
B RCA1 (BReast CAncer gene 1) and BRCA2 are 
tumor-suppressor genes that repair both double- 

stranded DNA breaks and cross-linking damage 
induced by DNA-damaging drugs,  through homolo-
gous recombination.  BRCA1 and BRCA2 are localized 
in the nucleus in response to DNA damage,  leading to 
the formation of RAD51 foci and the subsequent repair 
of DNA damage [1].  BRCA pathogenic variants have 
been reported in a large number of Japanese patients 
with pancreatic cancer,  with the rates 0.69-0.90% for 
BRCA1 and 2.20-2.50% for BRCA2 [2 , 3].  Clinical data 
from studies of ovarian cancer revealed that patients 
with BRCA1 and BRCA2 mutations had higher response 

rates and longer progression-free survival (PFS) and 
overall survival (OS) after treatment with platinum- 
based and other DNA-damaging agents,  resulting in 
improved outcomes [4-10].  Favorable outcomes have 
also been reported in patients with breast cancer with 
respect to the response rate and PFS in BRCA-positive 
patients [11-13].

Similar results have been obtained in studies of 
patients with pancreatic cancer,  suggesting that pancre-
atic cancer patients who are positive for BRCA1 and/or 
BRCA2 pathogenic variants would achieve better treat-
ment responses to platinum-based drugs compared to 
those who are negative for these variants [14-16].  A 
prospective analysis was conducted in patients with 
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pancreatic cancer with or without germline mutations 
in BRCA1 and BRCA2 who were treated with a combi-
nation of folinic acid,  5-fluorouracil (5-FU),  irinote-
can,  and oxaliplatin (i.e.,  FOLFIRINOX,  also referred 
to as FFX) as neoadjuvant chemotherapy.  FOLFIRINOX 
was shown to have a significant prognostic effect in a 
phase III study with gemcitabine as the control group 
[17].  Favorable treatment results have also been reported 
in phase II trials in Japan [18].

Modified FOLFIRINOX in which the dose of CPT11 
(i.e.,  taxotere,  cisplatin and irinotecan) is reduced to 
150 mg/m2 is currently used as the standard treatment 
due to its safety and efficacy [19].  Another study’s 
results suggested that BRCA-positive patients with pan-
creatic cancer (n = 9) had a better overall response rate 
(ORR) and disease-free survival than BRCA-negative 
patients (n = 30) [20].  However,  there are potential 
problems with the generalizability of these findings.  
First,  although there have been a large number of stud-
ies of patients in Western countries (especially Israel,  
which included Ashkenazi Jews) who have a genetic 
predisposition to pancreatic cancer,  there have been 
insufficient studies from Asian countries.  Second,  
some of the previous investigations of BRCA mutations 
were not restricted to pathogenic mutations; rather,  
they included variants of uncertain significance (VUS) 
and non-pathogenic BRCA mutations.  Enrolling 
patients with VUS or non-pathogenic mutations may 
result in an underestimation of the role of BRCA patho-
genic variants in association with the therapeutic effect 
of anticancer drugs.

Third,  some studies included different treatment 
regimens,  such as FFX,  gemcitabine,  cisplatin,  and 
5-FU,  leucovorin,  and oxaliplatin (FOLFOX; i.e.,  
folinic acid,  fluorouracil,  and oxaliplatin).  Since the 
therapeutic effects of each of these regimens differ,  
studies with a uniform regimen should be conducted.  
To the best of our knowledge,  no study has investigated 
the effect of modified FFX (mFFX) on the prognosis of 
Japanese patients with unresectable pancreatic cancer 
with or without germline BRCA mutations.  Herein we 
present retrospective,  real-world data on 43 Japanese 
patients with pancreatic cancer who were treated with 
mFFX,  including six BRCA-positive patients and 37 
BRCA-negative patients.

Patients and Methods

Patients. We retrospectively enrolled patients 
who were treated with mFFX at Okayama University 
Hospital (Okayama,  Japan) and underwent the 
BRACAnalysis (Myriad,  Salt Lake City,  UT,  USA) or a 
next-generation sequencing (NGS)-based multiplex 
assay between August 2019 and September 2021.  We 
obtained the data on the patients’ demographics,  clini-
cal history,  personal and family history of cancer,  sys-
temic chemotherapy,  and treatment response from their 
medical records.

