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Impact of BRCA1/2 gene mutations on survival of patients with 
pancreatic cancer: A case-series analysis
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BRCA gene mutations are found in up to 10% of pancreatic adenocarcinoma cases. We present a description of 4 
cases along with a review of the current literature regarding pathogenesis, target treatment, response and survival 
rates in these types of malignancies. We describe four cases of pancreatic adenocarcinoma, in three of which the 
BRCA2 mutation was identified, in one - BRCA1 gene alteration. Two patients underwent surgery following the neo-
adjuvant treatment with Folfirinox and radiotherapy; in the first case, a distal pancreatectomy with splenectomy was 
performed and in the second one - the Whipple’s procedure. In both cases, a complete pathological response was 
reported. Other 2 patients were treated with Folfirinox after BRCA mutation identification and acceptable life expectancy 
was obtained. The association of pathologic complete response (PCR) with lower rates of local recurrence and better 
survival in patients with various types of adenocarcinomas is well known. Identification of such patients carrying BRCA 
mutations could provide an application of better personalized treatment. In some patients with pancreatic cancer, espe-
cially when there is clinical or demographic reason to suspect a genetic predisposition, a confirmation of the presence 
of BRCA mutations could provide an opportunity to use target treatment with beneficial outcomes regarding survival. 
(Ann Hepatobiliary Pancreat Surg 2019;23:200-205)
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INTRODUCTION

The median survival of pancreatic ductal cancer today 

comprises less than 1 year for advanced stages of the dis-

ease, and even when early diagnosed, the 5-year survival 

for the above malignancy reaches only 7%.1

Around 10% of the pancreatic ductal adenocarcinoma 

(PDAC) are associated with hereditary predisposition.2 

BRCA2 mutations increase the risk of breast cancer, pros-

tate cancer, pancreatic cancer, and melanoma and stomach 

cancer.3 It is estimated that in BRCA2 carriers, the cumu-

lative risk of all cancers is 32% for men by the age of 

70 years, and 90% for women.4 The estimated lifetime 

risk of pancreatic cancer for individuals with a BRCA2 

mutation is 4.9%.5 The cases of familial pancreatic cancer 

(FPC) have also been reported.6 Researchers have docu-

mented germinal gene mutations which are known to in-

crease the risk of PDAC. 

The effect of BRCA mutations and response to DNA 

crosslinking agents in PDA was evaluated and there are 

authors who reported that BRCA-associated PDA in pa-

tients receiving a platinum agent as first-line metastatic 

therapy demonstrated a partial or complete radiographic 

response.7

Lowery et al.8 have been studying the effect of BRCA 

mutations and response to DNA crosslinking agents in 

PDAC. It was reported that 5/6 BRCA-associated PDAC 

patients who received a platinum agent as first-line meta-

static therapy demonstrated a partial or complete radio-

graphic response (Table 1). This favorable response of 
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Table 1. Patients with BRCA1/2 mutations and pathological or radiological response after treatment reported in literature

Authors Year Patients BRCA CXRT Response reported

Sonnenblick et al.9 2011 1 BRCA 2 Cisplatinum Radiological
Lowery et al.8 2011 15 BRAC2=11

BRAC1=4
Cisplatinum Radiological

Golan et al.20 2017 71 BRAC2=49
BRAC1=21
BRCA1/2=1

Gem-Cis NR

Gostimir et al.23 2016 1 BRCA 2 Folfirinox Pathological
Vyas et al.22 2015 10 BRCA2 Gem-Cis/Oxa/Iri Radiological
Zhao et al.21 2012 11/442 NR Gem-Cis-XRT Pathological

NR, not reported; Cis, cisplatinum; Gem, Gemcitabina; CXRT, Chemoradioterapy

Table 2. Summary of clinical information, neoadjuvant therapy schemes and outcomes

Case Age Stage Localization Size mm  CRT BRCA Demo OS (mo)

1 63 uT3N1 Neck 37×21 FOX 2 Yes 9 m
2 46 uT3N1 Head 27×55 FOX 2 Yes 15 m
3 60 uT3N1 Head 37×20 GEM+P-FOX 2 No 36 m
4 56 uT4N1 Body 30×40 GEM+P-FOX 1 Yes 14 m

