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Focus on advanced prostate cancer
Will not cover molecular imagining (e.g., PSMA)
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Why?
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“The use of advanced genomic analysis is now feasible to a greater 
extent than ever before. Whether its use improves treatment decisions 
is not yet clear…advanced genetics and immunology, two major 
drivers of progress in oncology, are not routinely incorporated into the 
care of patients with prostate cancer.”



Konieczkowski et al, Cancer Cell 2018
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Heterogeneity Landscape also plays role in resistance  

Cyrta et al., unpublished

Rubin et al., Clinical Can Res 2000 Shah et al., Can Res 2004
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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

https://www.ncbi.nlm.nih.gov/books/n/biomarkers/glossary/def-item/prognostic-biomarker/
https://www.ncbi.nlm.nih.gov/books/n/biomarkers/glossary/def-item/predictive-biomarker/


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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Robinson et al, Cell 2015

Significant alterations in DNA repair genes
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Urologic Oncology: Sem. and Orig. Invest.
36(2018)385–388
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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



NATURE |VOL 434 | 14 APRIL 2005 
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Lord and Ashworth, Science 355, 1152–1158 (2017)M.A.Rubin Copyright



Synthetic Lethality

Lord and Ashworth, Science 355, 1152–1158 (2017) Alexander von Werdt, unpublished



PARP 
research

FDA approves 
Rucaparib for 
maintenance treatment 
of recurrent ovarian, 
fallopian tube, or 
primary peritoneal 
cancer

1963 1987 2005 2009

Cloning of the 
PARP-1 gene

20142015201620192020

Synthetic lethality 
between BRCA1/2 
mutations and 
PARPi discovered

PARP-1 
genomic
analysis

Olaparib (PARPi) 
(TOPARP-A trial) 
mCRPC

FDA grants 
accelerated approval 
to Rucaparib for 
BRCA-mCRPC

FDA approves 
Olaparib for HRR 
gene-mCRPC

TOPARB-B 
(Phase II trial) 
mCRPC

23% of mCRPC 
harbor DNA repair 
pathway aberrations 

FDA approval of 
Olaparib for 
gBRCA mutated 
advanced 
ovarian cancer

Alexander von Werdt, unpublishedEMA Nov 2020 APPROVED



19 BRCA mutatedM.A.Rubin Copyright



NEJM, Oct 29 2015
TOPARP Trial shows 30% Long Term Responders
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Selected DNA repair germline mutations from targeted panel 
and WES reveal 10-20% frequency (Pritchard and Nelson, 2016)
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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



MSKCC-IMPACT, Nature Med 2017

18% des 10336 tumeurs étudiées ont une mutation dans l'un de ces
gènes de réparation de l'ADN:
CHEK1, CHEK2, RAD51, BRCA1, BRCA2, MLH1, MSH2
ATM, MDC1, PARP1 ou FANCA
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M.A.Rubin Copyright JAMA Oncology Published online February 7, 2019

Cross-sectional study of data from 3607 men with a
personal history of prostate cancer who underwent 
germline genetic testing between 2013
and 2018 and were unselected for family history, 
stage of disease, or age at diagnosis.

DNA Repair mutations are probably more common than previously appreciated
This is not only associated with family history



M.A.Rubin Copyright

“229 patients (37%) with the positive
variants detected in this study would not have been 
identified had they been tested using only the NCCN 
genetic/familial breast and ovarian guidelines”

New NCCN guidelines rely heavily on Gleason scores.

JAMA Oncology Published online February 7, 2019

Conclusion: cost of genetic testing and counseling needs to be 
weighed against cost of treating late stage cancer
But there are alternate strategies….only provide genetic counseling to 
those that test positive (VA Model, on-going trial)  



Rodriguez, Gallon et al., in review

https://www.biorxiv.org/content/10.1101/2020.05.12.092296v1



When considering the 
combination of somatic 
mutations, copy number 
alterations, and Large-scale State 
Transitions, 64.3% of patients 
(18/28) had evidence of HR 
defects

Rodriguez, Gallon et al., in review

https://www.biorxiv.org/content/10.1101/2020.05.12.092296v1



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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JAMA Oncology Published online December 27, 2018M.A.Rubin Copyright



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
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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



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

The remaining 75%
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Overview of Tests that are Ready/Promising*
a. MSI testing
b. DNA repair status (“BRCAness”-assay for BRCA1/2/ATM,PALB2) for 

mutation/loss or HR signature useful for for platinum therapy or PARPi
c. Loss of AR lack of response to AR therapy (AR-V7, mutations)
d. cfDNA amount associated with prognosis 
e. PTEN loss - possibly response to AKT inhibitor (de Bono CCR 2018)
f. CDK12 loss - possibly response to checkpoint blockade
g. Loss of TP53/RB1 - short duration of response to AR-therapy--possibly predictive 

response to platinum
h. CTC heterogeneity (“clusters”) response to docetaxel vs AR therapy
i. Pathology phenotype for NEPC response to platinum
j. Double negative (AR- and NE-) response to FGFRi
k. PSMA expression response to PSMA-drug therapies 
l. DLL3 expression response to chemoconjugate

M.A.Rubin Copyright

*Thanks Pete Nelson
Always comprehensive!



