
ORIGINAL RESEARCH
Germinal BRCA1-2 pathogenic variants (gBRCA1-2pv) and pancreatic cancer:
epidemiology of an Italian patient cohort
U. Peretti1,2, A. Cavaliere3, M. Niger4, G. Tortora5, M. C. Di Marco6,7, M. G. Rodriquenz8, F. Centonze1,2, I. G. Rapposelli9,
G. Giordano10, F. De Vita11, L. Stuppia12, A. Avallone13, M. Ratti14, C. Paratore15, L. G. Forti16, G. Orsi1,2, M. M. Valente1,2,
M. Gaule3, M. Macchini1,2, P. Carrera17, S. Calzavara17, M. Simbolo18, D. Melisi3, F. De Braud4,19, L. Salvatore5,
S. De Lorenzo7, C. Chiarazzo8, M. Falconi2,20, S. Cascinu1,2, M. Milella3y & M. Reni1,2y*
1Department of Medical Oncology, IRCCS San Raffaele Scientific Institute, Milan; 2Pancreas Translational & Clinical Research Center, ‘Vita-Salute’ University, San
Raffaele Scientific Institute, Milan; 3Section of Oncology, Department of Medicine, University of Verona School of Medicine and Verona University Hospital Trust,
Verona; 4Department of Medical Oncology, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan; 5Department of Medicine, Section of Medical Oncology,
Fondazione Policlinico Universitario Gemelli IRCCS, Rome; 6Medical Oncology Division, Department of Experimental, Diagnostic and Specialty Medicine e DIMES,
University of Bologna, S. Orsola-Malpighi Hospital, Bologna; 7Medical Oncology Division, Azienda Ospedaliero-Universitaria di Bologna, Bologna; 8Oncology Unit,
foundation IRCCS Casa Sollievo della sofferenza, San Giovanni Rotondo, Foggia; 9Department of Medical Oncology, Istituto Scientifico Romagnolo per lo Studio e la
Cura dei Tumori (IRST) IRCCS, Meldola; 10Department of Medical Oncology, Policlinico Riuniti, Azienda Ospedaliero Universitarià, Foggia; 11Division of Medical
Oncology, Department of Precision Medicine, School of Medicine, ‘Luigi Vanvitelli’ University of Campania, Naples; 12Medical Genetics, Department of Psychological,
Health and Territorial Sciences Center for Advanced Sciences and Technology G. d’Annunzio University Chieti-Pescara Italy, Chieti; 13Experimental Clinical Abdominal
Oncology Unit, Istituto Nazionale Tumori- IRCCS-Fondazione G. Pascale, Naples; 14Department of Oncology, Medical Department, ASST di Cremona, Ospedale di
Cremona, Cremona; 15Chiara Paratore, University of Turin, Ordine Mauriziano Hospital, Largo Filippo Turati, Turin; 16SCDU Oncologia, AOU Maggiore della Carità,
Novara; 17Clinical Genomics - Molecular Genetics Service, Genomics for Diagnosis of Human Diseases, San Raffaele Hospital, Milan; 18Section of Pathology,
Department of Diagnostics and Public Health, University of Verona School of Medicine and Verona University Hospital Trust, Verona; 19Department of Oncology and
Hemato-oncology, University of Milan, Milan; 20Department of Surgery, IRCCS San Raffaele Scientific Institute, Milan, Italy
*Corresp
San Raffa
Tel: þ3902
E-mail: r

