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Urology Basics  
Prostate Cancer Genetic Testing 

1.   Recently urology has focused only on tumor genomics 
2.   Increasing data on importance of inherited genes 
3.   Familial clustering of PCa has been well known 
4.   Linkage of PCa to other cancers in families observed 
5.   PCa has a substantial inherited component identifiable 

in 12-15% overall estimated at 40-50% (1) 
6.   Germline PCa predisposition mutations 

A.   Localized disease 1-4.6% (TGCA) (2,3) 

B.   Metastatic disease >11% (3) 
7.   Single Gene testing being replaced by panel testing 

	  1.	  Lichtenstein	  P,	  NEJM	  2000	  	  2.	  Agalliu,	  2010	  3.	  Pritchard,	  2016	  



Human	  Genome	  Project	  	  
1990-‐2003	  

3.2	  billion	  base	  pairs	  
hLps://www.mun.ca/biology/scarr/Human_Genome_Project_+meline.html	  



Gene+cs	  vs	  Genomics	  

•   Gene$cs:	  the	  study	  of	  specific,	  individual	  genes	  and	  their	  role	  in	  
inheritance	  
–   Eg,	  sickle	  cell	  anemia	  and	  cys+c	  fibrosis,	  oTen	  caused	  by	  an	  
error	  in	  a	  single	  gene	  

•   Genomics:	  more	  complex	  and	  usually	  refers	  to	  an	  organism's	  
en+re	  gene+c	  makeup	  (genome)	  or	  an	  extensive	  number	  gene	  
–   Used	  for	  diseases	  caused	  by	  varia+ons	  in	  more	  than	  one	  gene	  
or	  by	  mul+ple	  genes	  interac+ng	  with	  each	  other	  and	  the	  
environment	  (ie.	  cancer,	  diabetes)	  



hLp://ib.bioninja.com.au/	  



Base Pairs 

Imaging Gross Path Histology Path 



Computa+onal	  biology	  support	  cri+cal	  	  

BRCA2	  gene	  sec+on	  
	  
-‐27	  exons	  total	  
-‐coding	  region	  
10,433	  base	  pairs	  
-‐12	  pages	  long	  
-‐image	  is	  a	  very	  
small	  por+on	  of	  
exon	  11	  
	  

Patent	  Novel	  coding	  sequence	  haplotypes	  of	  the	  human	  BRCA2	  gene	  US	  20060154272	  A1	  



Common	  PCa	  Associated	  Genes	  and	  Panel	  Tes+ng	  

Giri  et  al  
Submi-ed  
JCO  2017



BRCA Prostate Cancer Risks 
•   2-6 fold increased lifetime risk (BRCA2 > BRCA1) 
•   8.6-fold increased risk by age 65 (BRCA2) 
•   PCa Prognosis: More likely to have aggressive features: Gleason 8 or 

higher, node positive disease, mets, poor survival   

        
   General risk (%)      BRCA1/2 mutation carrier risk (%) 

•   Fam Hx Breast cancer:  12%    45-87% 
•   Fam Mx Ovarian cancer:  2%    11-40% 
•  Male breast cancer:    0.1%               5-10% 
•   Prostate cancer:   14%               15-20% 
•   Pancreatic cancer :   1.5%               Increased 
•  Melanoma:    2%                 Increased 

•  Other hereditary cancers: Lynch Syndrome, Colorectal Ca, Gastric 



Bancroft, et al (2014) Eur Urol 

BRCA-‐1  
carrier  
N=791

BRCA-‐1  
control
N=531

BRCA-‐2  
carrier
N=731

BRCA-‐2  
control
N=428

PCa  incidence 2.3% 1.9% 3.3% 1.6%

PPV  of  biopsy 41% 23% 48% 33%

Intermediate/
high  risk  PrCa

61% 60% 68% 43%

1.   Interna+onal,	  mul+center	  trial	  in	  men	  (40-‐69y)	  from	  families	  with	  known	  
muta+ons	  (BRCA1/2,	  Lynch	  Syndrome)	  

