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INTRODUCTION: To report the prevalence and outcomes of unselected pancreatic cancer (PC) patients with pathogenic/

likely pathogenic germline variants (PGVs) detected using a universal testing approach.

METHODS: We undertook a prospective, multisite study of germline sequencing using a >80 gene next-generation

sequencing platform among 250 patients with PC (not selected for age or family history of cancer)

between April 1, 2018, and March 31, 2020. Demographic, tumor characteristics, and clinical

outcomes were compared between PGV carriers and noncarriers.

RESULTS: Of 250 patients, the mean age was 65 years (SD 8.7), 56% was male, 83.6% was White, and 65.6% had

advanced disease (stages III and IV). PGVs were found in 15.2% (N5 38) of patients, and 2 patients had

more than1PGV.Variantsofuncertain significancewere found in44.4%(N5111).Familyhistoryof cancer

(odds ratio:2.36,95%confidence interval:1.14–5.19,P50.025)wasassociatedwithahigher riskofPGV.

Inamedian follow-upof16.5months, themedianoverall survivalwas16.8months inPGVcarrierscompared

with 16.5 months in noncarriers (hazard ratio: 0.51, 95% confidence interval: 0.25–1.01, P5 0.05).

Higher levels of carbohydrate antigen 19-9 and advanced disease stages (III and IV) were associated with

worse outcomes in both groups. Overall, 68% of PGV carriers had mutations in homologous recombination

repair genes, including BRCA1, BRCA2, PALB2, ATM, CHEK2, NBN, and RAD51C.

DISCUSSION: Universal multigene panel testing in PC reveals that 1 in 6 patients are carriers of PGV. Multigene

germline testing should be used to aid in treatment selection, prognostication, and familial cancer

counseling.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A701
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INTRODUCTION
Pancreatic cancer (PC) is a lethal disease; 5-year relative survival
rate for all stages of the disease combined during 2009 through
2015 was just 9% (1). It is estimated 57,600 new cases of PC were
diagnosed in the United States in 2020, with 47,050 resultant
deaths (1). Approximately 5%–10% of overall cases occur in pa-
tients with a family history of the disease (2–4).

Prevalence of mismatch repair deficiency in PC is rare,
ranging between 1% and 2% in recent studies (5–7). Genomic

alterations in genes related to homologous recombination repair
(HRR) are of extreme interest because strategies exploiting these
molecular features have shown promising results in randomized
trials with platinum-based therapies and PARP inhibitors (8,9).
The prevalence of pathogenic/likely pathogenic germline vari-
ants (PGVs) in PC can vary between 3% and 20%, causally
related to the type of multigene panel test performed and pop-
ulation studied (10–13). Most of the actionable PGVs in PC are
from HRR genes (14–17).
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Data from prospective cohorts evaluating disease-specific
outcomes in patients with PC harboring HRR defective tumors
beyond BRCA are limited (11,17). Some studies have reported
improved survival in patients with PC andmutations in the DNA
damage response pathway treated with platinum-based regi-
ments and PARP inhibitors (8,9,11,17).

In this article, we report clinical characteristics and outcomes
of a multicenter, prospective cohort of patients with PC who
underwent germline testing with next-generation sequencing
(NGS) using a.80 genes platform. Patients were not selected for
stage of disease, family history of cancer, ethnicity, or age.

