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Abstract

Objective: Prostate cancer (PCa) is a significant global health concern, with genetic factors playing a
crucial role in its development. Identifying pathogenic variants in high-penetrant genes significantly
impacts the treatment of PCa patients and their families. This real-life retrospective multicenter study
aimed to identify and characterize the germinal genetic landscape of men with PCa, focusing on the
prevalence of disease-causing genetic alterations and their association with demographic and clinical
factors. Material and Methods: The study included all men who were referred for genetic counseling
due to prostate cancer in the genetic institutions of Beilinson Hospital and Assuta (Ashdod) Hospital.
All patients were offered germline genetic testing. Demographic, clinical, and pathological
information was retrieved from medical records. Pathogenic (P), likely pathogenic (LP), variants of
unknown significance (VOUS), and risk allele variants (RV) were determined using the American
College of Medical Genetics guidelines. Results: Two hundred ninety-three men affected by PCa
were tested. In 14% of them, a positive A genetic finding (PV LP or RV) was reported: 20 (6.8%) had
a positive result in high-penetrance genes (BRCA1, BRCA2, ATM, NF1, MSHS6), and 21 (7.2%) had
risk allele variants. The only significant correlation between positive results and demographic or
clinical factors was observed between a positive test result and a family history of cancer. Conclusion:
Our findings underscore the importance of genetic investigations in PCa patients, regardless of
ethnicity or disease stage, and contribute to the growing body of knowledge on PCa genetics.

Keywords: prostate cancer; germline variants; hereditary cancer; genetic investigation

Introduction

Prostate cancer (PCa) represents a significant global health burden as the second most common
malignancy worldwide, with approximately 1.4 million new cases and 375,000 deaths annually [1].
This pervasive disease has far-reaching implications for public health, healthcare systems, and
individual patient outcomes. In the United States, it ranks as the second leading cause of cancer death
among men and the third leading cause of cancer death in the general population, with projections
indicating continued increases in both incidence and mortality rates [2]. These statistics underscore
the urgent need for improved prevention, detection, and treatment strategies.

A crucial aspect of PCa characterization is accomplished using the Gleason Score, a grading
system utilized in prostate cancer pathology to assess the aggressiveness of the cancer based on
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histological patterns observed in a biopsy. This system, which ranges from 2 to 10, is derived by
scoring the most and second most common patterns from 1 to 5 and summing those scores. The
Gleason Score plays a pivotal role in clinical decision-making, helping predict prognosis and guide
treatment decisions [3]. Its widespread adoption has significantly contributed to standardizing PCa
assessment and management across healthcare settings.

Previous studies showed a strong correlation between the occurrence of PCa and family history
and ethnicity [4]. This observation, coupled with the fact that PCa is often associated with other
familial cancers, particularly breast and ovarian cancers [5] has led researchers to hypothesize that
there is a significant genetic component in the disease mechanism. Furthermore, it suggests that
common genetic factors could be responsible for the development of prostate cancer across different
cancer syndromes.

The genetic basis of PCa has been increasingly elucidated through comprehensive studies of
hereditary cancer syndromes, particularly Hereditary Breast and Ovarian Cancer (HBOC) and Lynch
Syndrome (LS) [6]. These investigations have provided valuable insights into the molecular
mechanisms underlying PCa development and progression, opening new avenues for targeted
therapies and personalized medicine approaches.

Epidemiological studies indicate that 5% to 10% of all prostate cancer (PCa) cases, and up to 40%
of those occurring earlier in life, are linked to dominantly inherited susceptibility genes with high
penetrance. Research has demonstrated significant associations between pathogenic germline
variants in homologous recombination repair (HRR) genes, notably BRCA1 and BRCA2, and more
aggressive disease presentations and poorer outcomes [6-8]. These genetic alterations not only
increase the risk of developing PCa but also influence its clinical course and treatment response.
Furthermore, specific demographic factors have been correlated with positive genetic testing results,
providing valuable criteria for identifying high-risk individuals. These factors include Jewish-
Ashkenazi descent, age at diagnosis, family history of related cancers, and high Gleason scores (>7)
[9,10]. The identification of these risk factors has enabled more targeted genetic screening strategies,
potentially improving early detection and intervention rates.

