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Case Report
Acquired multiple secondary BRCA2 mutations upon 
PARPi resistance in a metastatic pancreatic cancer  
patient harboring a BRCA2 germline mutation
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Abstract: PARP inhibitor (PARPi) therapies have been approved for treating multiple germline BRCA mutated (gBR-
CAm) advanced cancers including metastatic pancreatic cancer. Although significantly prolonged progression-free 
survival was observed in gBRCAm pancreatic cancer patients, there was no improved overall survival. The under-
lined resistant mechanism to PARPi therapy is worth pursuing. Here, we reported a patient with advanced pancre-
atic cancer harboring a germline deleterious BRCA2 V1804Kfs mutation as well as somatic mutations in KRAS, 
TP53 and PTEN. Stable disease was achieved with the combination therapy of cisplatin and PARPi olaparib, but 
the disease quickly progressed after 18 weeks of treatment. Next-generation sequencing (NGS)-based genomic 
profiling of the liver metastasis and liquid biopsy revealed four newly acquired BRCA2 indel mutations, including two 
reversion mutations that could potentially restore BRCA2 function in the PARPi-resistant tumor. Our case showed 
that although initial response to PARPi therapy can be achieved in advanced gBRCAm pancreatic cancer patient, 
the tumor rapidly evolved to acquire multiple secondary BRCA2 mutations to restore the integrity of DNA repair and 
confer drug resistance, which may contribute to the unimproved overall survival in pancreatic cancer patients. 
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Introduction

The five-year survival rate for metastatic pan-
creatic cancer remains as low as 3% [1], and 
therefore it is important for these patients to 
consider treatment options outside of the stan-
dard therapy. As a central mediator in homolo-
gous recombination (HR), BRCA1/2 plays a  
crucial role in repairing damaged DNA and 
maintaining genome stability [2]. Patients with 
a germline BRCA mutation (gBRCAm) have 
been reported in various of cancers, such as 
breast cancer, ovarian cancer, and in a small 
subgroup of metastatic pancreatic cancer [3]. 
PARP inhibitors (PARPi), such as olaparib, ruca-
parib and talazoparib, have demonstrated clini-
cal activity in BRCA-mutated cancers through 
synthetic lethality [4-6]. A recent study has 
shown that gBRCAm pancreatic cancer patients 
had a longer progression-free survival (PFS) 
with maintenance olaparib treatment [7]. How- 

ever, the overall survival (OS) showed no differ-
ence between the olaparib and placebo groups. 
In this case report, we described a germline 
BRCA2 mutation carrier with metastatic pan-
creatic cancer, who acquired olaparib-resis-
tance after 18 weeks of treatment, and dis-
cussed the potential association between 
secondary BRCA2 reversion mutations and 
olaparib-resistance. This study may provide a 
clue for treatment-decision making in gBRCAm 
pancreatic cancer patients.

Materials and methods

Genomic DNA and circulating tumor DNA were 
extracted from the tumor tissue and plasma 
sample of the patient, respectively, followed by 
sequencing library construction according to 
the published protocols [8]. Hybridization cap-
ture-based targeted next-generation sequenc-
ing (NGS) with a 422-cancer-relevant-gene pan- 
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el was performed on Illumina Hiseq platform. 
Genomic alterations were analyzed as previ-
ously described [8].

For RT-PCR analysis, total RNA was extracted 
from tumor tissue with PureLink RNA Mini Kit 
(Thermo Fisher Scientific, Waltham, MA, USA) 
according to the manufacturer’s instruction. 
RNA concentration and quality were measured 
using Agilent 2100 Bioanalyzer (Agilent Tech- 
nologies, Santa Clara, CA, USA). SuperScript 
VILO MasterMix kit (Thermo Fisher Scientific, 
Waltham, MA, USA) was used for reverse tran-
scription, followed by PCR amplification using 
AmpliTaq DNA Polymerase kit (Thermo Fisher 
Scientific, Waltham, MA, USA) with specific 
primer sets for different variants. Primers used 
for each variant are listed as follows: 5’-AGC- 
AAAAAAATGGCTTAGAG-3’ and 5’-GCAGGTTTT- 
GTTAAGAGTTT-3’ for c.5302_6841+2036del; 
5’-GCAAAGACCCTAAAGTACAG-3’ and 5’-ACAG- 
GTAATCGGCTCTAAAG-3’ for c.4897_6807del. 
70 ng of each PCR product was subjected to 
library construction with a KAPA Hyper DNA 
LibraryPrep Kit (for Illumina) (KAPA Biosys- 
tems, Wilmington, MA, USA), followed by NGS 
sequencing on Illumina Hiseq platform. BRCA2 
variants were analyzed and viewed with the 
Integrative Genomics Viewer (IGV) software.