CXRT, chemoradiotherapy treatment (50.4 G/y); FOX, folfirinox; GEM+P-, Gemcitabine+Paclitaxel; OS, over survival

BRCA-associated PDAC to DNA crosslinking agents is 

also supported by a case report by Sonnenblick.9 A sur-

vival advantage with platinum-containing regimens was 

reported also for patients with PDAC and a family history 

of any malignancy, in whom the status of BRCA mutation 

carrier was not specified.10

Mutations in BRCA 2 are considered to be the most 

common accounting for up to 17 % of FPC.11 Hereby, we 

discuss four cases of pancreatic cancer and the potential 

role of BRCA mutations regarding therapeutic implica-

tions, complete pathological response and survival benefits 

(Table 2).

CASE

Case 1

A 63-year-old woman was referred to emergency de-

partment with sudden epigastria pain reporting that pain 

had started 1 month ago. Abdominal ultrasound (US) re-

vealed a mass in pancreas. On CT scans, a lesion of 30 

mm in the pancreatic neck was found. PET-CT showed 

an increased uptake in the head of the pancreas (SUV: 

7.45) (Fig. 1). Eco-endoscopy identified a solid mass uT3N1, 

and the biopsy results were compatible with adenocar-

cinoma. From the family history, mother of the patient 

had endometrial cancer, sister suffered from breast cancer, 

and aunt also had breast cancer, all of them were BRCA- 

positive. The patient underwent the BRCA test, and the 

BRCA2 mutation was identified. Neoadjuvant chemothe-

rapy with FOLFIRINOX was started with excellent toler-

ance after 6 cycles and subsequent radiotherapy was applied. 

PET-MRI visualization revealed the absence of pathologi-

cal uptake and ruled out any metastatic lesions (Fig. 1). 

A standard distal pancreatectomy with splenectomy was 

performed. The pathology results showed complete re-

sponse to therapy with no signs of malignancy. Currently 

the patient (Fig. 2) is asymptomatic with no evidence of 

recurrence at 9-month follow-up.

Case 2

A 46-year-old female presented with jaundice and bilir-

ubin level up to 6.1 mg/dl. Her sister had oncological his-

tory of breast cancer. Thoracic-abdominal-pelvic CT was 

performed and ultrasound-guided fine-needle biopsy was 

suggestive for adenocarcinoma uT3N1 in the head of pan-

creas. The patient underwent the placement of biliary met-

allic stent and received 7 cycles of neoadjuvant therapy 

with folfirinox and subsequent radiotherapy. The Whipple 
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Fig. 2. Intraoperative findings (fibrosis) in the specimen.

Fig. 1. Axial magnetic reson-
ance imaging (MRI) images be-
fore (right) and after (left) the 
therapy in the neck of pancreas 
(red arrow), marked tumor shrink-
age after neoadjuvant chemora-
diation is indicated with the 
arrow on the second MRI-scan.

procedure was performed and pathological examination 

revealed complete pathologic response (Fig. 3). The ad-

juvant therapy with Gemcitabine was prescribed. For now, 

the patient remains asymptomatic and with no signs of tu-

mor recurrence after 15 months of follow-up.

Case 3

A 56-year-old female presented with a history of breast 

cancer treated with surgery and chemoradiotherapy 9 years 

ago. The previous year she started experiencing abdomi-

nal pain and the thoracic-abdominal CT scan revealed a 

solid mass in the pancreas 30×40 mm in size. Ultrasound- 

guided fine-needle biopsy confirmed adenocarcinoma uT4N1 

in the pancreatic neck with vascular infiltration. The pa-

tient received neoadjuvant therapy with Gemcitabine and 

paclitaxel with following radiotherapy. Whipple procedure 

was performed and the histopathological study revealed 

pancreatic adenocarcinoma pT3N0. The adjuvant therapy 

with Gemcitabine was prescribed. The follow up examina-

tion identified liver metastases; the BRCA test confirmed 

the presence of BRAC1 mutation. Finally, the patient re-

ceived chemotherapy with Folfirinox with good response 

and no signs of metastatic disease progression.