METHODS
Patient selection

From April 1, 2018, through March 31, 2020, a total of 2,984
unselected adult (aged 18 years or older) patients with a new or
active diagnosis of cancer were recruited frommedical oncology,
radiation oncology, dermatology, and surgical oncology clinics at
any of the 4 Mayo Clinic destination Cancer Centers in Phoenix,
AZ, Jacksonville, FL, or Rochester, MN, and a community on-
cology practice in Eau Claire,WI. This represents the prospective
Interrogating Cancer Etiology using Proactive Genetic Testing
cohort study of patients with solid tumor undergoing germline
genetic testing as previously described (18). Patients were
recruited using central lists of daily oncology clinic visits by re-
search coordinators at each site. Participants were offered
germline sequencing using anNGS panel of 83 genes (84 genes as
of July 2019) on the Invitae Multicancer panel at no cost and had
disclosure of results. This panel included all cancer predisposing
genes identified in the American College ofMedical Genetics and
Genomics guidelines. Patients were unselected for cancer type,
stage of disease, family history of cancer, ethnicity, age at di-
agnosis, multifocal tumor, or personal history of multiple ma-
lignancies. This cohort included 250 patients with a diagnosis of
pancreatic adenocarcinoma who underwent genetic testing and
comprised the patients analyzed in this study.

Before undergoing genetic testing, all patients viewed a stan-
dard pretest education video and were offered additional pretest
genetic counseling if they desired. All test resultswere reviewed by
a certified genetic counselor or physicianswith expertise in cancer
genetics. Individuals with PGVs were invited for genetic coun-
seling. Free family cascade testing was offered. Clinical, de-
mographic, family history, treatment types, and clinical outcome
information was collected on all patients in this study either from
medical records or self-administered electronic questionnaires
for family pedigree information.

This study was approved by the Mayo Clinic Institutional Re-
view Board (18-000326). All patients provided written informed
consent. Datawere deidentified except to investigators of the study.
Neither patients nor the public were involved in the design, con-
duct, reporting, or dissemination plans of our research.

Sequencing, variant calling, and result reporting

All patients underwent NGS germline genetic testing with a mul-
tigene cancer panel of 83 genes (84 genes as of July 2019) on the
Invitae Multicancer panel. Full gene sequencing, deletion/
duplication analysis, and variant interpretation were performed
at Invitae (San Francisco, CA), as previously described (18–20). All
patients had their variantfindings source verified and confirmedby
independent reviewof the test results by amedical geneticist. PGVs
were classified as high (relative risk [RR] . 4), intermediate

(RR 2–4) or low (RR , 2) penetrant, recessive, or of a variant of
uncertain clinical actionability (variant of uncertain significance
[VUS]) based on disease risks and previous modeling.

Statistical analysis

Descriptive statistics for demographic, clinical, and treatment-
related characteristics of the cohort were examined. Tests for
group differences by site of enrollment and germline testing re-
sults were conducted using the Pearson x2 tests for differences in
rates of categorical variables. Analysis of variance F tests to
compare distributions of continuous variables. Univariate logistic
regression models were used to predict PGVs with patients’ age,
sex, cancer stage, localization of primary tumor, and family his-
tory of cancer as predictors. P values ,0.05 were considered
statistically significant. Kaplan-Meier analysis of overall survival
(OS) and recurrence-free survival was conducted, and survival
curves were produced to look for differences in rates of genetic
variants (PGV vsVUS vs negative). Rates of detection of clinically
actionable findings using 2018 and 2020 National Comprehen-
sive Cancer Network (NCCN) guidelines were calculated. Rates
of uptake of family variant testing (FVT) and mutation rates of
tested family members were examined.

RESULTS
Cohort characteristics

The distribution of sex, age, comorbidities, stage, and location of
primary tumor is summarized in Table 1, stratified by site of en-
rollment: Southwest (Phoenix, AZ), Midwest (Rochester, MN and
Eau Claire, WI), and Southeast (Jacksonville, FL). The median age
was 66.5 years at diagnosis, and 56%wasmale. Fifty-six percentage
of patients was never smokers, 13.3% had a bodymass indexmore
than 30 kg/m2, and 28% had type 2 diabetes. The proportions with
stage I, II, III, and IV disease at the time of enrollment were 14.4%,
20%, 24.8%, and 40.8%, respectively. Race and ethnicity distribu-
tions included 6.8% Hispanic/Latino, 5.2% Black/African Ameri-
can, 1.6% Asian, 1.6% American Indian/Alaskan Native, with
83.6% being White. The primary location of the pancreatic tumor
was in thehead (66.8%), pancreatic body in (17.6%), andpancreatic
tail (15.6%). Detailed family history information was available for
124 patients (49.6%), of whom 17 patients (13.7%) had a family
history of PC in a first-degree relative.

