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Abstract 

Background  BRCA1 and BRCA2 (BRCA1/2) are the most frequently investigated genes among Caucasian pancre-
atic cancer patients, whereas limited reports are available among Asians. We aimed to investigate the prevalence 
of BRCA1/2 germline variants in Pakistani pancreatic cancer patients.

Methods  One hundred and fifty unselected and prospectively enrolled pancreatic cancer patients were comprehen-
sively screened for BRCA1/2 germline variants using denaturing high-performance liquid chromatography and high-
resolution melting analyses, followed by DNA sequencing of the variant fragments. The novel variants were analyzed 
for their pathogenic effect using in-silico tools. Potentially functional variants were further screened in 200 cancer-free 
controls.

Results  Protein truncating variant was detected in BRCA2 only, with a prevalence of 0.7% (1/150). A frameshift 
BRCA2 variant (p.Asp946Ilefs*14) was identified in a 71-year-old male patient of Pathan ethnicity, with a family history 
of abdominal cancer. Additionally, we found a novel variant in BRCA2 (p.Glu2650Gln), two previously reported variants 
in BRCA1 (p.Thr293Ser) and BRCA2 (p.Ile2296Leu) and a recurrent nonsense variant in BRCA2 (p.Lys3326Ter). These 
variants were classified as variants of uncertain significance (VUS). It is noteworthy that none of these VUS carriers had 
a family history of pancreatic or other cancers.

Conclusions  In this first study, BRCA1/2 pathogenic variant is identified with a low frequency in pancreatic cancer 
patients from Pakistan. Comprehensive multigene panel testing is recommended in the Pakistani pancreatic cancer 
patients to enhance genetic understanding in this population.
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Background
Pancreatic cancer is the seventh leading cause of can-
cer associated mortalities worldwide with a very poor 
prognosis [1]. In Pakistan, 1162 new pancreatic cancer 
patients were diagnosed in 2020 and the majority of these 
patients (97.2%) died within the same year [2]. Therefore, 
it is clinically important to detect individuals at a high 
risk of developing pancreatic carcinoma early.

Most pancreatic cancer patients are sporadic. About 
10–20% are hereditary pancreatic cancer cases due to 
known genetic risk factors [3], including the pathogenic 
variants in cancer predisposing genes [4]. Of these genes, 
BRCA1 and BRCA2 (BRCA1/2) are the most frequently 
investigated to assess their contribution to pancreatic 
cancer risk among Caucasians. BRCA1/2 pathogenic 
germline variants have been reported with a frequency 
of 0.15 and 0.38% in the general population from the UK 
and USA, respectively [5]. BRCA1/2 pathogenic variants 
carriers have approximately 2.5% risk of developing pan-
creatic cancer by age 80 [6].

The frequency of BRCA1/2 pathogenic variants in pan-
creatic cancer patients varies widely across ethnic groups 
and geographic regions. Previous studies have primar-
ily focused on Caucasians [7–11], with limited reports 
among Asians, including studies from China [12], Japan 
[13, 14], and Korea [15]. Studies conducted on unselected 
pancreatic cancer patients (with > 100 patient cohorts) 
are summarized in Additional file 1 [see Additional file 1 
Table  S1]. To our knowledge, there is no study on the 
contribution of BRCA1/2 germline pathogenic variants 
to pancreatic cancer patients in South Asian, including 
the Pakistani population. Previously, we reported 23.4% 
prevalence of BRCA1/2 pathogenic variants among Paki-
stani high-risk breast and/or ovarian cancer families [16, 
17]. Of the identified variants, several population-spe-
cific BRCA1/2 variants have been detected, suggesting 
founder effects in the Pakistani population [18]. Hence, 
it is plausible that BRCA1/2 pathogenic variants might 
also be associated with pancreatic cancer risk in the Paki-
stani population. The present study aimed to investigate 
the prevalence of BRCA1/2 pathogenic germline variants 
among pancreatic cancer patients from Pakistan. This 
study may help identify important genetic biomarkers in 
Pakistani pancreatic cancer patients. These population-
specific genetic biomarkers could serve as specific targets 
for prospective diagnosis, prognosis, early-stage detec-
tion, and personalized medicine.

Methods
Study subjects
This study included 150 unrelated, consecutive, and 
unselected pancreatic cancer patients enrolled at the 
SKMCH&RC Lahore and SKMCH&RC Peshawar, and 

Bahria International Hospital, Lahore, between Febru-
ary 2017 and October 2021, as previously described 
[19]. All patients were histologically confirmed with 
adenocarcinoma of the pancreas, or ampullary/peri-
ampullary region. All pancreatic cancer patients were 
tested negative for PALB2 pathogenic variants [19]. 
The control population included 200 adult individuals 
(> 18 years) without a personal or family history of any 
cancer enrolled simultaneously with the cases, as pre-
viously described [19]. The study was approved by the 
Institutional Review Board (IRB) of the Shaukat Kha-
num Memorial Cancer Hospital and Research Centre 
(SKMCH&RC), (Approval # IRB-16-14; December 16, 
2016). All study participants signed informed written 
consent prior to the study enrollment. All data were fully 
anonymized.