y MM an
2059-70

European S
CC BY-NC-

Volume 6
Available online xxx
Objective: Germline BRCA1-2 pathogenic variants (gBRCApv) increase the risk of pancreatic cancer and predict for
response to platinating agents and poly(ADP-ribose) polymerase inhibitors. Data on worldwide gBRCApv incidence
among pancreatic ductal adenocarcinoma (PDAC) patients are sparse and describe a remarkable geographic
heterogeneity. The aim of this study is to analyze the epidemiology of gBRCApv in Italian patients.
Materials and methods: Patients of any age with pancreatic adenocarcinoma, screened within 3 months from diagnosis
for gBRCApv in Italian oncologic centers systematically performing tests without any selection. For the purposes of our
analysis, breast, ovarian, pancreas, and prostate cancer in a patient’s family history was considered as potentially BRCA-
associated. Patients or disease characteristics were examined using the c2 test or Fisher’s exact test for qualitative
variables and the Student's t-test or ManneWhitney test for continuous variables, as appropriate.
Results: Between June 2015 and May 2020, 939 patients were tested by 14 Italian centers; 492 (52%) males, median
age 62 years (range 28-87), 569 (61%) metastatic, 273 (29%) with a family history of potentially BRCA-associated
cancers. gBRCA1-2pv were found in 76 patients (8.1%; 9.1% in metastatic; 6.4% in non-metastatic). The gBRCA2/
gBRCA1 ratio was 5.4 : 1. Patients with gBRCApv were younger compared with wild-type (59 versus 62 years,
P ¼ 0.01). The gBRCApv rate was 17.1% among patients <40 years old, 10.4% among patients 41-50 years old,
9.2% among patients 51-60 years old, 6.7% among patients aged 61-70 years, and 6.2% among patients >70 years
old (none out of 94 patients >73 years old). gBRCApv frequency in 845 patients <74 years old was 9%. Patients
with/without a family history of potentially BRCA-associated tumors had 14%/6% mutations.
Conclusion: Based on our findings of a gBRCApv incidence higher than expected in a real-life series of Italian patients
with incident PDAC, we recommend screening all PDAC patients <74 years old, regardless of family history and stage,
due to the therapeutic implications and cancer risk prevention in patients' relatives.
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is one of the
deadliest cancers, with a 5-year overall survival (OS) rate of
approximately 9%.1 Landmark whole genome sequencing
studies revealed the existence of a distinct subpopulation of
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PDAC with highly unstable genomes, due to mutations in
DNA damage repair (DDR) genes.2,3 Among more than 450
proteins involved in the DDR mechanism, BRCA1 and 2 are
the best known due to their crucial role in homologous
recombination (HR) double-strand DNA break repair.4

Recently, germinal BRCA1-2 pathogenic variants (gBRCA1-
2pv) have been found to be associated with an increased
risk of developing PDAC. Approximately 3%e10% of unse-
lected individuals with PDAC have a positive family history
of pancreatic cancer, and approximately 10%e20% of
pancreatic adenocarcinomas are thought to be due to a
heritable cause.5,6

The prevalence of loss of function gBRCA1-2pv ranges
from 5% in unselected PDAC case series to 15%-20% in
familial PC.7-10 A worldwide screening of 2206 patients with
metastatic PDAC from 12 countries in the POLO trial
revealed a mutation rate of 6%, with remarkable geographic
variability.11

The identification of gBRCA1-2pv PDAC patients has a key
clinical relevance both for treatment and prevention. In
fact, loss of BRCA1-2 function and HR deficiency confer
sensitivity to DNA damage-inducing drugs, particularly
those determining cytotoxic DNA crosslinks that interfere
with DNA replication. Metastatic PDAC patients whose tu-
mors carry pathogenic variants of DDR genes may derive
greater benefit with platinum-based chemotherapy and
poly(ADP-ribose) polymerase inhibitors.12-14 Although sup-
ported by a low level of evidence, exquisite sensitivity of
BRCA1-2-mutant tumors to platinum compounds has been
validated in multiple preclinical and clinical studies.15,16 In
addition, the international randomized, placebo-controlled
phase III POLO trial demonstrated that maintenance ola-
parib significantly prolongs progression-free survival in
metastatic PDAC patients with a gBRCApv whose disease
had not progressed during first-line platinum-based
chemotherapy.13 Also, germline BRCA testing of patients
affected by PDAC might allow the identification of carrier
family members, who are at increased risk for breast, ovary,
pancreatic, and prostate cancers17-27 and might be enrolled
in focused screening programs.