Variants detection and clinical outcomes

Of the 250 patients undergoing germline analysis, 38 patients
(15.2%) harbored 40 PGVs conferring cancer predisposition
(Figure 1). Twopatients hadmore than 1PGVdetected, involving
PALB2 andMSH3 in 1 patient and TP53 andCHEK2 in the other.
PGVs could be stratified into those with high (n5 17), moderate
(n5 14), or low (n5 4) penetrance, and 3 patients were carriers
of variants associated with recessive syndromes (see Supple-
mentary Table 1, Supplementary Digital Content 1, http://links.
lww.com/CTG/A701). The most common of the 40 PGVs were
found in BRCA2 (22.5%), ATM (17.5%), and CHEK2 (10%). A
molecular diagnosis of Lynch syndrome (PGV in MSH6) was
confirmed in 1 patient, and 26 (10.4%) patients had amutation in
a gene associated with HRR pathway (ATM, BRCA1, BRCA2,
CHEK2, NBN, PALB2, and RAD51C). Figure 2 shows the distri-
bution of PGVs by gene and pancreatic tumor site. Most of the
PGVs were missense mutations (52.5%), followed by deletion
(30%), duplication (12.5%), and insertion (5%). Table 2 summa-
rizes the distribution of PGV carriers stratified by site of
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Table 1. Clinical and demographic characteristics of included patients

Southwest (N 5 132) Midwest (N 5 54) Southeast (N5 64) Total (N 5 250)

Sex

Male, n (%) 78 (59.1) 28 (51.9) 34 (53.1) 140 (56.0)

Female 54 (40.9) 26 (48.1) 30 (46.9) 110 (44.0)

Age

Mean (SD) 64.9 (8.8) 65.6 (8.1) 64.6 (9.2) 65.0 (8.7)

Median 67.0 66.5 66.0 66.5

Range 38.0–80.0 44.0–79.0 40.0–80.0 38.0–80.0

Race (grouped)

White 107 (81.1%) 53 (98.1%) 49 (76.6%) 209 (83.6%)

Hispanic/Latino 13 (9.8%) 0 (0.0%) 4 (6.2%) 17 (6.8%)

Black/African American 4 (3.0%) 1 (1.9%) 8 (12.5%) 13 (5.2%)

Asian 3 (2.3%) 0 (0.0%) 1 (1.6%) 4 (1.6%)

American Indian/Alaskan Native 4 (3.0%) 0 (0.0%) 0 (0.0%) 4 (1.6%)

Native Hawaiian/Pacific Islander 1 (0.8%) 0 (0.0%) 1 (1.6%) 2 (0.8%)

Other 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (0.4%)

Ethnicity (dichotomized)

Hispanic/Latino 13 (9.8%) 0 (0.0%) 4 (6.2%) 17 (6.8%)

Non-Hispanic 119 (90.2%) 54 (100.0%) 60 (93.8%) 233 (93.2%)

Smoking

Yes 59 (44.7%) 27 (50.0%) 25 (39.1%) 111 (44.4%)

No 73 (55.3%) 27 (50.0%) 39 (60.9%) 139 (55.6%)

BMI . 30 kg/m2

Yes 14 (10.6%) 5 (9.4%) 14 (21.9%) 33 (13.3%)

No 118 (89.4%) 49 (90.6%) 50 (78.1%) 217 (86.7%)

Diabetes mellitus

Yes 38 (28.8%) 9 (16.7%) 23 (35.9%) 70 (28.0%)

No 94 (71.2%) 45 (83.3%) 41 (64.1%) 180 (72.0%)

Hypertension

Yes 47 (35.6%) 20 (37.0%) 30 (46.9%) 97 (38.8%)

