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Spring	2013:	Everything	Changed
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Pharmacogenomics

Risk and 
screening

Decision making: 
treatment and  
adjuvant therapyhttp://www.cdc.gov/genomics/gtesting/tier.htm

3 Main Genomic Applications



Role of Genetic Testing for Inherited Prostate Cancer Risk: 
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Representation: Urology (National and International), Medical Oncology, 
Radiation Oncology, Clinical Cancer Genetics, Genetic Counseling, Health 
Policy, Bioethics, Population Science, Molecular Epidemiology, Pathology, 

Breast/GI/Gyn Oncology, Genetic Basic Science Research, Patient Advocates, 
Patient Stakeholders, NCCN, NCI, ACS
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Prolaris (Myriad) Oncotype DX (Genomic Health)
Indications Biopsy and post RP  risk of disease 

progression; active surveillance 
decision (46 genes) 

Risk assessment on biopsy; active surveillance 
decision 
Risk on RP  (3+3 and 3+4) (17 genes)

Outcome 
Predicted

PCa-specific mortality, metastasis, 
recurrence, progression (10 year)

Adverse Bx pathology : Primary Gleason 4, any 
5, pT3
Risk of Death and Metastasis on RP

Prostate Cancer Genomic Tissue Tests
ConfirmMDx (MDxHealth) Decipher (GenomeDx)

Indications To reduce unnecessary repeat 
biopsies. Performed on previous 
negative biopsy tissue. 
(3 genes Epigenetic methylation)

Prostate Biopsy
Treatment decisions after radical 
prostatectomy (22 genes)

Outcome 
Predicted

Presence or absence of occult cancer 
detection; direct follow up biopsy 
based on �halo� effect

Risk of clinical metastasis following RP
High Grade Disease (Gleason Grade 4/5)
5 year metastasis
10 year PCSM



Sporadic

Familial

Hereditary

15-20%
5-10%

Hereditary/Familial/Sporadic Cancer
• Hereditary  (5-10% of cases)

§ Usually due to a single inherited genetic 
mutation 

§ Greatly increases lifetime risk
• BRCA1, BRCA2, Lynch syndrome

§ HOXB13: Inherited prostate cancer

• Familial  (15-20% of cases) 
§ Some features of hereditary cancer 
§ No detectable mutation identified
§ Possible genetic + environmental risk
§ Close family members increased risks

• Sporadic (70-80% of cases) 
§ Exact cause unknown
§ No features of hereditary or familial cancers
§ No increased risks for close family members



Genomic/Genetic Testing for Prostate Cancer Risk

• Background:

• 10-15% PCa are hereditary.

• Inherited genes such as BRCA 1/2 do not cause cancer but increase risk

• These pathogenic genes interact with other genes/environment to increased 

risk of PCa.

• Also increased risk for other cancers

• Evolving evidence on how to best use these genes for screening

• Why do Germ Line Testing?
• Potential impact on therapeutic options

• So called “actionable genes” identified to guide treatment

• Potential to screen/prevent for other at-risk cancers in the patient or their 

family

Based on data in Nicolosi, et al ASCO Abstract 5009 2017 Chicago;
https://www.ncbi.nlm.nih.gov/gene/



Genomic/Genetic  Testing for Prostate Cancer Risk

Gene PCa Risk Mechanism
ATM elevated DNA damage response

BRCA1 ~ 20% DNA damage repair

BRCA2 ~ 20% DNA damage repair

CHEK2 elevated

DNA repair through 

phosphorylation of 

BRCA2

EPCAM up to 30% Upregulate c-myc

HOXB13 up to 60% AR repressor

MLH1 up to 30% DNA repair

MSH2 up to 30% DNA repair

MSH6 up to 30% DNA repair

NBN elevated DNA repair

PMS2 up to 30% DNA mismatch repair

TP53 unknown Tumor suppressor

PALB2 preliminary Tumor suppressor

RAD51D preliminary DNA repair

• Some genes associated with prostate 
cancer BUT DO NOT CAUSE CANCER

• Most appear to be related to defects in 
DNA repair mechanisms

• HOXB13 is the gene linked with clearly 
defined inherited prostate cancer 

Based on data in Nicolosi, et al ASCO Abstract 5009 2017 Chicago;
https://www.ncbi.nlm.nih.gov/gene/



BRCA 1/2 and Prostate Cancer 

•DNA damage response (DDR) genes

•2-6 fold  lifetime risk (BRCA2 > BRCA1)

•8.6-fold  risk by age 65 (BRCA2)

