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PROSTATE CANCER 
Importance of Molecular 
Characteristics in Support of 
Therapeutic Decisions 

Outline 2 

Outline 

• Prognostic and diagnostic value of pathologic and 
molecular alterations in prostate cancer 

• Current status of precision medicine/molecular 
pathology/liquid biopsy in metastatic prostate cancer 

• Molecular Profiling of Pca.  

• A case study of how precision medicine can guide 
treatments 
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Prostate Cancer: some statistics…  

Prognostic and diagnostic testing in prostate cancer 

Prognostic and 
diagnostic testing in 

prostate cancer 

Integrating molecular profiling in the 
clinical practice of prostate cancer  
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Meacham Nature 501:328 
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Terry S, Beltrán H.                  

Frontiers in Oncology.  

25 March 2014  

Schematic model for the emergence of NE phenotype 
in Pca 

Prognostic and diagnostic testing in prostate cancer 

Prognostic and diagnostic testing in prostate cancer 8 

ACINAR NON-ACINAR Acinar 

 

- Atrophic 

- Pseudohyperplastic 

- Foamy gland 

- Colloid (mucinous) 

- Signet ring (and signet 

ring-like) 

- Mycrocystic 

- Pleomorphic Giant 

Cell 

- Sarcomatoid 

 

Non-Acinar 

 

- Ductal 

adenocarcinoma 

- Sarcomatoid Ca 

- Squamous cell &  

adenosquamous 

carcinoma 

- Small cell Ca 

- Basal cell Ca 

- Urothelial Ca 

 

WHO classification, 2016 

Variants of prostate carcinoma 
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Prognostic and diagnostic testing in prostate cancer 10 

DIAGNOSTIC BIOMARKERS 

PROGNOSTIC BIOMARKERS 

Cucchiara V. et al, Eur 

Urol. 2017 

Clinically available genomic markers to guide clinical 
decision making 
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  Decipher OncoType Dx Prolaris 

Gene panel 22 RNAs from diferente 

regions of genome  

12 cancer-related to 

different pathways plus 

5 reference genes 

46 RNAs expression 

signature  

Tissue tested RP (pT3, margin+ or 

rising PSA) 

Biopsy, very-low-to-

intermediate risk 

Biopsy or RP 

Utility Predicts probability of 

metastasis 5 years after 

RP 

Predicts  likelihood 

of favorable pathology 

Cell cycle progression 

score for mortality or 

biochemical recurrence 

Tissue requirements 1 × 1.0-mm diameter 

punch of highest 

Gleason grade in FFPE 

block 

6 × 5-μ sections (1.0 

mm length) + two H&Es 

5 × 5-μ sections (0.5 

mm length) + two H&Es 

Current status of precision 
medicine in metastatic Pca. 
The role of Molecular Testing 

Integrating molecular profiling in the 
clinical practice of prostate cancer  
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Modified from Sundararajan and Vogelzang, 2014 

mCRPC5 

• Radical prostatectomy +/- PLND1 and radiation 

• External-beam radiation +/- adjuvant ADT2 

• Brachytherapy +/- adjuvant ADT Local 

disease 

• Radical prostatectomy (if not done earlier) 

• Brachytherapy  

• Observation Biochemical  

relapse 

• ADT (GnRH3 agonist +/- anti-androgen)  

• Orchiectomy 

• Docetaxel + ADT for high-volume disease Castration- 

sensitive 

mPC4 

• Abiraterone with prednisone  

• Enzalutamide 

• Docetaxel with prednisone 

• Other agents (radium 223, sipuleucel-T) 

• Secondary hormonal agents (ketoconazole, corticosteroids) 

• Alternate chemotherapy (cabazitaxel, mitoxantrone) 

Modified from Cucchiara V. et al, 2017 

ONE SIZE FITS ALL 

Therapeutic options for the treatment of prostate cancer 

Current status of precision medicine in metastatic Pca 

Subbiah&Kurzrock 
2018 
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Molecular landscape of each cancer is different  Different people respond differently to therapy 

All patients with the same diagnosis 

Personalized medicine 

Precision medicine 

Precision Medicine: guiding the best treatment 
option for each patient 

Current status of precision medicine in metastatic Pca 

16 

AR-V7 detection => Resistance to enzalutamide 

 and abiraterone b 

PTEN mutated => Response to 

inhibitors 

 of PI3K/AKT/mTOR pathway a 

Homologous recombination repair  

(HRR) defects => Response to PARP  

inhibitors and platinum salts c 

a. doi:  10.3892/ol.2017.5911 

b. doi:  10.1056/NEJMoa1315815 

c. doi: 10.1158/2159-8290.CD-17-0146 
Modified from Robinson et al ., 2015  

Rucaparib 

Galeterone 

Immune system 

Immune 

checkpoint inhibitors 

AZD8186 

Analysis of tumor molecular landscape can predict 
treatment sensitivity or resistance 

Current status of precision medicine in metastatic Pca 
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Robison et al.  NEJM  Aug 10. 2017 

