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Abstract

Background: Pancreatic ductal adenocarcinoma (PDAC) surveillance is recom-
mended for some individuals with a pathogenic or likely pathogenic variant (PV/
LPV) in a PDAC susceptibility gene; the recommendation is often dependent on
family history of PDAC. This study aimed to describe PDAC family history in in-
dividuals with PDAC who underwent genetic testing to determine the appropri-
ateness of including a family history requirement in these recommendations.
Methods: Individuals with PDAC with a germline heterozygous PV/LPV in ATM,
BRCA1, BRCA2, EPCAM, MLH1, MSH2, MSHé6, PALB2, or PMS2 (PV/LPV carriers) were
assessed for family history of PDAC in first-degree relatives (FDRs) or second-
degree relatives (SDRs) from nine institutions. A control group of individuals with
PDAC without a germline PV/LPV was also assessed.

Results: The study included 196 PV/LPV carriers and 1184 controls. In the PV/LPV
carriers, 25.5% had an affected FDR and/or SDR compared to 16.9% in the control
group (p = .004). PV/LPV carriers were more likely to have an affected FDR
compared to the controls (p = .003) but there was no statistical difference when
assessing only affected SDRs (p = .344).

Conclusions: Most PV/LPV carriers who developed PDAC did not have a close

family history of PDAC and would not have met most current professional societies’
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FAMILY HISTORY AFFECTS PANCREATIC CANCER RISK
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INTRODUCTION

In the United States, approximately 1.7% of the population is diag-
nosed with pancreatic ductal adenocarcinoma (PDAC) during their
lifetime, and approximately 10% of PDAC diagnoses are due to a
hereditary predisposition.”? There are several hereditary cancer
syndromes known to increase the risk for PDAC, including familial
atypical multiple mole melanoma (CDKN2A), hereditary breast and
ovarian cancer (BRCA1 and BRCA?2), Li-Fraumeni syndrome (TP53),
Lynch syndrome (MLH1, MSH2, MSH6, PMS2, and EPCAM), and
Peutz-Jeghers syndrome (STK11), as well as pathogenic variants in
ATM and PALB2.%°%°

Multiple professional societies have established guidelines or
recommendations for PDAC surveillance. Most of these recommen-
dations include a family history requirement in their surveillance
criteria for “moderate risk” genes such as ATM, BRCA1, BRCA2,
EPCAM, MLH1, MSH2, MSHé6, PALB2, and PMS2; no family history of
PDAC is required to meet surveillance criteria for CDKN2A and
STK11 carriers given their association with the highest increase in
PDAC risk. Given the high risk for multiple cancer types in TP53
carriers, annual whole-body magnetic resonance imaging (MRI),
which is able to evaluate the pancreas, is included in surveillance
recommendations, and therefore dedicated imaging of the pancreas
is not typically recommended.

The current National Comprehensive Cancer Network (NCCN)
guidelines titled “Genetic/Familial High-Risk Assessment: Breast,
Ovarian, and Pancreatic” indicate that PDAC surveillance can be
considered for individuals with a known heterozygous pathogenic or
likely pathogenic variant (PV/LPV) in ATM, BRCA1, BRCA2, EPCAM,
MLH1, MSH2, MSHé, PALB2, or TP53 and a first-degree relative (FDR)
or second-degree relative (SDR) with PDAC from the same side of
the family as the known PV/LPV.!!

The updated recommendation from the International Cancer of
the Pancreas Screening (CAPS) Consortium reached consensus to
consider PDAC surveillance for individuals with a PV/LPV in ATM,
BRCA1, BRCA2, MLH1, MSH2, MSHé, or PALB2 and at least one
PDAC-affected FDR. For individuals with a BRCA2 PV/LPV,
consensus was also reached to consider PDAC surveillance if there
were at least two PDAC-affected relatives of any degree.'?