•PCa: Likely to be aggressive: Gleason 8 or 

higher, node +, mets, poor survival

• self and family risk for other hereditary 

cancers: breast, ovarian, melanoma, 

pancreatic, Lynch Syndrome, colon, gastric

•May direct mCRPC therapy (PARP inhibitors)



Germline mutations in metastatic PCa

• BRCA-2 best studied for 
screening and treatment

• PCa males with BRCA-2 
have more aggressive 
disease

• More work is needed on 
the other PCa genes 
identified 

• Germline mutations in 
11.8% of metastatic vs. 
4.6% localized disease

Pritchard, N Engl J Med. 2016 Aug 4;375(5):443-53



Eur Urol http://dx.doi.org/10.1016/j.eururo.2016.11.033 
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http://pinkhope.org.au/what-it-means-for-men-

who-carry-a-brca-gene-fault/
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Common Prostate Cancer 
Specific Panels

• Ambry Genetics  “ProstateNext” (14 gene)
• ATM, BRCA1, BRCA2, CHEK2, EPCAM, HOXB13, MLH1, MSH2, MSH6, NBN, PALB2, PMS2, 

RAD51D, TP53

• Fulgent “Prostate Cancer Panel” (12 gene)
• ATM, BRCA1, BRCA2, CHEK2, EPCAM, HOXB13, MLH1, MSH2, MSH6, NBN, PMS2, TP53

• GeneDx “Prostate Cancer Panel” (12 gene)
• ATM, BRCA1, BRCA2, CHEK2, EPCAM, HOXB13, MLH1, MSH2, MSH6, NBN, PMS2, TP53

• Invitae “Prostate Cancer Panel” (up to 15 genes)
• ATM BRCA1 BRCA2 CHEK2 EPCAM HOXB13 MLH1 MSH2 MSH6 NBN PMS2 TP53; ADD ON 

FANCA, PALB2, RAD51D
• HOXB13: Analysis is limited to the NM_006361.5:c.251G>A, p.Gly84Glu variant.

• NeoGenomics “Hereditary DNA Repair Panel for Prostate Cancer” (20 genes)
• ATM, ATR, BAP1, BARD1, BRCA1, BRCA2, BRIP1, CHEK2, FAM175A, GEN1, MLH1, MRE11A, 

MSH2, MSH6, NBN, PALB2, PMS2, RAD51C, RAD51D, and XRCC2

• Strand Diagnostics “UroSeq” (7 gene)
• ATM, BRCA1, BRCA2, CHEK2, HOXB13, PALB2, RAD51D

7/2018



Other Common Cancer Panels
• Myriad- No prostate panel but “myRisk” 28 gene screen for: 

Breast,Ovarian,Colorectal,Endometrial,Melanoma,Pancreatic,Gastric,Prostate,Others
• APC, ATM, BARD1, BMPR1A, BRCA1, BRCA2, BRIP1, CDH1, CDK4, CDKN2A, CHEK2, 

EPCAM, GREM1,HOXB13, MLH1, MSH2, MSH6, MUTYH, NBN, PALB2, PMS2, PTEN, POLD1, 
POLE, RAD51C, RAD51D, SMAD4, STK11, TP53

• Color Genomics/Genome Dx- No prostate panel but “Hereditary Cancer 
Panel” 30 gene screen for: 
Breast,Ovarian,Colorectal,Endometrial,Melanoma,Pancreatic,Gastric,Prostate,Others
• APC, ATM, BAP1, BARD1, BMPR1A, BRCA1, BRCA2, BRIP1, CDH1, CDK4, CDKN2A, CHEK2, 

EPCAM, GREM1, MITF, MLH1, MSH2, MSH6, MUTYH, NBN, PALB2, PMS2, PTEN, POLD1, 
POLE, RAD51C, RAD51D, SMAD4, STK11, TP53

• Strand Diagnostics – “98 Gene Panel” screen for: 
Breast, Ovarian, Colorectal, Endometrial, Melanoma, Pancreatic, Gastric, Prostate, Others  
(UroSeq PLUS 91 Other genes)
• AIP, ALK, APC, ATM, BAP1, BARD1, BLM, BMPR1A, BRCA1, BRCA2, BRIP1, BUB1B, CDC73, CDH1, CDK4, CDKN1C, 