Chemotherapy. mFFX was used as the standard 
of care.  Each of the 43 patients was treated with mFFX 
every 2 weeks as follows: a 2-hr intravenous (IV) infu-
sion of 85 mg/m2 oxaliplatin and a 2-hr IV infusion of 
200 mg/m2 l-leucovorin.  Irinotecan (150 mg/m2) was 
intravenously infused over a 90-min period,  followed 
by a continuous 46-hr IV infusion of 2,400 mg/m2 5-FU 
(bolus 5-FU was not administered).  The patients rou-
tinely received palonosetron,  aprepitant,  and dexa-
methasone as prophylaxis for emesis.  Treatment was 
continued until the observation of disease progression,  
unacceptable toxicity,  discontinuation at the discretion 
of the treating physician,  or the patient’s refusal.

NGS-based multiplex assay. Genomic tests were 
performed using a somatic test (FoundationOne CDx:  
Foundation Medicine,  Cambridge,  MA,  USA) and a 
germline (BRACAnalysis) test.  The FoundationOne 
CDx test uses a NGS platform and hybrid-capture 
methodology that detects base substitutions,  insertions,  
deletions,  and copy-number alterations in up to 324 
genes and selected gene rearrangements.  Formalin-
fixed,  paraffin-embedded tumor specimens were sent to 
a Clinical Laboratory Improvement Amendments-
certified and College of American Pathologists-
accredited laboratory.  Biopsy tissues from distant 
tumor sites were selected when feasible.  DNA extracted 
from tumor samples was subjected to NGS using the 
hybrid capture-based FoundationOne CDx assay.  
Homologous recombination repair (HRR) genes (ATM,  
BAP1,  BARD1,  BRIP1,  CHEK2,  FANCA,  FANCC,  
NBN,  PALB2,  RAD51,  RAD51C,  and RAD51D) asso-
ciated with pancreatic cancer were examined in addi-
tion to BRCA [21 , 22].  The BRACAnalysis test was used 
to identify carriers of germline loss-of-function (delete-
rious or suspected deleterious) mutations in BRCA1 or 
BRCA2.
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Response assessment and clinical outcome.
Contrast-enhanced computed tomography was per-
formed every 8-10 weeks.  The patients’ treatment 
response was evaluated according to the Response 
Evaluation Criteria in Solid Tumors (ver. 1.1).  PFS was 
defined as the time from the initiation of mFFX therapy 
to the date of disease progression or death from any 
cause.  Adverse events were compared between BRCA-
positive and BRCA-negative groups.  The CTCAE5.0 
criteria were used to assess adverse events.

Statistical analyses. Patient characteristics were 
compared using the χ2-test or Fisher’s exact test for cat-
egorical variables.  The t-test and an analysis of variance 
(ANOVA) were used for continuous variables.  Time 
was censored at the date of the last follow-up for patients 
who were still alive.  The Kaplan–Meier method was 
used to estimate PFS and overall survival,  and the log-
rank test was used to determine significance.  A proba-
bility (p)-value < 0.05 was considered significant.  
Statistical analyses were conducted using SAS (ver. 14;  
SAS,  Cary,  NC,  USA).

Ethical committee approval. All procedures used 
herein were in accord with the ethical standards of our 
institutional research committee and with the 1964 
Declaration of Helsinki and its later amendments.  This 
study was approved by the Institutional Review Board of 
Okayama University (approval no. 2104-010).  In light 
of the study’s retrospective design and anonymized data,  
the requirement for patients’ informed consent was 
waived.

Results

Patients’ characteristics. Between August 2019 
and September 2021,  43 patients with unresectable 
pancreatic cancer were treated with mFFX at Okayama 
University Hospital and tested for BRCA mutations.  
Germline BRCA testing was performed in 11 patients,  
and somatic BRCA testing was performed in 26 
patients; six patients underwent both germline and 
somatic BRCA testing.  Germline testing was performed 
in all BRCA-positive cases.  Six BRCA-positive cases were 
detected by germline testing (n = 2) or germline and 
somatic testing (n= 4),  whereas 37 BRCA-negative cases 
were confirmed by germline testing (n = 9),  somatic 
testing (n = 26),  or germline and somatic testing (n = 2).  
The specific variants are shown in Table 1.

