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Abstract
Background Germline genetic mutation plays a significant role in breast cancer susceptibility. The strength of such predispo-
sition varies among ethnic groups across the globe, and clinical data from Asian population to develop a strategic approach 
to who should undergo a genetic test are lacking.
Methods We performed a multigene test with next generation sequencing in Thai patients whose clinical history fulfilled 
NCCN criteria for breast/ovarian cancer genetic assessment, consists of 306 breast cancer patients, 62 ovarian cancer patients, 
14 pancreatic cancer patients and 7 prostate cancer patients. Genetic test result and clinical history were then checked with 
each NCCN criteria to determined detection rate for each indication.
Results There were 83 pathogenic/likely pathogenic (P/LP) variants identified in 104 patients, 44 of these P/LP variants were 
novel. We reported a high rate of germline P/LP variants in breast cancer (24%), ovarian cancer (37%), pancreatic cancer 
(14%), and prostate cancer (29%). Germline P/LP variants in BRCA1 and BRCA2 accounted for 80% of P/LP variants found 
in breast cancer and 57% of P/LP variants found in ovarian cancer. The detection rate of patients who fulfilled NCCN 2019 
guideline for genetic/familial high-risk assessment of breast and ovarian cancers was 22–40%.
Conclusion Overall, the data from this study strongly support the consideration of multigene panel test as a diagnostic tool 
for patients with inherited cancer susceptibility in Thailand and Asian population. Implementation of the NCCN guideline 
is applicable, some modification may be needed to be more suitable for Asian population.
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Introduction

Breast cancer is the second most common cancer and the 
second leading cause of cancer-related death in the US 
[1]. Genetic predisposition accounts for 10–30% of breast 
cancer cases, and its rate of finding germline pathogenic 
variants in BRCA1 or BRCA2 (gBRCA ) was 3–5% [2, 3]. 
In recent review, prevalence of BRCA1/2 status in breast 
cancer varied across the globe. Mutations in gBRCA  were 
found in 3% of unselected breast cancer, while the preva-
lence could be above 20% in selected group [4]. Following 
the discovery of BRCA1 and BRCA2, several breast cancer 
genes with various degree of penetrance were identified 
[1]. BRCA1, BRCA2, CDH1, STK11 and TP53 are gener-
ally considered high-penetrance genes for breast cancer 
and the moderate-penetrance genes included ATM, BRIP1, 
CHEK2, and PALB2, though the gene lists can be dynamic 
[5, 6]. It is comprehensible that testing more genes could 
identify more patients with heritable form of breast cancer 
and provide benefit on cancer screening or prevention for 
at-risk individuals. With higher throughput and cheaper 
cost of next-generation sequencing, multigene panel test-
ing has been widely adopted for patients with breast cancer 
[7].

Though, specific guidelines for management of each 
causative gene are increasingly available, consensus on 
breast cancer germline testing strategy among medical 
community at large is lacking. Various approaches on test 
eligibility are ranging from a population-based screening 
campaign to an universal genetic testing to an individ-
ual-based program [8]. Multiple models to estimate the 
greater-than-10% pretest likelihood of having gBRCA  
mutations and different testing criteria for patients with 

breast cancer have been used based on population data 
and national healthcare policies [9]. Successful clinical 
implementation of germline testing also requires data 
from ethnically diverse population. Unfortunately, exist-
ing models and test criteria are mostly suitable for Western 
population, while data on other ancestries are very limited.

This study aims to investigate prevalence and diversity 
of mutations from multigene panel testing of Thai patients 
with breast cancer and other related cancers in the heredi-
tary breast-ovarian cancer spectrum and compare the clinical 
phenotype of patients with detectable mutations to a widely 
accepted clinical guideline.