The information about the epidemiology of gBRCA1-2pv
in Italy is limited to the 250 metastatic PDAC patients
collected in the POLO trial, while data about frequency and
distribution of gBRCA1-2pv in a larger Italian population
independent of age, stage, family history, or any other se-
lection criterion are lacking. The present study is aimed at
fulfilling this information gap, allowing scientific societies
and regulatory authorities to better modulate guidelines for
genetic testing.
MATERIALS AND METHODS

The promoting institution of this study retrieved a list of
gastrointestinal oncologists distributed in all Italian regions.
Two simple straight questions were e-mailed: (i) whether
they did or did not screen their PDAC patients for gBRCA1-
2pv as a part of routine clinical practice, and in cases of a
positive response, (ii) whether they selected patients to be
2 https://doi.org/10.1016/j.esmoop.2020.100032
screened based on age, family history of BRCA-related tu-
mors, fitness to receive platinum-containing chemotherapy,
and/or other criteria. Responding oncologists subsequently
received the study proposal and were invited to participate
requiring the completion of a specific case report form.

The study aimed to determine the prevalence of gBRCA1-
2pv in a large, unselected, real life-based series of Italian
patients with incident PDAC.

Patients of any age were eligible for the analysis if they
had a pathologic diagnosis of PDAC, irrespective of the type
of recommended treatment. To minimize the potential for
survivorship bias, only patients with incident PDAC were
included in the analysis. Incident PDAC was defined as
gBRCA1-2pv screening within 3 months of diagnosis.

Information on patient demographics, family history, and
disease characteristics (including age at diagnosis, gender,
birthplace, site of residence, cancer pathology, stage of
disease, previous cancer history, family history of cancer,
and genetic test results) were retrieved from medical
records by the participants and sent to the coordinating
institution.

Molecular analysis of BRCA1 and BRCA2 included
sequencing of the whole coding regions and intronic junc-
tions, as well as multiplex ligation-dependent probe
amplification analysis for detection of large intragenic de-
letions/duplications.

Classification of variants was carried out in agreement
with the American College of Medical Genetics and Geno-
mics and the Association for Molecular Pathology28 and
Enhancing Neuro Imaging Genetics through Meta-Analysis
(ENIGMA) criteria (www.enigmaconsortium.org).
Statistical analysis

Patients or disease characteristics were examined using the
c2 test or Fisher’s exact test for qualitative variables, and
the Student t-test or ManneWhitney test for continuous
variables, as appropriate. All analyses were carried out us-
ing Statistica 12.0 statistical package for Windows (Statsoft
Inc, Tulsa, OK). All tests were two-sided and P values <0.05
were considered statistically significant.

For the purposes of our analysis, a diagnosis of breast,
ovarian, pancreas, or prostate cancer in a patient’s family
history was considered as potentially BRCA-associated.

RESULTS

One hundred gastrointestinal oncologists were interviewed
and 67 answered: 18 (26.9%) screened PDAC patients for
BRCA1-2pv in an unselected manner, apart, for some cen-
ters, focusing only on metastatic patients, starting from
different time points since June 2015; 30 (44.8%) selected
patients based on family history or age or platinum com-
pounds eligibility; and 19 (28.4%) did not perform any kind
of screening (Figures 1 and 2). Among 18 screeners, 14
(77.8%) agreed to participate in this survey and provided
the requested data. Overall, 939 patients were screened
between June 2015 and May 2020. A range of 4 to 290
patients were registered by each institution. The two largest
Volume 6 - Issue 1 - 2021

http://www.enigmaconsortium.org
https://doi.org/10.1016/j.esmoop.2020.100032
https://doi.org/10.1016/j.esmoop.2020.100032
https://doi.org/10.1016/j.esmoop.2020.100032
https://doi.org/10.1016/j.esmoop.2020.100032
https://doi.org/10.1016/j.esmoop.2020.100032
https://doi.org/10.1016/j.esmoop.2020.100032
https://doi.org/10.1016/j.esmoop.2020.100032
https://doi.org/10.1016/j.esmoop.2020.100032
https://doi.org/10.1016/j.esmoop.2020.100032


100 Oncologists were interviewed

67 Answered

• 30 Selected patients based on family history or 
age or platinum compounds eligibility 

• 19 Did not perform any kind of screening

18 Screened PDAC patients for BRCA1-2 in an unselected 
manner

14 Accepted to participate into this survey and provided the 
requested data

Figure 1. Description of gastrointestinal oncologists response to e-mail interview on BRCA testing.

