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ABSTRACT
Background: Little is known about the genetic background of individuals with familial pancreatic cancer (PC). Integrating 
germline testing into surveillance may uncover previously unrecognized hereditary susceptibility and expand prevention 
strategies beyond BRCA testing alone. This study evaluated the genetic landscape of high‐risk individuals due to familiality 
(HRI‐FHs) enrolled in a national surveillance program.
Methods: Five hundred HRI‐FHs from seven centers underwent surveillance and germline testing with a 41‐gene NGS panel. 
Pathogenic/likely pathogenic variants (PGVs) and variants of unknown significance (VUS) were identified and correlated with 
clinical and imaging findings.

Abbreviations: AISP, Associazione Italiana Studio Pancreas; HRI, High‐Risk Individual; HRI‐FH, High‐Risk Individual with a Family History of Pancreatic Cancer; IRFARPC, Italian Registry of 
Families At Risk of Pancreatic Cancer; ITPN, Intraductal Tubulopapillary Neoplasm; PC, Pancreatic Cancer; PGV, Pathogenic/likely pathogenic germline variant; PRECEDE, Pancreatic Cancer 
Early Detection Consortium; PROPH‐ITA, Familial Pancreatic Cancer PROPHylation Program in Italy; VUS, Variant of unknown significance.
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Results: Overall, forty‐four (8.8%) out of 500 HRI‐FHs carried at least one PGV, including 3.4% in high‐penetrance genes (ATM, 
BRCA1/2, PALB2, BRIP1). Notably, 8 out of 17 (47%) of ATM, BRCA1/2, PALB2 carriers would not have met the national testing 
criteria based solely on their family history. An additional 5.4% (27/500) carried PGVs in genes linked to other hereditary 
conditions (CFTR, MUTYH, CTRC, SPINK1, APC), and 39.6% harbored at least one VUS. PGV status, age, and female gender 
were independent predictors of radiological abnormalities. Two PCs were diagnosed, both in mutation‐negative individuals. 
Discussion: Integrating germline testing into surveillance redefines the management of familial PC. It uncovers hereditary 
susceptibility beyond classical criteria and supports cascade testing. PC also arises in mutation‐negative HRI. #NCT05724992.

1 | Introduction

Pancreatic cancer (PC) is projected to become the second 
leading cause of cancer‐related death by 2030 [1]. Its prognosis 
remains poor owing to several factors, including late diagnosis. 
In an effort to anticipate diagnoses, many initiatives have 
focused on identifying high‐risk individuals (HRIs) for active 
surveillance, such as those with multiple family members 
affected by PC (HRI‐HRs). The greater the number of affected 
relatives, the higher the lifetime risk of developing PC [2].

In approximately 10% of PC cases, pathogenic/likely pathogenic 
germline variants (PGVs) are hereditary cancer predisposing 
genes, most commonly BRCA1, BRCA2, PALB2, CDKN2A, and 
ATM [3–6], and some hereditary pancreatitis genes (PRSS1, 
SPINK1) [7].

The reported prevalence of PGVs in cancer‐predisposing genes 
among HRI‐FHs undergoing PC surveillance ranges from 10% to 
19% [3, 8–10], with peaks of 37.6% in selected cohorts of Jewish 
families [11].

Parallel to this, active surveillance programs for HRI‐FHs, such 
as those endorsed by the CAPS and PRECEDE consortia and 
other national registries [12, 13], offer an unprecedented op-
portunity to integrate systematic germline testing. Indeed, 
testing HRI‐FHs who are already under surveillance may not 
only identify carriers of well‐established high‐penetrance genes 
but also unveil variants conferring susceptibility to other he-
reditary cancer syndromes or to multiorgan predisposition. 
Additionally, in some surveillance contexts, PC seems to arise 
almost only in mutation carriers [14, 15], differentiating the risk 
profile of HRIs surveilled.

In 2015, a national registry for HRI was launched in Italy under 
the auspices of the Italian Association for the Study of the 
Pancreas (AISP). Results of the registry have already been 
published, revealing clinically relevant findings related to PCs, 
including eight cases detected under surveillance (three of 
which were Stage I and five of which were resected) as well as 
numerous other cystic and solid lesions [16–18].

