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Abstract: Pancreatic cancer stands out as one of the most lethal forms of malignancies, representing
2% of all cancer cases and contributing to 5% of cancer-related fatalities. Therefore, early detection
of pancreatic cancer is crucial for enhancing treatment outcomes. Various hereditary cancer
syndromes have been linked to an elevated risk of developing pancreatic cancer, suggesting
potential benefits from surveillance strategies for individuals at risk. Presently, precision medicine
employs PARP inhibitor therapy for pancreatic cancer patients carrying germline variants in
Homologous Recombination Repair (HRR) genes. Our objective was to ascertain the occurrence of
germline pathogenic/likely pathogenic variants in genes predisposing to cancer among pancreatic
cancer patients. Methodologically, we analyzed 184 pancreatic cancer patients referred to our
laboratory for genetic examination. Utilizing a Next-Generation Sequencing (NGS) approach, we
scrutinized 52 genes implicated in hereditary cancer predisposition. Our findings revealed that 21%
of the patients analyzed harbored germline pathogenic/likely pathogenic variants. Within this
subset, 48% exhibited positive results in pancreatic cancer susceptibility genes, namely ATM (17%),
BRCA1 (12%), BRCA2 (7%), CDKN2A (7%), and PALB2. Significantly, 64.3% of the pathogenic
variants were associated with genes involved in the HRR pathway (ATM, BRCA1, BRCA2, BRIP1,
CHEK2, FANCL, MRE11, PALB2, RAD50, RAD51B and RAD51C). In conclusion, our study
underscores the significance of multigene genetic testing for pancreatic cancer patients, with 21% of
individuals yielding findings linked to pancreatic or other cancer predisposition. Moreover, patients
carried pathogenic/likely pathogenic variants in HRR genes, potentially benefiting from targeted
therapies such as PARP inhibitors or platinum-based treatments.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

Pancreatic cancer (PC) stands as the tenth most common cancer type globally for both sexes, yet
it ranks fourth in mortality rate, reflecting its aggressive nature and limited treatment options [1].
Approximately 10% of all pancreatic cancer cases are purportedly linked to Familial Pancreatic
Cancer (FPC), denoting families exhibiting a notably high incidence of the disease. FPC is recognized
as a genetically heterogeneous condition, driven by inherited pathogenic variants within specific
genes [2].

PC manifests within a spectrum of cancer predisposing syndromes, including Hereditary Breast
and Ovarian Cancer (HBOC), Peutz-Jeghers, Familial Adenomatous Polyposis (FAP), Lynch, Li-
Fraumeni, and Familial Atypical Multiple Mole Melanoma (FAMMM) syndromes. Additionally,
clear associations have been established between pancreatic cancer and loss-of-function variants in
non-syndromic cancer genes such as PALB2 and ATM [3].

Advancements in genetic testing technologies, particularly Next-Generation sequencing (NGS),
have revolutionized the landscape of genetic risk assessment. NGS enables the simultaneous analysis
of multiple cancer-associated genes, facilitating the identification of pathogenic alterations [4]. The
National Comprehensive Cancer Network (NCCN) guidelines has underscored the significance of
genetic risk assessment by updating its recommendations in 2019 to include pancreatic cancer
patients. According to these guidelines, all individuals diagnosed with pancreatic cancer should be
offered genetic testing to elucidate potential predisposing genetic alterations [5].

Panel testing, encompassing a broad array of cancer-risk genes, holds promise in augmenting
etiologic insights and refining genetic risk assessment in pancreatic cancer patients, irrespective of
their familial history. Furthermore, germline genetic testing in pancreatic cancer serves multifaceted
purposes, aiding in the selection of personalized treatment strategies and informing family members
about their risk profiles, thus enabling them to pursue appropriate screening and preventive
measures [6].

Our research aimed to investigate the prevalence of germline pathogenic or likely pathogenic
variants in cancer predisposing genes among patients diagnosed with pancreatic cancer.

2. Materials and Methods

Between July 2020 and July 2023, individuals diagnosed with pancreatic cancer were directed to
Genekor Laboratory for germline genetic testing. A group comprising 184 subjects underwent
assessment at the discretion of healthcare providers. Proficient personnel briefed all participants on
the rationale behind germline testing and gathered data concerning their personal and familial cancer
histories, including both immediate and extended family members affected by the disease. Before
undergoing molecular genetic testing, patients consented by signing an informed consent document,
granting permission for the anonymous utilization of their data in research endeavors and potential
scientific publications.