Pathogenic variants,  rather than VUS or likely 

pathogenic variants,  were observed in all six BRCA-
positive patients.  The clinical characteristics of the 
patients are presented in Table 2.  The BRCA-positive 
patients had a significantly higher prevalence of ovarian 
cancer compared to the BRCA-negative patients.  The 
prevalence of peritoneal dissemination and familial 
pancreatic cancer was also significantly higher in the 
BRCA-positive patients than in the BRCA-negative 
patients.  Table 3 lists the patients with a family history 
of first-degree relatives with cancer.  BRCA-positive 
patients were more likely to have a family history of 
breast cancer.  We investigated the presence of other 
HRR-related genes in all 32 patients who received 
FoundationOne CDx and identified only one case with 
BAP1 variant.  HRR-related genes other than BRCA 
were not searched for in the 11 patients who underwent 
only the BRACAnalysis.

Overall response rate. The ORR,  according to the 
Response Evaluation Criteria in Solid Tumors (ver. 1.1),  
was significantly higher in the BRCA-positive patients 
versus the BRCA-negative patients (100% vs. 27%,  
respectively; p < 0.001) (Table 4).  It is noteworthy that 
all six BRCA-positive patients had a partial response 
(n = 6,  100%); no patients in this group had progres-
sive disease or stable disease as the best response.  In the 
BRCA-negative group,  a partial response was observed 
in 27% (n = 10) of the patients and stable disease was 
observed in 51% (n = 19).  The disease control rate was 
100% (n = 6) in the BRCA-positive group and 78% 
(n = 29) in the BRCA-negative group (p = 0.200) (Table 
4).

We performed a subset analysis to investigate the 
impact of the mFFX regimen on the patients’ ORR.  
Four of the six BRCA-positive patients were treated with 
mFFX as first-line chemotherapy.  Twenty of the 37 
BRCA-negative patients were treated with mFFX as 
first-line chemotherapy,  and the other 17 were treated 
with mFFX as second-line chemotherapy.
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Table 1　 The mutations in the BRCA-
positive patients

Mutation Patients

BRCA1 E1214＊ 1
BRCA2 N2135fs＊3 1
BRCA2 I1859fs 2
BRCA2 Q3026＊ 1
BRCA2 R3128＊ 1



The lesion reduction rate on computed tomography 
in the patients who achieved a partial response was sig-
nificantly higher in the BRCA-positive group than in 
BRCA-negative patients (n = 10) (71% vs. 44%,  respec-

tively; p = 0.044) (Fig. 1).
Progression-free survival. PFS was used as a sur-

rogate endpoint for mFFX response.  The BRCA-
positive patients had significantly longer PFS compared 
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Table 3　 Malignancies in first-degree relatives of the BRCA-positive and -negative patients

Malignancy BRCA-positive (n=6) BRCA-negative (n=37) P-value

Breast 4 (67) 2 (5) <0.001
Ovary 0 (0) 1 (3) 0.680
Pancreas 2 (33) 4 (11) 0.130
Prostate 1 (17) 0 (0) 0.012
Lung 1 (17) 7 (19) 0.890
Stomach 1 (17) 10 (27) 0.580
Bladder 1 (17) 1 (3) 0.130
Skin 1 (17) 0 (0) 0.012
Uterus body 1 (17) 0 (0) 0.012
Uterus cervix 0 (0) 1 (3) 0.680
Thyroid 1 (17) 0 (0) 0.012
Colon 0 (0) 5 (14) 0.330
Esophagus 0 (0) 1 (3) 0.680
Rectum 0 (0) 1 (3) 0.680
Kidney 0 (0) 1 (3) 0.680
Bile duct 0 (0) 2 (5) 0.550
Liver 0 (0) 1 (3) 0.680

Table 2　 The characteristics of the 43 Japanese patients with pancreatic cancer

Characteristic BRCA-positive (n=6) BRCA-negative (n=37) P-value

Age (years),  median 64 60 0.580
Male sex,  n (%) 3 (50) 14 (37) 0.570
Primary tumor location,  n (%)
　Head/body+ tail 1/5 9/28 0.680
Disease status,  n (%)
　Locally advanced 0 (0) 12 (32) 0.350
　Metastatic 4 (67) 18 (49)
　Recurrent 2 (33) 7 (19)
Metastases,  n (%)
　Liver 4 (66) 20 (54) 0.510
　Peritoneal 4 (66) 3 (8) <0.001
　Lung 0 (0) 5 (13) 0.330
　Lymph node 0 (0) 4 (11) 0.390
　Bone 0 (0) 2 (5) 0.550
Personal history,  n (%)
　Breast cancer 1 (16) 1 (3) 0.140
　Ovarian cancer 1 (16) 0 (0) 0.014
　Prostate cancer 0 (0) 0 (0) -
Familial pancreatic caner,  n (%) 2 (33) 1 (3) 0.006
mFFX,  n
　First/second regimen 4/2 20/17 0.560
CA19-9 (U/mL),  median 98 56 0.950

