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General context and objectives of the project

In France, age-related diseases, particularly prostate pathologies—prostate cancer (PCa) and
benign prostatic hyperplasia (BPH), the most frequent benign tumour in men—represent a major
public health and medical-economic burden. Cancers and cardiovascular diseases alone
account for more than half of all deaths nationwide, with marked regional disparities in mortality
rates and in the proportion of deaths considered preventable through primary prevention. Each
year, around 400,000 men are treated for prostate disorders, including 90,000 surgical
procedures, and approximately 8,500 deaths from prostate cancer are recorded. The
management and prevention of prostate diseases are complicated by the high prevalence of
competing age-related comorbidities, mainly cardiovascular and degenerative disorders
(dementia, Parkinson’s disease). These conditions are closely linked to common and potentially
modifiable risk factors such as hypertension, dyslipidemia, obesity, diabetes, and sleep apnea,
which affect a substantial proportion of the male population.

Evidence guiding prevention and screening policies largely relies on observational
epidemiological studies, due to ethical constraints or difficulties in performing randomized
clinical trials in this area. However, such studies are particularly prone to bias and contradictory
findings?, especially concerning prostate diseases. Many factors related to lifestyle, metabolism,
medications, and anthropometric parameters exhibit paradoxical associations, appearing
protective and harmful depending on the study design and endpoints. For example, obesity,
physical activity, diabetes, statins, metformin, aspirin, and antihypertensive treatments have all
been associated with conflicting risks of BPH, prostate cancer progression or mortality>?°.
Prostate cancer treatments, especially hormonal therapies, can themselves exacerbate
metabolic syndrome and cardiovascular risk, thus increasing competitive mortality?®2?.

Over the past decade, large cohorts and biobanks have enabled genome-wide association
studies on multifactorial diseases and causal inference approaches, improving understanding of
genetic susceptibility, metabolic disorders, and longevity?**!. However, long-term male cohorts
remain rare in France. The PROGENE cohort, active since 1995, is unique in its focus on prostate
diseases**, In parallel, national health databases (French National Health Data System, SNDS)
and the Health Data Hub now offer unprecedented opportunities for large-scale, real-world
analyses. Anticipating this development, the OBSERVAPUR study extracted nationwide data from
the SNDS to capture all medical and surgical treatments for prostate diseases since 2006%¢%2,
thus providing a powerful analytical framework for studying the interactions between prostate
pathologies, comorbidities, and their treatments at a national level.

This project, led by Olivier Cussenot, Professor of Urology. had the following objectives:



e Tointegrate genetic markers in the estimation of competitive morbidity and mortality using
data from cohorts of men followed for twenty years and define subsets of genetic markers
and predictive algorithms useful for personalized screening, and interventional
prevention.

e To define strategies useful for causal inference in prostate diseases.

Achievements and results

Article 1: Cussenot O, Taille Y, Portal JJ, Cancel-Tassin G, Roupret M, de la Taille A, Ploussard
G, Mathieu R, Hamdy FC, Vicaut E. A Comprehensive National Survey of Prostate-specific
Antigen Testing and Prostate Cancer Management in France: Uncovering Regional and
Temporal Disparities. Eur Urol Oncol. 2024 Oct;7(5):978-981.

This nationwide population-based study provides a comprehensive overview of prostate-specific
antigen (PSA) testing and prostate cancer (PCa) management in France, using real-life data from
the French National Health Insurance database (OBSERVAPUR study) between 2006 and 2018.
The analysis included 4 936 750 men, among whom 692 516 were diagnosed with PCa and 3 899
509 served as controls without PCa, with more than 37 million PSA tests recorded.

The study highlights that PSA testing in France is both frequent and late. Although half of men
underwent at least five PSA tests, the first test was most often performed between 65 and 75 years
of age. This late initiation of testing is associated with delayed diagnosis, reduced access to
curative treatments, and increased mortality. Regional disparities were observed, with earlier PSA
testing and higher detection rates in overseas territories (Martinique and Guadeloupe) compared
with mainland France.

Regarding disease characteristics and management, 28% of PCa cases were detected at the first
PSA test, and among men aged 50-70 years, nearly one-quarter already had locally advanced or
metastatic disease at diagnosis. Radical prostatectomy remained the most frequent first-line
treatment in this age group, whereas the use of systemic therapies (androgen deprivation therapy
and chemotherapy or new hormonal agents) increased steadily over time, suggesting a rising
burden of metastatic disease at diagnosis. In contrast, active surveillance and watchful waiting
remained underutilised and stable over the study period (=12%), despite evidence supporting
their safety in selected patients.