2.   Annual	  PSA	  screening	  
3.   Biopsy	  if	  PSA	  >3,	  re-‐biopsy	  if	  ASAP	  or	  PIN,	  or	  PSA	  doubling	  >50%	  

IMPACT:  
Prostate Screening in BRCA1/2 Families 



Germline	  muta+ons	  in	  metasta+c	  PCa	  

•   BRCA-‐2	  currently	  best	  
studied	  for	  poten+al	  	  
screening	  and	  treatment	  
of	  advanced	  disease	  

•   PCa	  males	  with	  BRCA-‐2	  
muta+on	  carriers	  with	  
prostate	  cancer	  have	  
more	  aggressive	  disease	  

•   More	  work	  is	  needed	  on	  
the	  other	  PCa	  genes	  
iden+fied	  	  

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





BRCA Targeting  
•   Genomic aberrations in the DNA damage repair 

pathway are common in PC (BRCA1/2) 
•   More common in late-stage disease, and may 

direct treatment 
•   Genomic defects in DNA repair 20–30% of advanced 

CRPC 
•   Some are germline and heritable 

•   Support the development of PARP inhibitors 
and DNA-damaging agents 

•   Poly (ADP-ribose) polymerase (PARP) 
N Engl J Med. 2015 Oct 29;373(18):1697-708 



PARP	  Inhibitors	  in	  mCRPC	  if	  BRCA1/2	  posi+ve	  

hLp://www.parp-‐inhibitors.com/	  



          
  

Eur Urol http://dx.doi.org/10.1016/j.eururo.2016.11.033  



	  HSD3B1	  genotype	  predicts	  $me	  to	  progression	  on	  ADT	  
“fast	  vs	  slow	  androgen	  metabolizers”	  

Agarwal	  et	  al,	  JAMA	  Oncol.	  Feb	  16,	  2017	  



Sidney	  Kimmel	  Cancer	  Center	  MDC	  Gene$cs	  Clinic	  
	  

Giri	  VN,	  Gross	  L,	  Gomella	  LG,	  HyaL	  Cow	  I	  Do	  It:	  Gene+c	  counseling	  and	  gene+c	  tes+ng	  for	  inherited	  prostate	  cancer.	  Can	  J	  Urol.	  2016	  Apr;23(2):8247-‐53	  
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 Role of Genetic Testing for Inherited Prostate Cancer Risk:  
Philadelphia Prostate Cancer 2017 Consensus Conference 



Why consensus conference was needed in 2017? 
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-Higher risk of PCA in 
BRCA+ breast cancer 
families 
-Higher rates of founder 
BRCA mutations and PCA 
in AJ males 

1999 2000 2017 2012 2005 2010 

BRCA2 association  
aggressive PCA 

Tumor sequencing studies  
in metastatic PCA identify 
substantial rates of BRCA  
mutations 

DNA repair mutations 
In met PCA 

Higher rates of PCA in  
Lynch syndrome families 

HOXB13 identified  
As first HPC gene GWAS identify multiple 

Common variants of  
PCA risk 

US Supreme  
Court: 
Naturally  
isolated DNA  
not patentable 

Prostate cancer 
Multigene panels 
commercially  
available  

NCCN High-Risk  
Breast/Ovary Guidelines 
Include prostate cancer  
For BRCA genetic evaluation 



Need for Consensus Conference in 2017 
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Growing knowledge of genetic  
contribution to inherited 
prostate 
cancer 