In response to these findings, organizations such as the National Comprehensive Cancer
Network (NCCN) and the Israeli Medical Genetics Association have established genetic testing
criteria for PCa patients. Current guidelines recommend testing for patients with a carrier probability
exceeding 10%, including those with high-risk disease (Gleason score >7), metastatic disease,
Ashkenazi Jewish ancestry, or relevant family history [7,8]. These guidelines aim to optimize the use
of genetic testing resources while maximizing the identification of individuals at increased risk for
hereditary PCa.

However, the real-world utility of this risk-stratified approach remains largely unexplored,
particularly in diverse populations and healthcare settings. To address this knowledge gap, our
multi-centered retrospective study evaluates the effectiveness of current testing criteria by
characterizing the germline genetic landscape among PCa patients in two Israeli medical centers
located in different regions of the country. By analysing demographic and clinical factors influencing
the prevalence of disease-causing genetic variations, this study aims to provide valuable insights into
the applicability and potential limitations of current genetic testing guidelines.

The findings of this investigation have the potential to inform and refine genetic testing
strategies for PCa, ultimately contributing to improved patient care, more accurate risk assessment,
and the development of targeted prevention and treatment approaches.

Materials and Methods

Study Design and Patient Cohort This retrospective study was conducted over a four-and-a-
half-year period, from August 2019 through February 2024. The study population comprised all male
patients who were referred for genetic counseling due to a diagnosis of prostate cancer at the genetic
institutions of Belinson Hospital and Assuta (Ashdod) Hospital during the study timeframe.
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All participants in the study were offered the opportunity to undergo germline genetic testing.
The testing modalities included either the targeted Israeli founder mutation panel or a more
comprehensive, multi-gene next-generation sequencing (NGS) commercial panel. The NGS panel
included an extensive set of genes for which pathogenic (P) or likely pathogenic (LP) variants are
recognized as established risk factors for prostate cancer, such as ATM, BRCA1, BRCA2, CHEK2,
EPCAM, HOXB13, MLH1, MSH2, MSH6, NBN, PMS2, TP53, RAD51D, and PALB2. Detailed
demographic and clinical information for each patient was retrieved from their medical records and
computerized patient management systems.

Sequencing and Variant Interpretation For this patient cohort, the sample type utilized for
genetic testing was blood samples exclusively. The classification of identified variants as pathogenic
(P), likely pathogenic (LP), variants of unknown significance (VOUS), or increased-risk alleles was
determined based on the guidelines established by the American College of Medical Genetics. A
positive test result was defined as the detection of a P/LP variant, which could be either a low
penetrance variant (LPV) or a high penetrance variant (HPV). For the LPV category, the study
included variants that have been previously defined as risk alleles, such as
APC:c.3920T>A;p.Jle1307Lys and CHEK2:c.1283C>T;P.Ser428Phe. Conversely, P or LP variants
exhibiting mosaic results or heterozygosity in a recessive context were deemed as negative findings.

Data Collection. For each participating patient in the study, a comprehensive set of data points
was collected, including the following:

e Ancestry: Patients were classified based on their Ashkenazi descent as either Full (three or
more grandparents of Ashkenazi descent), Mixed (two grandparents of Ashkenazi descent), or
None (less than two grandparents of Ashkenazi descent).

o Age

e Gleason score

e  Age at diagnosis

e Known cases of cancer and/or prostate cancer in the family

e  Type of genetic test taken (founder mutation panel or NGS panel)

e  Variants identified through the genetic testing, categorized as pathogenic (P), likely pathogenic
(LP), variants of unknown significance (VOUS), and increased-risk alleles