Figure 2. Northern Italy is highlighted in dotted area.
Cyphers in the geometric shapes refer to the number of oncologists who gave that specific response to e-mail interview.
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centers included more than half of the cases (54%) with a
screening rate of about seven patients per month. Patients'
characteristics are reported in Table 1.

gBRCA1-2pv were found in 76 patients (8.1%), gBRCA2pv
in 64, and gBRCA1pv in 12. Variants of uncertain signifi-
cance were found in 43 patients (4.6%). Patients with a
pathogenic variant were younger compared with wild-type
(59 versus 62 years, P ¼ 0.01; 56 years in gBRCA1pv; 59
years in gBRCA2pv). The likelihood of finding a pathogenic
variant was 17.1% among patients <40 years old, 10.4%
among patients 41-50 years old, 9.2% among patients 51-60
years old, 6.7% for patients 61-70 years old, and 5.6%
among those who were >70 years (0/94 >73 years old).
Volume 6 - Issue 1 - 2021
The pathogenic variant frequency in 845 patients <74 years
old was 9.0%. Patients with a family history of potentially
BRCA-associated tumors had 14.9% with pathogenic vari-
ants as opposed to 5.3% for those without and 4.9% for
those with an unknown family history (P < 0.0001). No
significant difference was found based on gender (8.1% in
females versus 8.1% in males) or stage (9.1% in all stage IV
patients and 10.1% in stage IV patients <74 years old versus
6.4% in all stage I-III patients and 7.2% in patients <74
years old). All but three (two of whom had a CA19.9
baseline value >1400 UI/ml) gBRCA1pv were found in
metastatic patients. The 2 largest institutions had over-
lapping prevalence rates of gBRCA1-2pv between them
https://doi.org/10.1016/j.esmoop.2020.100032 3
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Table 1. Baseline characteristics

TOTAL Without a
known BRCA1-2pv

BRCA1-2pv BRCA1-2vus

Number 939 820 76 43
Gender
Male, n (%) 492 (52) 431 (53) 40 (53) 21 (49)
Female, n (%) 447 (48) 389 (47) 36 (47) 22 (51)

Age, n (%)
Median 62 62 59 64
Range 28-87 28-87 33-73 45-78
<41 35 (4) 29 (4) 6 (8) 0
41-50 115 (12) 100 (12) 12 (16) 3 (7)
51-60 282 (30) 243 (30) 26 (34) 13 (30)
61-70 327 (35) 287 (35) 22 (29) 18 (42)
>70 178 (19) 159 (19) 10 (13) 9 (21)
Missing 2 2

Stage
IV, n (%) 569 (61) 483 (61) 52 (68) 23 (55)
III, n (%) 168 (18) 139 (17) 10 (13) 10 (26)
I-II, n (%) 176 (19) 152 (19) 12 (16) 8 (19)
Missing, n (%) 26 (3) 23 (3) 2 (3) 1 (2)

Familiar history for PDAC, n (%)
Yes 119 (13) 100 (12) 15 (20) 4 (9)
No 616 (65) 533 (65) 51 (67) 32 (74)
Unknown 204 (22) 187 (23) 10 (13) 7 (16)

Familiar history for BRCAness, n (%)
Yes 282 (30) 232 (28)* 42 (55)* 8 (19)*
No 456 (49) 403 (49) 24 (32) 29 (67)
Unknown 201 (21) 185 (23) 10 (13) 6 (14)

PDAC, pancreatic ductal adenocarcinoma; pv, pathogenic variant; VUS, variant of
uncertain significance.
* P < 0.005.
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(8.3% and 8.2%) and with the other 12 institutions (7.9%).
No significant difference in the prevalence of gBRCA1-2pv
across different Italian regions based on birthplace was
detected (data not shown). However, the pooled frequency
in 588 patients living in the northern regions was 9.5%,
numerically higher compared with 5.7% in 348 patients
living in the central and southern regions (P ¼ 0.050).
DISCUSSION