Materials and methods

Study population

The study protocols were approved by the Siriraj Hospi-
tal Institutional Review Board Protocol No.474/2562(EC1) 
and 418/2562(EC2). The study was conducted according to 
the Good Clinical Practice and the Declaration of Helsinki. 
All Thai patients who were diagnosed with primary breast, 
ovarian, pancreas, or prostate cancers and treated at Siriraj 
Hospital, whose blood were sent for germline cancer suscep-
tibility gene testing between 2016 and 2020 were included. 
We also included patients who had a report of pathogenic 
variants or likely pathogenic (P/LP) variants in genes for 
breast cancer (Table 1) as a secondary finding. We excluded 
patients with known clinical or molecular diagnosis of 
genetic diseases (e.g. neurofibromatosis type 1), patients 
referred for testing of only specific mutations, or asympto-
matic individuals with known affected family members. We 
recruited a total of 377 unrelated consecutive patients. Three 

Table 1  List of genes tested in comprehensive cancer panel

The OMIM numbers for each gene are BRCA1 (OMIM number 113705), BRCA2 (OMIM number 600185), CDH1 (OMIM number 192090), 
STK11 (OMIM number 602216), TP53 (OMIM number 191170), ATM (OMIM number 607585), BRIP1 (OMIM number 605882), CHEK2 
(OMIM number 604373), NF1 (OMIM number 613113), PALB2 (OMIM number 610355), BARD1 (OMIM number 601593), NBN (OMIM 
number 602667), RAD50 (OMIM number 604040), XRCC2 (OMIM number 600375), RAD51C (OMIM number 602774), RAD51D (OMIM 
number 602954), MLH1 (OMIM number 120436), MSH2 (OMIM number 609309), MSH6 (OMIM number 600678), PMS2 (OMIM num-
ber 600259), EPCAM (OMIM number 185535), APC (OMIM number 611731), AXIN2 (OMIM number 604025), BMPR1A (OMIM num-
ber 601299), CDK4 (OMIM number 123829), CDKN2A (OMIM number 600160), FANCC (OMIM number 613899), MSH3 (OMIM num-
ber 600887), MUTYH (OMIM number 604933), NTHL1 (OMIM number 602656), POLD1 (OMIM number 174761), POLE (OMIM number 
174762), PTEN (OMIM number 601728), RECQL (OMIM number 600537), SMAD4 (OMIM number 600993), VHL (OMIM number 608537)

Phenotype Genes

High-penetrance gene for breast cancer BRCA1, BRCA2, CDH1, STK11, TP53
Moderate-penetrance gene for breast cancer ATM, BRIP1, CHEK2, NF1, PALB2
Possible breast cancer gene BARD1, NBN, RAD50, XRCC2
Moderate-risk ovarian cancer gene RAD51C, RAD51D, MLH1, MSH2, MSH6, PMS2, EPCAM
Genes that are highly penetrance in other types of cancer APC, AXIN2, BMPR1A, CDK4, CDKN2A, FANCC, MSH3, 

MUTYH, NTHL1, POLD1, POLE, PTEN, RECQL, SMAD4, 
VHL
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hundred and six patients had breast cancer, of which 19 of 
them also had primary ovarian cancer. Forty-three patients 
had primary ovarian cancer without breast cancer. There 
were 14 patients with pancreatic cancer and 7 patients with 
prostate cancer. Their tumor histological statuses, age of 
onset, and family history were comprehensively reviewed 
with the 2019 National Comprehensive Cancer Network 
(NCCN) guideline for genetic/familial high-risk assessment 
of breast and ovarian cancers. Descriptive statistics was used 
to calculate the rate of P/LP variants or variants of undeter-
mined significance (VUS) across different indications. There 
was an additional recruitment of 7 patients who underwent 
multigene panel testing for another medical reason and har-
bored P/LP variants in causative genes for breast cancer 
(either ATM, BRCA1 or BRCA2) as a secondary finding.

Multigene panel test for hereditary cancer

Genomic DNA is extracted from peripheral blood. The DNA 
is enriched for the complete coding regions and splice junc-
tions of the genes on this panel using custom-made targeted 
enrichment library. The list of genes tested in our panel is 
demonstrated in Table 1. All single nucleotide variants and 
copy number variants identified by multigene panel were 
validated with Sanger sequencing and Multiplex Ligation-
dependent Probe Amplification (MLPA), respectively. The 
variants were interpreted and classified per 2015 ACMG-
AMP standards and guidelines for the interpretation of 
sequence variants [10]. All reportable variants of each 
patient including pathogenic/like pathogenic variants (P/
LP) and variants of undetermined significance (VUS) were 
manually verified. The detection rate of NCCN guideline 
indication fulfilment was calculated by dividing the num-
ber of patients with P/LP variants identified in each specific 
indication by the total number of patients who fulfilled the 
specific indication.

