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SUMMARY
Background: Next-generation sequencing (NGS) has been implemented as a rapid and cost-effective BRCA1/2 test
strategy. The Oncomine™ BRCA Research Assay is an NGS-based tool for simultaneous detection of small-scale
mutations and large genomic rearrangements (LGRs). We evaluated this NGS assay using different versions of
Ion Reporter™ (IR) software.
Methods: A total of 258 patients with breast, ovarian, primary peritoneal, and fallopian tube cancer, or a family
history thereof, were enrolled in the study. The NGS assay was implemented for all samples, and the results were
compared with those of Sanger sequencing and MLPA.
Results: All small-scale variations in Sanger sequencing were successfully detected by NGS assay. For the detection of LGRs, this assay showed 100% sensitivity from IR v5.10, and the latest version of the software (v5.16)
showed the highest sensitivity and specificity.
Conclusions: NGS with an appropriately updated workflow proved reliable for comprehensive BRCA1/2 gene
testing, including LGR screening, which could facilitate efficient and accurate decision-making regarding treatment.
(Clin. Lab. 2022;68:xx-xx. DOI: 10.7754/Clin.Lab.2021.210609)
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INTRODUCTION
BRCA1 and BRCA2 (BRCA1/2) are tumor suppressor
genes that participate in DNA repair in response to
DNA damage [1,2]. Deleterious germline variants in
these genes can increase the risks of breast, ovarian, and
several other types of cancer, including fallopian tube,
primary peritoneal, prostate, and pancreatic cancer
[3,4]. In breast and ovarian cancer, BRCA1/2 mutations
show especially high penetrance and cumulative cancer
risks [5,6]. Therefore, comprehensive BRCA1/2 gene
analysis is important for breast and ovarian cancer patients and their family members.
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The spectrum of harmful BRCA1/2 variants is broad and
includes small-scale mutations, such as single-nucleotide variants (SNVs), small insertions or deletions, and
large genomic rearrangements (LGRs). Most of the pathogenic variants in these genes are small-scale mutations. However, LGRs are also important genetic factors
in the development of cancer. A number of studies of
BRCA1/2 LGRs have been performed in several countries, and the results indicated variations in prevalence
by ethnicity and country [7-11]. A few BRCA1/2 LGR
studies have been conducted in Korea and showed a
relatively low prevalence (1.8 - 7% in Sanger-negative
patients) compared with western countries [12-15].
Sanger sequencing and multiplex ligation-dependent
probe amplification (MLPA) have been the gold standards to test for small-scale mutations and LGRs in
BRCA1/2, respectively. However, since the introduction
of next-generation sequencing (NGS), these techniques
are no longer seen as cost-effective and rapid methods,
especially in populations with a low prevalence of
LGRs.
NGS has been implemented as a rapid and cost-effective BRCA1/2 testing strategy [16,17]. The continuous
evolution of NGS has facilitated the detection of LGRs,
as well as small-scale mutations in a single-workflow
trial. Oncomine™ BRCA Research Assay (Thermo
Fisher Scientific, Rockford, IL, USA) is a commercial
NGS-based platform used in many clinical laboratories.
NGS-based platforms can reduce the turnaround time
for comprehensive BRCA1/2 gene analysis, but the performance of NGS for detecting small-scale mutations
and LGRs for complete BRCA1/2 testing has not been
evaluated.
In this study, we evaluated Oncomine™ BRCA Research Assay based on the Ion Torrent S5 Platform for
identification of small-scale mutations and LGRs simultaneously using a single workflow. We compared the
data acquired from NGS with the confirmatory results
obtained by Sanger sequencing and MLPA. We evaluated the performance of this NGS-based platform for
simultaneous detection of small-scale mutations and
LGRs, as a comprehensive BRCA1/2 gene testing method using different versions of NGS data analysis software.