Antonarakis ES et al, NEJM 2014 



Antonarakis ES et al, NEJM 2014 



47
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Concerns regarding the assay…

1) positivity not continuous but binary (only 1 positive CTC needed)
2) Total CTC counts not reported
3) False-negative rate cannot be interpreted with total CTC count
4) Anti-body to cryptic exon 3 may be non-specific leading to false positivity
5) AR-V7 may be more prognostics of overall survival
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Major Findings

-AR-V7 found in <1% of hormone naïve PCA 
(therefore not likely a useful biomarker at this 
stage) and appears only after resistance to 
ADT

-Differences in prevalence of AR-V7 likely 
due to different antibodies used (methods)

-AR-V7 expressed in 75% progressing CRPC

-AR-V7 higher in biopsy as compared to 
liquid biopsy

-Heterogeneity observed with implications for 
partial response if some lesions have low 
AR-V7

-Associated with resistance to AR targeted 
agents but not taxane



from Schweizer MT and Antonarakis ES, Sci Transl Med. 2015 Nov 4;7(312)

Liquid biopsy to 
overcome limits of 
multiple metastasis 
biopsies to capture 
heterogeneity and/or 
serial biopsies

What is next for CRPC Diagnostics



CIRCULATING BIOMARKERS FOR ADAVANCED PCA:
Non-Invasive Approaches to Monitor PCA evolution

Assay Pros Cons Example

CTC-EpCAM FDA approved Epithelial selection CELLSEARCH

CTC without selection
(AR-V7, PTEN, etc)

Unbiased Not regulatory approved Epic Sciences

Plasma cfDNA (ctDNA) Monitor genomic alterations 
(NGS)

Signal/noise Attard/Demichelis et al.
Wyatt et al.

Oncosomes/Exosomes Potential informative
packets of RNA/DNA

Research grade

RNA (lncRNA,mRNA, miRNA) Disease/tissue specificity Clinical and research grade T2-
ERG/PCA3/SCHLAP1/AR-
v7



Plasma circulating tumour DNA (ctDNA) is 
abundant in progressing mCRPC patients
• Cell-free DNA (cfDNA) is shed by apoptosing normal and cancer cells
• Putative ctDNA can be identified via somatic alterations in cfDNA
• CtDNA / cfDNA ‘fractions’ are high in mCRPC but very variable

Warner et al., BJUI 2018Courtesy of A. Wyatt



Prognostic effect of ctDNA fraction in mCRPC

First line mCRPC general population (n = 202)
Khalaf et al., ASCO 2018

First line mCRPC poor prognosis (n = 95)
Chi et al., ESMO 2018

Courtesy of A. Wyatt



High concordance between ctDNA and 
matched metastatic tissue biopsy (in CRPC)

Wyatt et al studied 45 plasma samples collected at time of metastatic 
tissue biopsy (SU2C / PCF West Coast Dream Team, Eric Small et al.)

Similar mutation profiles, ctDNA vs tissue

Wyatt, Annala, et al., J Natl Cancer Inst. 2017

Similar gene copy numbers, ctDNA vs tissue

See also: Hovelson, Tomlins et al. Oncotarget. 2017; 8(52): 89848–89866.



Conclusions: We report that changes in cfDNA concentrations correlate with both 
rPFSand OS in patients receiving first- and second-line taxane therapy, and may 
serve as independent prognostic biomarkers of response to taxanes.

EUR Urol 74 ( 2 0 18 ) 2 8 3 – 2 9 1
M.A.Rubin Copyright



EUR Urol 74 ( 2 0 18 ) 2 8 3 – 2 9 1

“Our study identifies baseline cfDNA
concentration as an independent prognostic 
biomarker in patients with mCRPC, with higher 
baseline concentrations associated with shorter 
rPFS and OS following taxane therapy. A 
decline in total cfDNA concentration during the 
first 9 wk of treatment was associated with 
response to taxane therapy.”

-Two phase III clinical trials
FIRSTANA (NCT01308567) and  PROSELICA(NCT01308580)
Patients received docetaxel (75 mg/m2) or cabazitaxel (20 or 25 
mg/m2) as first-line chemotherapy (FIRSTANA), and
cabazitaxel (20 or 25 mg/m2) as second-line chemotherapy 
(PROSELICA).
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Sci Transl Med, 2015 Vol 7 Issue 312 312re10

Plasma AR and abiraterone-
resistant PCa

Emergence of AR-L702H on treatment

Sci Transl Med 6, 254ra125 (2014)
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JUST ONE OF MANY EXAMPLES



From the blood:
What is predictive? Prognostics? Reproducible?

cfDNA (tumor DNA)

AR-V7

AR gain

AR mutations

Other (neuroendocrine differentiation)

Most studies are not exploring these parameters together
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69 Mulholland et al., Cancer Cell 2011



M.A.Rubin Copyright Clin Cancer Res; 25(3) February 1, 2019www.bjcancer.com | DOI:10.1038/bjc.2015.332



Lung Cancer Mutation Consortium 

Incidence of Single Driver Mutations 
5/13/11 data cut  

Mutation found in 54% (280/516) of 
tumors completely tested (CI 50-59%) 

© 2011 Lung Cancer Mutation Consortium.  All rights reserved 
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DA Approves Foundation Medicine's FoundationOne®Liquid CDx

For PARP therapy evaluation in Pca—BRCA1/2 (Oct 2020)
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Prostate Cancer is not easy
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What is Needed Next?



Overcome Heterogeneity



Cyrta, Prandi, et al., in preparation
Case Contributed by Peter Nelson, MD
U of Washington / Fred Hutchinson Cancer Research Center



Konieczkowski et al, Cancer Cell 2018



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?

Need prospective validation

--CTC for AR v7 (Available via CTC Episciences)
-Metastatic biopsy - AR gain (multiple tests)
-cfDNA for DNA fraction, AR, others

Approved by FDA/EMA
-Blood/biopsy/cfDNA DNA repair BRCA1/2, ATM (multiple clinical tests)
-MSI/MMR (multiple tests)-clinical ready/FDA indication broad
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Alex Wyatt
Gert Attard
Pete Nelson
Johann de Bono
Colin Pritchard

Thanks for your input on this presentation
All Slides available @ Rubinlab.unibe.ch or @MarkARubin1