Genomic DNA was isolated from EDTA whole peripheral blood samples utilizing the MagCore
Genomic DNA Whole Blood Kit (RBC Bioscience, New Taipei City, Taipei, Taiwan, ROC) following
the manufacturer’s guidelines. The concentration of DNA was quantified using the Qubit
fluorometer (Thermo Fisher Scientific, Inc.).

For this study, as previously described, a targeted gene-panel comprising 52 cancer
susceptibility genes was employed [7]. The selection of genes for analysis was based on their
association with hereditary cancer as outlined in the NCCN guidelines and corroborated by
published research. The custom-designed probe library included coding exons and exon-intron
boundaries of each gene within the panel. Library preparation was conducted using the SeqCap EZ
Choice Library (Roche NimbleGen) with 150ng of double-stranded DNA as input material.
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Sequencing was performed on the DNBSEQ-G400 platform (MGI Tech Co., Ltd., Beishan Industrial
Zone, Shenzhen, PR China) in accordance with the manufacturer’s instructions.

Alignment to the reference sequence (hgl9), variant calling, and interpretation were executed
using optimized algorithms integrated into the commercial SeqPilot suite (JSI medical systems
GmbH, Germany). Basecalls with a quality score of 20 or higher were considered for further analysis.
Regions of Interest (ROIs), defined as exons +20-bp intronic sequences for all genes within the panel,
underwent automatic screening for homologous regions in the genome. Variants were called with a
variant allele frequency (VAF) cutoff of 25% and assessed for pathogenicity according to predefined
criteria.

Variant classification followed the recommendations of the American College of Medical
Genetics and Genomics, categorizing variants into five groups: Pathogenic, likely pathogenic variants
(PVs/LPVs) (> 90% certainty of a variant being disease-causing), variant of uncertain significance
(VUS), likely benign (> 90% certainty of a variant being benign), and benign. Variant annotation and
interpretation were conducted using an in-house knowledgebase and a proprietary bioinformatics
pipeline designed to automate the classification process. All PVs/LPVs were validated using Sanger
Sequencing on re-extracted DNA samples.

3. Results

Among the cohort of 184 patients who underwent genetic testing, 91 were women ranging in
age from 42 to 82 years, while 93 were men aged between 33 and 84 years. The median age at which
the study subjects were diagnosed with pancreatic cancer was 61 years. Out of the 184 cases referred
for assessment, 77.7% (143 out of 184) had a personal cancer history. Specifically, 19.6% (36 out of
184) of the individuals had a previous diagnosis of pancreatic cancer. Conversely, 22.3% (41 out of
184) of the subjects had no familial cancer history. Notably, there were instances where patients
diagnosed with pancreatic cancer also experienced other types of malignancies, including ovarian
cancer, melanoma, glioblastoma, liver cancer, colon cancer, gastric cancer, and breast cancer.

Of the 184 individuals diagnosed with pancreatic cancer, 38 were found to harbor a PV/LPV,
constituting approximately 21% of the cases. Remarkably, 35% of the examinees (65 out of 184) did
not exhibit any detectable variants within the 52 genes studied. However, in the remaining 44% (81
out of 184) of cases, one or more variants of uncertain significance were identified (Figure 1A).
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Figure 1. A. Results of panel testing conducted on the 184 individuals assessed B. Proportion of
pathogenic/likely pathogenic discoveries recognized in each gene.

PVs/LPVs were identified in 21% of patients diagnosed with pancreatic cancer, spanning several
key genes associated with hereditary predisposition to the disease. Among the genes analyzed,
including ATM, BRCA1, BRCA2, BRIP1, CDKN2A, CHEK2, FANCL, MRE11, MUTYH, NBN, NTHL1,
PALB2, RAD50, RAD51B and RADS5IC, significant frequencies of PVs/LPVs were observed.
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Specifically, PVs/LPVs were detected in ATM in 15% (6 out of 38) and in BRCA1 in 12% (5 out of 38)
of patients. Additionally, BRCA2 exhibited PVs/LPVs in 7% (3 out of 38) of patients, while CHEK2
displayed PVs/LPVs in 10% (4 out of 38) of cases. Moreover, MUTYH PVs/LPVs were found in 17%
(7 out of 38) of patients, in a heterozygous state. Other genes such as CDKN2A, FANCL, NBN, PALB2,
and RAD50 also harbored PVs/LPVs, at lower frequencies ranging from 5% to 7% within the cohort
(Figure 1B).