The registry does not include standardized genetic testing for 
HRI‐FH cases. To address this limitation, a prospective parallel 
study was launched, the “Familial Pancreatic Cancer PROPHi-
lation Program In Italy” (PROPH‐ITA). This initiative also aims 
to overcome the limitations of current multi‐society national 
guidelines, which recommend genetic testing only for HRI‐FHs 
with either two first‐degree relatives with PC or three relatives

with PC up to the third‐degree kinship, and limited to a minimal 
panel targeting the BRCA1 and BRCA2 genes [19]. This study 
aims to investigate the genetic background of HRI‐FH cases by 
conducting buccal swab tests for assessing germline 
predisposition.

This manuscript presents an interim analysis of the first 500 
HRI‐FHs tested, with a focus on the prevalence of PGVs, vari-
ants of unknown significance (VUS), and an analysis of imaging 
findings, by comparing carriers and non‐carriers.

2 | Methods

2.1 | Study Design and Case Recruitment

The study adheres to the guidelines for Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
[20], was conducted in accordance with the principles of the 
Declaration of Helsinki, and was approved by the Institutional 
Review Board (#4040CESC) of the coordinating center and the 
Ethics Committee at each participating center. Written 
informed consent was obtained from all participants prior to 
inclusion in the study. The structure of the Italian Registry of 
Families At Risk of Pancreatic Cancer (IRFARPC) has already 
been published [16, 21]. The registry includes HRI‐FHs and 
HRI‐PGV carriers with and without a family history of PC. For 
this study, only HRI‐FHs undergoing active surveillance were 
prospectively enrolled and underwent genetic testing using a 
buccal swab, as described elsewhere [16], after providing con-
sent. HRI‐FH was defined as having two relatives with PC in the 
same lineage, one of whom is a first‐degree relative, or having 
three cases in the same lineage, regardless of the degree (up to 
the third). As detailed elsewhere, the age limit to start surveil-
lance in HRI‐FHs is 45 years or 10 years less than the youngest 
affected family member [16, 21]. When the enrollment and age 
criteria are met, subjects undergo annual surveillance using 
either magnetic resonance cholangiopancreatography or endo-
scopic ultrasound according to patient and center preference.

The study commenced in December 2022, and as of the database 
inception in February 2025, seven IRFARPC‐affiliated centers 
(listed in Supporting Information S1) of the 33 centers joining 
IRFARPC were actively recruiting participants in PROPH‐ITA. 
Each center received approval from the local Institutional Re-
view Board. The study was registered at Clinicaltrials.gov 
(#NCT05724992) and funded solely by patient associations, 
benefactors, or dedicated fundraising events.
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2.2 | Genetic Analysis and Consultation

Gene selection was made after a literature review of the terms 
“familial pancreatic cancer,” “pancreatic cancer genetic pre-
disposition,” and “pancreatic cancer mutated genes.” A 41‐gene 
panel was selected based on a review of the literature. It 
included: APC, ASXL1, ATM, BAP1, BARD1, BMPR1A, BRCA1, 
BRCA2, BRIP1, CASR, CDK4, CDKN2A, CFTR, CHEK2, CPA1, 
CTRC, DNMT3A, EPCAM, FANCC, MEN1, MLH1, MSH2, 
MSH4, MSH6, MUTYH, NBN, NF1, PALB2, PALLD, PMS2, 
POLN, POLQ, PRSS1, PTEN, RAD51 C, RAD51D, SMAD4, 
SPINK1, STK11, TET2, and TP53. These genes were associated 
with low‐, intermediate‐, or high‐penetrance. Some of them 

have been recently reported in PC patients with unclear sig-
nificance (e.g., ASXL1, TET2, and POLN) [4]. In addition, the 
panel covered hereditary chronic pancreatitis genes (CASR, 
CFTR, CPA1, CTRC, PRSS1, and SPINK1) and other exploratory 
analyses on less investigated genes (e.g., MSH4).

A buccal swab was chosen to enhance participant compliance 
by providing sufficient DNA for NGS while avoiding the logis-
tical challenges and perishability associated with blood samples. 
The swabs were collected and shipped to an accredited labora-
tory (Genomica s.r.l., Rome, Italy) where all the analyses were 
blinded to any proband's data. Genomic DNA was extracted 
from the biological samples, followed by whole‐exome 
sequencing using NGS technology on a Thermo Fisher plat-
form (Thermo Fisher Scientific, Germering, Germany). The 
target coverage of the test exceeded 150x.