Case 4

A 60-year-old male presented with jaundice and ab-

dominal pain having elevated liver function indices. Ab-

dominal CT scan demonstrated a lesion in the head of the 

pancreas measuring 37 mm with common bile duct and 

hepatic duct dilatation and another lesion in liver compat-

ible with metastases. After echoendoscopy, the findings 

were staged as uT3N1M1 tumor. The biopsy confirmed 

pancreatic adenocarcinoma. The patient underwent neo-

adjuvant treatment with gemcitabine and abraxane, after 

the follow-up examination, this treatment was changed 

due to suspected progression of the disease regarding the 

elevation of CA19-9 serum marker; finally, in 2014, the 

FOLFIRINOX and radiotherapy were prescribed. The lab-

oratory studies revealed BRCA2 mutation. Until 2018, a 

response to therapy is preserved with no evidence of me-

tastatic disease.

DISCUSSION

PDAC represents a challenging issue in the era of mod-

ern oncology. Despite the progress in the research and 

treatment efficacy of the above pathology, the incidence 

of all types of pancreatic cancer (85% of which are ad-

enocarcinomas) ranges from 1 to 10 cases per 100,000 

people.5 This rate is generally higher in developed coun-

tries and among males remaining at the same level over 

the past 30 years relative to the incidence of other com-

mon solid tumors.5,12 It is the eighth leading cause of death 

from cancer among men and the ninth in women through-

out the world.12

Features of pancreatic adenocarcinoma include a very 

high rate of activating mutations. Germline mutations in 

the tumor suppressor genes of breast cancer, namely, 

BRCA1 and BRCA2 have been proven to portend a dras-
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Fig. 4. BRCA deficient cells are more sensitive to DNA cross-
linking agents such as cisplatin. hR, homologous recombina-
tion; dsB, double strand breaks [from Sonnenblick et al., 2011].

Fig. 3. Microphotograph images 
of complete tumor response with
absence of tumor cells that are 
replaced by extensive quantities 
of mucus and reparative mesen-
chymal cells (×2).