Science 

Clinical Testing  
Capability 

Intersection 
Gap in Clinical 

Application 
Guidelines for 

Multigene Panels 

Philadelphia 
Prostate Cancer 
Consensus 2017 



Consensus Panel 
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•   Included ~70 international experts:  
•   Urology 
•   Clinical Cancer Genetics 
•   Genetic Counseling 
•   Medical Oncology 
•   Radiation Oncology 
•   Primary Care 
•   Breast and GI Cancer Genetics 
•   Gynecologic oncology 
•   Molecular Pathology 
•   Epidemiology 
•   Bioethics 
•   Health Services 
•   Health disparities 
•   Population Science 
•   Advocacy Organizations 
•   Patient Advocates 

•   Representation: 
•   American Cancer Society 
•   National Comprehensive  

Cancer Network 
•   National Cancer Institute 
•   Prostate Cancer Foundation 
 



Referral  
criteria 

Genetic  
Counseling 

Genetic  
Testing 

•   Prostate cancer screening 
•   Early-stage/localized disease 
•   High-risk/Advanced disease 

•   Metastatic prostate cancer 

Management 

•   Age at diagnosis 
•   Family history 
•   Metastatic 

disease 
•   Tumor sequencing 

•   Providers 
•   Counseling 
     Principles 
•   New paradigms  

Framework	  for	  Gene$c	  Evalua$on	  of	  Inherited	  Prostate	  Cancer	  	  
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Who	  should	  be	  referred	  for	  gene$c	  counseling	  and	  
considera$on	  of	  	  

gene$c	  tes$ng	  to	  assess	  for	  inherited	  PCA?	  

•First-‐degree	  rela+ve	  (FDR)	  diagnosed	  with	  PCA	  <=55	  or	  personal	  diagnosis	  of	  PCA<=55	  with	  
FDR	  diagnosed	  with	  PCA	  at	  any	  age	  or	  death	  from	  PCA	  in	  FDR	  at	  age<60	  (Consensus:	  78%)	  
	  
•Two	  close	  blood	  rela+ves	  with	  PCA	  on	  same	  side	  of	  family	  with	  at	  least	  one	  diagnosed	  with	  
PCA	  <=55	  (Consensus:	  80%)	  
	  
•Any	  FDR	  with	  cancer	  in	  Hereditary	  Breast	  and	  Ovarian	  Cancer/Lynch	  Syndrome	  spectrum	  
diagnosed	  <50	  (Consensus:	  83%)	  
	  
•Tumor	  sequencing	  showing	  muta+ons	  in	  hereditary	  cancer	  genes	  (Consensus:	  93%)	  

8/22/17	   24	  

Expanded  referral  criteria  to  include  age  at  diagnosis,  Lynch  syndrome  cancers,  and  broader  tumor
sequencing  results
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What	  criteria	  should	  be	  considered	  to	  recommend	  	  
gene$c	  tes$ng	  for	  inherited	  PCA?	  

	  

•   Pa+ents	  should	  engage	  in	  shared	  decision-‐making	  for	  gene+c	  tes+ng	  for	  PCA	  (Consensus:	  77%)	  
	  

•   All	  men	  with	  PCA	  from	  families	  mee+ng	  established	  tes+ng	  or	  syndromic	  criteria	  for	  the	  following	  
should	  be	  considered	  for	  gene+c	  tes+ng:	  
–   Hereditary	  Breast	  and	  Ovarian	  Cancer	  (Consensus:	  93%)	  
–   Hereditary	  Prostate	  Cancer	  (Consensus:	  95%)	  
–   Lynch	  Syndrome	  (Consensus:	  88%)	  
	  

•   Men	  with	  PCA	  with	  >=	  2	  or	  more	  close	  blood	  rela+ves	  on	  the	  same	  side	  of	  the	  family	  with	  a	  cancer	  in	  
the	  following	  syndromes	  should	  be	  considered	  for	  gene+c	  tes+ng:	  	  	  
–   Hereditary	  Breast	  and	  Ovarian	  Cancer	  (Consensus:	  93%)	  
–   Hereditary	  Prostate	  Cancer	  (Consensus:	  86%)	  
–   Lynch	  Syndrome	  (Consensus:	  86%)	  
	  

