR — hormone receptor; Her2 — Her2 neu; Nuclear grade 3; HG3 — histologic grade 3; P (+) — positive; N (-) -

negative; N/A — not available

4. Discussion

The Philippines has the highest incidence of BC in
Southeast Asia, with a rate of 47.7 per 100,000 per year [16].
One out of 13 Filipino women will develop BC in her
lifetime [17]. However, little is known about the inheritance
of germline BRCA1 and BRCA2 mutations among Filipinos.

Although less than 5% of all BC patients have mutations in
the BRCA1 and BRCA2 genes, individuals carrying
mutations in either one of these genes have a 47% to 55%
probability of developing BC, and a 17% to 39% risk of
ovarian cancer by the age of 70 years [18].

Among our patients who fulfilled the NCCN guidelines
(table 1) for BRCA1 and BRCA?2 genetic testing, 6.8% were
identified to be pathogenic (3.1% BRCAI, 3.6% BRCA2),

5.2% were VUS, and 88.0% were benign (or no pathogenic
variant detected). In our patient cohort with previous
diagnosis of breast cancer, the incidence of BRCA mutations
was 9% (4% in BRCA1 and 5% in BRCA2). This is slightly
lower than the reported prevalence of BRCA1 and BRCA2
pathogenic mutations in Taiwan and China, which are 13.5%
(7.7% BRCAL, 6.8% BRCA2) and 18% (7% in BRCAL1 and
11% in BRCA?2), respectively [17, 19]. This underscores the
need for more comprehensive genetic testing, and looking for
alternative genes that may contribute to the development of
BC among Filipino patients. The incidence of BRCA2
mutants was also slightly more common than BRCA1 in our
study, which is similar to a previous study reported in a
Filipino population [16]. Although BRCA1 mutation has
been reportedly associated with young age at diagnosis [20],
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it did not reach statistical significance in our study, which
may be due to our small cohort size.

Triple-Negative breast cancers were seen in patients with
BRCAI pathogenic mutations and not in BRCA2 mutants.
This is similar to a previous report by Peshkin B et al, where
they concluded that the proportion of BRCAI mutations
among TNBC cases was always higher (9-100%) in BRCA1
vs. BRCA2 (2-12%) mutations [21].

All BRCA1 mutant cases were negative for ER and Her2
neu by IHC, and are associated with high Nottingham grade.
This would have significant treatment implications in terms
of it being less responsive to hormone therapy and targeted
therapy for Her2 neu [22-24].

There are only few available data of BRCA mutation
status among Filipinos. Here, we report 2 unrelated cases
with BRCA1 ¢.5398delC and BRCA2 ¢.3362C>G
pathogenic mutations (tables 5 and 6), previously described
in the Filipino population [16]. A case of 2 Filipino family
members (siblings) from our study, showed a BRCA2
c.5851 5854dupAGTT mutation, previously described in the
Chinese and Indian populations, but not yet reported among
Filipinos. Another Filipino patient with a concomitant breast
and endometrial cancer showed the pathogenic BRCA2
¢.8009C>T mutation (table 6), previously reported in the
Japanese, also not reported yet in Filipinos [16]. The Filipino
population is one of the most diverse ethnic groups in the
world, and this probably contributes to the diverse genotypic
make-up of the Filipino ancestry [25-26].

This has been the first local study in the Philippines to use
NGS platform for BRCA1 and BRCA2 testing among
Filipinos. Benefits of BRCA1 and BRCA2 mutation testing
include optimal treatment tailored for BRCA-positive
patients and, more importantly, extending testing to family
members and helping them take measures for early detection
of cancer. More comprehensive surveillance and clinical
follow-up, including radiological tests and more frequent
physician consults, may be advised to those patients that
show pathogenic mutations in their BRCA genes. Aside from
the BRCA1 and BRCA2 genes, testing germline mutations of
other genes related to breast and ovarian cancer, will be
helpful if high suspicion of a hereditary disease is suspected.
Perhaps one limiting factor for Filipinos to be tested would
be the prohibitive cost of each special test. Cost-effective
analysis and financial support are needed to further extend
genetic testing to an average Filipino individual.

5. Conclusion

In this study, we were able to demonstrate that pathogenic
mutations in the BRCA genes were seen in 6.8% of Filipinos
who fulfilled the NCCN criteria for BRCA1 and BRCA2
genetic testing. The incidence of BRCA2 mutant genes were
slightly more frequent than BRCA1 (3.6% vs. 3.1%). We
also report that all TNBC were seen in individuals with
pathogenic BRCA1 mutations, while hormone-receptor
positive BC cases were seen in individuals with pathogenic
BRCA2 mutations. Although BRCA1 and BRCA2 genes
contribute to a large percentage of patients with HBOC,

several other susceptible genes need to be further analyzed,
to identify other genes associated with hereditary cancer
syndromes among Filipinos.

6. Limitations of the Study

Large deletions/duplications were not detected due to
inherent limitations of NGS. These can be further detected
using a separate technology such as Multiplex Ligation-
dependent Probe Amplification (MLPA) analysis. Other
genes associated with HBOC (such as CHEK2, ATM, and
PALB2) also need to be analyzed to identify other hereditary
syndromes associated with BC and ovarian cancer.

Another limitation in our study is the inherent higher
prevalence of BC among Filipino patients over ovarian
cancer and other BRCA-associated malignancies. Thus,
majority of the patients enrolled in this study were BC
patients. Clinical data on treatment response and/or
progression-free survival were also not available for analysis
in this current study.
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