No 85 (64.4%) 34 (63.0%) 34 (53.1%) 153 (61.2%)

Germline result

Positive 19 (14.4%) 6 (11.1%) 13 (20.3%) 38 (15.2%)

Negative 55 (41.7%) 24 (44.4%) 22 (34.4%) 101 (40.4%)

VUS 58 (43.9%) 24 (44.4%) 29 (45.3%) 111 (44.4%)

Result (dichotomized)

Positive 19 (14.4%) 6 (11.1%) 13 (20.3%) 38 (15.2%)

VUS/negative 113 (85.6%) 48 (88.9%) 51 (79.7%) 212 (84.8%)

Pedigree complete

Yes 67 (50.8%) 24 (44.4%) 33 (51.6%) 124 (49.6%)

No 65 (49.2%) 30 (55.6%) 31 (48.4%) 126 (50.4%)

Family history of cancer (any) in

first-degree relatives

Yes 47 (35.6%) 21 (38.9%) 23 (35.9%) 91 (36.4%)
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enrollment, sex, age at diagnosis, race/ethnicity, comorbidities,
stage of disease, and tumor location. Having a family history of
cancer in a first-degree relative was the only significant predictor of
PGV(odds ratio: 2.36, 95%confidence interval [CI]: 1.14–5.19,P5
0.025), whereas age, sex, stage, tumor location, and carbohydrate
antigen (CA) 19-9 were not predictive of PGV (see Supplementary
Table 2, Supplementary Digital Content 1, http://links.lww.com/
CTG/A701). Patients with early-stage PC (0–2) had a higher
prevalence of high penetrance genes compared with patients with
late-stage (3–4) disease, 46.2% vs 40.7% respectively; however, this
was not statistically significant (P5 0.523).

The median OS in PGV carriers was 16.8 months compared
with 16.5months in noncarriers (hazard ratio [HR]: 0.51, 95%CI:
0.25–1.01, P 5 0.05, Figure 3). A similar trend (P 5 0.054) was
observed when comparing PC patients with a PGV in the HRR
genes vs noncarriers (see Supplementary Figure 1, Supplemen-
tary Digital Content 1, http://links.lww.com/CTG/A701). After

stratifying PGV carriers and VUS/negative into subgroups of
early-stage (I and II) disease and late-stage (III and IV) disease,
PGV carriers had better survival when compared with VUS/
negative patients within each stage group (P, 0.0001) (Figure 4).
No differences in recurrence-free survival were observed by
cancer stage or among those with or without a PGV. Among the
entire PC cohort, both late-stage disease (vs early stage, P ,
0.001) and higher levels of CA 19-9 (.300 vs# 300, P, 0.001) at
diagnosis were associatedwithworse survival (see Supplementary
Figures 2 and 3, Supplementary Digital Content 1, http://links.
lww.com/CTG/A701). HR for survival based on PGV status, CA
19-9 level, disease stage, and tumor location is summarized in
Supplementary Table 3 (Supplementary Digital Content 1, http://
links.lww.com/CTG/A701).

Platinum-based therapywas used in 65%ofHRR gene carriers
during systemic treatment. Four patients with PGVs were treated
with targeted-directed therapy, including PARP inhibitors and

Table 1. (continued)

Southwest (N 5 132) Midwest (N 5 54) Southeast (N 5 64) Total (N 5 250)

No 20 (15.2%) 3 (5.6%) 10 (15.6%) 33 (13.2%)

Family history of pancreatic

cancer in first-degree relative

Yes 10 (14.9%) 5 (20.8%) 2 (6.1%) 17 (13.7%)

No 57 (85.1%) 19 (79.2%) 31 (93.9%) 107 (86.3%)

Staging AJCC 8th edition at

diagnosis (clinical stage)

1 18 (13.6%) 13 (24.1%) 5 (7.8%) 36 (14.4%)

2 27 (20.5%) 10 (18.5%) 13 (20.3%) 50 (20.0%)