•   All	  men	  with	  metasta+c	  castrate-‐resistant	  prostate	  cancer	  (mCRPC)	  should	  undergo	  gene+c	  tes+ng	  
for	  PCA	  (Consensus:	  67%)	  

	  

26	  

•   Specifically  addressed  shared  decision-‐making  for  gene`c  counseling  for  prostate  cancer
•   Expanded  tes`ng  criteria  to  encompass  hereditary  cancer  syndromes  in  which  
          PCA  has  been  implicated
•   Addressed  gene`c  tes`ng  for  metasta`c,  castra`on-‐resistant  prostate  cancer
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•   The	  following	  genes	  should	  be	  tested	  in	  males	  suspected	  of:	  
–   Hereditary	  Prostate	  Cancer:	  HOXB13	  (Consensus:	  95%)	  
–   Hereditary	  Breast	  and	  Ovarian	  Cancer:	  BRCA1/BRCA2	  (Consensus:	  97%)	  
–   Lynch	  Syndrome:	  DNA	  mismatch	  repair	  genes	  (Consensus:	  73%)	  
	  

•   The	  following	  genes	  should	  be	  tested	  in	  men	  with	  >=2	  two	  close	  blood	  rela+ves	  on	  the	  same	  side	  of	  the	  
family	  with	  a	  cancer	  in	  the	  following:	  	  	  
–   Hereditary	  Breast	  and	  Ovarian	  Cancer	  spectrum:	  BRCA1/BRCA2	  (Consensus:	  98%)	  	  
–   Lynch	  Syndrome	  spectrum:	  DNA	  mismatch	  repair	  genes	  (Consensus:	  97%)	  	  
	  

•   Men	  with	  prostate	  tumor	  sequencing	  showing	  muta+ons	  in	  BRCA1/BRCA2	  should	  have	  confirmatory	  
germline	  gene+c	  tes+ng:	  BRCA1/BRCA2	  (Consensus:	  89%)	  

	  
•   If	  men	  with	  metasta+c,	  castra+on-‐resistant	  prostate	  cancer	  undergo	  gene+c	  tes+ng	  for	  treatment	  

determina+on,	  the	  following	  genes	  should	  be	  tested:	  BRCA1/2	  (Consensus:	  88%);	  ATM	  (Consensus:	  62%)	  
	  

29	  

•   Expanded  gene`c  tes`ng  to  include  hereditary  cancer  syndromes  or  broader  family  cancer  hx
•   Provided  context  of  relevance  of  genes  based  upon  family  history  or  disease  aggressiveness

What	  genes	  should	  be	  tested	  for	  inherited	  PCA?	  	  
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How	  should	  gene$c	  test	  results	  inform	  prostate	  cancer	  screening?	  
	  •   BRCA2	  muta+on	  status	  should	  be	  factored	  into	  PCA	  screening	  discussions	  

(Consensus:	  80%).	  
–   Screening	  strategy:	  

•   Baseline	  PSA	  at	  age	  40	  or	  10	  years	  prior	  to	  youngest	  PCA	  diagnosed	  in	  family	  	  
(Consensus:	  56%)	  

•   Interval	  of	  screening	  yearly	  or	  determined	  by	  baseline	  PSA	  (Consensus:	  76%)	  
•   HOXB13	  muta+on	  status	  should	  be	  factored	  into	  PCA	  screening	  discussions	  

(Consensus:	  53%).	  
–   Screening	  strategy:	  

•   Baseline	  PSA	  at	  age	  40	  or	  10	  years	  prior	  to	  youngest	  PCA	  diagnosed	  in	  family	  
(Consensus:	  52%)	  

•   Interval	  of	  screening	  yearly	  or	  determined	  by	  baseline	  PSA	  (Consensus:	  75%)	  
	  

31	  

•   Expanded  BRCA2-‐informed  prostate  cancer  screening  to  include  considera`on  of  age  at  
diagnosis  of      prostate  cancer  in  male  blood  rela`ves

•   First  to  address  HOXB13  gene`c  tes`ng  and  role  in  prostate  cancer  screening
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Should	  gene$c	  test	  results	  inform	  management	  of	  early-‐stage/
localized,	  advanced/high-‐risk,	  and	  metasta$c,	  castra$on-‐resistant	  

prostate	  cancer?	  
	  