Results

There were 83 unique P/LP variants identified in 104 
patients (28.1%). Seventy-Three of 306 patients (23.9%) 
with breast cancer had germline P/LP variants. Twenty-
Three of 62 patients (37.1%) with ovarian cancers carried 
germline P/LP variants. Two of 14 patients (14.3%) with 
pancreatic cancer harbored germline P/LP variants. Two of 
7 patients (28.6%) with prostate cancer were identified with 
germline P/LP variants. Forty-Four out of 83 P/LP variants 
(53%) identified in this study have not been reported else-
where. Thirty-One out of 57 (54%) BRCA1 and BRCA2 P/
LP variants had not been previously reported. Meanwhile, 
VUS were found in 124 patients (41%) with breast cancer. 

Eight of them also had identified P/LP variants. VUS were 
observed in 21 patients (34%) with ovarian cancer, and six 
of them had identified P/LP variants. As for 14 patients with 
pancreatic cancer, 6 patients (43%) had VUS without any co-
occurring P/LP variants. Four of 7 prostate cancer patients 
(57%) had VUS without any P/LP variants identified. No 
copy number variation (deletion/duplication) in cancer sus-
ceptibility gene was identified in this study.

Mutation spectrum

Among 73 breast cancer patients with detectable P/LP vari-
ants, BRCA1 and BRCA2 accounted for 58 patients (79.5%). 
In 23 ovarian cancer patients with detectable P/LP variants, 
BRCA1 and BRCA2 accounted for 13 (56.5%) patients. 
BRCA2 accounted for all 2 patients (100%) in 14 pancreatic 
cancer patients. BRCA1 and BRCA2 accounted for 2 patients 
(100%) in 7 prostate cancer patients.

Multigene panel targeted sequencing also identified ger-
mline mutations in genes other than BRCA1 and BRCA2. 
Besides BRCA1 and BRCA2, ATM (5 patients) was the most 
commonly mutated gene in this study followed by PALB2 
and RECQL (3 patients each). Other mutated genes included 
APC, BRIP1, CHEK2, MLH1, MSH2, PMS2, MUTYH, NBN, 
RAD51C, RAD51D, and TP53.

From 219 VUS identified in this study, only 27 VUS 
(12.3%) were found in BRCA1 and BRCA2 while 192 VUS 
belonged to other genes. ATM was the most commonly 
identified gene with VUS, followed by APC and MSH6. 
There were 7 putative loss-of-function (pLOF) variants 
(frameshift, stop gain, start loss, and splice site variants) 
in 6 genes (APC, BRCA2, MSH2, RECQL, RAD51C, and 
XRCC2) with insufficient data to be designated as P/LP.

The details of identified P/LP variants, patient’s pheno-
type and family history were shown in Table 2. We also 
included 7 patients who had a report of P/LP variants in 
genes for breast cancer as a secondary finding in Table 2. 
Details of VUS with putative loss-of-function prediction and 
its patient’s phenotype were listed in Table 3. All P/LP vari-
ants in BRCA1/2 were illustrated in a lollipop plot in Fig. 1.

Multigene panel testing in breast cancer 
categorized by NCCN 2019 indication fulfillment

Overall, patients who met at least one indication in 2019 
NCCN guideline have P/LP variant detection rate vary-
ing from 27 to 40% (Fig. 2). The most frequent indica-
tion is early onset breast cancer (age of diagnosis less than 
45 years). One hundred and ninety-eight patients (64.7%) 
fit this indication and had 27% P/LP variant detection rate. 
Since each patient could fulfill more than one indication 
in the guideline, we found that patients who matched more 
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Table 2  List of gene(s), variants, classification, and patient’s history

Gene (Reference sequences) Variant nomenclature Variant classification Cancers diagnosed in the patient Cancers diagnosed in family 
member(s)