Demographics and potential risk factors data (e.g., age 
at cancer diagnosis for cases, age at enrollment for con-
trols, ethnic background, history of any medical illness, 
smoking, drinking habits (tea/coffee/alcohol), physical 
activity and family history of cancer were obtained from 
all recruited study participants at the time of enrollment 
using a purposely designed study questionnaire. Clinical 
and histopathological data of the patients were collected 
from medical records and pathology reports, respectively 
between February 2017 and August 2022.

Molecular analyses
Genomic DNA was extracted from 9 ml to 18 ml of 
whole blood using the Gentra Puregene kit (Qiagen, 
Germantown, MD USA), following the manufacturer’s 
instructions. The complete coding sequences and exon-
intron junctions of BRCA1 (Genbank Accession number 
NM_007294.3) and BRCA2 (Genbank Accession number 
NM_000059.3) were screened in 150 patients. BRCA1/2 
gene scanning was performed by denaturing high-perfor-
mance liquid chromatography (DHPLC) and high-reso-
lution melting (HRM) analyses using WAVE 4500 DNA 
Fragment Analysis System (Transgenomics, Omaha, NE 
USA) and the LightCycler 480-II System (Roche Diag-
nostics, Indianapolis, IN, USA), respectively. Positive 
controls for each amplicon were included in every analy-
sis. We established a cost-effective and rapid screening 
HRM assay and successfully validated it for the screening 
of coding sequences of BRCA1 (47%) and BRCA2 (31%). 
As positive controls were not identified by HRM analysis 
for the remaining coding sequences of BRCA1 (53%) and 
BRCA2 (69%), DHPLC was performed [17].

The identified variants were bi-directionally sequenced 
using an automated 3500 Genetic Analyzer (Applied Bio-
systems, Foster City CA, USA). Additionally, all patients 
were screened for two founder large deletions of BRCA1 
exons 1 to 2 and exons 21 to 24, as previously described 
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[20]. The identified pathogenic variant, in silico-predicted 
likely pathogenic variants, and variants of uncertain sig-
nificance (VUS) were screened in 200 healthy controls.

In silico analyses
Novel BRCA1/2 variants (n = 11) and previously reported 
VUS (n = 2) were analyzed using in silico analysis tools. 
The potential effect of missense variants on protein func-
tion was assessed using the default settings of the web 
tool VarCards, which interprets the pathogenicity of non-
synonymous variants using numerous genomic features 
and in silico algorithms [21]. The intronic variants were 
analyzed for their potential effect on splicing using splice 
prediction tools SpliceSiteFinder-like, MaxEntScan, 
NNSPLICE, and GeneSplicer using the Alamut Visual 
Plus v1.2.1 software (SOPHiA GENETICS) in default set-
tings, as previously described [19].

Variant classification
All identified variants were defined as a novel or previ-
ously reported variants by searching the literature and 
public databases ClinVar (https://​www.​ncbi.​nlm.​nih.​gov/​
clinv​ar/), LOVD (https://databases.lovd.nl/shared/genes/
BRCA1), and gnomAD v2.1.1 (https://​gnomad.​broad​
insti​tute.​org/) (by September 2022). All variants were 

classified as recommended by the American College of 
Medical Genetics and Genomics and the Association for 
Molecular Pathology (ACMG/AMP) [22]. The publicly 
available computational web tools Pathogenicity of Muta-
tion Analyzer (PathoMAN) [23] and InterVar [24] were 
utilized for the variant classification. These tools use 28 
various criteria of ACMG/AMP guidelines and result in 
preliminary interpretations that can be further reviewed 
and manually adjusted for final interpretations [23, 24].

Results
In total, 393 pancreatic cancer patients were identified 
eligible for enrollment in this study. Of these, 243 patients 
were excluded because they were deceased before con-
sent (n = 113), refused to participate in the study (n = 73), 
or lost to follow-up (n = 57) (Fig.  1). The remaining 150 
unselected pancreatic cancer patients were compre-
hensively screened for BRCA1/2 variants using DHPLC 
and HRM analyses followed by DNA sequencing. The 
mean age at pancreatic cancer diagnosis was 55.2 years 
(range 31.2 to 78.4). The majority of the pancreatic can-
cer patients were male (106/150; 70.7%). Family history 
of breast, pancreatic, gastrointestinal, or other cancers 
was reported in 36% (54/150) of the index pancreatic 
cancer patients. Majority of these patients presented with 

Fig. 1  Description of the study participants

https://www.ncbi.nlm.nih.gov/clinvar/
https://www.ncbi.nlm.nih.gov/clinvar/
https://gnomad.broadinstitute.org/
https://gnomad.broadinstitute.org/
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tumors in the head of the pancreas (108/150; 72%), 2 to 
5 cm of tumor size (108/150; 72%), unresectable disease 
(85/150; 56.7%), and an advanced disease stage III or IV 
(100/150; 66.7%).

Spectrum of BRCA1/2 germline sequence variants
In total, 63 different heterozygous variants were iden-
tified in BRCA1 (n  = 27) and BRCA2 (n  = 36) among 
unselected Pakistani pancreatic cancer patients. Figure 2 
displays representative HRM curves and corresponding 
DNA sequencing chromatograms for BRCA1 and BRCA2 
analyses.