The analyzed variants across the 41 genes included single‐ 
nucleotide variants (SNVs) and short insertions and deletions 
(indels) up to 20 base pairs in length, located within ± 5 nu-
cleotides of exon boundaries or known splicing sites. The test 
was unable to detect mutations in intronic regions beyond this 
range, dynamic mutations such as triplet repeat expansions, 
larger structural variants exceeding 20 base pairs, or germline 
mosaicisms. Only variants classified as pathogenic (class 5), 
likely pathogenic (class 4), or variants of uncertain clinical sig-
nificance (VUS, class 3) according to the ACMG guidelines were 
reported, with classes 4 and 5 further reported as PGVs. These 
classifications were based on guidelines, scientific literature and 
data from major databases such as the Human Gene Mutation 
Database, ClinVar, Varsome, OMIM, GeneReview, dbSNP, and 
NCBI. The obtained gene sequences were analyzed using bio-
informatics analysis.

The interpretation of mutations was based on the most current 
knowledge available at the time of analysis and report genera-
tion. When existing scientific research, including published 
studies and experimental data, did not provide sufficient evi-
dence to determine the impact of the mutation on protein 
function or disease risk, in silico prediction tools were utilized. 
Results were communicated by email or telephone by the cen-
ter's principal investigator for negative results. Conversely, they 
were discussed during genetic counseling if they tested positive 
for PGVs or VUS.

Genetic counseling was provided to discuss the clinical impli-
cations of the results, explore potential management strategies, 
and propose cascade testing. Additionally, patients received a 
written report and were informed that the interpretation of VUS 
may change over time due to new scientific discoveries. In cases 
of VUS, individuals were referred to local genetic counselors to 
monitor for future reclassification updates. For families with a 
living relative affected by PC, a segregation study of the PGV 
was offered to confirm or exclude the correlation between mu-
tation and family history. In cases of PGVs, cascade testing was 
prioritized for first‐degree relatives. Second‐degree relatives 
were included as appropriate, depending on family structure, 
variant penetrance, and initial testing outcomes.

Since traditional genetic counseling models are time‐intensive 
and resources are sparse, a mainstream model was developed, 
so comprehensive genetic counseling was offered only if results 
revealed pathogenic, likely pathogenic, or VUS.

2.3 | Data Collection and Definitions

Data collected included demographic information, personal and 
family history of malignancies, results of surveillance imaging 
procedures, and genetic test results. The personal and family 
history of malignancies was self‐reported by the subjects during 
direct interviews conducted by the investigators, with no proxies 
used, and for first‐degree relatives, medical records were 
deemed mandatory. Genetic data were anonymized before being 
sent to the laboratory.

Radiological abnormalities were classified as cystic (any cyst 
> 5 mm, presumably diagnosed as mucinous cystic neoplasm or 
cystic neuroendocrine tumor) or solid. Given that most HRI‐ 
FHs had only one follow‐up visit, radiological abnormalities 
were investigated and compared across groups using only 
baseline imaging.

All data were transferred into a dedicated electronic case record 
form and exported into an Excel sheet.

2.4 | Statistical Analysis

Continuous variables were expressed as medians with inter-
quartile range (IQR) and categorical variables were presented as 
frequencies with percentages.

Key Summary

• Summarise the established knowledge on this subject
◦ The prevalence of high‐penetrance pathogenic 
germline variants in individuals with familial 
pancreatic cancer under surveillance is low, yet 
informative beyond traditional testing criteria.

• What are the significant and/or new findings of this 
study?
◦ Pancreatic cancer can also occur in high‐risk in-
dividuals without pathogenic germline variants, 
supporting surveillance regardless of genetic status.

United European Gastroenterology Journal, 2026 3 of 12
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A multivariable logistic regression analysis was used to 
identify predictors of germline mutations using personal and 
family history of malignancies, including the age of cancer 
diagnosis.