CDKN2A, CEBPA, CEP57, CHEK2, CYLD, DDB2, DICER1, DIS3L2, EGFR, EPCAM, ERCC2, ERCC3, ERCC4, ERCC5, EXT1, EXT2, 
EZH2, FANCA, FANCB, FANCC, FANCD2, FANCE, FANCF, FANCG, FANCI, FANCL, FANCM, FH, FLCN, GATA2, GPC3, HNF1A, 
HOXB13, HRAS, KIT, MAX, MEN1, MET, MLH1, MSH2, MSH6, MUTYH, NBN, NF1, NF2, NSD1, PALB2, PHOX2B, PMS1, 
PMS2, PPM1D, PRF1, PRKAR1A, PTCH1, PTEN, RAD51C, RAD51D, RB1, RECQL4, RET, RHBDF2, RUNX1, SBDS, SDHAF2, 
SDHB, SDHC, SDHD, SLX4, SMAD4, SMARCA4, SMARCB1, STK11, SUFU, TMEM127, TP53, TSC1, TSC2, VHL, WT1, WRN, 
XPA, XPC

6/2018



Urology should become more focused on detailed family 
history: breast, ovarian, prostate, melanoma, Lynch 

Syndrome, male breast cancer, etc. to inform the need for 
genetic testing/counselling in men with prostate cancer.



https://new.myriadpro.com/medical-specialties/urology/



• BRCA1 mutations: ~ 0.5%
• BRCA2 mutations: ~ 1.0%
• ATM mutations: ~ 0.4%
• Much more common in lethal than in nonlethal 

localized PCa . . .

What proportion of patients with localized 
disease have germline mutations 

predisposing to PCa? 

Na Eur Urol 2017, Kote-Jarai Br J Cancer 2011, Leongamornlert Br J Cancer 2012



• Localized PCa in 14 
BRCA2+ pts profiled
– Global genomic 

instability
– MED12, MYC gains
– Genotypically similar to 

mCRPC despite no ADT

Localized PCa in germline BRCA+ patients 
“looks” more like metastatic disease

Taylor, Nat Commun, 2017



First time that NCCN for PCa noted BRCA





Genitourinary Cancer Genetics Clinic 

• Started in 2014  clinic is within  the existing (1996) GU Multidisciplinary 

clinic so that men presenting with all stages of prostate cancer can have 

the opportunity to undergo preliminary genetic evaluation.

• Focus on prostate cancer risk assessment with preliminary discussion.

• Genetics staff: Genetic counselor, Dr. Giri, and research coordinator.

• Supports our GEM (Genetic Evaluation of Men) multigene study.

Giri et al CJU June 2015



Genetic Counseling for 
Inherited Cancer Risk

Family history 

Determine suspicion for 
inherited cancer risk

Discuss:
• Genetic test options
• Types of results
• Cancer risks
• Insurance implications
• Reproductive implications 

Affected individuals:
-Identify additional    
cancer risks

-Inform treatment 

-Test relatives for cancer 
risk

Unaffected individuals:
-Inform screening and 
prevention

-Test relatives for familial 
mutation for inherited
cancer risk (Cascade 
Testing)

Personal cancer features Other risk factors 

Patient makes informed decision regarding
proceeding with genetic testing

**Advocated by NCCN, ASCO, and NSGC** Courtesy Dr. Veda Giri



American College of Medical Genetics and Genomics (ACMG)

National Society of Genetic Counselors (NSGC)

Philadelphia Prostate Cancer Consensus 2017

NCCN 2018

n > 2 cases of PCa age <55 in close relatives

n > 3 FDRs with PCa

n Aggressive (Gl >7) PCa and >2 cases of breast, ovarian, and/or 
pancreatic cancer in close relative

n Metastatic prostate cancer

n Gleason 8/9/10 regardless of fam hx or stage (NCCN)

n Tumor sequencing w/mutations in hereditary cancer genes

Genetic Counseling for PCa Criterion

Giri JCO 2018, NCCN.org; American College of Medical Genetics and Genomics (ACMG)/National Society of Genetic Counselors (NSGC) practice 

guidelines.: https://www.acmg.net/docs/ACMG_Practice_Guideline_Referral_Indications_for_cancer_predisposition.pdf

https://www.acmg.net/docs/ACMG_Practice_Guideline_Referral_Indications_for_cancer_predisposition.pdf


Conclusions
• Evolving recommendations for PCa genetic testing
• Most critical inherited genes today:

– BRCA 1/2, HOXB13, ATM, CHEK2 

• High prevalence of germ line mutations (>11%): all mCRPC 
be offered germline testing
– May direct therapy of metastatic disease

• Strongly consider referral for genetic testing AND 
counselling if high risk disease or familial concerns 

• Many new prostate cancer genetic panels are being made 
available commercially