In this large and unselected series of Italian patients affected
by any stage of incident PDAC, the prevalence of newly
diagnosed gBRCA1-2pv was 8.1%. When focusing on 569
patients with metastatic disease, the observed 9.0% rate is
consistently greater than expected in this geographic area
from a previous smaller series (6.0% of 249 patients)11 and is
in the range of that observed in those countries with a higher
prevalence of gBRCA1-2pv, such as the USA (9.5% of 275
patients), France (7.6% of 289 patients), and Israel (7.4% of
242 patients).11 Few centers have participated in this survey.
However, these centers are mainly large tertiary referral in-
stitutions for pancreatic adenocarcinoma treatment that are
located in the eight most densely populated Italian regions
(Lombardy, Lazio, Campania, Veneto, Emilia Romagna, Pied-
mont, Apulia, Abruzzi)where approximately 68%of the Italian
population is distributed. Accordingly, the population
selected for this study may be considered a reliable repre-
sentation of the Italian population. The current epidemio-
logical data might have important implications in clinical
practice. In fact, based on the higher prevalence of gBRCA1-
4 https://doi.org/10.1016/j.esmoop.2020.100032
2pv in the US population, National Comprehensive Cancer
Network guidelines recommend that all individuals with a
diagnosis of pancreatic cancer meet the criteria for genetic
testing, irrespective of family history or age at diagnosis.29

Noteworthy, the prevalence in the USA is widely variable,
ranging from 1.8% in 274 patients from Utah17; 2.5% in 283
patients with resected PDAC at Memorial Sloan Kettering
Cancer Center (MSKCC)30; 1.8%-3.0% in two large series of
patients who underwent pancreatic resection at Johns Hop-
kins31,32; 2.8% in 3078 patients fromMayo Clinic19; and 6.3%
in 63 consecutive nonAshkenazi Jewish patients atMSKCC.7 A
remarkable geographic variability has been reported and
sparse data are available mostly from small retrospective
series from single institutions without information on popu-
lation characteristics, heterogeneous distribution of age and
stage, and often undeclared eligibility criteria. Also,
treatment-related selection biases are often embedded in
eligibility criteria of analyzed series. Overall, prevalence was
lower outside the USA or Israel (5.1%),11 in Spain (1.7%),33

and in Canada (1.0%-4.6%).8,13,18,34 Notwithstanding the
limitation of being retrospective, the higher prevalence
observed in our large, multi-institutional, real-life series of
patients who were not enrolled based on treatment recom-
mendations,was unlikely related to amore stringent patients'
selection. In fact, centers were involved in the study only if
they declared that no limitation was implemented in rec-
ommending genetic screening. Consistently, 568/939 pa-
tients (60%) had an unknown or negative oncologic familial
history and were>50 years old, thus suggesting that in most
cases these variables were not used as selection criteria. Age
was also superimposable across the present series and
others.7,11,20,32 Furthermore, the enrolment pace was very
fast and the gBRCA1-2pv rate was superimposable across
centers and geographical regions adding reliability to our
findings. The opposite may be true because the POLO trial
selected patients who were candidates to receive FOLinic
Acid, Fluorouracil, IRINotecan, and OXaliplatin (FOLFIRINOX),
and testing was sometimes carried out during treatment
compared with incident cases in our series. Accordingly, the
possibility that a subgroup of patients with gBRCA1-2pv was
excluded from POLO screening procedures because they
were affected by a more aggressive or platinum-resistant
disease, or because they presented with an inadequate per-
formance status to be recommended for FOLFIRINOX leading
to anunderestimationof the truegBRCA1-2pv rate, cannot be
ruled out. Platinum resistance is not unusual among patients
with gBRCA1-2pv and was reported in 43/247 (17.4%) of
patients with Eastern Cooperative Oncology Group perfor-
mance status 0-1 who were screened for the POLO trial.13