3 33 (25.0%) 9 (16.7%) 20 (31.2%) 62 (24.8%)

4 54 (40.9%) 22 (40.7%) 26 (40.6%) 102 (40.8%)

Staging AJCC 8th edition (early vs late)

Early stage (0–2) 45 (34.1%) 23 (42.6%) 18 (28.1%) 86 (34.4%)

Late stage (3–4) 87 (65.9%) 31 (57.4%) 46 (71.9%) 164 (65.6%)

Location

Head 87 (65.9%) 35 (64.8%) 45 (70.3%) 167 (66.8%)

Body 29 (22.0%) 9 (16.7%) 6 (9.4%) 44 (17.6%)

Tail 16 (12.1%) 10 (18.5%) 13 (20.3%) 39 (15.6%)

CA 19-9

.37 90 (73.2%) 40 (75.5%) 45 (70.3%) 175 (72.9%)

#37 33 (26.8%) 13 (24.5%) 19 (29.7%) 65 (27.1%)

Missing 9 1 0 10

CA 19-9

.300 52 (42.3%) 23 (43.4%) 31 (48.4%) 106 (44.2%)

#300 71 (57.7%) 30 (56.6%) 33 (51.6%) 134 (55.8%)

Missing 9 1 0 10

Deceased

Yes 58 (43.9%) 11 (20.4%) 23 (35.9%) 92 (36.8%)

No 74 (56.1%) 43 (79.6%) 41 (64.1%) 158 (63.2%)

AJCC, American Joint Committee on Cancer; BMI, body mass index; CA 19-9, carbohydrate antigen; VUS, variant of uncertain significance.
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immune checkpoint inhibitors, and complete data of systemic
treatment in PGV carriers are summarized in Supplementary Ta-
bles 4 and 5 (Supplementary Digital Content 1, http://links.lww.
com/CTG/A701). The response rate (partial response and com-
plete response) in patients submitted to neoadjuvant treatment or
metastatic first-line treatment was higher in PGV carriers com-
pared with noncarriers, 90.9% vs 77.1%, respectively, in neo-
adjuvant treatment and 68.2% vs 54.5%, respectively, in metastatic
first-line treatment (see Supplementary Table 5, Supplementary
Digital Content 1, http://links.lww.com/CTG/A701).

Application of clinical genetic referral criteria

Twelve cases (31.5% of PGV) had incremental clinically actionable
findings that would not have been detected by phenotype or family

history–based testing criteria using the 2018 NCCN guidelines;
however, all cases would be detected using the 2020 NCCN guide-
lines that broadened testing for PC (see Supplementary Table 6,
SupplementaryDigitalContent 1, http://links.lww.com/CTG/A701)
(21). Of the 12 patients with incremental findings using the 2018
NCCN guidelines, 1 (8.3%), 7 (58.3%), 2 (16.7%), and 2 (16.7%)
patients carried high-penetrance, moderate-penetrance, or low-
penetrance mutations and recessive alleles, respectively.

Family variant cascade testing

No-cost FVT was offered to all blood relatives of affected par-
ticipants. Only 7 (18.4%) patients with PGV had family members
undergo FVT within a 3-month window of their test result. On
average, only 1 family member was tested (mean 5 1.3).

Figure 1. Distribution of germline testing results.

Figure 2. Distribution of pathogenic germline variants and pancreatic location of primary tumor.
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Table 2. Clinical and demographic characteristics of pathogenic germline variant carriers

Positive (N 5 38) VUS/Negative (N 5 212) Total (N 5 250) P value

Enrollment region 0.356a

Southwest 19 (14.4%) 113 (85.6%) 132 (100.0%)

Midwest 6 (11.1%) 48 (88.9%) 54 (100.0%)

Southeast 13 (20.3%) 51 (79.7%) 64 (100.0%)

Sex 0.334a

Male 24 (17.1%) 116 (82.9%) 140 (100.0%)