family histories and tumor information, were collected
through pre- and post-test genetic counseling and a review of the medical records. All participants provided
written informed consent. This study was approved by
the Institutional Review Board of Keimyung University
Dongsan Hospital, Daegu, Korea (approval number:
2021-04-029). Also, this study was carried out in accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments
involving humans
(https://www.wma.net/policies-post/ wma-declarationof-helsinki-ethical-principles-for-medical-researchinvolving-human-subjects/)
and Uniform Requirements for manuscripts submitted
to biomedical journals (http://www.icmje.org).
DNA extraction
Peripheral blood samples were collected into EDTA
tubes. Genomic DNA was extracted using a QIAamp
DNA Mini Kit (Qiagen; Hilden, Germany). The quality
and quantity of DNA samples were assessed by spectrophotometry (NanoDrop ND-100 Spectrophotometer
v3.01; NanoDrop Technologies Inc.; Wilmington, DE,
USA).
Sanger sequencing and MLPA
Sanger sequencing of the samples of participants enrolled between February 2016 and April 2018 was performed, to detect small-scale mutations in all exons and
intron regions within 20 nucleotides from the exon–
intron boundary using a 3500xL DNA Analyzer with a
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems; Foster City, CA, USA). Data were
analyzed using Sequencher 5.0 software (Gene Codes
Corporation; Ann Arbor, MI, USA). Starting with samples collected after April 2018, Sanger sequencing was
performed for confirmation when pathogenic/likely
pathogenic variants or variants of uncertain significance
(VUS) were detected by NGS-based BRCA1/2 analysis.
Exon numbering and DNA sequence variant descripttions were based on NM_007294.3 and NM_000059.3,
which were used as reference sequences for BRCA1/2.
MLPA was conducted in all participants. LGRs were
screened by SALSA P002 and P045 kits, with the P087
and P077 kits used for confirmatory testing (MRC-Holland; Amsterdam, The Netherlands). MLPA was performed as described previously [14]. Coffalyser.Net
(MRC-Holland) was used for fragment analysis. The
height ratio of the PCR-derived fluorescence peaks was
measured, to quantify the amount of PCR product after
normalization, and LGRs were identified when the ratio
was < 0.7 or > 1.4. Sanger sequencing of the probe
binding and ligation sites was conducted to detect any
variants that could lead to false-positive results.

MATERIALS AND METHODS
Study population
A total of 258 female patients with breast, ovarian, primary peritoneal and fallopian tube cancer and family
members with a family history of breast/ovarian cancer,
who visited Keimyung University Dongsan Hospital for
genetic testing between February 2016 and March 2021,
were enrolled in this study. The patients considered to
have a family history of cancer were those with one or
more close (first-, second-, or third-degree) blood relatives with BRCA1/2-associated cancers (breast, ovarian,
pancreatic, or prostate cancer). Clinical data, including

BRCA1/2 SNV and LGR analysis using NGS
The library was prepared using the Ion Chef System
(Thermo Fisher Scientific), which can automatically
generate libraries from 10 ng of DNA per sample with
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Table 1. Clinical characteristics of the study population (n = 258).
Cancer

Characteristic

Value

age at diagnosis (year)

47 (27 - 80)

family history

73 (57.5)
Histologic type

Breast
(n = 127 *)

ductal

117 (92.1)

lobular

3 (2.4)

others

7 (5.5)
Tumor size

Tis

13 (10.2)

T1 - T2

109 (85.9)

T3 - T4

5 (3.9)
Molecular subtype

triple-negative

29 (22.8)

luminal

87 (68.5)

HER2+

11 (8.7)

age at diagnosis (year)

55 (24 - 85)

family history

20 (17.4)
Histologic type

serous
Ovarian
(n = 115 *)

87 (75.7)

clear cell

8 (7)

others

20 (17.3)
Stage

Ⅰ-Ⅱ

36 (31.3)

Ⅲ-Ⅳ

79 (68.7)
Tumor grade

Peritoneal
(n = 9)