APC (NM_000038.5) c.1620dupA, 
p.Gln541Thrfs*19

Pathogenic Ovary –

c.2977_2980delAAGT, 
p.K993Ffs*11

Likely Pathogenic Breast Breast

ATM (NM_000051.3) c.875C > T, p.Pro292Leu Likely Pathogenic Ovary –
c.2086G > T, p.Gly696* Likely Pathogenic Eye –
c.3693_3697delATCTT, 

p.Leu1231Phefs*13
Pathogenic Ovary –

c.7519_7520delGA, 
p.Asp2507Argfs*8

Likely Pathogenic Colon –

c.8434_8435delTC, 
p.Ser2812Phefs*2

Likely Pathogenic Colon, Common bile duct Stomach, Liver, Pancreas

BRCA1 (NM_007294.3) c.68_69delAG, p.Glu23Valfs*17 Likely Pathogenic Colon

c.213-12A > G Pathogenic Breast Breast

c.624_625ins(20), 
p.Pro209Argfs*32

Pathogenic Breast Breast

c.1265_1266dupAT, 
p.Ser423Ilefs*8

Pathogenic Ovary Ovary, Lung

c.1504_1508delTTAAA, 
p.Leu502Alafs*2

Pathogenic Breast Breast, Ovary

c.1889delA, p.Asn630Ilefs*2 Pathogenic Breast Breast

c.2101_2102delAA, 
p.Lys701Valfs*10

Pathogenic Breast Breast

c.3049G > T, p.Glu1017* Pathogenic Prostate Stomach, Prostate, Pancreas, 
Thyroid

c.3049G > T, p.Glu1017* Pathogenic Breast

c.3181delA, p.Ile1061* Pathogenic Ovary Bladder

c.3214delC, p.Leu1072* Pathogenic Breast Pancreas, Ovary

c.3403C > T, p.Gln1135* Pathogenic Breast, Ovary, Thyroid Ovary

c.3424delG, p.Ala1142Hisfs*13 Pathogenic Breast, Ovary Breast

c.3661G > T, p.Glu1221* Pathogenic Breast Pancreas, Ovary, Unknown

c.3748G > T, p.Glu1250* Pathogenic Breast Breast, Ovary

c.3748G > T, p.Glu1250* Pathogenic Breast Breast

c.3756_3759delGTCT, 
p.Ser1253Argfs*10

Pathogenic Breast, Ovary Breast

c.3770_3771delAG, 
p.Glu1257Glyfs*9

Pathogenic Ovary Ovary

c.3882_3885delCTTG, 
p.Leu1295Phefs*11

Pathogenic Breast, Ovary Breast

c.4327C > T, p.Arg1443* Pathogenic Breast Breast, Ovary

c.4327C > T, p.Arg1443* Pathogenic Breast –

c.4327C > T, p.Arg1443* Pathogenic Breast –

c.4484G > A, p.Arg1516Lys Likely Pathogenic Breast Breast, Colon

c.4523G > A, p.Trp1508* Pathogenic Breast, Ovary Peritoneum

c.4986 + 1G > T Pathogenic Ovary Breast, Ovary

c.5030_5033delCTAA, 
p.T1677Ifs*2

Pathogenic Breast Breast

c.5072C > A, p.Thr1691Lys Likely Pathogenic Lung Pancreas, Breast, Ovary
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Table 2  (continued)

Gene (Reference sequences) Variant nomenclature Variant classification Cancers diagnosed in the patient Cancers diagnosed in family 
member(s)