The association between the presence of radiological abnor-
malities at baseline screening and genetic status was investi-
gated using a binary logistic regression model. A multivariable 
model was constructed using clinically relevant variables. The 
p‐values are presented with odds ratios (ORs) and 95% confi-
dence intervals (CI), as appropriate. Statistical significance was 
determined as a p‐value < 0.05. The overall proportion of 
missing data was low and did not affect the primary outcomes. 
No imputation methods were applied, as the extent of miss-
ingness was minimal and unlikely to introduce bias. All sta-
tistical analyses were performed using SPSS 29 (IBM Corp., 
Armonk, NY, USA).

3 | Results

At the time of the study analysis, the IRFARPC included 1732 
HRIs. Among them, 1198 were HRI‐FHs, and 997 had already 
undergone active surveillance. Five hundred HRI‐FHs (41.7% of 
all HRI‐FH cases) were tested using a buccal swab at the seven 
participating Centers. The study flowchart is shown in Figure 1.

The median age was 54 (IQR 49–60) with a female prevalence of 
60.6%. The median number of relatives with PC was 2 (IQR 
2–3); 79.2% of HRI‐FHs had at least one first‐degree and one 
second‐degree relative with PC, and 27.4% had at least two first‐ 
degree relatives with PC. Table 1 presents the general features of 
the study population.

All individuals to whom testing was proposed consented to 
provide a buccal swab and to receive their genetic results.

FIGURE 1 | Study flowchart.

4 of 12 United European Gastroenterology Journal, 2026
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3.1 | Study Findings: PGV

Among the 500 HRI‐FHs undergoing surveillance, 44 (8.8%) 
carried at least one PGV. Of these, one individual harbored two 
simultaneous PGVs, located in ATM and PALB2 genes, respec-
tively. All mutations were heterozygous. PGVs in high‐ 
penetrance PC susceptibility genes were identified in 17 HRI‐ 
FHs (3.4%). They included mutations in ATM (n = 8, 1.6%), 
BRCA2 (n = 6, 1.2%), BRCA1 (n = 2, 0.4%), and one each in 
BRIP1 (0.2%) and PALB2 (the PALB2 mutation co‐occurred with 
an ATM one). The remaining 27 HRI‐FHs harboring PGVs (5.4% 
of the cohort) carried mutations in genes associated with other 
conditions. Specifically, 25 HRI‐FHs were carriers for variants in 
genes linked to autosomal recessive syndromes (CFTR, n = 17, 
3.4%) and MUTYH (n = 8, 1.6%). Additionally, two individuals 
carried mutations associated with an increased risk of heredi-
tary pancreatitis (in the CTRC and SPINK1 genes, one case each, 
0.2%), and one individual carried a mutation in the APC gene.

In fourteen HRI‐FHs (2.8%), a PGV co‐occurred with a VUS. 
Two carriers (4.4%) had a prior history of malignancy (one 
breast cancer and one non‐Hodgkin lymphoma). Table 2 pro-
vides a detailed description of PGV carriers.

In the multivariable logistic regression analysis, neither personal 
nor family history data predicted the presence of PGVs, even 
when analyzing the entire gene panel or restricting it to homol-
ogous recombination repair (HRR) genes (data not shown).

Twenty‐three out of 44 HRI‐FHs (52.3%) with PGV fulfilled the 
national recommendations for genetic testing based on PC 
family history.

3.2 | VUS Identified

A total of 261 VUS were identified in 198 individuals, for a total 
prevalence of VUS of 39.6% in HRI‐FHs (Figure S1, Supporting 
Information S1). The genes that were more commonly found 
harboring VUS were CFTR (n = 33, 12.6%), POLQ (n = 25, 9.5%), 
APC (n = 23, 8.8%), MUTYH (n = 11, 4.2%), ATM (n = 11, 4.2%), 
and BRCA2 (n = 10, 3.8%). Supporting Information S2 lists the 
identified VUS.

3.3 | Imaging Findings: Overall

200 participants (40%) who underwent baseline imaging only, 
78 completed two rounds of imaging (15.6%), while the 
remaining 222 (44.4%) had at least three rounds of imaging.

Radiological abnormalities were found in 156 participants 
(31.2%). They were cystic in 149 (29.8%) cases, solid in six 
(1.2%), and solid and cystic (co‐occurring) in one (0.2%).