N=302  

Median PFS: 7.0 vs 4.2 months  

The risk of disease progression or death was 

42% lower with olaparib monotherapy 

Poly(adenosine diphosphate–ribose) polymerase inhibitor 

Wang et al.  J Natl Cancer Inst 101:560 
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• 50 metastatic prostate cancer samples were retrospectively analysed by complete profiling solutions: 

OncoDEEP: Solid biopsy; OR 

OncoSTRAT&GO: solid + liquid biopsy 

 

• The comprehensive analysis includes a combination of: 

 

NGS: Up to 200 genes (mutation, CNV, fusion)                      Targeted therapy 

 IHC: Expression/phosphorylation of 7-10 proteins        Chemo/targeted/Immunotherapy 

 Splice-variant (AR-V7)           Targeted therapy 

MSI, tumor mutation burden (TMB)                       Immunotherapy 

 

22 

ONCODNA Platform 

Molecular profiling of metastatic prostate cancer 

INCLUDES BRCA1/2 and ATM MUTATION ANALYSIS 
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Foundation Medicine 
Platform 

24 

• Prostate cancer patients treated with hormone therapy or chemotherapy may acquire resistance when on treatmenta 

 Nearly all men eventually develop progressive disease following ADTb 

 

 

 

 

- Serial sampling and non-invasive  

- Capture tumor heterogeneity 
 

 

  Through liquid biopsies, physicians can better detect signs of therapy resistance that may be emergingd 

 

 
a. doi: 10.1016/j.ctrv.2017.04.008 
b. https://www.uptodate.com/contents/castration-resistant- 
prostate-cancer-treatments-targeting-the-androgen-pathway 
c. PMID: 11080790 
d. https://weillcornellgucancer.org/2017/09/15/liquid-biopsies-in-prostate-cancer-ready-for-prime-time/ 
 

How? 

Tissue biopsy 

Serum PSA measurements lack high sensitivity and specificity for prostate cancerc 

Detection of resistance mechanism-based biomarkers 

 Earlier therapy switching 

Liquid biopsies can be used to detect acquired 
treatment resistance 

Current status of precision medicine in metastatic Pca 
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•    DNA exists as a cell-free form in our blood (cfDNA) 

 

•    Healthy person: low concentration of cfDNA 

o  Dead cells are cleared afterwards 

It contains DNA mutations of  

primary and metastatic lesions  

• Tumor patient: higher levels of cfDNA due to presence of circulating tumor DNA (ctDNA) 

=> Reflects heterogeneity 

Liquid biopsy: focus on ctDNA profiling 

Current status of precision medicine in metastatic Pca 

26 

a. doi: 10.1158/2159-8290.CD-17-0146 

b. doi: 10.1158/2159-8290.CD-17-0261 

c. doi: 10.1158/1078-0432.CCR-14-2666 

• ctDNA analysis can guide Pca treatment with PARP 

Inhibition, and early detection of reversion mutations 

associated with resistance to treatmenta,b 

 

• The decrease of the amount of ctDNA is correlated 

with prolonged PFS and OS in patients treated with 

PARP inhibitorsb 

 

• Presence of AR alteration in ctDNA is associated 

with reduced PFS in patients treated with 

enzalutamidec 

   

Liquid biopsy in prostate cancer treatment monitoring 

Current status of precision medicine in metastatic Pca 
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Liquid Biopsy Decoder 
Platform 
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Molecular profiling 
of metastatic 

prostate cancer 

Integrating molecular profiling in the 
clinical practice of prostate cancer  

• Average # of mutations per sample: 

  3.5 (small panel OncoDEEP)  

  22  (large panel OncoSTRAT&GO) 

 

• In around 72% of the cases, we can detect 
at least ONE damaging mutation 

 

• ~10% of cases failed or had no detectable 
mutations 

 Low quality of FFPE sample 

30 

Distribution of the category of mutations detected by NGS 

Molecular profiling of metastatic prostate cancer 
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31 Molecular profiling of metastatic prostate cancer 

Most mutated genes in metastatic prostate cancer 

• Pahways most altered: 

DNA repair 

 Androgen pathway  

 PI3K-mTOR 

 

• AR-V7 was observed in 40% of the 
samples. This is known to be most 
frequently altered in advanced or 
castration-resistant prostate cancer 

 

• TMPRSS2-ERG fusion was observed 
in 6.4% of patients 

32 

% Mutations detected in solid only, liquid only or in both biopsies 

Molecular profiling of metastatic prostate cancer 

Concordance between solid and liquid biopsies 

• For 23 samples that had both solid and liquid biopsies: 

 

  Concordance between the mutations found in both biopsies 
was around 42% 

  

  Majority of mutations detected in both solid and  liquid were 
damaging 

 

  70% of the mutations detected ONLY in solid or ONLY in 
liquid were of unknown significance or probably 
polymorphism 

 

  Most non-polymorphic mutations observed in the BLOOD 
were in TP53 (60%).  