c.5072C > A, p.Thr1691Lys Pathogenic Breast Breast

c.5072C > A, p.Thr1691Lys Pathogenic Ovary Breast

c.5251C > T, p.Arg1751* Pathogenic Breast –

c.5511G > T, p.Trp1837Cys Likely Pathogenic Breast –

c.5511G > T, p.Trp1837Cys Likely Pathogenic Breast –

c.5511G > T, p.Trp1837Cys Likely Pathogenic Breast –

c.5574G > T, p.Trp1858Cys Likely Pathogenic Breast Ovary

c.5574G > T, p.Trp1858Cys Likely Pathogenic Breast Breast

c.5574G > T, p.Trp1858Cys Likely Pathogenic Breast Breast

c.5574G > T, p.Trp1858Cys Likely Pathogenic Breast Breast

BRCA2 (NM_000059.3) c.18_19delAG, p.Arg8Alafs*5 Pathogenic Breast –

c.22_23delAG, p.Arg8Alafs*5 Pathogenic Breast –

c.22_23delAG, p.Arg8Alafs*5 Pathogenic Breast, Ovary –

c.22_23delAG, p.Arg8Alafs*5 Pathogenic Breast Breast

c.22_23delAG, p.Arg8Alafs*5 Pathogenic Pancreas Breast

c.157A > T, p.Lys53* Pathogenic Breast Breast

c.346delA, p.Ser116Valfs*5 Pathogenic Breast Breast, Ovary, Prostate

c.755_758delACAG, 
p.Asp252Valfs*24

Pathogenic Nasopharynx Breast, Ovarian, Pancreas

c.1399_1402delAAGA, 
p.Lys467Glufs*17

Pathogenic Breast Breast

c.1813delA, p.Ile605Tyrfs*9 Pathogenic Colon Colon, Breast, HCC

c.2327delA, p.Lys776Argfs*7 Pathogenic Ovary –

c.2372C > G, p.Ser791* Pathogenic Breast –

c.2808_2811delACAA, 
p.Ala938Profs*21

Pathogenic Breast Male breast, Ovary

c.3716_3717delAA, 
p.Lys1239Thrfs*3

Pathogenic Breast Breast, Leukemia, Prostate

c.3716_3717delAA, 
p.Lys1239Thrfs*3

Pathogenic Colon Lung

c.3847_3848delGT, 
p.Val1283Lysfs*2

Pathogenic Breast, Ovary Peritoneum

c.3865_3868delAAAT, 
p.Lys1289Alafs*3

Pathogenic Breast Breast

c.5645C > A, p.Ser1882* Pathogenic Breast, Thyroid Prostate

c.5645C > A, p.Ser1882* Pathogenic Breast Breast

c.6298_6299insA, 
p.Asn2101Lysfs*10

Pathogenic Breast Breast, Endometrium, Pancreas

c.6405_6409delCTTAA, 
p.Asn2135Lysfs*3

Pathogenic Breast –

C6486_6489delACAA, 
p.Lys2162Asnfs*5

Pathogenic Breast Breast

c.6532dupC, 
p.His2178Profs*11

Pathogenic Breast Breast, Prostate, Colon

c.6673delA, p.Thr2225Glnfs*4 Pathogenic Breast Breast
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Table 2  (continued)

Gene (Reference sequences) Variant nomenclature Variant classification Cancers diagnosed in the patient Cancers diagnosed in family 
member(s)

c.6777_6778delTG, 
p.N2259Kfs*33

Pathogenic Breast, Ovary Colon, Endometrium

c.6896delA, p.Asn2299Ilefs*6 Pathogenic Breast –

c.7185_7188delCTTG, 
p.His2395Glnfs*71

Pathogenic Breast Breast

c.7544_7545insA, 
p.Ser2516Ilefs*23

Pathogenic Breast Unknown metastasis

c.7558C > T, p.Arg2520* Pathogenic Pancreas –

c.7767delC, p.Ser2590Profs*58 Pathogenic Breast, Endometrium Breast, Thyroid

c.7767delC, p.Ser2590Profs*58 Likely Pathogenic Breast –

c.8837_8841delTGGAA, 
p.Leu2946Tyrfs*2

Pathogenic Prostate, Male breast, Esopha-
gus

–

c8854_8855insT, 
p.Met2952Ilefs*5

Pathogenic Breast Breast, Colon, Ovary

c.8890dupA, 
p.Arg2964Lysfs*54

Pathogenic Breast –

c.8890dupA, 
p.Arg2964Lysfs*54

Pathogenic Breast, Ovary –

c.8915delT, p.Leu2972Cysfs*4 Pathogenic Breast Breast

c.8953 + 1G > C Likely Pathogenic Breast, Ovary Breast

c.9154C > T, p.Arg3052Trp Pathogenic Breast Breast, Ovary

BRIP1 (NM_032043.2) c.1343G > A, p.Trp448* Pathogenic Breast –

c.2431_2432dupCT, 
p.Pro812Tyrfs*15

Likely Pathogenic Breast Breast

CHEK2 (NM_007194.3) c.1008 + 2 T > A Likely Pathogenic Breast –
MLH1 (NM_000249.3) c.790 + 1G > A Pathogenic Ovary, Endometrium Breast, Endometrium
MSH2 (NM_000251.2) c.811_814delTCTG, 