Statistical Analysis

Descriptive Statistics: For categorical variables, summary tables provided the sample size (n)
and relative frequencies (%). For continuous variables, summary tables included the mean (M) and
standard deviation (SD) or median (Me) and interquartile range (IQR), depending on the normality
of the data distribution as assessed by the Kolmogorov-Smirnov test. Pearson’s chi-squared tests were
used to examine the correlations between the study groups and the categorical parameters. The
effects of continuous variables on the groups were assessed using an independent sample t-test or a
Mann-Whitney non-parametric test, based on the sample size and data normality distribution. A
multivariate logistic regression model was used to investigate the correlations between the genetic
results of P+PL/Low, Ashkenazi ethnicity, and family cancer history while adjusting for age,
presenting odds ratios (OR) and 95% confidence intervals (CI) (Table 4). A p-value of 5% or less was
considered statistically significant. The data were analyzed using SPSS version 29 (IBM).

Results
Patient Clinical and Demographic Characteristics.

During the study period from August 2019 to February 2024, a total of 455 Jewish patients with
prostate cancer underwent genetic counseling at the Belinson and Assuta Ashdod genetic centers.
The median age at diagnosis was 67.8 years, with a standard deviation of 8.6 years. Of the 455
patients, 193 (42.4%) were of Ashkenazi Jewish descent (having at least two grandparents of
Ashkenazi origin), and 93 (20.4%) had metastatic disease. A family history of ovarian, breast, or
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pancreatic malignancies was reported in 13 (2.9%) patients. The cohort included 362 (79.6%)
individuals with non-metastatic disease, and a Gleason score of > 8 was reported in 285 (62.6%) of
them (Figure 1, Table 1).

455 patients with
prostate cancer

!

293
Underwent
Genetic
Testing?

h;\\r

190 Known 103 NGS-

Germline based Gene
Mutations Paneling
Findings
18 High 21 31VOUs
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VOUS: variable of unknown
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Figure 1. Genetic Counseling and Testing Outcomes in Prostate Cancer Patients.

Table 1. Demographic and clinical characteristics of study participants based on genetic test.

Any genetic testing
. All No Yes

Variables (n=455) (n=162) (n=293) p
Age, years (M+5SD) 67.8+8.6 69.1+9.0 67.148.3 0.017
Ethnicity (n, %)

Ashkenazi 193, 42.4 57,35.2 136, 46.4 0.008

Half Ashkenazi 39, 8.6 10, 6.2 29,99

None Ashkenazi 223, 49.0 95, 58.6 128, 43.7
Prostate cancer in the family (n, %) 124,27.3 38,235 86, 29.4 0.176
I(Arxlrlli;) ;ancer in the family except prostate 13, 2.9 106 12,41 0.038
Metastatic prostate cancer (n, %) 93, 20.4 26, 16.0 67,229 0.084
Gleason score (Med, IQR) 8,7-9 8,7-9 8,7-9 0.590
*Gleason score (n, %)

<8 176, 40.6 63, 40.1 113, 40.8 0.892

*>8 258, 59.4 94,59.9 164, 59.2

Type of examination (n, %)

Sequencing 103, 35.2 -

Founder mutations 190, 64.8
Result of genetic exam (n, %)

Negative 215,73.4 -

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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P/ LP High penetrant 18, 6.1
LOW penetrant 21,72
vOuUS 39,13.3

* Missing data for 21 patients. + Including metastatic disease (equivalent to Gleason score=10).

Germline Genetic Testing Outcomes.

Of the 455 patients in the cohort, 293 (64.4%) underwent germline genetic testing. Significant
variations were observed in several parameters between the tested and non-tested groups. The tested
group was younger (67.1 + 8.3 years), had a higher proportion of Ashkenazi descent (136, 46.4%), and
reported a greater occurrence of malignancy in the family (12, 4.1%) compared to the non-tested
group.

Of the 293 tested men, 190 (64.8%) underwent testing for the presence of known germline
founder mutations, while the remaining 103 (35.2%) underwent germline genetic panel testing using
NGS-based commercial gene panels.

