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Primary Prostate Cancer
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The Problem: Heterogeneity in Gleason Scores & Molecular Alterations 
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Ten Minutes

1)Quick Summary of ISUP Report on molecular pathology prostate 
cancer (Localized Prostate Cancer)

2)Quick Summary of molecular pathology from the APCCC2019 
(Advanced Prostate Cancer)



Report from the International Society of Urological Pathology (ISUP) 
Consultation Conference On Molecular Pathology Of Urogenital Cancers. 
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Report from ISUP Consultation Conference: Mol. Path Subgroup 

Ki-67 IHC Expression in two Prostate Cancer Biopsies





PTEN and Ki-67

Recommendations:

1) Ki-67 LI and PTEN are potentially useful prognostic biomarkers in the
subset of Grade Group 1 (and/or Grade Group 2) prostate cancer biopsies
where patient is eligible for active surveillance.

2) High Ki-67 LI or PTEN loss would be one factor (among several)
suggesting that the patient should seek definitive treatment, while intact
PTEN would not be an informative result in this regard.

Ki-67 and PTEN remain among the most promising prognostic molecular
biomarkers studied to date, the Committee agreed that additional dedicated
studies of active surveillance populations are warranted before widespread
adoption.
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RNA-based genomic signatures are of potential benefit

However, the potential for under-sampling remains a major concern for all
tissue-based tests.

1) Genomic signatures are of potential benefit but only if adequately sampled.

2) The improvement in such signatures should be compared to implementing robust
pathological assessment and potential use of IHC biomarkers which needs further
validation

3) Studies are needed to assess signatures performance in relation to heterogeneity

Report from ISUP Consultation Conference: Mol. Path Subgroup 



Predictive Biomarkers: 

Predictive biomarkers estimate the chances of response to a specific therapy 

To date, predictive biomarkers have largely been studied in the context of 
metastatic disease.  Despite their importance for precision medicine, relatively 
few tissue-based predictive biomarkers have been validated.  

Report from ISUP Consultation Conference: Mol. Path Subgroup 



DNA Repair Deficiency Markers

NCCN guidelines for prostate cancer recommend germline testing in high risk 
subsets of patients with clinically localized prostate cancer

Grade Group 4 or higher tumors or

patients with PSA of 20 ng/mL or higher.  

In addition, germline testing should be performed in all patients with metastatic 
prostate cancer if clinically indicated, with appropriate genetic counseling.  

Currently, all metastatic patients should also be offered somatic genomic 
testing of tumor tissue for HRD and MMR defects if clinically indicated.

Report from ISUP Consultation Conference: Mol. Path Subgroup 
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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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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)



ESMO 2019: PROfound: Phase 3 Study of Olaparib vs. Enzalutamide or Abiraterone for Metastatic 
Castration-Resistant Prostate Cancer with Homologous Recombination Repair Gene Alterations 



ESMO 2019: PROfound: Phase 3 Study of Olaparib vs. Enzalutamide or Abiraterone for Metastatic 
Castration-Resistant Prostate Cancer with Homologous Recombination Repair Gene Alterations 

Among the men who underwent screening, 4047 had samples that were tested, among which 2792 (69%) were 
successfully sequenced and yielded biomarker status. In screened patients, samples were mainly derived from 
archived tissue (89.9%); most archived samples (79.7%) were from the primary tumour and 10.1% were 
derived from metastatic tissue. ESMO 2019
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1346 patients tested with 
MSK-IMPACT:
Tumor and normal 
evaluated with a panel of 
100s of exoms
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Recommendations of the Working Group were the following:

In combination with appropriate genetic counseling, germline panel testing for DNA repair gene alterations should 
be offered (if clinically indicated) to patients with:

Localized Grade Group ≥4 tumors 

Any Grade Group with PSA ≥20 

Known metastatic disease

Testing should include:

1)  Defective MMR assessment via MMR IHC for MSH2, MSH6, MLH-1, PMS2 with or without MSI testing and/or 
sequencing of MMR genes (and tumor mutation burden estimate) 

AND

2) Defective HR assessment via sequencing for: BRCA1, BRCA2 at a minimum, with ability to detect copy number 
alterations
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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



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)



Antonarakis ES et al, NEJM 2014 
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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



AR Testing:

At present, tissue based androgen receptor (AR) alteration assessment
(amplifications, mutations, expression, splice variant expression) has no clear
clinical utility

AR amplification and ARv7 expression are prognostic in CRPC; emerging
evidence suggests that ARv7 and AR amplification may be predictive, however,
the evidence is not yet sufficient to justify systematic ARv7 or AR amplification
testing.

Report from ISUP Consultation Conference: Mol. Path Subgroup 
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Abida et al, PNAS 2019

11% mCRPC have some neuroendocrine features



Characteristics that help define NEPC 
M.A. Rubin lecture copyright 2018

AR Signaling

NE Markers

TP53

RB1

Low

Yes

Loss

Loss

High 

No

wt/loss

wt/loss

Small cell/NEPCCRPC (adenocarcinoma)

Characteristics that help define NEPC 

M.A. Rubin lecture copyright 2018

AR Signaling

NE Markers

TP53

RB1

Low

Yes

Loss

Loss

High 

No

wt/loss

wt/loss

Small cell/NEPCCRPC (adenocarcinoma)



−0.4 −0.2 0.0 0.2 0.4 0.6 0.8 1.0

−0.4

−0.2

0.0

0.2

0.4

0.6

0.8

1.0

Integrated NEPC Score

AR
 S

ig
na

lin
g

Pathology
CRPC−Adeno (n=315)
CRPC−NE (n=41)
H/not available (n=73)

TP53/RB1 status
wt/wt (n=237)
alt/wt (n=135)

wt/alt (n=20)
alt/alt (n=37)

Abida et al, PNAS 2019

Small cell morphology, but  low NEPC score, high AR, 
and mut TD53 and RB1

NEPC SCORE

A
R

 S
ig

na
lin

g 
SC

O
R

E



Neuroendocrine Prostate Cancer:
1) For clinically localized prostate cancer, unless there are clear morphologic

neuroendocrine features, immunostaining for neuroendocrine expression (e.g.,
synaptophysin, chromogranin, or CD56) is NOT recommend.

2) Given its clinical implications, the term neuroendocrine differentiation is best
reserved for high-grade cancers and not usual-type adenocarcinomas or well-
differentiated neuroendocrine tumors.

3) Advanced metastatic CRPC may manifest a range of morphologic features of
neuroendocrine differentiation and a combination of molecular evaluation and
morphologic features may be required in future definitions of CRPC, guided by
biomarker-driven clinical trials.
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Conclusions for Localized PCA

1) Only few pathologists are applying molecular markers in prostate cancer in
routine practice due to insufficient evidence

2) Lack of standardization and the complexity of the diverse disease stages,
treatment modalities and clinical endpoints.

3) Ki-67 and PTEN are emerging as potentially useful and widely available
prognostic markers to support treatment decisions at an early stage.

4) mRNA based commercial genomic signatures can help stratifying the risk
of progression in individual patients, although more studies are needed before
widespread use of prognostic markers can be recommended.



Conclusion for mCRPC Promising Test*
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

*Thanks Pete Nelson
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