p.Ser271Argfs*2
Pathogenic Breast –

c.1237C > T, p.Gln413* Pathogenic Ovary Endometrium, Breast
MUTYH (NM_001128425.1) c.934-2A > G Likely Pathogenic Breast –
NBN (NM_002485.4) c.89delA, p.Asn30Thrfs*5 Likely Pathogenic Breast –
PALB2 (NM_024675.3) c.2968G > T, p.Glu990* Pathogenic Breast Breast

c.3267_3268delGT, 
p.Phe1090Serfs*6

Pathogenic Ovary Lung

c.3426_3429delAAGT, 
p.Leu1142Phefs*20

Pathogenic Breast Breast

PMS2 (NM_000535.6) c.325dupG, p.Glu109Glyfs*30 Pathogenic Ovary –
706-1G > T Pathogenic Breast Breast

RAD51C c.905-2A > C Likely Pathogenic Breast Breast
RAD51D (NM_002878.3) c.270_271dupTA, 

p.Lys91Ilefs*13
Pathogenic Ovary –

c.270_271dupTA, 
p.Lys91Ilefs*13

Pathogenic Breast Male Breast

RECQL (NM_002907.3) c.796C > T, p.Gln266* Pathogenic Breast, Ovary Breast
c.796C > T, p.Gln266* Pathogenic Breast Ovary
c.1217-2A > C Likely Pathogenic Breast, Ovary –

TP53 (NM_000546.5) c.96 + 1 G > A Pathogenic Breast, Brain Breast, Lung
c.1024C > T, p.Arg342* Pathogenic Breast –

The variants highlighted in bold are novel variants (not previously observed in control or mutation databases or published articles)
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than one indication had higher likelihood of detecting P/LP 
variants. Detection rate was also increased with number of 
indications (Fig. 3). We found that patients matched 4 and 
5 indications in 2019 NCCN guidelines had 54.6% and 75% 
detection rate, respectively. Interestingly, four of 18 patients 
(22%) who had breast cancer with second primary cancer 
outside hereditary breast-ovarian cancer spectrum carried 
germline P/LP variants. The 4 breast cancer patients had 
P/LP variants in BRCA1 (with ovarian cancer and thyroid 
cancer), BRCA2 (with endometrial cancer), BRCA2 (with 
thyroid cancer) and TP53 (with brain tumor). 

Multigene panel testing in patients with primary 
ovarian cancer, pancreatic cancer and prostate 
cancer

Overall, 62 patients with primary ovarian cancer had ful-
filled the NCCN 2019 guideline by its specific tumor 
type. We further divided patients with ovarian cancer into 
2 groups by the presence of breast cancer. We found that 
15 of 43 patients (34.8%) in primary ovarian cancer with-
out breast cancer harbored P/LP variants. Meanwhile, 8 of 
19 patients (42.1%) with both primary ovarian cancer and 
breast cancer were tested positive for P/LP variants. We also 
found that 12 of 19 patients tested positive for P/LP variants 
had their tumor histopathology read as high-grade serous 
cystadenocarcinoma.

Patients with pancreatic cancer were also clinically indi-
cated by NCCN 2019 guideline. Only one of 14 pancreatic 
cancer patients have colon cancer as another primary malig-
nancy. Only one of 14 pancreatic cancer patients had their 
histopathology read as neuroendocrine tumor. Two patients 
with BRCA2 P/LP variants were sporadic cases of adenocar-
cinoma of pancreatic cancer.

Prostate cancer patients that warranted further genetic 
test by NCCN 2019 guideline were described as meta-
static prostate cancer or having high-grade prostate cancer 
(Gleason score ≥ 7) with family history of certain can-
cer. In our 7 patients with prostate cancer, there were 3 
patients who had evidence of metastasis, and 4 patients 
who had Gleason score ≥ 7). Patient with BRCA1 P/LP 
variants had Gleason score 6 with family history of gas-
tric, thyroid, prostate and pancreatic cancers. The other 
prostate cancer patient with BRCA2 P/LP variants had 
Gleason score 9, with another primary cancer includ-
ing male breast cancer and squamous cell carcinoma of 
esophagus. He had no family history of cancer.