Overall, 13.3% of the tested patients had a positive genetic finding reported. Specifically, 18
(6.1% of the tested cohort) presented with a pathogenic or likely pathogenic variant in a high-
penetrance gene (in MSH6, BRCA1, or BRCA2), and 21 (7.2%) had results associated with an
increased-risk allele. Additionally, variants of uncertain significance (VOUS) were reported in 39
(13.3%) patients. Interestingly, half (50%) of the patients diagnosed with pathogenic or likely
pathogenic variants in high-penetrance genes using NGS panels had a founder mutation, while the
other half (50%) consisted of unique variants (Figure 1).

Ethnicity and Genetic Testing Outcomes.

Of the 455 participants, 232 (51%) had partial (at least two grandparents are Ashkenazi) or
complete (all four grandparents are Ashkenazi) Ashkenazi ancestry, while 223 (49%) were of non-
Ashkenazi descent. No statistically significant differences were found based on ethnicity when
comparing age, family history of cancer, and disease progression (Table 2).

Table 2. Demographic and clinical characteristics of study participants by ethnicity.

Ethnicity
Variables All Ashkenazi  None Ashkenazi
(n=455) (n=232) (n=223)
Age, years (M+SD) 67.8+8.6 68.4+8.3 67.1£18.9 0.110
Prostate cancer in the family (n, %) 124,27.3 59,254 65,29.1 0.373
Any cancer in the family (n, %) 13,29 9,39 4,1.8 0.182
Metastatic (n, %) 93,204 40,17.2 53,23.8 0.084
Gleason score (Med, IQR) 8,7-9 8,79 8,79 0.174
* Gleason score (n, %)
<8 176, 40.6 95,42.4 81, 38.6 0.416
28 258, 59.4 129, 57.6 129, 61.4
Type of examination (n, %)
Sequencing 103, 35.2 54,32.7 49, 38.3 0.323
Founder mutations 190, 64.8 111, 37.3 79, 61.7

* Missing data for 21 patients. *Including metastatic disease (equivalent to Gleason score=10).

When evaluating the results of genetic testing based on Ashkenazi Jewish ethnicity, Gleason
score, and the presence of cancer in the family, the only notable difference in positive outcomes was
between the group with a family history of cancer (besides prostate cancer) and those without (Table
3).

Table 3. Genetic test results by ethnicity, Gleason score, and presence of cancer in the family.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Negative or P /LP High Low
Variables VOUSs penetrant penetrant p
(n=254) (n=18) (n=21)
Ethnicity (n, %)
Ashkenazi 140, 55.1 10, 55.6 15,71.4 0.350
None Ashkenazi 114, 44.9 8,44.4 6, 28.6
Gleason score (n, %) *
<8 103, 42.2 4,26.7 6,333 0.395
>8 141, 57.8 11,733 12, 66.7
Prostate cancer in the family (n, %) 74,29.1 5,27.8 7,33.3 0.910
Any cancer in the family (n, %) 8, 3.1 4,222 0,0 0.003

* Missing data for 16 patients.

Correlation Between Risk Factors and Positive Test Results

The statistical analysis aimed to identify correlations between a positive result from a germline
test and specific exposure variables, including age, Gleason score, family history of malignancy, and
Ashkenazi descent.

The analysis showed that the only significant correlation was between a positive test result and
a family history of cancer (p=0.041), while age and ethnicity were not found to be significant factors
(Table 4).

Table 4. Multivariate logistic regression model for the correlation between the genetic results of P+PL/Low and

Ashkenazi ethnicity, cancer in the family, with adjustment for age.

Exposure variable Type of variable and categories OR 95% CI p

Ethnicity Binary —none vs. Ashkenazi 0.70 0.33-1.45 0.335
Any cancer in the family =~ Binary—Yes vs. No 3.81 1.05-13.77 0.041
Age Continuous—years 0.99 0.94-1.03 0.490

OR —odds ratios, CI—confidence interval.

Discussion

To the best of our knowledge, this study stands as a unique contribution to the field, offering
real-life insights into the germline genetic landscape of prostate cancer (PCa) and distinguishing
between high- and low-penetrant variants. Our investigation evaluates the significance of
demographic and clinical factors related to pathogenic germline variants within this patient cohort,
providing a comprehensive analysis that has not been previously undertaken in this context.