Also, gBRCA1-2pv was associated with earlier onset and
more aggressive/higher-grade prostate cancers with poorer
outcomes.16 The prognostic value of gBRCA1-2pv in PDAC is
poorly explored and confounded by the predictive value and
we cannot exclude that a similar effect is also true in PDAC as
suggestedbyobservingmoremetastatic (52/76or 68%versus
517/863 or 60%) patients among gBRCA1-2pv comparedwith
the wild-type population in our series. Of note, similar dif-
ferences were also previously reported in a Canadian series
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(50% versus 42% metastatic in pathologic variants and wild-
type, respectively) and in Mayo clinic series (46.2% versus
35.6%).8-19 Furthermore, in a large series of patients under-
going resection for PDAC, mostly treated without platinum-
containing chemotherapy or without any chemotherapy at
Johns Hopkins, disease-free survival andOSwere significantly
worse among gBRCA1-2pv patients compared with the wild-
type matched population.32

With regard to age, none of 94 patients >73 years old
had a gBRCA1-2pv suggesting that screening may be avoi-
ded in this population, taking also into account that the
administration of platinum-based regimens may be chal-
lenging in this setting.

A large number of non-metastatic patients were also
assessed in this current study. Despite a lower numerical
prevalence compared with the metastatic population, a
non-negligible 6.4% (or 7.2% if only those <74 years old are
considered) of gBRCA1-2pv was observed. Routinely also
testing non-metastatic patients should therefore be rec-
ommended because therapeutic choices may be influenced
and driven by screening results.

Surprisingly, we found a gBRCA2pv/gBRCA1pv ratio (5.3 :
1 in the whole population; 4.8 : 1 in metastatic patients)
that was consistently different from the 2-3 : 1 ratio
observed in other series.8,11,23,35,36 Whether this finding is
related to a geographical peculiarity or to the less stringent
patients' selection in our series may be a topic for further
investigation.

Of note, 9 of 12 gBRCA1pv were detected in patients with
metastatic disease and 2 of 3 non-metastatic patients had a
CA19.9 baseline value suggesting the presence of unde-
tected systemic disease.

Another topic of extreme interest that may be a subject
for speculation is the difference in gBRCA1pv prevalence
between northern and central-southern regions. One
possible explanation is the presence of different environ-
mental carcinogenic factors favoring the development of
(pancreatic) cancer in genetically predisposed subjects.

Finally, our survey strongly suggests that genetic testing
in patients with PDAC is not carried out on a regular basis
by more than 75% of Italian gastrointestinal oncologists.
This figure is probably underestimated if we consider that
about one-third of interviewed colleagues did not respond
to the questionnaire. Although BRCA testing is technically
available universally in Italy, Regional Health System
refunding is heterogeneous and may account for minimal
screening in some geographical areas. Nevertheless, the
choice to perform this test appears mainly related to cul-
tural reasons. Accordingly, awareness of the crucial rele-
vance of genetic screening in PDAC patients must be
urgently fostered in the oncological community. While it is
not the purpose of this retrospective study to properly
evaluate whether the universal gBRCA1-2 testing in PDAC is
cost-effective, our observation may provide useful infor-
mation to health authorities to estimate and optimize the
cost-effectiveness of this procedure. In effect, such a policy
may help to recommend more suitable treatment strategies
with a possible survival impact on this disease with a dismal
Volume 6 - Issue 1 - 2021
prognosis and, additionally, may spare lives by means of
screening programs in patients' relatives.

Pancreatic cancer may also be associated with pathogenic
variants in other genes such as ATM, MLH1, MSH2, MSH6,
TP53, PALB2, CDKN2A, and others. Accordingly, epidemio-
logical data about the prevalence of pathogenic variants on
a geographical basis are eagerly needed and national
database collections should be encouraged.

In conclusion, based on our findings, we recommend
testing for gBRCA1-2pv in all PDAC patients <74 years old,
regardless of family history, stage, and candidature to
receive platinum-based chemotherapy.
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