CA19-9,  carbohydrate antigen 19-9; mFFX,  modified FOLFIRINOX (folinic acid,  5-fluorouracil,  irinotecan,  
and oxaliplatin).



to the BRCA-negative patients (hazard ratio [HR] 0.24,  
95% confidence interval [CI]: 0.039-0.840; p = 0.022).  
The median PFS was not reached in the BRCA-positive 
group and was 9.0 months in the BRCA-negative group 
(Table 4,  Fig. 2).  As shown in Table 5,  the following 
factors were not significant factors affecting the patients’ 
PFS: patient age,  sex,  lesion site(s),  carbohydrate anti-
gen 19-9 (CA19-9) levels at the start of treatment,  and 
the timing of the administration of mFFX.

Overall survival. Overall survival was examined 
in 22 patients (four BRCA-positive patients and 18 
BRCA-negative patients) with stage IV disease at the 
time of diagnosis.  FFX was the initial treatment if all 
four of the BRCA-positive patients and 13 (72%) of the 
18 BRCA-negative patients.  There were no significant 
differences in age,  sex,  CA19-9 levels,  or treatment 

lines between these two groups (Table 6).  The germline 
BRCA-positive patients tended to have better overall 
survival than the germline BRCA-negative patients (not 
reached vs. 655 days,  respectively; p = 0.061) (Fig. 3).

Adverse events. The incidence of hematotoxicity 
and that of non-hematologic toxicity were compared 
between the BRCA-positive and -negative groups; no 
significant between-group difference was detected in the 
hematologic or non-hematologic toxicity incidence rate.  
The main adverse events in the BRCA-positive and  
-negative groups were neutropenia (50% vs. 57%),  
febrile neutropenia (0% vs. 2.7%),  nausea (17% vs. 11%),  
anorexia (33% vs. 24%),  and peripheral sensory neu-
ropathy (17% vs. 8.1%,  respectively).

Discussion

The results of our retrospective analyses of 43 
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Table 4　 Efficacy measures: The overall response rate (ORR) and the rates of partial response,  stable 
disease,  and disease control

Outcome BRCA-positive (n=6) BRCA-negative (n=37) P-value

PFS (months)
　Median Not reached 9.0 0.042
ORR,  n (%) 6 (100) 10 (27) <0.001
　Partial response 6 (100) 10 (27)
　Stable disease 0 (0) 19 (51)
　Progressive disease 0 (0) 8 (22)
Disease control rate,  n (%) 6 (100) 29 (78) 0.200

ORR,  overall response rate; PFS,  progression-free survival.
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Fig. 1　 The lesion reduction rate in the partial responders.  The 
lesion reduction rate was significantly higher in the BRCA-positive 
patients (n=6) than in the BRCA-negative patients (n=10) (71% 
vs. 44%,  respectively; p=0.044).

0 400 800 1,200
0

50

100

median
not reached vs. 274 days P=0.047

BRCA-positive

BRCA-negative

Days

Pe
rc

en
t s

ur
vi

va
l (

%
)

Fig. 2　 Progression-free survival (PFS).  The median PFS was 
significantly longer in the BRCA-positive patients (n=6) than in the 
BRCA-negative patients (n=37) (not reached vs. 274 days,  respec-
tively; p=0.047).



Japanese patients with pancreatic cancer demonstrated 
that the germline BRCA mutation carriers with pancre-
atic cancer responded well to mFFX,  with a partial 
response rate of 100%.  This response rate was higher 
than that of all of the reported patients with pancreatic 

cancer in real-world clinical settings [14 , 15 , 20 , 23 , 24].  
The progression-free survival after mFFX treatment was 
also significantly longer in the germline BRCA-positive 
patients compared to the germline BRCA-negative 
patients.

In this patient series,  peritoneal dissemination was 
significantly more common in the BRCA-positive group 
versus the BRCA-negative group.  Although we have 
found no reports on the relationship between BRCA 
pathogenic variants and the incidence of peritoneal  
dissemination in patients with pancreatic cancer,  a rela-
tionship between BRCA pathogenic variants and perito-
neal metastasis has been reported in patients with ovar-
ian cancer; compared to the BRCA-negative patients,  
the women with ovarian cancer and BRCA-positive 
family members were more likely to have high-grade 
and extra-ovarian spread [9].