Fallopian tube
(n = 2)
Family members of cancer
patients (n = 6)

1-2

17 (14.8)

3

98 (85.2)

age at diagnosis (year)

71 (40 - 78)
Histologic type

serous

8 (88.9)

mucinous

1 (11.1)

age at diagnosis (year)

71.5 (63 - 80)
Histologic type

serous

2 (100)

age at genetic test (year)

55 (48 - 61)

family history

6 (100)

Data are described as the mean (range) or number (%).
*
The number of patients with both breast and ovarian cancer is counted in duplicate by each number of breast and ovarian cancer,
respectively.

two premixed pools of 265 primers using Oncomine™
BRCA Research Assay and an Ion AmpliSeq Chef Solutions DL8 Kit (Thermo Fisher Scientific). After clonal
amplification, the prepared libraries were sequenced on
an Ion S5 XL Sequencer using an Ion 520 Chip. Data in

Clin. Lab. 2/2022

FASTQ format were analyzed using the Torrent Mapping Alignment Program aligner implemented in Torrent Suite software (Thermo Fisher Scientific). We used
the plug-in Torrent Variant Caller (Thermo Fisher Scientific) for SNV calling to generate variant call format
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Table 2. Pathogenic variants detected by Ion Reporter™ Software and confirmatory tests.
Gene

BRCA1

Nucleotide

Protein

Function

Cancer type (No.)

No.

c.390C>A

p.Tyr130Ter

nonsense

OC

1

c.981_982del

p.Cyc328Ter

nonsense

OC

1

c.1205del

p.Glu402Glyfs*8

frameshift

BC (1), OC (1)

2

c.1336_1343dup

p.His448Glnfs*8

frameshift

OC

1

c.3059del

p.Pro1020Glnfs*4

frameshift

OC

1

c.3231del

p.Pro1078Glnfs*3

frameshift

OC

1

c.3412G>T

p.Gly1138Ter

nonsense

OC

1

c.3627dupA

p.Glu1210Argfs*9

frameshift

OC (2)

2

c.4117G>T

p.Glu1373Ter

nonsense

OC

1

c.5030_5033del

p.Thr1677Ilefs*2

frameshift

OC

1

c.5080G>T

p.Glu1694Ter

nonsense

BC (1), OC (1)

2

c.5266C>T

p.Gln1756Ter

nonsense

BC

1

c.5339T>C

p.Leu1780Pro

synonymous

BC (1), OC (2)

3

c.5445G>A

p.Trp1815Ter

nonsense

OC

1

c.5483del

p.Cys1828Leufs*6

frameshift

OC

1

deletion of exon 1 - 2

LGR

FM (1), OC (1)

2

deletion of exon 2 - 13

LGR

PC

1

deletion of exon 21 - 23

LGR

OC

1

deletion of exon 23

LGR

OC

1

c.759delT

p.Ser253Argfs*24

frameshift

BC

1

c.1399A>T

p.Lys467Ter

nonsense

BC & OC (1), OC (1)

2

c.3599_3600del

p.Cys1200Ter

nonsense

OC

1

c.3744_3747del

p.Ser1248Argfs*10

frameshift

BC

1

c.5576_5579del

p.Ile1859Lysfs*3

frameshift

BC (1), OC (2)

3

c.5795_5799del

p.His1932Profs*11

frameshift

BC

1

c.6553del

p.Ala2185Leufs*6

frameshift

OC (2)

2

c.6724_6725del

p.Asp2242Phefs*2

frameshift

OC

1

c.7258G>T

p.Glu2420Ter

nonsense

BC (2)

2

c.7641del

p.Lys2547Asnfs*4

frameshift

BC

1

c.7480C>T

p.Arg2494Ter

nonsense

OC (2)

2

c.9117G>A

p.Pro3039Pro

splice site

OC

1

BRCA2

Abbreviation: BC - breast cancer, FM - family member of cancer patient, LGR - large genomic rearrangement, OC - ovarian cancer,
PC - primary peritoneal cancer.

