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5%, 10%, and 20%

Advanced Prostate Cancer

5% have MSI or MMR alterations

10% have germline DRM (e.g. BRCA)

20% have DRM somatic-germline

Immunotherapy FDA

PARPi or Platinum-based Tx/ Family implications

PARPi or Platinum-based Tx
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Definitions
A prognostic biomarker is one that indicates an increased (or decreased) 
likelihood of a future clinical event, disease recurrence or progression in an 
identified population. Prognostic biomarkers are measured at a defined 
baseline, which may include a background treatment

A predictive biomarker is used to identify individuals who are more likely to 
respond to exposure to a particular medical product or environmental agent. 
The response could be a symptomatic benefit, improved survival, or an adverse 
effect.

FDA-NIH Biomarker Working Group.
Silver Spring (MD): Food and Drug Administration (US); 
Bethesda (MD): National Institutes of Health (US); 2016
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Given for lab tests (CLIA/CLEP):
Accuracy
Reproducibility
Sensitivity 
Specificity



Tumor sample

Blood sample

Tumor DNA/RNA/Protein
For genomic sequencing,
transcriptomic sequencing, etc.  

Tumor and normal 
DNA/RNA/Protein fraction
cfDNA, CTC, metabolites, etc.

CRPC Patient and acquisition of samples for testing

Buccal sample

Germline DNA
Genetic testing (e.g., BRCA1/2)
Control normal sample for genomics  
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19 BRCA mutated



Synthetic Lethality

Lord and Ashworth, Science 355, 1152–1158 (2017) Alexander von Werdt, unpublished



Robinson et al, Cell 2015

Significant alterations in DNA repair genes



NEJM, Oct 29 2015

TOPARP Trial shows 30% Long Term Responders





Selected DNA repair germline mutations from targeted panel 
and WES reveal 10-20% frequency (Pritchard and Nelson, 2016)



NEJM 2020

Group A BRCA1, BRCA2, ATM Group B: BRIP1, BARD1, CDK12, CHEK1, CHEK2, FANCL, 
PALB2, PPP2R2A, RAD51B, RAD51C, RAD51D, and RAD54L



NEJM 2020

Group A BRCA1, BRCA2, ATM 



NEJM 2020

Group B: BRIP1, BARD1, CDK12, CHEK1, 
CHEK2, FANCL, PALB2, PPP2R2A, RAD51B, 
RAD51C, RAD51D, and RAD54L



Pilié et al., Nature Reviews | Clinical Oncology 2019



Armenia et al, Nature Genetics, 2018

long tail of prostate cancer mutations



von Werdt et al, in revision



Testing with a targeted NGS panel and
WES of Tumor and Normal
Overall, 8.1% had evidence of MMR

JCI Volume 128 Number 10 October 2018M.A.Rubin Copyright



JAMA Oncology Published online December 27, 2018

1346 patients tested with MSK-
IMPACT:
Tumor and normal evaluated with a 
panel of 100s of exoms
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Many tests available – need test that is 
designed to address clinically relevant 
alterations.  For advanced PCa, combining 
somatic and germline will be critical
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Annals of Oncology, 2020



M.A.Rubin Copyright Annals of Oncology, 2020



M.A.Rubin Copyright
2018



M.A.Rubin Copyright 2016

MSI calling using WES demonstrates that each cancer
May require slightly different approaches.  

There is no one perfect small panel for all cancer



DNA Repair (BRCA1/2, ATM, etc.) 20%
MMR /MSI 5%

The remaining 75%
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What is Needed Next?



Vaccine (PrCa VBIR): 
 PF-06753512: AdC68 + pDNA + 

tremelimumab (anti-CTLA-4) +/-
sasanlimab (anti-PD/1)

PROTAC degraders
 AR: ARV-110, ARV-766 (planned)