Discussion

Breast cancer is one of the common cancers associated 
with heritable mutations. Identifying germline muta-
tion in those patients provides great benefit on treatment 
selection, prophylactic and screening options for both the 
patients and their at-risk family members. For the first 
time, this study provided prevalence and landscape of ger-
mline P/LP variants among Thai patients with breast, ovar-
ian, pancreatic and prostate cancers who were clinically 
indicated for genetic test by the National Comprehensive 
Cancer Network (NCCN) 2019 guidelines. Germline P/LP 
variants were detected in 24% of breast cancer and 37% of 
ovarian cancer patients.

The mutation frequency observed in our cancer patients 
was significantly higher than Western patients who under-
went genetic testing with similar clinical indication. In 2018, 
the rate of P/LP variants from multigene-sequencing per-
formed by laboratories across the US in higher-risk patients 
determined by NCCN guideline was 12.5% [7]. There are 
some explanations for this double in detection rate in Thai 
population. First, as both genetic and lifestyle factors are 
associated with an increased risk of breast cancer, many 
lifestyle factors such as hormonal use, obesity, and alcohol 
consumption among Asian population are less prevalent than 
Western counterpart. It is therefore possible that genetic fac-
tor could play more role on cancer susceptibility in Thai 
patients whose clinical phenotypes were not typically con-
formed to common sporadic cancer. Next, it had been noted 
that approximately half of the patients in this study fulfilled 
more than one NCCN 2019 indication. Our study could rep-
resent patients with higher risk profile than other studies.

Data of multigene sequencing in breast cancer in Asian 
population was limited, and most study did not select 
patients based on established guideline. One multi-centered 
study in China enrolled participants based on the Breast 
Cancer Diagnosis and Treatment Guidelines and Standards 
(Chinese Cancer Society, V2015), of which the criteria were 
comparable to the NCCN 2019. The frequency of germline 
P/LP variants identified in China cohort (23.8%) and our 
study (23.9%) were similarly high [11], as well as the pro-
portion of gBRCA  variants (71% vs 79.5%). Patients from 
Chinese cohort who fulfilled more than one indication also 
had higher frequency of germline P/LP variants (43.2%), in 
consistent with this study (40.0%).

The overall frequency of germline P/LP variants in ovar-
ian cancer was 37%. gBRCA  variants accounted for 57.5% of 
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all P/LP variants. The rate was considerably higher than the 
US patients with ovarian cancer [12] (overall frequency of 
13.4%, gBRCA  variants accounted for 50.5% of all P/LP var-
iants). Data of multigene sequencing in Asian ovarian cancer 
patients was also limited. When consider only gBRCA  vari-
ants in an Asian population, the detection rate in Japanese 
ovarian cancer patients was 14.7% [13] while it was found 
in 22.4% of Chinese ovarian cancer patients [14]. Expan-
sion of genetic test beyond BRCA1/2 nearly double the rate 
of finding germline P/LP variants, thus multigene panel test 
should be encouraged in ovarian cancer. The pathological 
report of high-grade serous cystadenocarcinoma contributed 
to 63.2% of all patients with positive P/LP variants. This 
data supports the concept that multigene panel test should 
be carried out in all patients with ovarian cancer regardless 
of their pathological finding [13].

An observed rate of 14.3% in pancreatic cancer (n = 14) 
was also comparable with previous study in pancreatic can-
cer (10.5%) [12]. The P/LP variants detection rate in pan-
creatic cancer and prostate cancer from our study should 
be carefully interpreted due to the limitation in study num-
ber. Further study in these cancer types is warranted. We 
reported gBRCA  as a secondary finding in 3 patients with 
colon cancer, 1 patient with nasopharyngeal cancer and 1 
patient with lung cancer (Table 2). Previous report from the 
US estimated the frequency of gBRCA  variants to be 1.6% 
in colon/stomach cancer and 2.6% in colon/endometrial can-
cer [12]. The secondary finding detection rate of genes for 
hereditary breast-ovarian cancer in colorectal cancer patients 
should be reviewed in the future when the number of testing 
is sufficient.