(VCF) files and for coverage analysis. Ion Reporter™
(IR) Software (Thermo Fisher Scientific) was used for
annotation and analysis of BRCA1/2 small-scale muta-

tions and LGRs in the Oncomine™ BRCA analysis
workflow. While using Oncomine™ BRCA Research
Assay, IR was updated several times, from v5.4 to the
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Table 3. Correlation of the clinical characteristics with mutation status in breast and ovarian cancer.
Cancer

Characteristic

BRCA1/2 positive

BRCA1/2 negative

no.

12 (9.4)

115 (90.6)

age at diagnosis (year)

45 (34 - 59)

52.7 (27 - 80)

family history

7 (58.3)

65 (56.5)

Histologic type

Breast
(n = 127 *)

0.789
0.584

ductal

10 (83.4)

107 (93.1)

lobular

1 (8.3)

2 (1.7)

1 (8.3)

6 (5.2)

others

p-value

Tumor size

0.405

Tis

1 (8.3)

12 (10.4)

T1 - T2

11 (91.6)

98 (85.2)

T3 - T4

0

5 (4.4)

Molecular subtype

0.402

triple-negative

4 (33.3)

25 (21.7)

luminal

7 (58.3)

80 (69.6)

HER2+

1 (8.3)

10 (8.7)

no.

31 (24.6)

95 (75.4)

age at diagnosis

54 (41 - 73)

56 (24 - 85)

family history

7 (22.6)

13 (13.7)

0.379

Histologic type

Ovarian †
(n = 126 *)

serous

28 (90.3)

69 (72.6)

clear cell

0

8 (8.4)

3 (9.7)

18 (18.9)

others

Stage
Ⅰ-Ⅱ
Ⅲ-Ⅳ

0.363

6 (19.4)

30 (31.6)

25 (80.6)

65 (68.4)

Tumor grade

0.148

1-2

0

17 (17.9)

3

31 (100)

78 (82.1)

Data are described as the mean (range) or number (%).
*
The number of patients with breast and ovarian cancer simultaneously is counted in duplicate by each number of breast and ovarian cancer,
respectively.
†
Ovarian cancer includes primary peritoneal and fallopian tube cancers.

latest version of v5.16. As IR v5.4 was retired after upgrading the servers to IR v5.16, it is currently unavailable for analysis. We compared all variations detected
by each IR version and checked for differences in the
results. To determine the validity of this workflow for
detecting LGRs, we calculated the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) for each version.
LGRs were detected using two independent algorithms,
i.e., GeneCNVs and Exon Level Deletion/Duplication
(Thermo Fisher Scientific). In the case of whole gene
copy number variation (CNV), we used the GeneCNVs
algorithm, in which the mean coverage of each gene

Clin. Lab. 2/2022

was compared by the t-test and called as CNV if there
was a significant difference in the proportions of Phred
scores ≥ 40. The Exon Level Deletion/Duplication algorithm is based on copy number, normalized using
MAXgene (Thermo Fisher Scientific) to the gene with
the highest median coverage, after correction relative to
the variability control information baseline (VCIB).
Each detected CNV had a confidence score, which reflects how confident the software is with the call being
made; a confidence score < 10 was considered no call,
but single-exon CNVs required a confidence score > 18
to be considered a true call in IR v5.16. All variations
analyzed using this pipeline, including small-scale mu-
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Table 4. Information of BRCA1/2 LGRs detected by Ion Reporter™ Software by version.
Sample (MLPA result)
1 (Exon 1 - 2 deletion)
2 (Exon 1 - 2 deletion)
3 (Exon 1 - 13 deletion)
4 (Exon 21 - 23 deletion)
5 (Exon 23 deletion)

IR v5.6

IR v5.10

IR v5.12

IR v5.14

IR v5.16

confidence score

100

86.46

69.94

69.94

69.94

copy number

1

1

1

1

1

confidence score

37.3

42.97

40.54

40.54

40.54

copy number

1

1

1

1

1

confidence score

100

100

100

100

100

copy number

1

1

1

1

1

confidence score

100

100

100

100

100

copy number

1

1

1

1

1

26.72

39.51

39.51

39.51

1

1

1

1

confidence score
copy number

not detected

Abbreviation: IR - Ion Reporter™, MLPA - multiplex ligation-dependent probe amplification.