The American College of Gastroenterology (ACG) recommends
that PDAC surveillance for individuals with an ATM, BRCA1, BRCA2,
EPCAM, MLH1, MSH2, MSHé, PALB2, or PMS2 PV/LPV should be
limited to those with a PDAC-affected FDR or SDR,*® whereas the

recommendations for consideration of PDAC surveillance before diagnosis. How-
ever, PV/LPV carriers were significantly more likely to have a family history of
PDAC, particularly an affected FDR. These findings support family history as a risk
modifier in PV/LPV carriers, and highlight the need to identify other risk factors.

genetic testing, germline mutation, pancreatic cancer, risk factors

American Gastroenterological Association (AGA) and the American
Society of Clinical Oncology (ASCO) state that PDAC surveillance
should be considered for individuals with an ATM, BRCA1, BRCA2,
EPCAM, MLH1, MSH2, MSHé, PALB2, or PMS2 PV/LPV who have one
or more PDAC-affected FDRs.***°

Because most professional societies only recommend consider-
ation for PDAC surveillance for individuals with a germline PV/LPV in
a moderate risk PDAC susceptibility gene (ATM, BRCA1, BRCA2,
EPCAM, MLH1, MSH2, MSHé, PALB2, or PMS?2) if there is also a family
history, our study aimed to assess family history data for individuals
who were diagnosed with PDAC with a PV/LPV in one of the
aforementioned genes to determine the benefits and limitations of

using family history as part of the eligibility for PDAC surveillance.

MATERIALS AND METHODS

In this retrospective study, we assessed individuals who were diag-
nosed with PDAC for a family history of PDAC in FDRs or SDRs. The
study population included individuals who had a germline PV/LPV in
a moderate risk PDAC susceptibility gene, henceforth referred to as
“PV/LPV carriers.” Inclusion criteria for PV/LPV carriers included a
histologically verified exocrine pancreatic cancer diagnosis, germline
PV/LPV in ATM, BRCA1, BRCA2, EPCAM, MLH1, MSH2, MSHé, PALB2,
or PMS2, and availability of a three-generation family history
(ascertained by a genetic professional or via electronic medical re-
cords). Although the NCCN and CAPS do not include PMS2 carriers
for consideration for PDAC surveillance, we opted to include them in
our analyses because the ACG, AGA, and ASCO do include PMS2
carriers. Exclusion criteria for PV/LPV carriers included pancreatic
neuroendocrine tumors, a clinical diagnosis of PDAC without histo-
logical verification, or the presence of a germline PV/LPV in CDKN2A,
STK11, or TP53; these genes were excluded because current guide-
lines do not require family history for surveillance eligibility.
PV/LPV carriers were compared to individuals who were diag-
nosed with PDAC who had no PV/LPV identified via multigene panel
genetic testing, now to be referred to as “controls.” Inclusion criteria
for the controls included a histologically verified exocrine pancreatic
cancer diagnosis, genetic testing that included APC, ATM, BRCA1,
BRCA2, CDKN2A, EPCAM, MLH1, MSH2, MSHé, PALB2, PMS2, STK11,
and TP53, no known germline PV/LPV in any cancer susceptibility
gene, and availability of a three-generation family history (ascer-

tained by a genetic professional or via electronic medical records).
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Exclusion criteria for the controls included pancreatic neuroendo-
crine tumors, a clinical diagnosis of PDAC without histological veri-
fication, genetic testing that did not include the minimum required 13
PDAC susceptibility genes, or the presence of a germline PV/LPV in
any known cancer susceptibility gene. Individuals who only had
variants of uncertain significance identified via genetic testing were
included in the control group.

Data were collected from nine institutions with PDAC registries
at tertiary medical centers, which included the University of Pitts-
burgh, University of California San Francisco, New York University
Langone Health, Columbia University Irving Medical Center, Cor-
ewell Health William Beaumont University Hospital, Ohio State
University Wexner Medical Center, Providence, University of Chi-
cago, and IRCCS San Raffaele Scientific Institute. Institutional re-
view board approval was obtained at the University of Pittsburgh,
and data use agreements were established between each institution
and the University of Pittsburgh, which was the receiving site of the
data.

x2 and t-tests were used to evaluate differences between the PV/
LPV carriers and the controls. p values of <.05 were considered
significant. Statistical analyses were performed with the SAS statis-
tical software package (version 9.4; SAS Institute, Cary, North

Carolina).