Among the six HRI‐FHs diagnosed with solid lesions, four were 
identified on baseline imaging. All were pancreatic neuroendo-
crine tumors < 2 cm and were kept under surveillance. Among 
them, three patients tested negative for mutations, while one had 
a VUS in APC (c.6627 T > A, p.Ile2209Met). The remaining two 
cases (0.4% of the total) were two incident PCs, diagnosed at the 
second follow‐up at 13 and 14 months, after a baseline imaging 
deemed negative for significant pancreatic abnormalities.

The first case of PC was located in the pancreatic head. The pa-
tient, a 65‐year‐old female with two relatives affected by PC 
(mother and maternal aunt), was found to have a VUS in CASR 
(c.992 G > A, p.Arg331Gln). She initially received chemotherapy 
with FOLFIRINOX (Folinic Acid, Fluorouracil, Irinotecan, and 
Oxaliplatin) for neoadjuvant intent due to tumor dimensions 
(38 mm) and nodal involvement. The patient progressed to liver 
metastases 5 months after diagnosis and died 2 months later. The 
re‐evaluation of baseline imaging confirmed the absence of any 
pancreatic alteration.

The second case of PC was located in the tail of the pancreas. 
The patient, a 69‐year‐old female with two first‐degree relatives 
with PC (father and brother), underwent left pancreatectomy 
and splenectomy for a 1 cm solid nodule at the pancreatic tail, 
and final pathology revealed a pancreatic intraductal tubulo-
papillary neoplasm (ITPN) with an invasive component (Size of 
the whole lesion: 1.2 cm, size of the invasive component for T 
assessment: 4 mm; pT1aN0M0, Stage 1a). In this case, her swab 
was negative for mutations, and a re‐evaluation of the baseline 
imaging identified focal atrophy of the pancreatic tail.

3.4 | Imaging Findings: Comparison Between 
Carriers and Non‐carriers

When considering the presence of any radiological abnormal-
ities, whether incident or prevalent, no differences were 
observed between carriers and non‐carriers. This held true

TABLE 1 | Study population (n = 500).

Variable n = 500 
Age, years (median, IQR) 54 (49–60) 

Sex, n (%)

Female 303 (60.6) 

Male 197 (39.4)

BMI (median, IQR) 23.9
(21.8–27.1)

Smoking habit (current or former), n (%) 156 (31.5)

Alcohol habit (current or former), n (%) 166 (33.2)

Diabetes mellitus, n (%) 14 (2.8)

Family history of PC (same lineage), n (%) a 

2 first‐degree relatives 137 (27.4)

1 first‐degree and one second‐degree 396 (79.2)

≥ 3 relatives 124 (24.8)

Number of relatives with PC
(median, IQR)

2 (2–3)

Most frequent age range of the YRA b 60–69 

Personal history of any cancer, n (%) 43 (8.6)
a Values may exceed 100% because participants could meet multiple family 
history criteria.
b Youngest affected relative.
Abbreviation: PC, pancreatic cancer.
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when analyzing all mutations (including VUS), only PGVs, and 
when restricting the analysis to HRR genes (Table S1).

3.5 | Predictors of Radiological Anomalies at 
Baseline Screening

Clinical predictors of the presence of radiological findings at 
baseline screening are shown in Table 3. On bivariate logistic 
regression modeling, age (OR 1.084 [95% CI 1.055–1.113], 
p < 0.001), female sex (OR 1.778 [95% CI 1.142–2.769], 
p = 0.011), and PGV carrier (OR 1.585 [95% CI 1.021–2.460], 
p = 0.04) were independently associated with the presence of 
anomalies at baseline imaging.

4 | Discussion

This multicenter study presents one of the largest prospective 
genetic characterizations of HRI‐FH individuals undergoing 
active surveillance within a national program. Testing was 
performed using a broad 41‐gene panel encompassing high‐, 
moderate‐, and low‐penetrance genes, thus offering a compre-
hensive snapshot of the hereditary landscape associated with 
familial pancreatic cancer. Most genes included have been 
previously studied in familial PC or PC predisposition [4, 6, 9, 
23], with some additional genes added for exploratory purposes.