Of the identified variants, five BRCA1 variants (one 
missense and four intronic variants) and seven BRCA2 
variants (five missense, one synonymous, and one 
intronic variant) were novel and specific to the Paki-
stani population. The remaining 51 variants in BRCA1 
(n = 22) and BRCA2 (n = 29) had been previously 

reported or described in ClinVar, LOVD, or gnomAD 
databases. The prevalence and allele frequencies of all 
identified BRCA1 and BRCA2 variants in 150 pancre-
atic cancer patients are detailed in Table 1 and Table 2, 
respectively.

The novel variants and previously reported VUS in 
BRCA1 (n = 6) and BRCA2 (n = 7) were assessed for their 
putative functional effects on protein or splicing using in 
silico meta-predictor tools and Alamut splice-site pre-
diction tools, respectively. A novel missense variant in 
BRCA2 (p.Glu2650Gln) and two previously reported 
missense variants in BRCA1 (p.Thr293Ser) and BRCA2 
(p.Ile2296Leu) were predicted as VUS. The remaining 
five BRCA1 variants (p.Val1740Met, c.547 + 36A > G, 
c.4358-61C > G, c.4675 + 80C > T, and c.5152 + 41 T > C) 
and five BRCA2 variants (p.Val928Asp, p.Ser1424Phe, 
p.Asp2438Tyr, p.Cys2636Arg, and c.1910-21A > T) were 
predicted as benign/likely benign (Table 3).

Fig. 2  Representative HRM difference plots and DNA sequencing chromatograms of BRCA1/2 analysis. Normalized and temperature-shifted 
difference plots of the BRCA1 (a) and BRCA2 (b) showing the discrimination of positive controls and the variant-carriers (PDA 031 and PDA 121) 
from the wildtypes. DNA sequencing chromatograms of forward DNA strand of wildtypes (c, d), the patient PDA 031 (e) showing a BRCA1 variant 
(c.878C > G) and the patient PDA 121 (f) showing a BRCA2 variant (c.7948G > C) as indicated by an arrow
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Table 1  BRCA1 germline variants identified in Pakistani pancreatic cancer patients

gnomAD Genome Aggregation Database, LOVD Leiden Open Variant Database, SAS South Asians
a Nomenclature follows Human Genome Variation Society (HGVS) (http://​www.​hgvs.​org). Numbering starts at the first A of the first coding ATG (located in exon 2) of 
NCBI GenBank Accession NM_007294.3

Location Coding (c.) DNA 
Sequencea

(amino acid change)

SNP ID Effect Prevalence, n (%) Minor allele 
frequency (%)

Novel or 
previously 
reported

Cases N = 150 Controls N = 200 Cases gnomAD, SAS

Variant of uncertain significance

Exon 11 c.878C > G 
(p.Thr293Ser)

rs747172803 Missense 1 (0.67) 1 (0.5) 0.333 0.013 ClinVar, LOVD

Benign/likely benign variants - coding

Exon 2 c.36A > G (p.Gln12Gln) rs763230080 Silent 1 (0.67) – 0.333 0.029 ClinVar, LOVD

Exon 8 c.536A > G 
(p.Tyr179Cys)

rs56187033 Missense 1 (0.67) – 0.333 0.026 ClinVar, LOVD

Exon 11 c.823G > A 
(p.Gly275Ser)

rs8176153 Missense 2 (1.33) – 0.667 0.459 ClinVar, LOVD

Exon 11 c.1067A > G 
(p.Gln356Arg)

rs1799950 Missense 1 (0.67) – 0.333 1.316 ClinVar, LOVD

Exon 11 c.2077G > A 
(p.Asp693Asn)

rs4986850 Missense 10 (6.7) – 3.333 3.536 ClinVar, LOVD

Exon 11 c.2082C > T 
(p.Ser694Ser)

rs1799949 Silent 34 (22.7) – 11.33 50.4 ClinVar, LOVD

Exon 11 c.2311 T > C 
(p.Leu771Leu)

rs16940 Silent 34 (22.7) – 11.33 50.3 ClinVar, LOVD

Exon 11 c.2521C > T 
(p.Arg841Trp)

rs1800709 Missense 1 (0.67) – 0.333 0.183 ClinVar, LOVD

Exon 11 c.2612C > T 
(p.Pro871Leu)

rs799917 Missense 76 (50.7) – 25.33 53.16 ClinVar, LOVD

Exon 11 c.2580A > G 
(p.Thr860Thr)

rs556684572 Silent 1 (0.67) – 0.333 0.0098 ClinVar, LOVD

Exon 11 c.3113A > G 
(p.Glu1038Gly)

rs16941 Missense 2 (1.33) – 0.667 50.35 ClinVar, LOVD

Exon 11 c.3119G > A 
(p.Ser1040Asn)

rs4986852 Missense 2 (1.33) – 0.667 0.542 ClinVar, LOVD

Exon 13 c.4308 T > C 
(p.Ser1436Ser)

rs1060915 Silent 2 (1.33) – 0.667 50.4 ClinVar, LOVD

Exon 16 c.4837A > G 
(p.Ser1613Gly)

rs1799966 Missense 8 (5.33) – 2.667 50.4 ClinVar, LOVD

Exon 16 c.4883 T > C 
(p.Met1628Thr)

rs4986854 Missense 1 (0.67) – 0.333 0.042 ClinVar, LOVD

Exon 16 c.4956G > A 
(p.Met1652Ile)

rs1799967 Missense 4 (2.67) – 1.333 3.80 ClinVar, LOVD

Exon 20 c.5218G > A 
(p.Val1740Met)