PSMA CAR-T cells:
 CART-PSMA-TGFβRdn

LSD1 inhibitors:
 SP-2577

Novel targeting strategies in advanced PCa

BiTes: 
 TNB585, CCW702, AMG160

TriTes: 
HPN424

LSD1

BRG1
BRM

DPP4, DPP8 and DPP9 inhibitor:
 BXCL701 + pembrolizumab

IL-18, 
IL1β

Radioimmunotherapy:
 225Ac-J591

D. Akhoundova



Drug Target CT ID Phase Status

PF-06753512 1 PSA, PSMA, PSCA
CTLA-4, PD-1

NCT02616185 Phase 1 Completed

TNB585 2 PSMA, CD3 NCT04740034 Phase 1 Recruiting

CCW702 3 PSMA, CD3 NCT04077021 Phase 1 Recruiting

AMG160 4 PSMA, CD3 NCT03792841 Phase 1 Recruiting

HPN424 5 PSMA, CD3, Albumin NCT03577028 Phase 1/2a Recruiting

CART-PSMA-TGFβRdn 6 PSMA, TGFβ NCT04227275 Phase 1 Active, not
recruiting

225Ac-J591 7 PSMA NCT03276572 Phase 1 Active, not
recruiting

ARV-110 8 AR NCT03888612 Phase 1/2 Recruiting

Seclidemstat (SP-2577) 9 LSD1 NCT03895684 Phase 1 Recruiting

Talabostat Mesylate (BXCL701)+ 
pembrolizumab 10

DPP4, DPP8, DPP9 
(macrophages), PD-1

NCT03910660 Phase 1b/2 Recruiting

D. Akhoundova

1 Autio K.A. et al. JCO 2021; 2 Buelow B. et al. JCO 2021; 3 Markowski M.C. et al. JCO 2021; 4 Sumit K.S. et al. JCO 2021; 5 De Bono J.S. et al. JCO 
2021; 6 Narayan V.et al. JCO 2021; 7 Tagawa S.T. et al. JCO 2021; 8Petrylak D.P. et al. JCO 2020; 9 Chawla S.P et al. JCO 2021; 10 Aggarwal R.R et 
al. JCO 2021

Novel targeting strategies in advanced PCa



Genomic Analysis of Circulating Tumor DNA in 3,334 Patients with Advanced Prostate Cancer Identifies Targetable BRCA Alterations 
and AR Resistance Mechanisms. Tukachinsky H. et al. Clin Cancer Res. 2021.

 Aim: to assess agreement between ctDNA and tissue genomic profiling in mCRPC
 Methods: plasma ctDNA (Foundation ACTTM, FoundationOne® Liquid ) and tissue genomic analysis (70 genes, ≥500× coverage) in 3,334 pts with mCRPC

(including 1,674 samples from TRITON2/3 trials)

 High agreement between genomic analysis of ctDNA and 
tissue samples in patients with mCRPC, high concordance 

in BRCA1/2 mutations
 Higher detection of acquired resistance alterations in 

ctDNA

Tukachinsky H. et al.  
Clin Cancer Res. 

2021
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CTC counts as a biomarker of prognosis and response in metastatic castration-resistant prostate cancer (mCRPC) from the CARD 
trial. De Bono J.S. et al. JCO 2021.

 Aim: to analyze CTC counts as a biomarker of prognosis and response in mCRPC patients from the CARD trial.
 Methods: CTC analysis (Epic Sciences) from blood samples at screening, Cycle 2 day 1, and therapy end.

 Baseline CTCs have prognostic value in mCRPC
 Early decrease correlates with therapeutic response

De Bono J.S.. 
et al. JCO 2021

De Wit R. et al. ESMO 2019

De Bono J.S.. et al. JCO 2021
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Characterization of findings on prostate cancer tumor sequencing that should prompt consideration for germline testing. Truong H. et 
al. JCO 2021.

 Aim: to determine the overall and gene-specific probability of pathogenic/likely pathogenic germline mutations based on tumor-only sequencing.
 Methods: matched tumor-normal sequencing (n=1883)

Results:
 19% patients presented at least one mutation (somatic or germline) in PCa genes. 10% pathogenic germline variants (PGV). 46% PGV undetected based on family

or personal history
 Average of 40% of mutations found in cancer susceptibility genes on PCa tumor sequencing were germline mutations.

Confirmatory germline testing should be considered in patients with mutations in 
CHEK2, PALB2, HOXB13, BRCA1/2, NBN, ATM, BRIP1, PMS2, MSH2 and MSH6

Truong H. et al. JCO 2021
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Overcome Heterogeneity



Cyrta, Prandi, et al., in preparation

Patient 7

T4 Gleason 9 (4+5)A B

T3 T4 T2
T1

Normal

T2

T3

T1

T4

Met 1

Met 2

T2 Gleason 7 (4+3)

T1 Gleason 8 (4+4) T3 Gleason 8 (4+4)Met 1 (liver) 
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Diagnosis: Prostate Cancer, adenocarcinoma



Diagnosis: Small Cell/Neuroendocrine Prostate Cancer



Sample: Spectrum adenocarcinoma-NE differentiation
Morphology Immunoprofile

ADC

NE

Morphology IHC

HE SYP CgA PSA

HE SYP CgA PSA

HE SYP CgA PSA

HE SYP CgA PSA

ADC Mixed NE Antonio Rodríguez



In conclusion: 

What is “actionable” or ready for clinical use?

Promising/Need prospective validation

-Biopsy or cfDNA for DNA fraction, AR, others

-CTC for CN, AR, AR v7
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Urologic Oncology: Sem. and Orig. Invest.
36(2018)385–388

20%

5%

FDA (May 2017) approval for
MSI and MMR deficiency
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FDA/EMA approval for BRCA1/2, ATM
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1) BRCA1/2 and ATM mutation tests: germline, somatic/germline, somatic 
exhibit clinical validity consistently identifying the subgroup of prostate 
cancer patients who derive benefit from PARPi therapy. (i.e., tissue, 
cfDNA)

2) HRD mutation signature suggested –especially useful in cases on mono-
allelic loss

N.B. Currently an insufficient quantity of evidence to determine the clinical validity 
of individual or panels of non-BRCA HRR genes for predicting a PARPi response

3) Determination of mismatch repair (MMR) tumor mutation burden 
(TMB), (e.g. MSI high/dMMR/high TMB)

Recommendations for Genomic Testing for mCRPC
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