The overall rate of VUS in our cancer patients was 
approximately 40%. This rate was comparable to VUS rate 
among different ethnic groups (23.7% in white, 44.5% in 
African-American, and 50.9% in Asian) [7]. The prevalence 
of VUS in BRCA1/2 in this study (7.2%) was lower than 

previously published report (15–21%) [15]. The decrease 
in VUS was likely due to an increase in functional stud-
ies in recent year, and the availability of genomic data in 
Asian population [16]. A study from South Korea showed 
that most VUS in BRCA1/2 (57%) remained unchanged and 
only 2.7% of VUS was reclassified as likely pathogenic 
[17]. The reclassification of identified variants in this study 
remains to be seen. Some identified variants are notable for 
further study because they almost fulfill the ACMG 2015 
guideline to be classified as pathogenic or likely pathogenic 
[10]. There were 8 pLOF variants (Table 3) which included 
start codon loss in APC and RECQL. Although there were 
many reports of start codon loss in other diseases [18, 19], 
initiation codon loss in APC, a well-known gene, had never 
been reported in colorectal cancer patients [20]. Additional 
genomic data and functional validation might help reclas-
sification of VUS in the future.

Absence of copy number variations of BRCA1 and 
BRCA2 in our cohort may suggest that prevalence of large 
deletion/duplication in gBRCA  among Thai patients is not 
as common as other population [21].

Utilization of NCCN guideline in Thai and Asian 
population

The prevalence of finding germline P/LP variants in each 
specified indication from NCCN guideline 2019 ranged 
between 27% and 40% (Fig.  1). Among breast cancer 
patients, the rate was highest (38%) in breast cancer patient 
with personal or family history of primary malignancy in 
hereditary breast ovarian cancer spectrum. Breast cancer 
patients with another primary cancer not in hereditary breast 
ovarian cancer spectrum also had high rate of germline P/
LP variants (22%; n = 18). This clinical scenario could be 
added as testing indication in Thai or Asian patients with 
pretest probability over 10%, the cut-off that was proposed 

Table 3  List of putative loss-
of-function VUS (frameshift 
deletion, stop gain, start loss, 
splice site variant)

Gene (Reference sequences) Variant nomenclature Variant classification Cancers diagnosed 
in the patient

APC c.1A > G, p.Met1Val Start loss Ovary
BRCA2 c.8954-5_8954-2delAACA Splice variant Ovary

c.7617 + 2dupT Splice variant Primary Peritoneal
MSH2 c.792 + 3A > T Splice variant Breast
RECQL c.2 T > C, p.Met1Thr Start loss Breast
RECQL c.2 T > C, p.Met1Thr Start loss Breast
RAD51C c.571 + 5G > A Splice variant Breast
XRCC2
(NM_005431.1)

c.832G > T, p.Glu278* Stop gain Breast



245Breast Cancer Research and Treatment (2021) 188:237–248 

1 3

to be cost-effective in various population [22]. The rate of 
detecting P/LP variants did positively correlate with number 
of indications fulfilled (Fig. 2). This warrants a strong rec-
ommendation of providing germline genetic test in patient 
with multiple indication fulfilled. Germline genetic testing 
guideline for breast ovarian cancer could be adopted from 
Western guideline/recommendation as a framework with 
some modification to fully maximize the clinical benefit of 
genetic testing, while maintaining appropriate cost-effective-
ness for Asian population.

Conclusion

We reported a high frequency of P/LP variants from multi-
gene panel sequencing in Thai patients with breast, ovarian, 
pancreatic and prostate cancers that fulfilled NCCN 2019 
indication for germline genetic testing. The rate of VUS 
and the number of identified novel variants were high and 
reflected the need to include more Asian or Thai dataset in 
genomic database. The results from this study warrant the 

Fig. 1  Lollipop plot of P/LP variants in BRCA1 and BRCA2 

Fig. 2  Rate of germline pathogenic/likely pathogenic variants or VUS from multigene panel test in Thai patients with breast cancer. BrCA Breast 
cancer, Bilat Bilateral, Fam Family, TNBC Triple negative breast cancer, CA Cancer
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incorporation of genetic test, particularly multigene panel 
test, and establishment of testing guidelines in manage-
ment of breast cancer and ovarian cancer in Thai and Asian 
population.
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