– Missense 1 (0.67) 0 0.333 – Novel

Benign/likely benign variants - non-coding

Intron 7 c.442-34C > T rs799923 Intronic 31 (20.7) – 10.33 17.74 ClinVar, LOVD

Intron 8 c.547 + 36A > G – Intronic 1 (0.67) – 0.333 – Novel

Intron 13 c.4358-61C > G – Intronic 1 (0.67) – 0.333 – Novel

Intron 14 c.4484 + 14A > G rs80358022 Intronic 1 (0.67) – 0.333 0.0653 ClinVar, LOVD

Intron 14 c.4485-63C > G rs273900734 Intronic 2 (1.33) – 0.667 0 ClinVar, LOVD

Intron 15 c.4675 + 80C > T – Intronic 1 (0.67) – 0.333 – Novel

Intron 18 c.5152 + 41 T > C – Intronic 1 (0.67) – 0.333 – Novel

Intron 18 c.5152 + 66G > A rs3092994 Intronic 2 (1.33) – 0.667 0 ClinVar, LOVD

Intron 22 c.5406 + 33A > T rs80358092 Intronic 1 (0.67) – 0.333 0.066 ClinVar, LOVD

http://www.hgvs.org
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Table 2  BRCA2 germline variants identified in Pakistani pancreatic cancer patients

Location Coding (c.) DNA 
Sequencea

(amino acid change)

SNP ID Effect Prevalence, n (%) Minor allele 
frequency (%)

Novel or 
previously 
reported

Cases n = 150 Controls 
n = 200

Cases gnomAD, SAS

Pathogenic variant

Exon 11 c.2835delA 
(p.Asp946Ilefs*14)

rs80359356 Frameshift 1 (0.67) 0 0.333 – ClinVar, LOVD

Variants of uncertain significance

Exon 12 c.6886A > C (p.Ile2296Leu) rs576279166 Missense 1 (0.67) 0 0.333 0.144 ClinVar, LOVD

Exon 17 c.7948G > C 
(p.Glu2650Gln)

– Missense 1 (0.67) 0 0.333 – Novel

Exon 27 c.9976A > T (p.Lys3326Ter) rs11571833 Nonsense 2 (1.33) 0 0.667 0.693 ClinVar, LOVD

Benign/likely benign variants - coding

Exon 3 c.198A > G (p.Gln66Gln) rs28897700 Silent 1 (0.67) – 0.333 0.777 ClinVar, LOVD

Exon 10 c.865A > C (p.Asn289His) rs766173 Missense 1 (0.67) – 0.333 11.56 ClinVar, LOVD

Exon 10 c.1166C > A (p.Pro389Gln) rs397507263 Missense 1 (0.67) – 0.333 0.317 ClinVar, LOVD

Exon 10 c.1365A > G (p.Ser455Ser) rs1801439 Silent 1 (0.67) – 0.333 11.37 ClinVar, LOVD

Exon 11 c.2229 T > C (p.His743His) rs1801499 Silent 1 (0.67) – 0.333 11.42 ClinVar, LOVD

Exon 11 c.2783 T > A (p.Val928Asp) – Missense 1 (0.67) – 0.333 – Novel

Exon 11 c.2919G > A (p.Ser973Ser) rs45525041 Silent 1 (0.67) – 0.333 0.159 ClinVar, LOVD

Exon 11 c.2971A > G 
(p.Asn991Asp)

rs1799944 Missense 2 (1.33) – 0.667 11.41 ClinVar, LOVD

Exon 11 c.3396A > G 
(p.Lys1132Lys)

rs1801406 Silent 2 (1.33) – 0.667 29.89 ClinVar, LOVD

Exon 11 c.3807 T > C (p.Val1269Val) rs543304 Silent 1 (0.67) – 0.333 10.12 ClinVar, LOVD

Exon 11 c.4271C > T 
(p.Ser1424Phe)

– Missense 7 (4.67) – 2.333 – Novel

Exon 11 c.4258G > T 
(p.Asp1420Tyr)

rs28897727 Missense 3 (2.0) – 1.0 0.846 ClinVar, LOVD

Exon 11 c.4928 T > C (p.Val1643Ala) rs28897731 Missense 2 (1.33) – 0.667 0.010 ClinVar, LOVD

Exon 11 c.5312G > A 
(p.Gly1771Asp)

rs80358755 Missense 1 (0.67) – 0.333 0.016 ClinVar, LOVD

Exon 11 c.5744C > T 
(p.Thr1915Met)

rs4987117 Missense 4 (2.67) – 1.333 – ClinVar, LOVD

Exon 11 c.5986G > A 
(p.Ala1996Thr)

rs80358833 Missense 1 (0.67) – 0.333 0.372 ClinVar, LOVD

Exon 12 c.6935A > T 
(p.Asp2312Val)

rs80358916 Missense 1 (0.67) – 0.333 0.189 ClinVar, LOVD

Exon 14 c.7242A > G 
(p.Ser2414Ser)

rs1799955 Silent 50 (33.3) – 16.66 21.99 ClinVar, LOVD

Exon 14 c.7312G > T 
(p.Asp2438Tyr)