Table 5. Performance validation of BRCA1/2 LGR detection by Ion Reporter™ Software by version.

IR v5.6
IR v5.10
IR v5.12
IR v5.14
IR v5.16

MLPA (+)

MLPA (-)

call

4

9

no call

1

244

call

5

12

no call

0

241

call

5

12

no call

0

241

call

5

10

no call

0

243

call

5

3

no call

0

250

Sensitivity (%)

Specificity (%)

PPV (%)

PNV (%)

80

96.4

30.8

99.6

100

95.2

29.4

100

100

95.2

29.4

100

100

96

33.3

100

100

98.8

62.5

100

Abbreviation: IR - Ion Reporter™, MLPA - multiplex ligation-dependent probe amplification, PNV - predictive negative value, PPV predictive positive value.

tations and LGRs, were visualized in IR software to be
considered a true call in IR v5.16. All variations
analyzed using this pipeline, including small-scale mutations and LGRs, were visualized in IR software.

RESULTS
Of the 258 participants, 126 had breast cancer, 114 had
ovarian cancer, 9 had primary peritoneal cancer, and 2
had fallopian tube cancer. One patient had both breast
and ovarian cancer. Family members who only had
family cancer history without personal cancer history
were 6.
The mean age of all participants in this study was 55
years (24 - 85 years). The majority of breast cancers
were ductal carcinoma (n = 117, 92.1%), T1 tumor (n =
72, 56.7%), and luminal (n = 87, 68.5%) subtypes. The
majority of the ovarian cancer patients had serous carcinoma (n = 87, 75.7%), stage III cancer (n = 55, 47.8%),
and tumor grade 3 (98, 85.2%). Seventy-three patients
(57.5%) with breast cancer and twenty (17.4%) with
ovarian cancer had a relevant family history. None of

Statistical analysis
Statistical analysis to assess the relationship between
BRCA1/2 mutational status and clinicopathological information was performed using SPSS software (version
20.0; IBM Corp., Armonk, NY, USA). The number of
patients with fallopian tube and peritoneal cancer was
combined with the number of patients with ovarian cancer for statistical analysis using the χ2 test and Fisher’s
exact test. In all analyses, p < 0.05 was taken to indicate
statistical significance.