Female 14 (12.7%) 96 (87.3%) 110 (100.0%)

Age 0.206b

Mean (SD) 63.3 (8.5) 65.3 (8.8) 65.0 (8.7)

Median 66.0 67.0 66.5

Range 44.0–78.0 38.0–80.0 38.0–80.0

Age group, yrs 0.438a

Younger than 60 11 (28.9%) 49 (23.1%) 60 (24.0%)

Aged 60 yrs or older 27 (71.1%) 163 (76.9%) 190 (76.0%)

Race 0.453a

White 32 (15.3%) 177 (84.7%) 209 (100.0%)

Hispanic/Latino 1 (5.9%) 16 (94.1%) 17 (100.0%)

Black/African American 2 (15.4%) 11 (84.6%) 13 (100.0%)

Asian 2 (50.0%) 2 (50.0%) 4 (100.0%)

American Indian/Alaskan Native 1 (25.0%) 3 (75.0%) 4 (100.0%)

Native Hawaiian/Pacific Islander 0 (0.0%) 2 (100.0%) 2 (100.0%)

Other 0 (0.0%) 1 (100.0%) 1 (100.0%)

Smoking 0.143a

Yes 21 (18.9%) 90 (81.1%) 111 (100.0%)

No 17 (12.2%) 122 (87.8%) 139 (100.0%)

BMI . 30 kg/m2 0.590a

Yes 4 (12.1%) 29 (87.9%) 33 (100.0%)

No 34 (15.7%) 183 (84.3%) 217 (100.0%)

Diabetes mellitus 0.802a

Yes 10 (14.3%) 60 (85.7%) 70 (100.0%)

No 28 (15.6%) 152 (84.4%) 180 (100.0%)

Hypertension 0.528a

Yes 13 (13.4%) 84 (86.6%) 97 (100.0%)

No 25 (16.3%) 128 (83.7%) 153 (100.0%)

Pedigree complete 0.685a

Yes 20 (16.1%) 104 (83.9%) 124 (100.0%)

No 18 (14.3%) 108 (85.7%) 126 (100.0%)

Family history of cancer (any)

in first-degree relatives

0.587a

Yes 13 (14.3%) 78 (85.7%) 91 (100.0%)

No 7 (21.2%) 26 (78.8%) 33 (100.0%)

Family history of pancreatic

cancer in first-degree relative

0.598a

Yes 2 (11.8%) 15 (88.2%) 17 (100.0%)
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DISCUSSION
In this multisite, prospective study of unselected PC patients,
universal multigene panel testing was able to identify 15.2% PGV
carriers, equating to nearly 1 in 6 patients with PC harboring a
germline predisposition to cancer. Family history of cancer was

associated with a greater than 2-fold elevated risk of carrying a
PGV. No associations with sex, age, or disease stage were found.
Most of the PGVs were in HRR genes, comprising 10% of overall
patients included in the cohort. A trend in better OSwas observed
in PGV carriers vs noncarriers.

Table 2. (continued)

Positive (N 5 38) VUS/Negative (N 5 212) Total (N 5 250) P value

No 18 (16.8%) 89 (83.2%) 107 (100.0%)

Proband/first-degree relative

cancer match

0.372a

Yes 4 (11.4%) 31 (88.6%) 35 (100.0%)

No 16 (18.0%) 73 (82.0%) 89 (100.0%)

Missing 18 108 126

Staging AJCC 8th edition at

diagnosis (clinical stage)

0.473a

1 6 (16.7%) 30 (83.3%) 36 (100.0%)

2 7 (14.0%) 43 (86.0%) 50 (100.0%)

3 6 (9.7%) 56 (90.3%) 62 (100.0%)

4 19 (18.6%) 83 (81.4%) 102 (100.0%)

Location 0.141a

Head 22 (13.2%) 145 (86.8%) 167 (100.0%)

Body 6 (13.6%) 38 (86.4%) 44 (100.0%)

Tail 10 (25.6%) 29 (74.4%) 39 (100.0%)

Deceased 0.069a

Yes 9 (23.7%) 83 (39.2%) 92 (36.8%)

No 29 (76.3%) 129 (60.8%) 158 (63.2%)

AJCC, American Joint Committee on Cancer; BMI, body mass index; VUS, variant of uncertain significance.
aThe Pearson x2 test.
bLinear model analysis of variance.

