
Genomic evaluation of prostate 
cancer: what, how and when?

Dr Gianmarco Leone

Institute of oncology of Southern Switzerland - Bellinzona

gianmarco.leone@eoc.ch

Holiday Inn Brussels Airport

bmuc.be/bmuc-2026



Conflicts of interest

• I have no potential conflict of interest to report



Genomic evaluation of prostate cancer: what, 
how and when?
Genomic evaluation of prostate cancer: what, 
how and when?

Molecular evaluation of prostate cancer: what, 
how and when?



Agenda

• What, how and when?
• The “minimum” standard: what to do and how to interpret the results.

• Additional analyses with low “opportunity cost”

• Future perspectives

• More insights on How and When?
• Archival versus fresh

• Liquid biopsy: is it PRIME time?



Germline Testing
NCCN Guidelines



Germline Testing for PCa patients

• Any patient with Metastatic or high/very high-risk disease

• Any patient with intermediate risk prostate cancer with a 
cribiform/intraductal histology

• Any patient with a personal history of PCa before the age of 55

• Any patient for whom a somatic test reported a BRCA mutation



Somatic Testing

Metastatic PCa patients should be offered somatic genomic testing



The “minimum” standard: HRR

AMPLITUDE trial

• Homologous recombination repair (HRR) genes
• Highly relevant: BRCA2, BRCA1, PALB2, BRIP1 …

• Others: CDK12, ATM, CHECK2, FANCA …

Attard G, et al.. Niraparib and abiraterone acetate plus prednisone for HRR-deficient metastatic 
castration-sensitive prostate cancer: a randomized phase 3 trial. Nat Med. 2025 Dec;31(12):4109-4118.
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The “minimum” standard

• Homologous recombination repair (HRR) genes
• Highly relevant: BRCA2, BRCA1, PALB2, BRIP1 …

• Others: CDK12, ATM, CHECK2, FANCA …

Even within a HRR gene

not all alterations are the same



Biallelic versus monoallelic mutations

Mutated allele

Wild type allele

Detection of a pathogenic mutation in a HRR gene suggests that 
one copy of the gene is “dysfunctional”.

What about the other copy?

Monoallelic loss

Biallelic loss (double mutation – rare!)

Biallelic loss (mutation + loss of heterozygosis [LOH])

Deleted allele



Biallelic versus monoallelic mutations

• Synthetic lethality of PARPi is much higher when both copies of the HRR gene are lost/dysfunctional.

• In TRITON2, biallelic mutations were associated with a higher PSA response rate (75%) versus monoallelic 
mutations (11%)

• Higher motivations to offer PARPi for PCa patients with tumours harbouring a confirmed biallelic HRR 
gene alteration.

• Most NGS panels used in clinical practice cannot discriminate between monoallelic and biallelic 
mutations (cannot call LOH or deletions in general)

Taza F, et al.. Differential Activity of PARP Inhibitors in BRCA1- Versus BRCA2-Altered Metastatic 
Castration-Resistant Prostate Cancer. JCO Precis Oncol. 2021 Jul 22;5:PO.21.00070. 



ACMG/AMP Guidelines

Not actionable Actionable

Are Variants of Uncertain Significance (VUS) to be ignored?



ACMG/AMP Guidelines

For a variant o be classified as “likely pathogenic”, the 
likelihood of pathogenicity of the variant should be >90%

• A BRCA2 mutation that has an 80-90% likelihood of being 
pathogenic is still a VUS

• Patients with VUS in HRR genes were mostly excluded from 
PARPi trials, but some left room for interpretation.

• ORR for BRCA1/2 mutant tumours to PARPi monotherapy was 
30-43% in monotherapy trials in mCRPC setting.

Richards S, et al.; ACMG Laboratory Quality Assurance Committee. Standards and guidelines for the interpretation of sequence variants: a joint consensus 
recommendation of the American College of Medical Genetics and Genomics and the Association for Molecular Pathology. Genet Med. 2015 May;17(5):405-24.



VUS – General consensus

• Do NOT offer PARPi to patients with HRR gene VUS

•  Whenever possible discuss the findings at a tumour 
molecular board

• Stay updated as VUS are reclassified over time



The “minimum” standard

• Homologous recombination repair (HRR) genes
• Highly relevant: BRCA2, BRCA1, PALB2, BRIP1 …

• Others: CDK12, ATM, CHECK2, FANCA …

• Mismatch Repair deficiency (MMRd)
• IHC and NGS: MSH2, MSH6, MLH1 and PMS2

• NGS: Microsatellite instability (MSI)



Microsatellite instability

• KEYNOTE-158 trial → Pembrolizumab works!

• However, only 6 PCa patients were included 

• Some additional evidence from single institute cohorts.

• Only for mCRPC, but why wait to test?

Marabelle A, et al. Efficacy of Pembrolizumab in Patients With Noncolorectal High Microsatellite 
Instability/Mismatch Repair-Deficient Cancer: Results From the Phase II KEYNOTE-158 Study. J Clin Oncol. 
2020 Jan 1;38(1):1-10. 
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Immunotherapy beyond MSI-H PCa

• INSPIRE Trial: High TMB and HRR gene-
mutant tumours

• Some responses for hTMB and BRCA2 
mutant tumours observed, but not 
sustained responses.

van Wilpe et al., Ipilimumab with nivolumab in molecularly selected patients with castration-resistant 
prostate cancer: primary analysis of the phase II INSPIRE trial, Annals of Oncology, 2024; 35, 1126-1137.