RESULTS

The total study population consisted of 196 PV/LPV carriers and
1184 controls. Characteristics of the study population stratified by
PV/LPV carrier status are presented in Table 1. There was no sta-
tistically significant difference in age at diagnosis, sex, ethnicity,
Ashkenazi Jewish ancestry, or smoking status at diagnosis between
PV/LPV carriers and controls. PV/LPV carriers were significantly
more likely to be White (p = .02) and to have a personal history of
another cancer compared to the subjects in the control group
(p < .001). The majority of the PV/LPV carriers had a PV/LPV in ATM
(n = 59; 30.1%) or BRCA2 (n = 74; 37.8%). Other affected genes
included 25 BRCA1 (12.8%), one MLH1 (0.5%), three MSH2 (1.5%), 10
MSHé6 (5.1%), 18 PALB2 (9.2%), and six PMS2 (3.1%). No individuals
with an EPCAM PV/LPV met criteria for the analysis.

Table 2 presents information on family history for the total study
population and stratified by PV/LPV carrier status. Among the PV/
LPV carriers, 18.9% of individuals had at least one FDR who had been
diagnosed with PDAC compared to only 11.4% of the subjects in the
control group (p = .003). In addition, 14.6% of the PV/LPV carriers
had a PDAC-affected SDR or a PDAC-affected SDR and a PDAC-
affected FDR versus only 8.1% of the controls (p = .006). Evalua-
tion of the family history of only PDAC-affected SDRs (i.e., excluding
those also with a PDAC-affected FDR) showed that 8.2% of the PV/
LPV carriers had an SDR with PDAC compared to 6.2% of the con-
trols (p = .344). Additionally, 25.5% of the PV/LPV carriers had an
FDR and/or SDR who had been diagnosed with PDAC compared to
16.9% of the controls (p = .004).

Stratified by gene, individuals with an MSHé PV/LPV were most
likely to have a PDAC-affected FDR or SDR (40.0%), followed closely
by an ATM or PALB2 PV/LPV (33.9% and 33.3%, respectively). None
of the individuals with an MLH1, MSH2, or PMS2 PV/LPV had a
PDAC-affected FDR or SDR, but they also represented the fewest
numbers of individuals in our study population (see Table 3).

DISCUSSION

Our data show that the majority of individuals with a germline PV/
LPV in a moderate risk PDAC susceptibility gene who develop PDAC
do not meet current NCCN, CAPS, ACG, AGA, or ASCO recom-
mendations for PDAC surveillance because they do not have a
PDAC-affected FDR or SDR. These findings suggest that family his-
tory alone is not sufficient for identifying most individuals with a PV/
LPV in these genes who are at risk of developing PDAC. Although the
majority of affected PV/LPV carriers do not have a PDAC-affected
FDR or SDR, they are significantly more likely to have a family his-
tory of PDAC than affected individuals who do not have an identified
PV/LPV, which suggests that family history of PDAC, particularly in
an FDR, could still play a role in helping to define PDAC risk in PV/
LPV carriers and in enriching the surveillance population, which re-
mains necessary until noninvasive and more cost-effective surveil-
lance strategies are developed.

Until noninvasive and more cost-effective PDAC surveillance is
available, our data highlight the importance of ensuring that in-
dividuals with a germline PV/LPV in a moderate risk PDAC suscep-
tibility gene understand and discuss symptoms of PDAC, such as
new-onset diabetes, unexplained weight loss, persistent and unex-
plained abdominal discomfort, and jaundice, with their health care
providers. In order to assess for new-onset diabetes, it is imperative
that individuals with a germline PV/LPV in a moderate risk PDAC
susceptibility gene follow the American Diabetes Association’s rec-
ommendations for screening for diabetes.’” These recommendations
indicate that HbA1c screening should be conducted in all individuals
beginning at age 35 years. Screening may need to begin earlier for
individuals who are overweight or obese with at least one additional
risk factor and for individuals with a history of gestational diabetes. If
via screening, individuals are found to have prediabetes, then
screening should continue annually; if HbA1c is normal, then
screening should continue at a minimum of 3-year intervals.'® At this
time, other blood markers are not used for PDAC surveillance
because none have been demonstrated to be effective in the clinical
setting in high-risk patients.'” It is also important to discuss lifestyle
modifications to avoid other risk factors for PDAC with individuals
with a germline PV/LPV in a moderate risk PDAC susceptibility gene,
including avoidance of smoking,*® maintaining a healthy weight,'?
getting regular physical activity,'? and eating a healthy diet.2°

Some experts in the field advocate for discarding the require-
ment for family history when creating surveillance recommendations
as a way to expand surveillance. Roch et al. reported on 83 of 204
BRCA1 or BRCA2 PV/LPV carriers at their institution who had
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TABLE 1 Demographic information stratified by PV/LPV carrier status.