A total of 42 PVs/LPVs were identified across 38 patients. Among these, 16 out of the 42 variants
(38%) were detected within high-risk genes associated with pancreatic cancer susceptibility,
including BRCA1, BRCA2, CDKN2A, and ATM. Moreover, the majority of the detected variants,
specifically 27 out of 42 (64.3%), were found in genes involved in the Homologous Recombination
Repair (HRR) pathway (BRCA1, BRCA2, BRIP1, CHEK2, ATM, PALB2, MRE11, NBN, RAD51B,
RAD51C, RAD51D, RAD50 and FANCL).

Among the patients identified with PVs/LPVs, 84% had a documented family history of cancer.
Remarkably, within this subset, 26.4% of individuals had a family history specifically associated with
pancreatic cancer. Among the individuals who tested positive, 13 out of 38 (34.21%) did not report a
family history of PC or related cancers. Six out of 38 (15.78%) had a family history of PC, while 19 out
of 38 (50%) had a family history involving related cancers. For those identified as having high-risk
genes for PC, 4 out of 17 (23.53%) did not have a family history of PC or related cancers. Three out of
17 (17.34%) had a family history of PC, and 10 out of 17 (5.82%) had a family history involving related
cancers. In addition, PVs/LPVs were found in 8 individuals heterozygous for the NTHL1 and
MUTYH genes, which are inherited recessively. Among these, 4 out of 8 (50%) had no family history
of PC or related cancers, 2 out of 8 (25%) had a family history of PC, and 2 out of 8 (25%) had a family
history involving related cancers. The CDKN2A gene is linked to both melanoma and pancreatic
cancer phenotypes. PVs/LPVs were identified in 3 patients with a family history of melanoma (100%)
and in 2 patients with a family history of pancreatic cancer (67%), while those without this gene had
a low incidence of melanoma in close relatives (1.65%, 3 out of 181).

In 81 out of 184 cases (44%), at least one variant of uncertain significance (VUS) was identified.
Among this group, 38 out of 81 (46.41%) had no reported family history of pancreatic cancer (PC) or
related cancers. Thirteen out of 81 (16.04%) had a family history of PC, while 30 out of 81 (37.03%)
had a family history involving related cancers. In 65 out of 184 cases (35.32%), no pathogenic variants
(PV), likely pathogenic variants (LPV), or VUS were found. Among these cases, 25 (38.46%) had no
family history of PC or related cancers, 9 out of 81 (13.84%) had a family history of PC, and 29 out of
81 (44.61%) had a family history involving related cancers.

The presence of a family history of first- and/or second-degree relatives diagnosed with PC did
not show a significant correlation with positive results. Across all patient subgroups (negative, VUS,
positive, positive-HRR genes), the occurrence of PC in the family ranged from 13.84% to 17.64%.
Conversely, High Risk genes such as BRCA1, BRCA2, and ATM were linked to a higher incidence of
breast, ovarian, or prostate cancer among close family members compared to non-PV/LPV carriers
(58.82% vs. 40.41%), with a significance level of p < 0.05.

4. Discussion

The use of germline genetic testing is increasingly prominent in oncology due to its potential to
influence surgical strategies and treatment approaches. NGS technology has been pivotal in
uncovering the genetic underpinnings of familial cancers. However, the expanding scope of NGS
technology has led to increased testing complexity, including a broader array of genes being
analyzed. This expansion brings challenges such as limited understanding of the management
implications for newly identified genes and occasional uncertainty surrounding the clinical
significance of PVs/LPVs in well-established genes [8].

Nonetheless, the significance of expanded germline testing in PC patients is underscored by the
presence of inherited pathogenic variants associated with various hereditary cancer predisposition
syndromes. These syndromes encompass conditions like hereditary Breast and Ovarian cancer
syndrome, Lynch syndrome, and Familial Atypical Multiple Mole Melanoma Syndrome, among



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2024 d0i:10.20944/preprints202403.1473.v1

others. The identification of such variant statuses can profoundly influence clinical management and
treatment decisions for patients [9].