Mortality analyses showed an excess risk of death in men with PCa across all age groups,
including the elderly, with significant regional variations. However, these results should be
interpreted cautiously due to competing comorbidities and differences in life expectancy
between regions. Overall, this study reveals substantial temporal and geographical heterogeneity
in PSA testing and PCa management in France, underscoring the need for clearer national
guidelines on PSA testing, better support for primary care physicians, earlier risk-adapted
detection strategies, and wider adoption of active surveillance to reduce overtreatment and
improve outcomes.

Articles 2: Cussenot O, Fromont G, Cancel-Tassin G, Hamdy FC, Martin RM. Endemic statistical
paradoxes in _epidemiologic studies distort knowledge on prostate cancer: mitigation and caution
of fallacies in prostate cancer causal epidemiological studies. Curr Opin Urol. 2023 Nov
1;33(6):421-427. Supplement (1) - Supplement (2)

This review analyses why epidemiological studies on prostate cancer (PCa) frequently produce
contradictory or misleading conclusions, focusing on endemic statistical paradoxes driven by the
use of prostate-specific antigen (PSA) as a diagnostic and stratification tool. Because PCa case—
control definitions often rely on PSA thresholds rather than true disease prevalence, observed
associations between exposures and PCa risk may reflect changes in the predictive performance
of PSA rather than genuine causal effects.
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This underlines that PSA is not a neutral classifier: its blood levels are biologically influenced by
multiple endogenous and exogenous factors, including prostate volume, body mass index (BMI),
ancestry, medications, hormonal status, and genetic variants. When an exposure modifies PSA
levels, it alters test sensitivity or specificity, thereby changing the posterior probability of PCa
detection without affecting the underlying prevalence. This mechanism explains major biases
such as collider (Berkson’s) bias and the Will Rogers paradox, which can reverse or inflate
associations between risk factors and PCa outcomes.

The review shows that even advanced causal inference methods, such as Mendelian
randomization, cannot fully correct these biases if selection into studies depends on PSA level.
Through conceptual models and a detailed case study using the PROGENE cohort, we
demonstrate that factors influencing PSA (e.g. BMI, height, prostate volume) show directionally
unstable associations with PCa depending on control selection, whereas true causal factors
(family history, established genetic susceptibility variants) remain consistent.

To mitigate these biases, methodological strategies were proposed: avoiding PSA-based
stratification when it is linked to the exposure; testing independence between exposures and
PSA; deliberately using multiple control selection modalities within the same study; and
incorporating positive and negative genetic controls. In conclusion, a deeper understanding and
exploitation of selection mechanisms, combined with robust genetic instruments, are essential
to distinguish real causal factors from spurious ones, and to improve the validity of
epidemiological evidence guiding PCa prevention and clinical decision-making.

Article 3: Cussenot O, Rouprét M, Shariat SF. Time to Refine Prostate Cancer Epidemiology:
Defining New Endpoints for Effective Screening and Causal Epidemiological Studies. Eur Urol
Oncol. 2025 Feb;8(1):7-8.

This editorial argues that prostate cancer (PCa) epidemiology must be urgently modernized to
reflect current knowledge of disease biology, diagnostic tools, and screening practices. We
highlighted how confusion between population-level recommendations against systematic PSA
screening and urologists’ endorsement of individualized screening has led to widespread misuse
of PSA testing. In countries such as France, PSA testing is often initiated too late (median age ~69
years), when early detection and curative treatment have limited impact on mortality, as
demonstrated by major randomized trials.

We emphasize that PSA-based epidemiological studies are profoundly affected by selection and
collider biases. PSA levels are influenced by numerous biological and external factors (eg, obesity,
medications, hormonal status), which can distort associations between exposures and prostate
cancer risk or prognosis. As a result, changes in PSA performance are frequently misinterpreted
as true causal effects. These biases persist even in sophisticated designs, including Mendelian
randomization, if PSA is used as a stratification or selection variable without verifying its
independence from the exposure of interest.

We further argue that current epidemiological indicators largely reflect diagnostic intensity rather
than the true incidence of clinically significant PCa. Autopsy studies suggest that histological PCa
is extremely common, whereas many detected cancers—particularly International Society of
Urological Pathology grade group 1 (GG1)—have minimal metastatic or lethal potential and are
best managed with active surveillance. These findings support ongoing discussions about
excluding GG1 disease from the clinical definition of “cancer” for epidemiological purposes and
call for updates to disease classification systems to distinguish indolent from clinically significant
PCa.