  Other mutations were found in KRAS, PIK3CA, PTEN, EGFR, 
ERBB2 and ESR1 
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• NGS analysis alone provided the oncologist with 
alternative therapy only in 50% of samples 

 

• Combining NGS with IHC analysis increases the 
usefulness of molecular testing 

 

 In up to 90% of cases, new therapeutic 
alternative can be recommended 

33 

Combining IHC and NGS gives the most useful 
information regarding potential treatment options 

Molecular profiling of metastatic prostate cancer 

• Most recommended treatments based on the complete molecular testing were: 

 

 chemotherapies and targeted therapies  

 Associated with treatment options (potential clinical benefit / resistance) 

Approved: for prostate cancer (31%), for others (64%) 

Mainly based on the combination of IHC+NGS analysis 

34 

* PLCB: potential lack of  

            clinical benefit 
 

* PCB: Potential clinical  
          benefit  

Molecular profiling of metastatic prostate cancer 

Distribution of recommended treatments 
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A case study in  

prostate cancer 

Integrating genomics in the clinical 
practice of prostate cancer  

36 

Male – 64 years old 

DIAGNOSIS:  Metastatic prostate cancer 

 

CURRENT SITE OF METASTASES: Bones, Spleen 

 

PREVIOUS THERAPY: Hormone therapy 

CURRENT THERPAY: Taxane therapy             

 

 

A case study in prostate cancer 

Utility of complete molecular profiling: a case study in Prostate cancer 
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• Many mutations observed 
(especially in BRCA1/2); most are 
considered polymorphisms 

 

• A damaging STK11 mutation 

mTOR inhibitors could be of 
benefit 

 

• A damaging PMS2 mutation 

 PMS2 is a component of the 
DNA mismatch repair system 
(MMR) 

 Inactivating of PMS2 can lead 
to microsatellite instability  

 Potential response to immune 
checkpoint inhibitors 

 

 

Results of the NGS analysis 

A case study in prostate cancer 

38 

• High AR expression + NO AR-V7 mutation 

 Potential benefit to AR inhibitors 
(enzalutamide/ abiraterone) 

       

• Low TUBB3 expression 

 Potential benefit to taxane therapy 

 

• Low TOP2A expression 

 Potential lack of benefit to topo II 
inhibitors 

 

• High ERCC1 expression 

 Potential lack of benefit to platinum 
therapy 

A case study in prostate cancer 

Results of the IHC analysis and other tests 
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5 tests that could predict response to immunotherapy 
were performed: 

 

1. PD-L1 expression: negative (0%) 

2. CD8 expression: low (1%) 

3. TMB: Medium 

4. MSI: High 

5. Mutation of sensitivity: Not present 

 

       Based on these data, PD-1/PD-L1 inhibitors- 
approved for MSI-high solid tumors- are associated 
with potential clinical benefit for this patient  

Analysis of immunotherapy response 

A case study in prostate cancer 

40 

• An inactivating mutation of STK11 was observed, suggesting that the mTOR pathway could be activated 

 High p4EBP1 expression (by IHC) confirms pathway activation 

mTOR inhibitors could be of potential benefit 

 

• An inactivating mutation of PMS2 was observed which can result in microsatellite instability 

 Analsysis of MSI confirms genomic instability (MSI-H) 

 Pembroluzimab is approved for MSI-H solid tumors 

 

• The additional IHC analysis can shed light on the best option for the next chemotherapy regimen: 

 Taxane-based chemotherapy could be of benefit 

 Topoisomerase II inhibitors and platinum chemotherapy could be of potential lack of benefit 

 

A case study in prostate cancer 

Many potential treatment alternatives based on this 
complete molecular profiling 
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The long tail of oncogenic drivers in prostate 
cancer. Armenia et al, Nature Genetics 2018  
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• Prostate cancer represents a substantial clinical challenge because it is 
difficult to predict outcome. 

•  We sequenced the whole genomes of 112 primary and metastatic prostate 
cancer samples. From joint analysis of these cancers with those from 
previous studies (930 cancers in total) 

• Found evidence for 22 previously unidentified putative driver genes 
harboring coding mutations, as well as evidence for NEAT1 and FOXA1 
acting as drivers through noncoding mutations.  

• Through the temporal dissection of aberrations, we identified driver 
mutations specifically associated with steps in the progression of prostate 
cancer, establishing, for example, loss of CHD1 and BRCA2 as early events 
in cancer development of ETS fusion-negative cancers.  
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78 patients  

3782 patients  

  JAMA Oncol  May 2017 

44 

• Prostate cancer progression is associated with genetic heterogeneity 

• New molecular studies/tests are being developed for recognizing PCa risk and aggressive 

disease, and provide a personalized approach to treat these patients 

• Precision Medicine seems to be: 

 More accurate, more beneficial  

 More cost effective (personalizing care and monitoring it) 

 Globalization of medicine 

 

• Personalized medicine, liquid biopsy and immunotherapies have the potential to improve 

survival of metastatic prostate cancer patients; but there are still many hurdles to 

overcome 

Take home message… 

Conclusion 
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Thank you! 

Questions? 

v 