Prevalence of Germline Variants

Our analysis revealed a notable prevalence of germline pathogenic or likely pathogenic (P/LP)
variants within our cohort, with 13.3% of patients testing positive. This figure can be further broken
down into 6.1% harboring variants in high-penetrance genes and 7.2% carrying variants of low
penetrance. These findings align closely with prior studies, reinforcing the significant role of germline
mutations in PCa pathogenesis, particularly among high-risk populations. For instance, Nicolosi et
al. (2019) [9], reported a 17.2% prevalence of germline mutations in men with PCa referred for genetic
testing. The consistency between our results and previous research underscores the importance of
genetic factors in PCa development and progression.

The high prevalence of germline variants observed in our study has significant implications for
clinical practice and genetic counseling. It suggests that a substantial proportion of PCa patients may
benefit from genetic testing, potentially leading to more personalized treatment approaches and
improved risk assessment for family members. Furthermore, this finding highlights the need for
broader implementation of genetic screening protocols in PCa management.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Correlation with Risk Factors

When comparing our cohort results with established risk factors identified in the literature, such
as Gleason Score, age of onset, family history, and ethnicity, we uncovered some intriguing and
unexpected findings. Contrary to prevailing expectations, our analysis demonstrated that only a
family history of cancer significantly correlated with positive genetic test results. This observation
reinforces the hereditary component of PCa. It aligns with literature suggesting that familial
aggregation of cancer, particularly breast and ovarian cancers, is a strong predictor of germline
mutations in PCa patients [5,10]. However, it is noteworthy that other well-established risk factors,
including the Gleason score, age at diagnosis, and ethnicity [4,11]. Did not show significant
associations with positive test results in our study. This divergence from previous findings raises
important questions about the universality of these risk factors and the potential influence of
population-specific genetic backgrounds or environmental factors.

Ethnicity and Germline Variants

Our cohort included a high proportion of Ashkenazi Jewish patients (51.3%), reflecting the
demographic composition of the Israeli population. Interestingly, we found that the prevalence of
high-penetrance mutations did not significantly differ between Ashkenazi and non-Ashkenazi
individuals. This observation contrasts with previous studies that have highlighted higher mutation
rates in Ashkenazi populations, particularly due to founder mutations in genes like BRCA1 and
BRCAZ2 [6]. The lack of statistical significance regarding the ethnicity factor in our study may be
attributed to the way the Ashkenazi group was defined in our cohort. We classified individuals as
Ashkenazi if they had at least two grandparents of Ashkenazi descent. This broad definition may
have diluted the genetic homogeneity typically associated with Ashkenazi populations in other
studies. Due to the limited size of our participant cohort, it was not feasible to create a sufficiently
large subgroup of individuals with four grandparents of Ashkenazi descent to allow for meaningful
statistical analysis.

This finding highlights the complexity of studying genetic predisposition in ethnically diverse
populations and emphasizes the need for more nuanced approaches to defining and analyzing ethnic
subgroups in genetic studies. Future research with larger, more homogeneous subgroups is crucial
to clarify the role of ethnicity in PCa susceptibility and to provide more precise risk assessments for
different ethnic groups.

Unique vs. Founder Mutations

The discovery that 50% of pathogenic or likely pathogenic (P/LP) variants identified through
next-generation sequencing (NGS) in our prostate cancer (PCa) cohort were unique rather than
founder mutations represents a significant finding with far-reaching implications for genetic testing
in PCa.

This observation challenges the adequacy of founder mutation panels in capturing the full
spectrum of germline variants in PCa patients. While founder mutation panels are valuable for
detecting common, well-characterized mutations, they may fail to identify rare or population-specific
variants that could be equally important in disease risk and progression. Consequently, relying solely
on these panels might lead to an underestimation of the true prevalence of P/LP variants in PCa
patients.