Mortality remains a key endpoint, but PCa-specific mortality is difficult to measure reliably in real-
world data. Incorporating endpoints such as metastatic castration-resistant PCa could better
capture clinically meaningful outcomes. Finally, the rising incidence of metastatic PCa at
diagnosis is discussed, noting that it reflects both delayed detection due to inadequate screening
strategies and stage migration driven by increasingly sensitive imaging technologies.
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In conclusion, this editorial warns that, without redefining endpoints, refining control selection,
and aligning epidemiological frameworks with contemporary diagnostic and pathological
understanding, prostate cancer research risks missing a critical opportunity to reassess and
optimize screening strategies.

Article 4: Cussenot O, Taille Y, Portal JJ, Cancel-Tassin G, Rouprét M, de la Taille A, Ploussard G,
Mathieu R, Vicaut E. Eliciting the Impact of Metformin and Statins on Prostate Cancer Outcomes
from a Real-life National Database Analysis. Eur Urol Oncol. 2025 Aug;8(4):871-874.

This report evaluates the impact of statins and metformin, prescribed for metabolic syndrome
and type 2 diabetes, on survival outcomes in men with prostate cancer (PCa), using French
nationwide real-life health data (Observapur study) collected between 2006 and 2018. The study
included 521 052 men diagnosed with PCa and 1 827 345 men without PCa as controls, making it
one of the largest observational analyses addressing this question. Previous studies have
reported conflicting results regarding the effects of these drugs on PCa prognosis, partly due to
selection bias and confounding by comorbidities.

Overall mortality was highest among men with PCa exposed to both statins and metformin,
reflecting the heavy burden of cardiovascular and metabolic comorbidities in this group. When
analyses were stratified by first-line PCa treatment, which served as a proxy for disease
aggressiveness and life expectancy at diagnosis, contrasting effects emerged. In men initially
treated with radical prostatectomy, exposure to statins and/or metformin was associated with
worse survival, likely reflecting underlying comorbid conditions rather than a detrimental drug
effect.

In contrast, among patients whose first-line treatment was androgen deprivation therapy (ADT),
statin use was associated with a significant survival benefit. Compared with non-users, statin
exposure alone and combined statin—metformin exposure were associated with reduced
mortality, whereas metformin alone was associated with higher mortality. Statin users receiving
ADT also experienced a delayed progression to second-line chemotherapy, although this may
partly reflect more cautious use of chemotherapy in patients with cardiovascular disease.

To strengthen causal interpretation, aBayesian network causal modelling was applied, which
confirmed a modest protective effect of statins on early mortality, while metformin showed no
protective effect. This analysis was further supported by semantic causal elicitation using
generative artificial intelligence integrating published biomedical knowledge.

The study concludes that statins may confer a selective survival benefit in men with advanced
PCa treated with ADT, potentially through cardiovascular risk mitigation or biological interactions
with androgen signalling. In contrast, metformin does not appear to improve PCa outcomes.
These findings argue against a universal protective role of metabolic drugs in PCa and support a
more nuanced, context-dependent interpretation of observational data.

Article 5 in preparation:

Evaluation of the “low-pass” whole genome sequencing (IpWGS) on germline DNA, which
corresponds to next-generation sequencing at low-depth coverage (4X), to simultaneously
identify genetic variants associated with the risk of prostate diseases and their comorbidities.
The primary objective of this study was to evaluate whether low-pass whole genome sequencing,
combined with genotype imputation, could reliably identify genetic variants associated with
prostate disease susceptibility and related comorbidities in a previously genotyped cohort.

The secondary objective was to compare variant detection performance between IpWGS and a
prior SNP array—based genotyping platform, in order to determine the suitability of I[pWGS for
comprehensive genetic profiling in the PROGENE cohort.