– Missense 1 (0.67) – 0.333 – Novel

Exon 15 c.7469 T > C (p.Ile2490Thr) rs11571707 Missense 1 (0.67) – 0.333 0.1699 ClinVar, LOVD

Exon 17 c.7906 T > C 
(p.Cys2636Arg)

– Missense 1 (0.67) – 0.333 – Novel

Exon 17 c.7971A > G 
(p.Lys2657Lys)

– Silent 1 (0.67) – 0.333 – Novel

Exon 19 c.8421G > A 
(p.Ser2807Ser)

rs371278843 Silent 1 (0.67) – 0.333 0.2711 ClinVar, LOVD

Exon 22 c.8851G > A 
(p.Ala2951Thr)

rs11571769 Missense 3 (2.0) – 1.0 1.417 ClinVar, LOVD

Exon 27 c.10234A > G 
(p.Ile3412Val)

rs1801426 Missense 2 (1.33) – 0.667 0.219 ClinVar, LOVD

Benign/likely benign variants - non-coding

3′ UTR​ c.1–26G > A rs1799943 5′ UTR​ 1 (0.67) – 0.333 28.47 ClinVar, LOVD
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BRCA2 pathogenic variant
A BRCA2 protein-truncating pathogenic variant 
(p.Asp946Ilefs*14) was detected in an unselected pan-
creatic cancer patient, accounting for 0.7% (1/150) prev-
alence in the cohort. This frameshift variant in exon 11 

was identified in a 71-year-old male patient (II:2, Fig. 3) 
of Pathan ethnicity. He presented with grade 3 pancreatic 
ductal adenocarcinoma with lymphovascular invasion 
and regional lymph node metastases. His brother (II:3, 
Fig. 3) was diagnosed with abdominal cancer of unknown 

Table 2  (continued)

Location Coding (c.) DNA 
Sequencea

(amino acid change)

SNP ID Effect Prevalence, n (%) Minor allele 
frequency (%)

Novel or 
previously 
reported

Cases n = 150 Controls 
n = 200

Cases gnomAD, SAS

Intron 4 c.653 + 67A > C rs11571610 Intronic 1 (0.67) – 0.333 0 ClinVar

Intron 10 c.1910-21A > T – Intronic 1 (0.67) – 0.333 – Novel

Intron 10 c.1910-74 T > C rs2320236 Intronic 7 (4.67) – 2.333 0 ClinVar

Intron 10 c.1910-51G > T rs11571651 Intronic 29 (19.3) – 9.667 11.28 ClinVar, LOVD

Intron 14 c.7435 + 53C > T rs11147489 Intronic 8 (5.33) – 2.667 0 ClinVar

Intron 21 c.8755-66 T > C rs4942486 Intronic 2 (1.33) – 0.667 0 ClinVar

gnomAD Genome Aggregation Database, LOVD Leiden Open Variant Database, SAS South Asians
a Nomenclature follows Human Genome Variation Society (HGVS) (http://​www.​hgvs.​org). Numbering starts at the first A of the first coding ATG (located in exon 2) of 
NCBI GenBank Accession NM_000059.3

Table 3  In silico analyses and classification of BRCA1/2 variants

ACMG-AMP American College of Medical Genetics and Genomics and Association of Molecular Pathology, NE no effect, VUS variant of uncertain significance
a Number of algorithms predicted to be deleterious out of total in silico algorithms
b Proportion of algorithms predicted to be deleterious. Damaging score of loss-of-function variants is deemed to be 1
c The loss-of-function and damaging (score > 0.5) non-synonymous variants with allele frequency < 0.01% are regard as extreme variants
d Predicted by PathoMan and/or InterVar tools with manual adjustment
e  > 20% change in score (i.e., a wild-type splice-site score decreases, and/or a cryptic splice-site score increases) is considered as significant

VarCards in silico predictions ACMG-AMP criteriad Classification

Coding variants D/A algorithmsa Damaging scoreb Extremec

BRCA1

p.Thr293Ser 15/23 0.65 Yes PM1, PP3, BP1 VUS

p.Val1740Met 18/23 0.78 Yes PM1, PM2, PP3, BP1, BS3 Likely benign

BRCA2

p.Ile2296Leu 10/23 0.43 No PM1, PP3, BP1 VUS

p.Glu2650Gln 20/23 0.87 Yes PM1, PM2, PP3, BP1 VUS

p.Val928Asp 6/23 0.26 No PM1, PM2, BP1, BP4 Likely benign

p.Ser1424Phe 1/23 0.04 No PM1, PM2, BP1, BP4 Likely benign

p.Asp2438Tyr 6/23 0.26 No PM1, PM2, PB1, BP4 Likely benign

p.Cys2636Arg 8/23 0.35 No PM1, PM2, PB1, BP4 Likely benign

Non-coding variants Alamut splice-site predictionse ACMG-AMP criteriad Classification
SSF-like MaxEnt-Scan NNSPLICE Gene-Splicer

BRCA1

c.547 + 36A > G NE NE NE NE PM2, BP4 Benign

c.4358-61C > G NE NE NE NE PM2, BP4 Benign

c.4675 + 80C > T NE NE NE NE PM2, BP4 Benign

c.5152 + 41 T > C NE NE NE NE PM2, PP5, BP4 Benign

BRCA2

c.1910-21A > T NE NE NE NE PM2, BP4 Benign

http://www.hgvs.org
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primary origin. This variant was absent in 200 unaffected 
controls and has been previously reported as pathogenic 
in the ClinVar database.