Figure 3. Kaplan-Meier curves for overall survival of pathogenic germline variants carriers and noncarriers. CI, confidence interval; HR, hazard ratio; VUS,
variant of uncertain significance.
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The prevalence of PGVs in PC in the literature has shown a
large variation between 3% and 20% (3,10–13,22,23). This vari-
ation in prevalence can be due to the populations studied and size
of gene panel used. Previous prevalence studies of germline var-
iants in PC were often conducted in registry and referral-based
(high-risk) populations with targeted gene panels (10,13,22,23).
A case-control study with more than 3,000 adults enrolled in a
Mayo Clinic registry between 2000 and 2016, using a 21-gene
panel, identified PGV in 5.5% of all patients with PC, including
7.9% of patients with a family history of PC (13). Another study in
a large group of patients performing expanded next generating
sequencing with at least 76 genes associated with cancer suscep-
tibility genes identified 19.8%of PGVcarriers,most inHRRgenes
pathway (11). However, this cohort included a larger proportion
of patients with Ashkenazi Jewish heritage (18%), justifying
higher PGV when compared with other cohorts (11). Our results
are concordant with a recent metanalysis with 60 studies and a
combined sample ofmore than 20,000 patients that found similar
rates of prevalence of homologous recombination deficiency in
PC (24).

We report a trend in better OS for PGV carriers compared
with noncarriers, primarily due to the HRR genes and in-
dependent of cancer stage at diagnosis. However, in one of the
largest cohorts of unselected patients with pancreatic adenocar-
cinoma submitted to germline testing, no statistical differences in
OS were observed among PGV carriers and noncarriers (48.4 vs
50.8 months) (11). In an analysis of a retrospective biorepository
of patients with PC from Mayo Clinic (recruited from 2000 to
2017, before any patients recruited for the current prospective
study) found that carriers of PGV in 8 HRR genes had longer OS
when compared with noncarriers (HR: 0.83, 95%CI: 0.70–0.97, P
5 0.02) (10). A higher response rate is observed in patients with
PGV who received platinum-based therapy in comparison with
noncarriers, with the best responders being patients with BRCA1
and BRCA2 mutations, although clinical outcomes were not
obtained for all patients included in the cohort (11). In our cohort,
65% of PGV carriers was treated with platinum-based therapy at
any time in their treatment course, including neoadjuvant

treatment, adjuvant treatment, or metastatic disease. Among
patients where a response rate could be evaluated (neoadjuvant
treatment and metastatic disease), a higher response rate (71% vs
54%) was seen in PGV carriers. In the study by Yadav et al. (25),
analysis restricted to PGV carriers with metastatic and non-
resectable disease showed that the group treated with platinum-
based chemotherapy regimens had better OS compared with
carriers not treated with platinum-based therapies. The obser-
vation of better response exploiting platinum-based chemother-
apy regimens in HRR-defective PC support the hypothesis that
this group of patients have greater benefit from platinum-based
chemotherapy strategies (9,17). It is unclear what the real impact
of incorporation of germline-based targeted therapies is in lo-
calized PC, but the findings reported in our manuscript and by
others indicate that broader germline testing has clinically
meaningful value in the identification of targetable PGV in un-
selected pancreatic adenocarcinoma. These higher responses
rates to chemotherapy could partly explain the better outcomes
observed in PGV carriers.