A subset of 180 patients was selected from the PROGENE study cohort. These individuals had
previously undergone germline genotyping using a high-density microarray covering
approximately 300,000 single nucleotide polymorphisms (SNPs). The selected patients were

4


https://pubmed.ncbi.nlm.nih.gov/40348654/
https://pubmed.ncbi.nlm.nih.gov/40348654/

representative of the broader study population in terms of clinical and demographic
characteristics. Genomic DNA was previously extracted from peripheral blood samples using
standardized extraction protocols. DNA concentration and purity were assessed using
spectrophotometric and fluorometric quantification methods. Only samples meeting predefined
quality criteria were included in sequencing analyses. Low-pass whole genome sequencing was
performed at a mean depth of coverage of approximately 4X. Library preparation was carried out
using validated protocols. Paired-end sequencing was conducted to ensure uniform genome-
wide representation. Sequencing reads were aligned to the human reference genome using a
standard alighnment algorithm. Post-alignment processing included duplicate marking, base
quality recalibration, and variant calling using established bioinformatics pipelines optimized for
low-depth sequencing data. Given the low sequencing depth, genotype likelihoods were first
computed at all observed loci. Direct genotype calls from I[pWGS were considered preliminary
due to limited coverage at individual positions. Genotype imputation was subsequently
performed using high-quality population-based reference panels (GLIMPSE 2.0). The imputation
pipeline included: phasing of genotype likelihoods, imputation of unobserved and low-
confidence variants and calculation of posterior genotype probabilities and imputation quality
metrics. Variants were filtered according to predefined thresholds for imputation quality, call rate,
and minor allele frequency. Only variants meeting quality control criteria were retained for
downstream comparison. The comparator dataset consisted of approximately 300,000 SNPs
previously genotyped using a microarray-based platform. Standard quality control procedures
had been applied to this dataset, including filtering for call rate, Hardy—Weinberg equilibrium, and
minor allele frequency. The SNP array dataset served as the reference for concordance analysis
and variant recovery assessment. To evaluate technical agreement between platforms,
overlapping variants present in both datasets were identified. Concordance was assessed by per-
variant genotype concordance rate. Overall concordance between IpWGS-imputed genotypes
and SNP array genotypes was high, indicating robust performance of the low-pass sequencing
approach when combined with imputation. A predefined list of genetic variants of interest was
established prior to analysis: variants identified in genome-wide association studies (GWAS) as
associated with prostate cancer risk; variants associated with relevant comorbid conditions, and
pathogenic or likely pathogenic variants in established cancer predisposition genes. Recovery of
these variants was specifically evaluated in the IpWGS dataset. Although a substantial proportion
of common GWAS-associated variants were successfully identified and imputed with acceptable
guality metrics, not all variants of interest were captured. In particular, rare variants and certain
clinically relevant mutations in cancer predisposition genes were not reliably detected at 4x
depth. Despite demonstrating strong overall concordance with array-based genotyping, low-pass
whole genome sequencing at 4x coverage did not provide exhaustive identification of all clinically
and biologically relevant variants required for comprehensive risk stratification. The limitations
observed were mainly attributable to reduced sensitivity for rare variants (mutations) and the
dependence of imputation accuracy on the composition of the reference panel and the performed
genome alignment. In light of these findings, the study strategy is being revised to use next-
generation genotyping arrays specifically designed to analyse all variants identified through large-
scale GWAS in prostate cancer and some of its comorbidities, as well as known pathogenic
mutations in cancer predisposition genes. These arrays offer optimized content, tailored to
disease-relevant loci, while ensuring high genotype accuracy and cost-efficiency for large
cohorts.

Conclusions and perspectives

This project demonstrates that prostate cancer (PCa) epidemiology and prevention strategies
must be fundamentally rethought by integrating genetic information, competing morbidities, and
refined causal inference frameworks. Using large-scale real-world data and complementary
genetic and experimental approaches, the study shows that many established associations in
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PCa epidemiology are distorted by selection biases related to PSA testing and by failure to
account for competing causes of mortality. PSA is not a neutral marker, and its biological and
genetic determinants profoundly influence disease detection, risk assessment, and prognosis.
By combining population-level analyses, methodological work on causal inference, and
mechanistic genetic studies, this project provides a coherent framework for distinguishing true
causal factors from artefactual associations. The results support moving beyond PSA-centric
definitions of disease towards endpoints that better capture clinically significant PCa, such as
metastatic and lethal forms, while also integrating genetic markers to personalize screening and
prevention.

Future perspectives include the development of genetically informed risk-adapted screening
strategies, the improvement of the alignment of PCa outcomes to competitive comorbidities, and
the refinement of epidemiological databases to reflect disease biology rather than diagnostic
intensity. This approach lays the groundwork for more accurate, equitable, and causally robust
strategies for PCa prevention and management.
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