BRCA1/2 variants of uncertain significance (VUS)
A BRCA1 missense variant in exon 11, p.Thr293Ser, was 
detected in a 50-years-old male patient of Punjabi ethnic-
ity. He presented with pancreatic ductal adenocarcinoma 
with regional lymph node metastases. This variant was 
also detected in a 59-years-old unaffected female control 
of Punjabi ethnicity (0.5%;1/200). It has been reported 
with a low minor allele frequency of 0.013% (4/30,612) 
among South Asians in gnomAD and further described 
with conflicting interpretations of pathogenicity in the 
ClinVar database. It was predicted as pathogenic by 15 of 
23 protein function prediction algorithms with VarCards 
damaging score of 0.65 (Table  3). This variant was pre-
dicted to fulfil ACMG/AMP variant interpretation cri-
teria PM1, PP3, and BP1 using InterVar tool. Based on 
these findings, p.Thr293Ser was classified as VUS.

A BRCA2 missense variant in exon 12, p.Ile2296Leu, 
was identified in a 52-years-old male patient of Kashmiri 
ethnicity. He presented with grade 2 ampullary ductal 
adenocarcinoma with lymphovascular invasion and 
regional lymph node metastases. It was not detected in 
200 healthy controls. This variant has been reported with 
a minor allele frequency of 0.14% (44/30,422) among 
South Asians in gnomAD. It has been reported with con-
flicting interpretations of pathogenicity in the ClinVar 
database. It was predicted as pathogenic by 10 of 23 pro-
tein function prediction algorithms with VarCards dam-
aging score of 0.43 (Table 3). This variant was predicted 

to fulfil ACMG/AMP variant interpretation criteria PM1, 
PP3, and BP1 using the InterVar tool. Based on these 
findings, p.Ile2296Leu was categorized as VUS.

A BRCA2 missense variant in exon 17, p.Glu2650Gln, 
was detected in a 47-years-old female patient of Pathan 
ethnicity. She had a grade 2 ampullary ductal adenocarci-
noma. This variant was not detected in 200 controls. This 
novel variant has not been reported in literature or data-
bases (gnomAD, ClinVar, and LOVD). It was predicted as 
pathogenic by 20 of 23 protein function prediction algo-
rithms with VarCards damaging score of 0.87 (Table 3). 
This variant was predicted to fulfil ACMG/AMP variant 
interpretation criteria PM1, PM2, PP3, and BP1 using the 
InterVar tool. Based on these findings, p.Glu2650Gln was 
classified as VUS.

A recurrent BRCA2 nonsense variant in exon 27, 
p.Lys3326Ter, was found in a 46-years-old male patient 
of Punjabi ethnicity and a 60-years-old female patient 
of Punjabi ethnicity. They presented with grade 2/3 pan-
creatic ductal adenocarcinoma with perineural invasion 
and regional lymph node metastases. This variant was 
not detected in 200 healthy controls. It has been reported 
with a minor allele frequency of 0.693% (212/30,594) 
among South Asians in gnomAD. It has been reported as 
benign variant in the ClinVar database among breast and/
or ovarian cancer patients but no functional evidence is 
available. Based on these findings, p.Lys3326Ter was clas-
sified as VUS for pancreatic cancer risk.

There was no significant difference (P = 0.288) observed 
in the age at pancreatic cancer diagnosis between VUS 
carriers (mean 50.4 years, range 44.7–60.1 years) and 
noncarriers (mean 55.2 years, range 31.2–78.4 years). 

Fig. 3  Pedigree of the pancreatic cancer patient carrying a BRCA2 pathogenic variant. Index patient (PDA 098) carrying the c.2835delA variant. 
Circles are females, squares are males, and a diagonal slash indicates a deceased individual. Filled symbols show cancer diagnoses. Identification 
numbers of individuals are below the symbols. The index patient is indicated by an arrow. Double lines show consanguineous marriage. PC: 
pancreatic cancer. The numbers following the abbreviation indicate the age at cancer diagnosis. M+: variant carrier
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Additionally, none of the VUS carriers reported a family 
history of pancreatic or any other cancer.

BRCA1/2 benign variants
The remaining 26 BRCA1 variants (12 missense vari-
ants, five silent alterations, and nine non-coding vari-
ants) and 32 BRCA2 variants (16 missense variants, nine 
silent variants, six intronic variants, and one variant in 
5’UTR) were classified as benign based on in silico analy-
ses or previously reported elsewhere or described in the 
ClinVar, LOVD, or gnomAD database (by August 2022) 
(Table 1, Table 2).

Discussion
The significance of BRCA1/2 genetic testing in pancreatic 
cancer patients is recently recognized among Caucasians, 
however, limited reports are available among Asians. This 
is the first comprehensive study investigating the contri-
bution of BRCA1/2 variants to a cohort of 150 unselected 
and prospectively registered pancreatic cancer patients 
from Pakistan. A BRCA2 pathogenic variant was detected 
in an unselected pancreatic cancer patient (1/150; 0.7%). 
Previously reported frequencies of BRCA1/2 pathogenic 
variants in unselected pancreatic cancer patients vary 
across different populations: 1.2% (12/1009) to 3.2% 
(16/499) in China [12, 25], 3.4% (34/1005) in Japan [13], 
1.2% (5/417) to 6.9% (5/72) in Belgium, Czech Republic 
[26], Greece [27], Italy [28], UK [5], 1.5% (4/274) to 11.3% 
(17/151) in the USA [8–11], and 2.3% (4/177) to 4.8% 
(21/437) in Canada [7, 29]. These findings suggest that 
frequencies of pathogenic variants in genes associated 
with pancreatic cancer risk vary with ethnicity and geo-
graphical distribution of various populations.