With respect to a family history of malignancies in 
first-degree relatives,  we observed that the present 
BRCA-positive patients had a greater proportion of 
family members with breast cancer compared to the 
BRCA-negative patients.  (67% vs. 5%,  respectively;  
p < 0.001).  However,  there was no significant between-

522 Horiguchi et al. Acta Med.  Okayama　Vol.  77,  No.  5

0 500 1,000 1,500
0

50

100

Time

Pe
rc

en
t s

ur
vi

va
l (

%
)

median
not reached vs. 655 days P=0.061

BRCA-positive

BRCA-negative

Fig. 3　 The overall survival of the patients with stage IV disease.  
The median overall survival tended to be longer in the BRCA-
positive patients (n=4) than in the BRCA-negative patients (n=18) 
(not reached vs. 655 days,  respectively; p=0.061).

Table 5　 Univariate analysis of progression-free survival (PFS) in 43 Japanese 
patients with pancreatic cancer

Variable HR 95% CI P-value

Age (years) [≥65/<65] 0.45 0.17-1.10 0.080
Sex [male/female] 0.88 0.37-1.90 0.770
Location [head/body+ tail] 1.90 0.74-4.60 0.140
CA19-9 (U/mL) [≥40/<40] 1.80 0.72-5.40 0.200
BRCA status [positive/negative] 0.26 0.04-0.91 0.032
mFFX [second/first line] 1.20 0.56-2.70 0.580
Resection [yes/no] 0.85 0.30-2.00 0.750

CA19-9,  carbohydrate antigen 19-9; CI,  confidence interval; HR,  hazard ratio;  
mFFX,  modified FOLFIRINOX (folinic acid,  5-fluorouracil,  irinotecan,  and oxal-
iplatin); PFS,  progression-free survival.

Table 6　 Characteristics of the patients with stage IV pancreatic cancer

Characteristic BRCA-positive (n=4) BRCA-negative (n=18) P-value

Age (years),  median 64 59 0.440
Male sex,  n (%) 2 (50) 7 (39) 0.680
mFFX,  n
　First/second regimen 4/0 13/5 0.230
CA19-9 (U/mL),  median 236 206 0.560

CA19-9,  carbohydrate antigen 19-9; mFFX,  modified FOLFIRINOX (folinic acid,  5-fluorouracil,  irinote-
can,  and oxaliplatin).



group difference in the family history of pancreatic 
cancer (33% vs. 11%,  respectively; p = 0.130).  Golan et 
al.  also reported that a greater proportion of the family 
members of BRCA-positive patients had breast cancer 
compared to BRCA-negative patients (33.3% vs. 6.6%,  
respectively; p = 0.069),  while there was no similar  
significant difference in patients with pancreatic cancer 
(22.2% vs. 10%,  respectively; p=0.600) [20].  Their results 
suggest that BRCA variants may not be uncommon,  
even in patients without a family history of pancreatic 
cancer.  BRCA testing is thus advisable for patients with 
pancreatic cancer who have first-degree relatives with 
breast cancer.

Excellent sensitivity to platinum-based chemother-
apy has been reported in germline BRCA-positive 
patients with pancreatic cancer [14 , 15 , 20 , 23 , 25].  
FOLFIRINOX is a standard treatment using platinum 
agents for pancreatic cancer,  and FOLFIRINOX has 
been reported to be useful in BRCA-positive pancreatic 
cancer [20 , 21].  Based on the results of these reports,  
we also investigated whether FOLFIRINOX is useful for 
BRCA-pancreatic cancer in Japanese individuals.  Our 
present analyses revealed that the germline BRCA-
positive patients had a significantly higher ORR than the 
germline BRCA-negative patients (100% vs. 27%,  respec-
tively; p < 0.001).  Among the partial responders,  the 
six germline BRCA-positive patients had a greater lesion 
reduction rate than the 10 germline BRCA-negative 
patients (71% vs. 44%,  respectively; p = 0.044).

Golan et al.  reported that the most striking differ-
ence between BRCA-positive and -negative patients was 
the significantly higher pathologic complete response 
rate to treatment with mFFX for borderline resectable 
pancreatic cancer (44% vs. 10%,  respectively; p = 0.009) 
[20].  Wattenberg et al.  reported that patients with 
BRCA- or PALB2-positive pancreatic cancer had better 
response rates than mutation-negative patients treated 
with mFFX (60% vs. 27%,  respectively) [23].  Our pres-
ent findings also support a favorable response to mFFX 
and tumor shrinkage in Japanese patients.