Total study population

PV/LPV carriers

Controls (no PV/LPV)

(N = 1380) (n = 196) (n = 1184) p
Age at diagnosis, mean + SD, years 65.7 £ 11.2 65.2 +£ 122 65.7 £ 110 .58
Sex, No. (%) .58
Female 694 (50.3) 95 (48.5) 599 (50.6)
Male 686 (49.7) 101 (51.5) 585 (49.4)
Race, No. (%) .02
Asian 103 (7.5) 11 (5.6) 92 (7.8)
Black 84 (6.1) 7 (3.6) 77 (6.5)
Mixed 44 (3.2) 2(1.0) 42 (3.6)
Other 71(5.1) 6(3.1) 65 (5.5)
White 1051 (76.1) 170 (86.7) 881 (74.4)
Unknown 27 (2.0) 0 27 (2.3)
Ethnicity, No. (%) .06
Non-Hispanic 1237 (89.6) 185 (94.4) 1052 (88.9)
Hispanic 99 (7.2) 8 (4.1) 91(7.7)
Unknown 44 (3.2) 3(1.5) 41 (3.5)
Ashkenazi Jewish, No. (%) .07
No 1042 (75.5) 155 (79.1) 887 (74.9)
Yes 155 (11.2) 25 (12.7) 130 (11.0)
Unknown 183 (13.3) 16 (8.2) 167 (14.1)
Smoking status at diagnosis, No. (%) .39
Current 120 (8.7) 19 (9.7) 101 (8.5)
Never 665 (48.2) 103 (52.5) 562 (47.5)
Past 466 (33.8) 56 (28.6) 410 (34.6)
Unknown 129 (9.3) 18 (9.2) 111 (9.4)
Personal history of other cancer, No. (%)? <.0001
No 1127 (81.7) 128 (65.3) 999 (84.4)
Yes 252 (18.3) 68 (34.7) 184 (15.5)
Unknown 1 (0.0) 0 (0.0) 1(0.1)

Abbreviation: PV/LPV, pathogenic/likely pathogenic variant.
2Excludes basal cell and squamous cell carcinomas of the skin.

undergone diagnostic imaging. Of the 83 with abdominal imaging or
endoscopic evaluation of the pancreas, two (2.4%) were found to
have PDAC (both BRCA2 PV/LPV carriers) and 11 (13.3%) were
found to have intraductal papillary mucinous neoplasms (three
BRCA1 PV/LPV carriers and eight BRCA2 PV/LPV carriers).?* Shah
et al. found in their study that only one of 10 individuals with a
BRCA1 or BRCA2 PV/LPV who were diagnosed with PDAC had an
FDR with PDAC.22 Katona et al. also recently described findings from
64 individuals with a PV/LPV in BRCA1, BRCA2, PALB2, or ATM and
no family history of PDAC who underwent at least one endoscopic
ultrasound (EUS) for PDAC surveillance. They identified pancreatic
cysts or masses in 22% of their population, with two of 64 diagnosed

with PDAC (both BRCA2 PV/LPV carriers).?® Additionally, the
American Society for Gastrointestinal Endoscopy (ASGE) recently
published recommendations on screening for PDAC in individuals
with genetic susceptibility. In these recommendations, the ASGE
suggests screening for all individuals with a BRCA1 or BRCA2 PV/LPV,
regardless of family history, but this was on the basis of a very low
quality of evidence.?*

Evidence that PDAC surveillance improves outcomes in the he-
reditary setting is mounting. In published data from the multicenter
Cancer of the Pancreas Screening (CAPS5) study, Dbouk et al. illus-
trated that seven of nine high-risk individuals with surveillance-
detected PDAC had stage | disease and that 5-year survival in
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TABLE 2 Family history of PDAC in PV/LPV carriers with PDAC compared to individuals with PDAC and no PV/LPV.
Total study population PV/LPV carriers Controls (no PV/LPV) p
PDAC-affected FDRs, No. (%) N = 1380 n=196 n=1184 .003
No 1208 (87.5) 159 (81.1) 1049 (88.6)
Yes 172 (12.5) 37 (18.9) 135 (11.4)
PDAC-affected SDRs, No. (%)? N = 1242 n=171 n = 1071 .006
No 1130 (91.0) 146 (85.4) 984 (91.9)
Yes 112 (9.0) 25 (14.6) 87 (8.1)
PDAC-affected SDRs only, No. (%)° N = 1208 n =159 n = 1049 344
No 1130 (93.5) 146 (91.8) 984 (93.8)
Yes 78 (6.5) 13 (8.2) 65 (6.2)
PDAC-affected FDRs and/or SDRs, No. (%) N = 1380 n=196 n= 1184 .004
No 1130 (81.9) 146 (74.5) 984 (83.1)
Yes 250 (18.1) 50 (25.5) 200 (16.9)