A BRCA2 pathogenic variant (p.Asp946Ilefs*14) was 
identified in a pancreatic cancer patient with a family 
history of abdominal cancer. The co-segregation of this 
variant with abdominal cancer could not be investigated 
as the brother of the index patient was deceased. It was 
not detected in the 200 healthy controls. This frameshift 
variant is considered pathogenic, resulting in a non-func-
tional protein due to premature stop codon or nonsense-
mediated decay of the mRNA. It is also described as a 
pathogenic variant in the ClinVar database. This variant 
has also been reported in Greek and African-American 
breast cancer patients [30, 31]. Previously we reported 
this variant in one early-onset breast cancer patient at 
age 30 of Pathan ethnicity from Pakistan [17]. In the cur-
rent study, a patient harbouring this variant presented 
with pancreatic cancer at age 71 of Pathan ethnicity 
from Pakistan. Similar findings have previously been 
reported showing that pathogenic BRCA2 variant car-
riers were diagnosed with pancreatic cancer at an older 
age compared to breast or ovarian cancer patients [32]. 

These findings suggest a lower penetrance of the patho-
genic BRCA2 variant in pancreatic cancer patients than 
in breast/ovarian cancer patients.

A novel BRCA2 missense variant (p.Glu2650Gln) 
was identified in one pancreatic cancer patient but not 
detected in 200 healthy controls. This variant is present 
in a highly conserved oligonucleotide/oligosaccharide-
binding (OB) folds within the DNA binding domain of 
the BRCA2 (amino acids 2482 to 3184) in its C-terminal 
region. This domain is important for the interaction of 
BRCA2 with single stranded DNA and then anchoring 
RAD51 at the site of the damaged DNA for its repair [33]. 
This variant may reduce the homologous recombination 
capacity of BRCA2. Neither the literature nor the BRCA2 
variant databases have reported this variant. Twenty out 
of 23 in silico protein function prediction tools predicted 
it as likely pathogenic. Based on the ACMG/AMP crite-
ria (PM1, PM2, PP3, BP1), the variant p.Glu2650Gln is 
classified as a VUS.

A previously reported BRCA2 missense variant 
(p.Ile2296Leu) was identified in one pancreatic can-
cer patient but not in 200 healthy controls. This variant 
involved a conserved amino acid change. Previously, 
a minigene functional splicing assay for this variant 
showed a minor effect on BRCA2 exon 12 skipping [34]. 
Previously, it has been reported as VUS in a North Indian 
breast/ovarian cancer patient [35] and as a benign vari-
ant in South African breast/ovarian cancer patients [36]. 
Ten of 23 in silico protein function prediction tools pre-
dicted it as likely pathogenic. The allele frequency of 
p.Ile2296Leu was 0.14% (44/30,512) among South Asians 
in the gnomAD database. Conflicting interpretations for 
this variant have been reported in the ClinVar database. 
Data regarding the association of this variant with pan-
creatic cancer risk is lacking. Based on the current evi-
dences, the variant p.Ile2296Leu was classified as VUS 
for pancreatic cancer risk.

A recurrent BRCA2 protein truncating variant 
(p.Lys3326Ter) was detected in two pancreatic cancer 
patients but not in 200 controls from Pakistan. This vari-
ant is localized at the RAD51 binding domain (residues 
3265 to 3330) of BRCA2 at its C-terminal region [37]. It 
creates a premature stop codon, resulting in the loss of 
terminal 93 amino acids residues necessary for the reso-
lution of stalled replication forks during the DNA repair 
activity [37]. There are conflicting interpretations related 
to the pathogenicity of this variant. The minor allele 
frequency of this variant among South Asians is 0.69% 
(212/30,594) in gnomAD database. It has been reported 
as a benign variant in the ClinVar database. However, this 
variant has been previously reported in association with 
an increased risk of breast, ovarian, and prostate cancer 
[38–40]. It has been reported with a frequency of 5.6% 
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(8/144) to 10.3% (3/29) in familial and 2.8% (7/250) in 
sporadic pancreatic cancer patients from the USA [41, 
42]. In a large case-control study including 2935 sporadic 
pancreatic cancer patients and 5626 controls, mostly of 
European and Asian origin, p.Lys3326Ter was reported 
to confer an increased pancreatic cancer risk [43]. This 
variant has also been reported with increased probability 
of developing lung cancer among smokers of European 
ancestry [44]. Whereas, both Pakistani pancreatic can-
cer patients carrying this variant were non-smokers. This 
variant deemed involved in pancreatic cancer pathogen-
esis in association with other environmental genotoxic 
risk factor(s). Taken together, p.Lys3326Ter is classified 
as a VUS for pancreatic cancer risk.