The most common PGV in our study was in BRCA2; 40% of
PGV carriers in our report had mutations in non-BRCA HRR
genes, with somepatients harboringmore than 1PGV.This raises
the possibility of expanded treatment options. Olaparib, a PARP
inhibitor, improved progression-free survival in a randomized
phase 3 trial compared with placebo in germline BRCA1 or
BRCA2 mutated metastatic PC after platinum-based therapy for
advanced disease; however, OS was not different among groups
(8). Veliparib plus upfront cisplatin and gemcitabine in advanced
disease does not improve survival when compared with chemo-
therapy in a randomized phase II trial with BRCA and PALB2
germline patients with PC. However, impressive results with the
platinumdoublet were achieved (9). In our cohort, 2 patientswere
treated with PARP inhibitors. These results should highlight the
real applicability of PARP inhibitors in maintenance therapy in
this highly selective group of advanced PC who have not pro-
gressed after platinum-based first-line therapy. The prevalence of
microsatellite instability is rare in PC, approximately 1% (7). Just
1 patient was diagnosed with Lynch syndrome (MSH6) in our

Figure 4. Kaplan-Meier curves for overall survival stratified by stage of pathogenic germline variants carriers and noncarriers. VUS, variant of uncertain
significance.
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study and was treated with pembrolizumab on second-line
therapy for advanced disease with successful stable disease.

Overall, family cascade testing remained low (,20%) even when
available for no cost, suggesting the importance of nonfinancial
barriers in this process. This represents a missed opportunity for
preventive intervention in family members identified to be at in-
creased risk. PC screening is recommended for family members at
increased risk due to PGV in BRCA1, BRCA2, MSH6, ATM,
CDKN2A, PALB2, and TP53, among others, which takes the form of
annual contrast-enhanced magnetic resonance imaging/magnetic
resonance cholangiopancreatography and/or endoscopic ultrasound,
with consideration of shorter screening intervals (26). Extra-PC pre-
ventive intervention is recommended for familymembers at increased
risk due to PGV in BRCA1, BRCA2,MSH6, ATM, CHEK2, PALB2,
RAD51C, and TP53, among others. This can include annual mam-
mography or breast magnetic resonance imaging starting at age 40
years, colonoscopy starting at age 20 years, risk-reducing salpingo-
oophorectomy, and risk-reducingmastectomy for early detection and
preventionofmalignancy inat-risk familymembers (26,27).Using the
2018 NCCN guidelines, 12 patients with PGV would have been
missed.These results reinforce theneed to fully realizegermline testing
for all patients with PC as advocated in the current NCCN guidelines.

Strengths of the study include its prospective, multicenter de-
sign, including recruitment from a community oncology clinic,
broad stage distribution (35% earlier stage), inclusion of both
resected and unresectable cases, and use of a large gene panel. Some
limitations of our results include that the demographic character-
istics of patients may not completely reflect those in other regions
of the country or other countries and the relatively short duration
of follow-up. Further long-term follow-up will be necessary to
address implications of PGV status and treatment selection.

Universalmultigene panel testing in PC reveals that nearly 1 in
6 patients are carriers of a germline cancer predisposition, with
most of the mutations being in HRR genes, including BRCA2.
PGVs in pancreatic adenocarcinoma are associated with better
OS. Multigene germline testing should be offered to all patients
with PC (regardless of stage, family history, or age at onset) the
findings of which can be used for disease prognosis, treatment
selection, and familial cancer counseling.
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Study Highlights

WHAT IS KNOWN

3 Approximately 5%–10% of pancreatic cancer (PC) cases
occur in patients with family history of disease.

3 Multiple genes are associated with hereditary PC beyond
BRCA 1/2, and 5%–10% of pathogenic germline alterations
are therapeutically targetable. However, prognostic
implications of germline positive testing are still not clear.

WHAT IS NEW HERE

3 Universal multigene panel testing in PC reveals that nearly 1
in 6 patients with PC harbors a pathogenic germline
alteration.

3 Inherited genetic predisposition plays a critical role in PC
including survival probabilities.

3 Family cascade testing remained low (,20%) even when
available for no cost to participants.
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