We observed superior PFS in BRCA-positive patients 
compared to BRCA-negative patients (not reached vs. 
9.0 months,  respectively; p = 0.042).  Wattenberg et al.  
observed that the PFS was 10.1 months in BRCA- or 
PALB2-positive patients and 6.9 months in control 
patients treated with platinum-based chemotherapy 
(p= 0.001) [23].  In a study by Kondo et al.  reported that 
the median PFS was significantly longer in patients with 

HRR gene mutations than in those without HRR gene 
mutations (20.8 vs. 1.7 months,  respectively; p = 0.049) 
[24].  However,  these studies included inconsistent and 
variable treatment regimens such as FFX,  FOLFOX,  
gemcitabine + cisplatin,  S-1 + oxaliplatin,  gemcitabine,  
and oxaliplatin.  In addition,  half of the variants were 
VUS,  making it difficult to apply these PFS data in clin-
ical practice.  In this context,  we believe that our pres-
ent results are more reliable and reproducible in an 
actual clinical setting,  as all variants were pathogenic,  
and a uniform chemotherapy regimen (mFFX) was 
used.

The overall survival of the present patients with stage 
IV disease (n = 22) was significantly longer in BRCA-
positive patients (n = 4) than in BRCA-negative patients 
(n = 18).  Another study showed that among patients 
with pancreatic cancer treated with FFX,  the group 
with DNA repair gene mutations had better overall sur-
vival than the control group [16].  It has also been 
reported that BRCA-positive patients with stage III/IV 
pancreatic cancer treated with platinum agents had sig-
nificantly better survival than those not treated with 
platinum agents [14].  In the former study [16],  over 
half of the nine patients in the BRCA-positive group had 
VUS,  and in the latter study [14] the results of plati-
num-based treatment in BRCA-negative patients were 
not described.  The number of patients in the present 
investigation (n = 43) is also small,  and the question of 
whether FFX has a significant effect on overall survival 
depending on the presence or absence of BRCA muta-
tions remains a matter of controversy,  requiring further 
research.

No reliable clinical or molecular signatures are cur-
rently available for predicting the response to mFFX in 
patients with pancreatic cancer.  Our analyses revealed 
a high partial response rate and prolonged PFS in the 
BRCA-positive patients.  Although none of our BRCA-
positive patients received chemotherapy other than 
mFFX as first-line treatment,  mFFX may be recom-
mended for germline BRCA-positive patients with pan-
creatic cancer,  based on the present excellent response 
rate.  Golan et al.  also reported favorable results with 
platinum-based antineoplastic agents for BRCA-
associated pancreatic cancer [20],  but Ashkenazi Jews 
accounted for > 60% of the study population.  The data 
for other ethnicities,  especially Asians,  are limited 
[14 , 15 , 20 , 25].  Our present data can be used as a ref-
erence for the clinical utility of mFFX in germline 
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BRCA-positive non-Ashkenazi Jewish patients with 
pancreatic cancer,  particularly in Asian populations.

Germline BRCA testing is expected to be a guide for 
the selection of neoadjuvant chemotherapy regimens,  
based on the high lesion-reduction rate in BRCA-
positive patients.  Golan et al.  described high efficacy of 
mFFX as neoadjuvant chemotherapy,  with a response 
rate of 66% (complete response,  44%; partial response,  
22%) in germline BRCA mutation carriers [20].  Our 
present findings support this high efficacy.  Based on 
these past and present results,  the administration of 
mFFX to germline BRCA mutation carriers may pave the 
way for subsequent conversion surgery for locally 
advanced unresectable pancreatic cancer.

The main limitations of this study were its single- 
center,  retrospective design and relatively small sample 
size.  The patient series was limited to those with unre-
sectable tumors,  and not all of the somatic BRCA-
negative patients underwent germline testing; the 
prevalence of BRCA pathogenic variants may thus have 
been underestimated.  In addition,  we were unable to 
search for other HRR-related gene mutations in the 11 
patients who underwent only the BRACAnalysis.

In conclusion,  germline BRCA mutation carriers 
with unresectable pancreatic cancer treated with mFFX 
showed a superior response and prolonged PFS.  Based 
on the 100% partial response rate,  mFFX may be con-
sidered as a first-line treatment for germline BRCA 
mutation carriers with unresectable pancreatic cancer.
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