Abbreviations: FDR, first-degree relative; PDAC, pancreatic ductal adenocarcinoma; PV/LPV, pathogenic/likely pathogenic variant; SDR, second-degree

relative.
Includes patients who have PDAC-affected SDRs only and patients who have
FDRs only are not included this group.

PIncludes patients who have PDAC-affected SDRs only; patients who have a
PDAC-affected SDR are not included in this group.

both PDAC-affected FDRs and SDRs; patients who have PDAC-affected

PDAC-affected FDR only or a PDAC-affected FDR in addition to a

TABLE 3 Family history of PDAC in PV/LPV carriers stratified by gene.

ATM BRCA1 BRCA2 MLH1 MSH2 MSHé6 PALB2 PMS2
PDAC-affected FDRs, No. (%) n=59 n=25 n=74 n=1 n=3 n=10 n=18 n==6
No 43 (72.9) 21 (84.0) 63 (85.1) 1 (100) 3(100) 9 (90.0) 13 (72.2) 6 (100)
Yes 16 (27.1) 4 (16.0) 11 (14.9) 0 (0) 0 (0) 1 (10.0) 5(27.8) 0 (0)
PDAC-affected SDRs, No. (%)? n=>50 n=21 n=67 n=1 n=3 n=29 n=14 n==6
No 39 (78.0) 20 (95.2) 59 (88.0) 1 (100) 3 (100) 6 (66.7) 12 (85.7) 6 (100)
Yes 11 (22.0) 1(4.8) 8 (12.0) 0 (0) 0 (0) 3(33.3) 2 (14.3) 0 (0)
PDAC-affected SDRs only, No. (%)° n=43 n=21 n=63 n=1 n=3 n=29 n=13 n==6
No 39 (90.7) 20 (95.2) 59 (93.7) 1 (100) 3(100) 6 (66.7) 12 (92.3) 6 (100)
Yes 4(9.3) 1(4.8) 4(6.7) 0 (0) 0 (0) 3(33.3) 1(8.3) 0 (0)
PDAC-affected FDRs and/or SDRs, No. (%) n=>59 n=25 n=74 n=1 n=3 n=10 n=18 n==6
No 39 (66.1) 20 (80.0) 59 (79.7) 1 (100) 3(100) 6 (60.0) 12 (66.7) 6 (100)
Yes 20 (33.9) 5 (20.0) 15 (20.3) 0 (0) 0 (0) 4 (40.0) 6 (33.3) 0 (0)

Abbreviations: FDR, first-degree relative; PDAC, pancreatic ductal adenocarcinoma; PV/LPV, pathogenic/likely pathogenic variant; SDR, second-degree

relative.

Includes patients who have PDAC-affected SDRs only and patients who have
FDRs only are not included this group.

PIncludes patients who have PDAC-affected SDRs only; patients who have a
PDAC-affected SDR are not included in this group.

screening-detected PV/LPV carriers is 73.3%.2° In the general US
population, fewer than 10% of PDACs are stage |, and the 5-year
overall survival for individuals with PDAC is only 12.8%.> These
encouraging data by Dbouk et al.2> support the role of surveillance
with annual EUS and/or MRI in individuals with an increased risk for
PDAC.

both PDAC-affected FDRs and SDRs; patients who have PDAC-affected

PDAC-affected FDR only or a PDAC-affected FDR in addition to a

Current surveillance options for pancreatic cancer are imaging-
based procedures, such as EUS and MRI, which are costly. Kumar
et al. showed that screening with an index EUS was cost-effective when
the lifetime risk for PDAC is greater than 10.8%, but for lower risks
other factors had to be met. Because this study only evaluated index
EUS, it could not comment on the cost-effectiveness of annual EUS
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surveillance.?® Corral et al. showed that surveillance with EUS was
cost-effective for individuals with a relative risk for PDAC 20-fold
higher than the general population.?” The findings of these studies
suggest that surveillance with EUS may not be cost-effective for in-
dividuals with a PV/LPV in a moderate risk PDAC susceptibility gene in
the absence of a family history because their risk would not meet the
proposed thresholds on the basis of currently available data regarding
risk associated with a PV/LPV in these genes.