The high proportion of unique variants underscores the critical role of NGS in providing a more
comprehensive genetic profile. NGS allows for the detection of both known founder mutations and
novel or rare variants, offering a more complete picture of an individual’s genetic risk. This suggests
that NGS should be considered more routinely in genetic testing protocols for PCa patients to ensure
that clinically relevant genetic alterations are not missed.

However, it’s important to note that our study’s conclusions are limited by the relatively small
number of NGS-tested patients (35.2%). This restricted sample size constrains our ability to draw
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definitive conclusions about the true prevalence and spectrum of unique variants in the broader PCa
population. It highlights the need for larger studies with more extensive use of NGS to validate these
findings and provide a more comprehensive understanding of the genetic landscape in PCa.

The presence of numerous unique variants also has important clinical implications. It suggests
that some patients may be missed by current testing strategies, potentially leading to underestimation
of genetic risk and missed opportunities for targeted interventions or family counseling.
Furthermore, it emphasizes the importance of conducting genetic studies in diverse populations to
capture the full range of genetic variations associated with PCa risk.

Study Limitations

Our study has several limitations. Its retrospective design introduces potential biases in patient
selection and data collection, especially regarding self-reported family histories. Additionally, the
limited use of NGS panels constrains our understanding of the prevalence of unique variants and
variants of uncertain significance (VOUS). To address these limitations and validate our findings,
future research should focus on: prospectively designed studies with standardized data collection
methods, larger cohorts with more diverse demographics and clinical backgrounds, and more
extensive use of NGS panels across the entire study population. Implementing standardized
protocols for collecting and verifying family history information would also be beneficial. These
strategies would improve the reliability, completeness, and applicability of the results, providing a
stronger basis for clinical decision-making and genetic counseling in prostate cancer management.

Implications for Public Health and Clinical Practice

The findings of our study have a significant impact on public health initiatives and clinical
practices related to prostate cancer:

1. Promoting Awareness of Genetic Testing: Our study highlights the urgent need for public
health efforts to increase awareness and knowledge about genetic testing for prostate cancer.
This is particularly important, as organizations such as the National Comprehensive Cancer
Network (NCCN) and the Israeli Medical Genetics Association already recommend genetic
testing for high-risk groups.

2. Prioritizing Access to Genetic Counseling and Testing: Given the recognized value of genetic
testing for prostate cancer risk assessment, it is essential to prioritize access to genetic
counseling and testing services. This is especially crucial for high-risk populations, as
identified by current guidelines.

3. Addressing Gaps in Genetic Testing Coverage: Currently, in Israel, genetic testing for prostate
cancer is only funded by the health system for patients with metastatic disease who are eligible
for treatment with PARP inhibitors. This leaves a significant gap in access to genetic testing for
individuals with localized or early-stage prostate cancer.

¢ Enhancing Early Detection and Personalized Care: Addressing the gap in genetic testing
coverage could provide significant benefits, including:

e e Better early detection of prostate cancer in high-risk individuals

e ¢ Allowing more personalized treatment plans based on genetic risk profiles

e e Supporting targeted prevention and intervention strategies for at-risk populations

By implementing these public health and clinical practice recommendations, we can work
towards a more comprehensive and equitable approach to prostate cancer management. This would
empower individuals and healthcare providers to make informed decisions, leading to earlier
diagnosis, more personalized treatment, and potentially better outcomes for patients and their
families.

Conclusions

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0995.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 August 2025 d0i:10.20944/preprints202508.0995.v1

9 of 10

In conclusion, our study highlights the critical role of genetic factors in diagnosing and
managing PCa, particularly in populations with identifiable risk factors. Establishing comprehensive
protocols for genetic screening based on demographic and familial history could improve outcomes
for patients and their families, providing a clearer pathway toward targeted prevention and
intervention strategies. Future research using NGS is essential to elucidate the prevalence of
pathogenic variants, both founder and unique, in PCa patients and to refine genetic testing guidelines
accordingly.

By addressing these key findings, healthcare providers and public health stakeholders can work
towards a more nuanced and practical approach to PCa risk assessment, prevention, and treatment.
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