Although only 8.8% of participants carried a PGV, only 3.4% 
harbored PGVs in high‐penetrance genes. This apparent “low 
yield” was lower than that observed in other cohorts of HRI‐FHs 
[4–6, 8, 10, 24] and similar to that reported in other studies [9–11, 
25]. It must be considered that, in our patient population, where 
the index PC case was seldom tested, Mendelian segregation may 
have caused a 50% signal loss. Additionally, we extended our 
testing to cases with a weaker family history than the classical 
definition, and some authors reported differences in PGVs when 
the familiarity signal was diluted [25]. Finally, we did not perform 

large genomic rearrangements in the BRCA genes. However, the 
latter would have primarily affected BRCA1, which is typically 
less frequently mutated in this context.

However, our findings still underscore the importance of inte-
grating germline testing within PC surveillance, as an oppor-
tunity to identify previously unrecognized hereditary cancer 
predispositions, often beyond the cancer itself. Indeed, 38% of 
BRCA1/2 carriers in this cohort did not meet national testing 
criteria based solely on a “classical” family history (e.g., HRI‐ 
FHs with at least two first‐degree relatives with PC), confirming 
either the poor sensitivity of traditional pedigree‐based models 
for selecting candidates for genetic testing, as reported in other 
oncological contexts [26, 27]. Overall, these results align with 
the PRECEDE initiative, which emphasizes that germline 
testing in HRI‐FHs broadens the detection of actionable muta-
tions and facilitates cascade testing and organ‐specific preven-
tion for relatives [28].

The PGVs found in other genes, including those associated with 
recessive syndromes (CFTR, MUTYH), hereditary pancreatitis 
(CTRC, SPINK1) or other low‐risk conditions (the APC the p.T
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Ile1307Lys variant, which confers moderate colorectal cancer 
risk in Ashkenazi Jewish individuals [29, 30]), may be consid-
ered as secondary bycatch of the explorative nature of the study 
that in the future might become valuable foundation for studies 
investigating gene–environment and gene–gene interactions in 
pancreatic carcinogenesis. Equally relevant is the remarkably 
high prevalence of VUS (39.6%) across multiple genes. As new 
data emerge, many VUS will be reclassified as (likely) patho-
genic [31, 32], progressively transforming today's uncertainty 
into tomorrow's knowledge.

From a clinical perspective, the most relevant findings were the 
diagnosis of two PCs in patients who tested negative for PGV and 
the absence of differences in imaging abnormalities between 
carriers and non‐carriers. This supports the current NCCN rec-
ommendations to offer surveillance to all HRI‐FH individuals, 
regardless of their mutation status and remains a central topic of 
debate. Indeed, while long‐standing Dutch [14] and German [15] 
registries have reported that PC develops only or almost only [33], 
in mutation carriers, several other studies have also documented 
PC in non‐genetically predisposed individuals [17, 33–37]. Com-
parison among registries should be done with caution, given that 
variability exists in practice patterns in terms of surveillance 
criteria and imaging modalities and HRI risk profile [38]. While 
longer follow‐up is required to define long‐term risk trajectories, 
our observation suggests that mutation status should not be used 
to de‐escalate or withhold surveillance. Surveillance strategies 
should therefore continue to include both mutation carriers and 
mutation‐negative HRI‐FH, and a negative germline test should 
not be interpreted as a marker of clinical reassurance. Familial 
aggregation of PC likely reflects a combination of undiscovered 
genetic factors, polygenic risk, and shared environmental or 
lifestyle exposures. In this context, surveillance remains the only 
strategy capable of mitigating risk, regardless of the results of 
current germline testing.

Some limitations should be acknowledged. First, family‐level 
data and the distribution of variants within families were not 
available. Second, CNV and large rearrangement analyses were 
not performed. Third, segregation analyses were limited. 
Fourth, from a clinical standpoint, the lack of a standardized 
imaging protocol across the participating centers might have 
masked imaging differences between carriers and non‐carriers.

In summary, we demonstrate that surveillance programs for PC 
are no longer limited to being diagnostic tools aimed solely at 
early detection; they have evolved into strategic platforms to 
identify mutations across various cancer types, facilitate family 
counseling and cascade testing, and enhance the molecular 
understanding of familial cancer syndromes. Our data further 
support the continuation of PC surveillance in individuals with 
familial PC, irrespective of germline mutation status. Until more 
refined tools for risk stratification become available, excluding 
individuals from surveillance based solely on a negative genetic 
test appears unwarranted.
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