Additionally, the yield for PDAC surveillance in these high-risk
individuals is quite low, at less than 2% annually for an advanced
precursor lesion or an invasive cancer,?® and some individuals who
undergo PDAC surveillance eventually undergo surgery for lesions
that prove to be low grade. For example, in the CAPS5 study, only
three of eight individuals who underwent surgery for worrisome le-
sions had high-grade dysplasia identified,?®> which raises the potential
for increased morbidity associated with unnecessary surgery as well
as additional secondary comorbidities such as diabetes and the un-
necessary use of health care dollars.

Because family history alone is not an adequate risk predictor
and because the current parameters of surveillance require an
enriched population, we attempted to identify other possible modi-
fiers to risk in the PV/LPV carriers. There was no statistically sig-
nificant difference in smoking status between our PV/LPV carriers
and the individuals without a PV/LPV, which suggests that smoking
history would not help further enrich carriers for surveillance. PV/
LPV carriers were more likely to have a personal history of another
cancer than the controls (p < .0001) but this is likely because of the
nature of having a genetic cancer predisposition rather than a pre-
dictor of developing PDAC. We were not able to assess other known
or proposed risk factors for PDAC, such as alcohol use, obesity, non-
O blood types, diabetes, and diet, because of a lack of data.

There were several limitations to our study. This was a retro-
spective study, and data on known or proposed PDAC risk factors
such as alcohol use, obesity, and diabetes were not available. Family
histories were self-reported, and some family histories were obtained
via electronic medical record review, rather than elicited by a genetic
counselor or geneticist, and therefore could be inaccurate or
incomplete. Not all individuals in the study population were tested
via a universal testing program for patients with PDAC, and therefore
there could be ascertainment bias based on family history.

Because of the aforementioned limitations, a future prospective
study is needed to validate our findings. Additionally, further studies
are needed to determine risk factors other than family history that will
help enrich the group of individuals with a hereditary predisposition for
PDAC who will benefit from PDAC surveillance. Future studies should
not only compare PDAC-affected individuals with and without a PV/
LPV in aknown PDAC susceptibility gene but also individuals who have
not been diagnosed with PDAC. By comparing individuals with a PV/
LPV in a PDAC susceptibility gene with and without a PDAC diagnosis,
lifestyle, demographic, and medical risk factors as well as other genetic
modifiers can be better assessed for their role in the development of
PDAC in a setting of a known hereditary syndrome. Larger studies are

also needed to be able to assess each gene individually to determine

the differences in how family history of PDAC and other factors affect
risk. Future larger studies with a design that will allow for penetrance
calculations is of particular interest for ATM, MSH6, and PALB2 because
a PV/LPV in these genes had the highest rates of family history of
PDAC in our study.

In conclusion, our study showed that 74.5% of individuals with a
germline PV/LPV in ATM, BRCA1, BRCA2, EPCAM, MLH1, MSH2,
MSH6, PALB2, or PMS2 who develop PDAC do not have a family
history of PDAC, and therefore do not meet most published recom-
mendations for consideration of PDAC surveillance. Family history of
PDAC, particularly an affected FDR, was significantly more likely
within PV/LPV carriers than controls, which shows that family history
has some impact on risk stratification and may continue to have a
role in PDAC surveillance recommendations. Given that the
requirement of a family history of PDAC excludes the majority of PV/
LPV carriers who develop PDAC from prediagnosis surveillance, the
identification of other risk factors in the setting of a hereditary
cancer syndrome is paramount to determining which carriers will
most benefit from surveillance and to limiting the amount of over-
screening until a noninvasive, low-cost option becomes available. At a
minimum, our data support current guidelines for PDAC surveillance
in individuals with a PV/LPV in a moderate risk PDAC susceptibility
gene and an affected FDR or SDR. Our data are a starting point to
consider expanding PDAC surveillance to all carriers of a PV/LPV in a
moderate risk PDAC susceptibility gene regardless of family history
but also demonstrate the need for identification of additional risk

modifiers via larger prospective studies.
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