6

Clin. Lab. 2/2022

NGS is reliable for BRCA mutation, including LGR

A

B

C

D

Figure 1. MLPA results of samples with BRCA1 LGRs in bar chart generated by Coffalyser.Net. Exons with reduced peak ratio are indicated by red dot. (A) Sample 1 with deletion of exon 1 - 2. Sample 2 showed the same peak pattern with sample 1.
(B) Sample 3 with deletion of exon 1 - 13. (C). Sample 4 with deletion of exon 21 - 23 (D). Sample 5 with deletion of exon 23.
Exon numbering in bar charts were applied to the NCBI reference transcript NG_005905.2.
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the patients with primary peritoneal and fallopian tube
cancer had a family history. The clinical characteristics
of the cancer patients are listed in Table 1.
Through comprehensive BRCA1/2 gene testing, we detected 32 pathogenic or likely pathogenic variants in 43
of 258 participants (16.6%). Twenty-four cancer patients and one healthy participant had BRCA1 variants,
and eighteen patients had BRCA2 variants. Five LGRs
were detected, accounting for 1.9% (5/258) of all recruited participants and 9.3% (5/43) of all positive patients (Table 2).
Twelve (9.4%) breast cancer patients had pathogenic
BRCA1/2 gene variants. Among these 12 patients, 10
(83.4%) had ductal carcinoma, 7 (58.3%) had T1 tumor,
and 7 (58.3%) had the luminal molecular subtype. Thirty-one (24.6%) ovarian cancer patients had pathogenic
variants. Among these 31 patients, 28 (90.3%) had serous histological type, 25 (80.6%) had stage III - IV,
and 31 (100%) had tumor grade 3 (Table 3). No significant associations were observed between BRCA1/2 mutational status and clinicopathological data.
Of the 25 patients with deleterious variants in BRCA1, 4
had breast cancer, 19 had ovarian cancer, and 1 had primary peritoneal cancer. Of the 18 patients with variants
in BRCA2, 7 had breast cancer, 10 had ovarian cancer,
and 1 had both breast and ovarian cancer. Three ovarian
cancer patients and one patient with primary peritoneal
cancer had LGR in BRCA1. One LGR in BRCA1 was
detected in a family member of the breast/ovarian cancer patient. All detected LGRs were exon-level deletions; two samples showed deletion of exons 1 - 2, one
showed deletion of exons 1 - 13, one showed deletion of
exon 23, and one showed deletion of exons 21 - 23
(Figure 1).
All pathogenic/likely pathogenic variants and VUS detected by NGS were compared with the results of confirmatory tests by Sanger sequencing and MLPA. No
differences were found in small-scale variants between
NGS and confirmatory tests.
However, the results of LGR detection were different
among IR versions (Table 4). Four LGRs (sample 1 - 4)
were detected by all IR versions, but one (sample 5)
variant was not detected by IR v5.6. That is, all LGRs
were identified by IR v5.10. The detected exon numbers
of two LGRs (samples 4 and 5) were changed from IR
v5.12 because of the use of transcript NM_007294.3 instead of NM_007300.3 for BRCA1 in the exon deletion
algorithm. The confidence score did not show linearity
as the versions were updated. All confidence scores for
each sample after IR v5.12 were identical.
The sensitivity, specificity, PPV, and NPV of this test
for LGRs generally increased in the later IR versions
(Table 5). The most recent version, IR v5.16, showed
the best results for all indexes. Sensitivity was 100%
from IR v5.10 onward, but false-positives also tended to
increase. However, in IR v5.16, the specificity increased due to a significant decrease in false-positives.