Case report

A 49-year-old female patient was diagnosed 
with stage IV pancreatic cancer accompanied 
by multiple liver metastases in January 2019 
(Figure 1). To seek for more effective treatment 
strategy, the liver metastases tumor biopsy and 
plasma samples were subjected to genetic 
testing using targeted NGS for 422 cancer-
related genes. A KRAS hotspot G12V mutation 
was revealed at a mutant allele frequency 
(MAF) of 50.3% in tumor sample, accompanied 
with a TP53 A161D mutation (45.8%) and a 
PTEN frameshift mutation M198Kfs (33.6%), 
which were also detected in the plasma sam- 
ple at lower MAFs (Figure 1), and are all typical 
mutations frequently identified in pancreatic 
cancer. Although the clinical significance of 
KRAS G12V as an oncogenic driver is clear, no 
effective targeted drugs have been developed. 

Interestingly, a heterozygous BRCA2 frameshift 
c.5410_5411delGT (V1804Kfs) germline muta-
tion that may result in a truncated and unfunc-
tional BRCA2 protein was identified (Figures 1 

and 2A), although no family history of cancers 
was reported. As a result, two cycles of cisplat-
in treatment (110 mg intravenously each cycle) 
with olaparib 300 mg orally twice a day were 
initiated in February 2019. When the patient 
was evaluated with computed tomography (CT) 
in March 2019, she achieved stable disease 
(SD) with a slight regression of the primary 
tumor and some lesions of the liver metasta-
ses, but other lesions in the liver continued to 
progress (Figure 1). Although the primary tumor 
in the pancreas was still stable at eighteen 
weeks post-treatment, aggressive progression 
was observed in the liver by CT scan (Figure 1). 
To figure out the underlying mechanisms of 
ineffective treatment in the metastatic areas, 
re-biopsy of the liver metastasis and plasma 
sample were collected and subjected to NGS-
based genetic testing. Besides the previously 
detected KRAS, PTEN and TP53 mutations, 
four newly acquired somatic BRCA2 indels  
were observed, three of which were found both 
in the liver tumor and plasma sample, includ- 
ing c.5174_5182delinsT, c.4897_6807del and 
c.5302_6841+203del, whereas BRCA2 c.44- 
34_5686delinsTT was only identified in the 
plasma sample with a relatively higher MAF 
level comparing to the three shared indels, sug-
gesting that this mutation may come from the 
primary pancreatic tumor or other liver lesions 
(Figures 1 and 2A). Additionally, a liver tumor 
unique BRCA2 c.496C>A (H166N) with un- 
known significance was identified.

Within all these newly acquired BRCA2 muta-
tions, two long-range deletions, the plasma-
unique c.4434_5686delinsTT and the shared 
c.4897_6807del, have the potential to restore 
the open reading frame (ORF) of BRCA2 and 
express its c-terminal DNA-binding domain 
(DBD) (Figure 2B). c.4434_5686delinsTT (Y14- 
80_A1896del) mutant produced a BRCA2 pro-
tein lacking a 417 amino-acid sequence that 
contains 3 BRC repeats (BRC 4-6). Similarly, 
c.4897_6807del (I1633_I2269del) mutant ex- 
pressed a BRCA2 protein lacking 4 BRC repeats 
(BRC 5-8). These reversion mutations may con-
tribute to the restoration of DNA repair through 
HR and potentially account for the resistance to 
olaparib and cisplatin treatment. 

However, c.5174_5182delinsT and c.5302_ 
6841+203del mutations could cause a trun-
cated BRCA2 product similar to the germline 
mutation based on DNA-testing results. RT-PCR 
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analysis followed by NGS of the resulted PCR 
products was used to confirm the effect of 
these BRCA2 mutations at RNA level. Indeed, 
the mRNA variation of c.4897_6807del was 
consistent with the prediction. However, 
c.5302_6841+203del mutation leaded to a 
c.5302_6841+336del at mRNA level (Figure 
2C). 