Immunotherapy beyond MSI-H PCa

• NEPTUNES Trial: HRR-gene mutations 
(only biallelic) and high TILs (>20%).

• Better responses in the HRD cohort 
(e.g., BRCA2 4/8 responses).

• Patients selected only on the basis of 
high TILs did not respond or had short 
duration of response for the most part.

Leone G, et al. Nivolumab and Ipilimumab for Metastatic Castration-Resistant Prostate Cancer With an Immunogenic 
Signature: The Multicenter, Two-Cohort, Phase II NEPTUNES Study. J Clin Oncol. 2025 Oct;43(28):3070-3080. 



Immunotherapy beyond MSI-H PCa

POLE and POLD1: extremely rare, but game changing!

• Often included in commercial NGS panels

•  Lead to ultra-hypermutated phenotype (TMB > 100 Mut/Mb)

• But characteristically MSS!!!

• Dramatic responses to immunotherapy
reported

Magrin L., et al. POLE, POLD1, and NTHL1: the last but not the least hereditary cancer-predisposing genes. 
Oncogene. 2021 Oct;40(40):5893-5901.



New: PTEN IHC Loss

Capitello-281 Trial

• PFS Benefit, OS data immature

• Subgroup analyses suggest higher 
efficacy for tumours with higher % of 
PTEN loss

• Findings of PTEN mutations in NGS 
or high score in PTEN-loss signature 
(transcriptomic) are NOT equivalent 
to IHC loss

Fizazi K, et al. Capivasertib plus abiraterone in PTEN-deficient metastatic hormone-sensitive 
prostate cancer: CAPItello-281 phase III study, Annals of Oncology, 2025; 37, 53-68
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Prognostic genomic alterations

Other insights from NGS panels

Good prognosis Bad Prognosis Predicting poor responses

SPOP RB1 AR Amp/Rearrangements (ARPI)

FOXA1 mutations TP53 CCND1 Amp (Taxanes) 

CHD1 loss PTEN

HRR genes

Cell cycle / proliferation
(MYC, AURKA, MYCN)



Future Perspectives: Gene expression assays

mHSPC – Decipher predicts benefit from Docetaxel

Grist E et al. Tumor transcriptome-wide expression classifiers predict treatment 
sensitivity in advanced prostate cancers. Cell. 2025 Oct 2;188(20):5717-5734.e10.



Future Perspectives: Gene expression assays

Grist E et al. Tumor transcriptome-wide expression classifiers predict treatment 
sensitivity in advanced prostate cancers. Cell. 2025 Oct 2;188(20):5717-5734.e10.

Subgroup analyses suggest 
Decipher score could better 
predict benefit from Docetaxel 
compared to metastatic burden



Future Perspectives: Gene expression assays

mHSPC – PTEN Loss Signature predicts benefit from Docetaxel

Grist E et al. Tumor transcriptome-wide expression classifiers predict treatment 
sensitivity in advanced prostate cancers. Cell. 2025 Oct 2;188(20):5717-5734.e10.



Future Perspectives: Gene expression assays

mHSPC – Combination of PTEN Loss Signature and Decipher

ADT+Docetaxel is not SOC combination for mHSPC anymore, as triplet therapies are 
now gold standard.

Difficult to prospectively validate these findings.

Grist E et al. Tumor transcriptome-wide expression classifiers predict treatment 
sensitivity in advanced prostate cancers. Cell. 2025 Oct 2;188(20):5717-5734.e10.



Tissue to be used for molecular analyses

Warner, E.W., et al. Multiregion sampling of de novo metastatic prostate cancer reveals 
complex polyclonality and augments clinical genotyping. Nat Cancer 5, 114–130 (2024). 

Archival is an obvious, easy choice

• Most archival tissue samples come from diagnostic prostate biopsies (or prostatectomy for some 
metachronous patients).

• Question: how well do molecular analyses conducted on a single archival core from the prostate 
recapitulate the genomic landscape of the disease?

• Metachronous patient: the archival samples may be very old
• De-novo metastatic: disease will be very heterogeneous

 
Pragmatic approach (for patients with easily accessibly 
metastatic sites – no bones):

• For the novo high volume metastatic disease: biopsy and 
NGS of a metastatic site.

• For metachronous disease: re-perform biopsy if archival 
tissue is very old (>5 years), or the patient received 
significant systemic treatment for multiple years. 

 



Liquid biopsy

Achieving the dream: longitudinal monitoring of the genomic landscape

Watch the space! PARADIGM trial
To be presented at IPCS2026

Pro Cons

Minimally invasive

Sensitivity due to ctDNA 
concentration

(Best results with high 
burden of disease, while 
disease is progressing)

Better recapitulates 
heterogeneity

ccfDNA concentration is 
influenced by other 

factors

Repeatable

Value of ctDNA:
• Quantitative (ctDNA negative vs positive)
• Qualitative (Tracking alterations)



Thank you for your attention

• Dr Gianmarco Leone

• Institute of oncology of Southern Switzerland - Bellinzona

• gianmarco.leone@eoc.ch
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