No BRCA1 protein truncating variant was detected in 
pancreatic cancer patients from Pakistan. This is consist-
ent with the other reports from China [45], Japan [14], 
the UK [5], the USA [46], and Canada [29]. However, in 
this study, a previously reported BRCA1 missense vari-
ant (p.Thr293Ser) was identified in one pancreatic can-
cer patient and one out of 200 unaffected controls. This 
variant involves a well conserved nucleotide change. It 
has been previously reported in an ovarian cancer patient 
of European ancestry in The Cancer Genome Atlas and 
showed a neutral impact on the BRCA1 function in a 
cell-based homology-directed recombination assay [47]. 
It has been documented with conflicting interpretations 
of pathogenicity in the ClinVar database. Fifteen out of 
23 in silico protein function prediction tools predicted it 
as likely pathogenic. The allele frequency of p.Thr293Ser 
was low among South Asians as reported in the gnomAD 
database (4/30,612; 0.013%). Taken together with the 
previous reports and our interpretations, p.Thr293Ser is 
classified as VUS.

In the present study, BRCA1/2 pathogenic variants 
were not detected in a small group of familial pancre-
atic cancer patients (n = 4), in agreement with other 
small studies from China (n = 9) [12] and Spain (n = 43) 
[48] and a large study from Italy (n = 282) [28]. Whereas 
BRCA1/2 pathogenic variants have been reported in 
familial pancreatic cancer patients with a prevalence 
of 0.8% (5/638) to 7.3% (9/124) in large studies (> 100 
patients) from the USA and Canada [9, 49, 50]. These 
results suggest that the prevalence of pathogenic vari-
ants varies by the genetic enrichment of the study sub-
jects, study size, ethnicity, and geographic origin of the 
study population. Previously, we reported a high preva-
lence of BRCA1/2 pathogenic variants (168/718; 23.4%), 
including 23 BRCA1 founder mutations in high-risk 
breast and/or ovarian cancer patients from Pakistan 
[16–18]. The breast/ovarian cancer patients included 
in these studies were genetically enriched and primarily 
selected based on family history or early age at disease 

presentation. Whereas unselected pancreatic cancer 
patients were recruited in the current study. This could 
explain low prevalence of BRCA1/2 pathogenic variants 
in our study. Recently, we reported a low prevalence of 
PALB2 pathogenic variants (2/150; 1.3%) in a cohort of 
unselected pancreatic cancer patients from Pakistan 
[19]. These findings warrant comprehensive multigene 
panel testing in the Pakistani population.

Our study findings may have potential clinical impli-
cations. Tumours of pancreatic cancer patients har-
bouring BRCA1/2 heterozygous germline variants show 
a loss of heterozygosity of the functional wildtype allele 
and thus are sensitive to platinum agents [3, 4]. Poly 
(ADP-ribose) polymerase inhibitor is another prom-
ising drug for pancreatic cancer patients harbouring 
BRCA1/2 pathogenic germline variants [3, 4]. Moreo-
ver, predictive genetic testing may be offered to the 
first-degree relatives of the pathogenic variant carrier, 
who have a 50% chance of carrying the same pathogenic 
variant. Females harbouring BRCA1/2 pathogenic vari-
ants are at increased risk of developing breast/ovarian 
cancer [4]. Likewise, the males carrying the BRCA1/2 
pathogenic variant are at high risk of developing pros-
tate cancer [4]. Several screening and risk-reduction 
strategies are available for at-risk, unaffected mutation 
carrier individuals.

The present study stands out for its inclusion of an 
unselected and prospectively enrolled cohort of pancre-
atic cancer patients, eliminating case-selection bias and 
enhancing robustness of our findings. Given the chal-
lenging prognosis associated with pancreatic cancer, 
conducting prospective studies on these patients is inher-
ently difficult, making our study’s approach particularly 
noteworthy. However, certain limitations were observed 
in our study. First, we used DHPLC and HRM assays to 
identify BRCA1/2 sequencing candidates with a variant 
detection sensitivity of less than 100%. Consequently, it 
is conceivable that some pathogenic or likely pathogenic 
variants might have been missed using these methods. 
Nonetheless, it is important to note that positive con-
trols for each amplicon were included in all analyses, 
ensuring the reliability of the results obtained. Second, 
comprehensive BRCA1/2 large genomic rearrangements 
were not assessed, which may underestimate the true 
variant frequencies reported in this study. Nevertheless, 
two large genomic rearrangements in BRCA1 (exons 1–2 
deletion and exons 21–24 deletion) previously reported 
as founder mutations in Pakistan [18] were not identi-
fied in the current study. Third, functional assays were 
not performed for the likely pathogenic variants and the 
VUS detected in the current study, leaving an avenue for 
future investigations to explore the functional implica-
tions of these variants.
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Conclusions
This is the first comprehensive study investigating the 
contribution of BRCA1/2 germline variants to unse-
lected pancreatic cancer patients from Pakistan. Path-
ogenic variant was exclusively identified in BRCA2 
(0.7%; 1/150). Additionally, five cases were identified 
as VUS carriers in BRCA1 (n = 1) and BRCA2 (n = 4). 
These findings suggest a marginal contribution of 
BRCA1/2 germline variants to pancreatic cancer risk in 
the Pakistani population. Genetic testing using multi-
gene panels is recommended for a better understanding 
of genetic susceptibility in pancreatic cancer patients 
from Pakistan.
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