Discussion

BRCA mutation is widely reported in patients 
with breast and ovarian cancer, and may be a 
predictive biomarker for benefiting from DNA-
damaging anticancer drugs such as PARP inhib-
itors [9-11]. The efficiency of PARPi in treating 
BRCA mutated advanced pancreatic cancer are 

Figure 1. Disease diagnosis and progression during treatment course with genetic testing results. Upper panel, CT 
images of the abdomen and pelvis showed the disease progression during treatment. Tumor lesions are indicated 
by red arrows in pancreas and liver. Lower panel, NGS-based genetic testing results for tissue and plasma biopsies 
collected before and 18 weeks after treatment. Mutant allele frequency (MAF) of each mutation was shown as 
percentage in the table. -: not detected.
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Figure 2. Sequence analysis of BRCA2 mutants. A. Examination of the sequencing reads in Integrative Genomic Viewer (IGV) software revealed the germline and five 
newly acquired BRCA2 mutations in plasma and/or liver tumor biopsies. Bases that do not match to the reference genome due to point mutation or insertion are 
color coded, whereas deletions are indicated as a black dash (-). B. Diagram of BRCA2 protein domain structures caused by gBRCA2m and newly acquired BRCA2 
mutations in treatment-resistance samples. C. NGS based RT-PCR analysis of the two long-range deletions were reviewed using IGV. Bases that do not match to the 
reference sequence are color coded. WT, wild type. *, germline mutation.
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currently under evaluation. A phase 3 clinical 
trial in metastatic pancreatic cancer patients 
who had a germline BRCA1/2 mutation demon-
strated that olaparib-treated group has a sig-
nificantly longer median PFS than the placebo 
group (7.4 months vs. 3.8 months) [7]. In our 
case, cisplatin plus olaparib treatment achieved 
a PFS of 4.5 months, shorter than the reported 
7.4 months. We were aiming to identify the 
underlying mechanisms for the rapid olaparib 
resistance and tumor progression.  

Several mechanisms account for PARPi resis-
tance have been reported, including epigenetic 
regulation of BRCA expression [12], alternative 
mRNA splicing [13], regulation by miRNAs [14], 
and restoration of ORF to form a nearly full 
length BRCA by reversion mutations [15]. In our 
study, four newly acquired BRCA2 indel muta-
tions were observed after PARPi and cisplatin 
resistance, indicating the heterogeneity and 
complexity of tumor genomic evolution during 
olaparib treatment. c.4434_5686delinsTT or 
c.4897_6807del could restore the ORF of 
BRCA2, and produce a BRCA2 protein lacking 
BRC repeats 4-6 or 5-8, respectively, but 
restoring the C-terminal DBD domain for DNA 
binding. BRC repeats of BRCA2 directly binds to 
RAD51, an important factor that catalyzes the 
recognition and strand exchange in DNA repair 
through HR [16, 17]. However, studies have 
shown that each BRC repeat involved in differ-
ent functions as only BRC 1-4 can enhance 
DNA strand exchange by RAD51 [18]. A previ-
ous in vitro study has shown that BRCA2 vari-
ants lacking BRC 6-8 were still competent in 
mediating PARPi resistance [19], suggesting 
that the c.4434_5686delinsTT (BRC4-6 loss) 
and c.4897_6807del (BRC 5-8 loss) reversion 
mutations identified in our study may restore 
certain BRCA2 function in order to confer PARPi 
resistance. More detailed functional investiga-
tion is needed for confirmation in future stud-
ies. Although c.4434_5686delinsTT variant 
was only detected in the plasma, it may be 
caused by the heterogeneity of cancer within 
different lesions, which cannot be fully cap-
tured by a single tumor biopsy sample. 

c.5302_6841+203 (336) del and c.5174_ 
5182delinsT mutations, which produced trun-
cated BRCA2 proteins similar to the germline 
BRCA2 variant, were also identified at a similar 
or even higher MAF of c.4897_6807del rever-

sion mutation in the treatment-resistant tumor. 
An additional BRCA2 H166N mutation with 
unknown significance was only identified in the 
relapsed liver tumor. The detailed function of 
these truncated mutations as well as the 
BRCA2 H166N mutation need to be further 
investigated in the future.

Conclusion

In summary, we reported an advanced pancre-
atic cancer patient with a BRCA2 germline 
mutation achieved SD on cisplatin plus olapar-
ib treatment, but rapidly progressed after 4.5 
months. Two ORF-restoring mutants lacking dif-
ferent BRC repeats and three mutants with 
unknown functions were newly acquired upon 
resistance. This report highlights a possible 
route to cisplatin and olaparib treatment failure 
for gBRCAm carriers, and demonstrated the 
heterogeneity and complexity of rapid tumor 
genomic evolution during treatment course of 
PARPi, which may provide a clue for treatment-
decision making in gBRCAm pancreatic cancer 
patients.
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