In our current study, 184 pancreatic cancer patients were referred to our laboratory for genetic
testing based on physician discretion. The panel utilized for testing comprised 52 genes associated
with cancer predisposition and the development of specific cancer types. The findings revealed that
20.65% (38 out of 184) of the patients harbored at least one PV/LPV across 15 genes, some of which
are known to be linked to hereditary cancer predisposition syndromes and an elevated risk of
pancreatic cancer. Previous studies have documented the presence of PVs/LPVs in 8-20% of
pancreatic cancer patients [10,11]. The variability in detection rates of PVs/LPVs can be attributed to
several factors including the number of genes analyzed in each study, the genetic background of the
tested population, and the methodology employed for variant classification. Furthermore, studies
have reported a notably higher detection of variants among patients with metastatic disease
compared to those with earlier stage disease. This variability underscores the multifaceted nature of
genetic predisposition in pancreatic cancer and highlights the need for comprehensive evaluation
and classification of variants in clinical practice [12,13].

Among the 42 PV/LPV identified, 64.3% (27 out of 42) were in genes associated with homologous
recombination repair (HRR), representing 14.7% (27 out of 184) of all patients in the cohort. Our
findings align closely with those of a meta-analysis, which reported similar prevalence rates of
homologous recombination deficiency in pancreatic cancer patients [14]. The detection of pathogenic
variants within the DNA damage repair pathway holds clinical significance, as tumors with such
alterations may exhibit heightened sensitivity to poly-ADP ribose polymerase (PARP) inhibitors,
platinum-based chemotherapies, and potentially immunotherapy options [15].

Among the PVs/LPVs detected, 40.5% (17 out of 42) were in genes strongly linked to pancreatic
cancer (BRCA1, BRCA2, ATM, CDKN2A), constituting 44.7% (17 out of 38) of PV/LPV carriers or 9.2%
(17 out of 184) of all patients. PV/LPV in CDKN2A accounted for 7.14% (3 out of 42) of the variants
detected and were observed in 7.9% (3 out of 38) of carriers. Notably, CDKN2A PV/LPV were
prevalent among patients with a family history of melanomas and pancreatic cancer, with a
statistically significant association (p <.00001). The non-syndromic cancer gene ATM and the cancer
predisposition genes BRCA1 and BRCA2 are recognized as high penetrance genes for familial
pancreatic cancer (FPC). These genes were notably associated with a higher incidence of breast,
ovarian, and prostate cancer in close family members compared to PV/LPV carriers, confirming the
occurrence of pancreatic cancer within a spectrum of cancer predisposing syndromes, including
hereditary breast and ovarian cancer (HBOC) [16].

PVs/LPVs in genes not conventionally associated with pancreatic cancer susceptibility (MRE11,
CHEK2, MUTYH/MYH, NBN, NTHL1, BRIP1) were also observed in 17 patients, accounting for 45.2%
overall or 9.2% of the entire cohort. Among these cases, PVs were detected in heterozygosity in the
NTHL1 and MUTYH genes in eight cases. These genes are linked to NTHL1 tumor syndrome and
MUTYH-associated Adenomatous Polyposis (MAP), inherited in a recessive manner, implying that
the monoallelic findings in these eight cases present uncertain risks for cancer development.
Heterozygous pathogenic variants in the NTHLI gene have been associated with low to moderate
increased risks for breast cancer, and another study suggested a potential contribution of monoallelic
pathogenic NTHLI variants to tumorigenesis in certain patient subsets. Similarly, a study indicated
a heightened risk for cancer among carriers of deleterious germline variants with only one defective
allele in the MUTYH gene. These incidental findings underscore the necessity for further elucidation
regarding genotype—phenotype correlations and the influence of age and gender to better stratify the
risk associated with these variants as high-, moderate-, or low-penetrant genes [17].