DISCUSSION
The spectrum of BRCA1/2 mutations is so broad that
several tests are required for comprehensive analysis.
Sanger sequencing and MLPA have been the gold standard tests for confirmation of detected variants for more
than a decade, but these tests are both time-consuming
and labor-intensive. With the introduction of NGS, a
large number of laboratories have shifted from Sanger
sequencing to NGS-based testing [18]. NGS-based platforms, including LGR detection, have continued to
evolve, but still have several limitations [19,20], and
optimal customization of the NGS pipeline at clinical
laboratories to detect LGRs is a difficult process in
many cases. Additional MLPA for all samples with a
negative NGS result is both labor-intensive and timeconsuming. The prevalence of LGRs in BRCA1/2 is low
in Korea, necessitating an efficient strategy for screening.
The Oncomine™ BRCA Research Assay was launched
in 2017 and quickly introduced into clinical laboratories
with NGS-based platforms due to its convenience, including automated library preparation. This panel was
originally designed to detect both small-scale mutations
and LGRs, but it has not been properly evaluated after
each update to the IR software. Since 2017, the IR software, which includes the Oncomine™ BRCA analysis
workflow, has undergone several updates, including an
updated CNV baseline, multiple bug fixes, and improved LGR detection filters. In the present study, all
samples positive on MLPA were detected by the CNV
filter of the IR software. Thus, this platform allows
comprehensive BRCA1/2 screening with a single workflow.
Several studies using Oncomine™ BRCA Research Assay for LGR detection have been reported [21-23]. The
LGR identification performance of this platform was
reported to be excellent, showing a high concordance
rate in comparison of NGS and MLPA results, with one
study reporting overall agreement of 100% between the
Oncomine™ BRCA Research Assay and MLPA [21].
One study also showed 100% sensitivity, specificity,
and accuracy of the CNV data analysis using NGS compared to MLPA [22]. Another study, performed in
South Africa, reported that a total of eight confirmed
LGRs were found, of which seven were detected by Oncomine™ BRCA Research Assay, and one LGR was
only applied MLPA, not implemented NGS [23]. Likewise, this study also demonstrated the high accuracy of
LGR detection of NGS. However, unlike previous
studies, we compared the results of NGS and MLPA
with different IR versions for the same samples, and
found that one of five positive samples showed falsenegative results with IR v5.6. LGR detection by NGS
requires a reliable CNV baseline, which is essential to
obtain accurate results. IR has been upgraded with updated CNV baseline data, which are required for proper
normalization of NGS results to detect LGRs. In our
study, the sensitivity was 100% with IR v5.10, and IR
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v5.16 showed the highest specificity (98.8%) by reducing the high false-positive rate observed for the previous version, because of a change in the confidence
score criteria that can be a true call in single-exon CNV,
which was considered a true call only when the confidence score was ≥ 18 from IR v5.16. The high sensitivity of this test is a major advantage as an LGR
screening test. This workflow can accurately detect
LGR-positive samples and allows confirmation tests,
such as MLPA, to be applied only to suspected LGRpositive samples, thus improving the efficiency of the
BRCA1/2 gene testing process.
The NGS-based detection of LGRs has another advantage compared with MLPA, in that this platform includes internal control primer amplicons, so LGR detection does not require the inclusion of additional control
samples for each analysis; this reduces the costs and
turnaround time for each sample. In addition, NGS requires a lower input concentration of DNA than MLPA.
Third, NGS can avoid the potential for false-positive
MLPA results caused by variations in the MLPA primer
hybridization site.
All LGRs detected in this study were present only in the
BRCA1 gene, similar to previous reports [24,25]. The
greater number of LGRs in the BRCA1 than BRCA2
gene was probably due to the high content of intronic
Alu repeat sequences in the BRCA1 gene [26], which are
involved in unequal homologous recombination and represent the major mechanism for the occurrence of
LGRs.
This study had some limitations. First, LGR of BRCA1
exon 1 was not detectable by NGS because Oncomine™ BRCA Research Assay did not cover noncoding
regions. Therefore, the LGRs detected in samples 1 - 3
by NGS did not include exon 1 LGRs (Table 4). Therefore, we confirmed BRCA1 exon 1 deletion in each sample by MLPA. This platform requires additional primers
and data analysis programs for CNV detection in exon 1
of BRCA1, because this exon includes the core promoter
of the gene, which should be included in BRCA1/2 genetic testing to detect promoter-region deletions [27].
With the exception of BRCA1 exon 1, we found that this
test was able to accurately identify the locations of deleted exons. Second, due to the extremely low frequency of BRCA2 LGRs in Korea, our study did not include
cases of BRCA2 LGR. Further multicenter studies with
larger sample sizes are required.
Although the incidence rate of LGRs in BRCA1/2 in
Korea is low, screening tests for LGRs should be performed. A BRCA1/2 genetic test by NGS was required
to allow simultaneous analysis of small-scale mutations
and LGRs. Our study demonstrated that confirmation
tests, such as MLPA, were required only in samples
with positive LGR results on Oncomine™ BRCA Research Assay. This process could be used as an efficient
and safe strategy for routine BRCA1/2 genetic testing.
In addition, this method could also facilitate rapid and
accurate determination of treatment strategies, such as
targeted therapies and risk-reducing surgery.
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