tically increased lifetime risk of breast and ovarian can-

cers in the alteration carriers. A number of studies has 

shown that the third most common cancer associated with 

these mutations is pancreatic cancer.13

In a prospective study, a statistically significant 2.4-fold 

increase in pancreatic cancer incidence was found in fe-

male BRCA mutation carriers compared with the general 

population.14 Women with a BRCA mutation who were 

over the age of 50 had an annual risk of developing pan-

creatic cancer of 0.04 percent. If these female BRCA mu-

tation carriers had a first-degree relative with pancreatic 

cancer, the annual risk for developing pancreatic cancer 

was 1 percent.5

BRCA1 and BRCA2 are tumor suppressor genes that 

are inherited in an autosomal dominant fashion with in-

complete penetrance. The loss of function of the tumor 

suppressor genes is essential in the cascade of genetic 

changes that causes a failed control of the cell growth and 

differentiation and drives tumorigenesis. Both BRCA pro-

teins are engaged in transcriptional regulation of gene ex-

pression as well as the recognition or repair of DNA dam-

age, particularly double‐strand breaks. In patients with 

sporadic pancreatic cancer, BRCA1/2 are mutated in the 

most advanced pancreatic intraepithelial neoplasia lesions, 

whereas a germline mutation in either of the genes repre-

sents the earliest risk factor in many types of FPC.4,5,12

While the BRCA1 plays a pivotal role in the initiation 

of the process of DNA repair, the BRCA2 directly partic-

ipates in the reparation apparatus creating a complex with 

the RAD51 (an essential protein for DNA repair for ho-

mologous recombination) (Fig. 4) in the foci of DNA 

breaks.8

Clinical characteristics associated with the BRCA muta-

tions are following: women who develop breast cancer at 

age of 40 or younger are at increased risk for positive re-

sults of BRCA mutation testing, particularly if they origi-

nate from Ashkenazi Jewish ethnicity;15 triple-negative 

breast cancers;16 up to 14 percent of men with breast can-

cer have a BRCA2 mutation.17 Among women with ovar-

ian cancer, regardless of family history, about 15 percent 

are attributable to BRCA mutations.18 

Neodjuvant chemoradiotherapy improves the survival 

for resectable PADC and prognosis for loco-regional me-

tastatic disease. Recently, the multidrug chemotherapy re-

gimens such as a combination of fluorouracil, irinotecan, 

oxaliplatin, and leucovorin (FOLFIRINOX) and gemcita-

bine plus albumin bound to paclitaxel particles (nab-pacli-

taxel) have gained popularity in the preoperative and post-

operative settings based on their efficiency in patients 

with metastatic disease.11,19 Platinum agents exert their an-

tineoplastic activity by causing DNA crosslinking. Add-

ition of DNA cross-linking agent such as cisplatin to stand-



204  Ann Hepatobiliary Pancreat Surg Vol. 23, No. 2, May 2019

ard gemcitabine chemotherapy or FOLFIRINOX regimen 

should be considered in BRCA mutation carriers.13

Platinum analogues are DNA cross-linking agents, which 

kill tumor cells by creating DNA lesions during S-phase, 

probably inhibiting DNA replication.9 Regarding the role 

of BRCA in DNA repair, it is speculated that mutations 

in BRCA1 and BRCA2 result, on the one hand, in the 

increased cancer incidence due to defective homologous 

recombination, which leads to genome instability, but, on 

the other hand, these cancers are more sensitive to DNA 

cross-linking agents such as cisplatin or oxaliplatin.

We report 2 cases of pancreatic adenocarcinoma asso-

ciated with BRCA2 mutations where a good response to 

the treatment was observed. Similar favorable response of 

BRCA-associated PDA to DNA crosslinking agents was also 

reported in a series by Sonnenblick et al.9 (Table 1).8,9,20-23 

A survival advantage under application of platinum-con-

taining regimens was also reported for patients with PDA 

and a family history of any malignancy, in whom the sta-

tus of BRCA mutation status was not assessed.10

Future studies are needed to evaluate the use of cispla-

tin in combination with other agents. Importantly, these 

studies should also address different individual patient 

sensitivity and de novo or acquired resistance to cisplatin 

revealed by the assays that reflect relative genetic instabil-

ity. The results of current study allow suggesting that 

BRCA mutation status may be a prognostic and predictive 

biomarker for PDA and that BRCA-associated PDAC pa-

tients may benefit from the addition of platinum agents 

to standard therapy.

Our data have not definitively shown the tumor re-

sponse for all stages and it seems reasonable to compare 

further the results in early stage vs late stage in a case–
control study. A randomized clinical trial evaluating the 

addition to platinum-based therapy in a selected popula-

tion of BRCA1, BRCA2 or PALB2 mutation carriers with 

PDA is currently ongoing. 

In two patients who completed chemoradiotherapy, the 

post-treatment CT scans showed significant response to 

the treatment with complete lesion regression. After pan-

creatic resection, no residual invasive carcinoma was ob-

served.

Post-treatment response in specimens has been shown 

to correlate with the prognosis in patients with several 

types of carcinomas including esophageal cancer, rectal 

cancer and pancreatic cancer. Patients who achieved pCR 

after neoadjuvant therapy had a better prognosis. Qing 

Zhao et al.21 have identified 2.5% of patients with pCR 

in a large cohort of 442 patients with PDAC who com-

pleted neoadjuvant CRT and subsequently underwent pan-

createctomy. Patients with pCR had better overall survival 

than those with post-therapy stage I and stage IIA carry-

ing residual invasive PDAC.21 It is also important to eval-

uate the prognostic significance of pathologic response to 

the neoadjuvant therapy in future studies.

In summary, surgical oncologists should consider BRCA 

mutation testing when the diagnosis of pancreatic cancer 

is established, especially when there is clinical or demo-

graphic reason to suspect a genetic predisposition. Recent-

ly, researches have demonstrated a survival advantages in 

patients with BRCA mutations and the above malig-

nancies are strongly considered to be treated with the ad-

dition of a DNA cross-linking agent, such as cisplatin to 

a standard chemotherapy backbone. Future collaborative 

studies of a larger patient population are needed to con-

firm the prognostic value of pCR in patients with PDAC 

and evaluate the significance of the mutation locus in 

BRCA1/2 genes regarding the treatment outcomes in pa-

tients with BRCA-positive PDAC. The role of other fac-

tors influencing the grade and type of the response to ther-

apy in above patients should be also assessed.
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