Variants of uncertain significance were identified in 44% (81 out of 184) of patients, aligning with
findings from recently published studies [18,19]. The noteworthy occurrence of VUS underscores the
necessity for further in silico and functional investigations to assess the impact of these alterations on
protein function, along with segregation analysis within families to elucidate the etiological
contribution to cancer development. These data will inform the reassessment of the risk associated
with these variants in relation to pancreatic cancer.
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The current NCCN guidelines recommend universal germline testing for PC patients [20].
Previously, according to the 2018 NCCN guidelines, patient selection was based on factors such as
personal and family history, age of diagnosis, among others. However, germline variants in cancer
susceptibility genes may also be present in patients without an evident history of inherited cancer
risk.

In our study, the presence of a first- or second-degree relative diagnosed with pancreatic cancer
did not correlate with carrying a PV/LPV, with the incidence of PC in the family ranging from 13.84%
to 17.64% across all studied patient subgroups, consistent with recent findings. No statistically
significant association was observed between carriers and non-carriers of PGVs concerning other
familial cancer types. Ultimately, there were no discernible differences in sex, age, or family history
of pancreatic cancer or other familial cancer types between patients based on their variant status,
indicating that clinical history alone may be insufficient to identify patients carrying genetic variants.

Interestingly, 12 out of 38 patients (31.6%) with PVs/LPVs would have been overlooked,
representing 6.5% of the overall cohort, as they lacked any instances of cancer among close relatives.
These individuals presented no family history of pancreatic cancer or other malignancies and thus
would not have met the screening recommendations outlined in the 2018 NCCN guidelines, which
have since been updated. Among these patients, 3 harbored PGVs in high-risk genes (ATM, BRCA1,
BRCA2), leading to distinct clinical management strategies. Furthermore, two of them had clinically
actionable findings that would not have been identified based on the testing criteria specified in the
2018 NCCN guidelines.

Upon thorough review of all family history data, it is evident that over 50% of the referred
patients have a family history involving close relatives diagnosed with pancreatic cancer or other
cancer types associated with familial syndromes (including breast, ovarian, prostate, colon cancer,
melanoma, etc.). This suggests that a subset of patients likely undergo genetic testing after meeting
specific selection criteria. If guidelines continue to advocate for unselected germline testing, it
becomes imperative to establish a long-term strategy to educate all healthcare providers about the
new testing criteria. Additionally, it’s crucial to identify other pertinent testing restriction factors,
such as patients facing financial constraints or lacking adequate genetic counseling support, among
others.

The findings of this study are reinforced by a sizable cohort comprising 184 pancreatic cancer
patients of diverse sexes and ages, with the utilization of an expanded 52-gene panel encompassing
cancer predisposition genes and risk genes for non-syndromic cancers. Nonetheless, this research is
susceptible to several limitations. The examined group primarily comprises individuals of Greek
ancestry, alongside some patients of Turkish and Romanian heritage, leading to a diverse population
concerning identified variants. Additionally, critical clinicopathologic features like grade,
histological subtype, metastases occurrence, and follow-up information were unavailable. Moreover,
germline testing was administered at the discretion of attending physicians, each possibly employing
distinct referral criteria. Finally, operating as a private institution, the socioeconomic standing of the
patients could impede access to germline testing.

5. Conclusions

Multigene germline testing represents a pivotal approach that should be extended to all patients
diagnosed with PC, irrespective of stage, family history, or age at onset. The insights gleaned from
such testing can significantly impact disease prognosis, inform treatment selection, and guide familial
cancer counseling initiatives. Our study underscores and amplifies the outcomes observed in prior
research endeavors, shedding light on the underutilization of universal germline testing. By
integrating multigene germline testing into routine clinical practice, healthcare providers gain
valuable insights into the genetic underpinnings of pancreatic cancer, which can inform personalized
treatment strategies and enhance patient care outcomes. Moreover, the identification of hereditary
cancer predisposition syndromes through germline testing enables the implementation of proactive
screening measures for at-risk family members, thereby facilitating early detection and intervention.
Despite the clear benefits and implications of universal germline testing, its widespread adoption
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remains limited. Addressing barriers to implementation, such as access to testing, provider
education, and patient awareness, is crucial to maximize the utility of germline testing in the
management of pancreatic cancer and improve outcomes for affected individuals and their families.
Through concerted efforts to integrate universal germline testing into standard clinical practice, we
can enhance our understanding of the genetic landscape of pancreatic cancer and optimize patient
care pathways.
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