	  

•   Of	  all	  genes	  on	  PCA	  mul+gene	  panels,	  the	  following	  should	  be	  factored	  into	  
management	  discussion	  of	  early-‐stage/localized	  PCA:	  BRCA2	  (Consensus:	  
64%)	  

	  
•   Of	  all	  genes	  on	  PCA	  mul+gene	  panels,	  the	  following	  should	  be	  factored	  into	  
management	  discussion	  of	  high-‐risk/advanced	  PCA:	  BRCA2	  (Consensus:	  
97%);	  ATM	  (Consensus:	  59%)	  

	  
•   The	  following	  genes	  should	  be	  factored	  into	  discussions	  of	  treatment	  of	  
metasta+c,	  castra+on-‐resistant	  prostate	  cancer:	  BRCA1	  (Consensus:	  83%),	  
BRCA2	  (Consensus:	  88%),	  ATM	  (Consensus:	  56%)	  
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•   Inclusion  of  gene`c  informa`on  in  management  discussions  of  early-‐stage  and  
advanced  prostate  cancer.

•   Emerging  role  of  ATM  in  prostate  cancer  management  discussions.



Considera$ons	  and	  Areas	  in	  Need	  of	  Research	  	  

•   Breadth	  of	  exper+se-‐-‐>	  	  
–  Considera+on:	  May	  have	  impacted	  ul+mate	  strength	  of	  consensus	  
results	  

–  Strength:	  Thought-‐leaders	  engaged	  in	  prostate	  cancer	  care,	  advocacy,	  
and	  research-‐-‐>	  balanced	  views	  

•   Need	  for	  greater	  evidence	  base:	  
–  Gene+c	  predisposi+on	  to	  lethal	  prostate	  cancer	  
–  Gene+c	  predisposi+on	  to	  prostate	  cancer	  in	  African	  American	  males	  
–  Clinical	  u+lity	  of	  gene+c	  informa+on	  in	  prostate	  cancer	  screening	  and	  
management	  

–  Health	  services	  and	  health	  dispari+es	  research	  	  
–  Community	  implementa+on	  and	  engagement	  with	  primary	  care	  
–  Development	  of	  new	  models	  of	  gene+c	  counseling	  and	  linking	  with	  
urologic	  providers	  
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Consensus	  Summary	  

•   First	  centralized,	  comprehensive,	  and	  mul+disciplinary	  consensus	  to	  
address	  a	  working	  framework	  for	  gene+c	  evalua+on	  of	  inherited	  PCA	  in	  the	  
mul+gene	  tes+ng	  era.	  

	  
•   Expert	  opinion	  consensus	  addressed	  cri+cal	  gaps	  in	  guidelines	  for	  mul+gene	  
tes+ng	  for	  prostate	  cancer	  with	  best	  evidence	  available	  at	  this	  +me.	  

	  
•   Dynamic	  field	  and	  will	  require	  upda+ng	  of	  guidelines	  in	  the	  future.	  

•   Some	  significant	  advances	  over	  NCCN	  guidelines	  
	  

•   Inform	  na+onal	  guidelines	  to	  move	  the	  field	  forward	  to	  enable	  males	  to	  
engage	  in	  gene+c	  counseling	  and	  gene+c	  tes+ng	  for	  inherited	  prostate	  
cancer-‐-‐>	  benefit	  to	  men	  and	  their	  families.	  
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Guide	  to	  Prostate	  Cancer	  Gene+c	  
Tes+ng:	  Conclusions	  

•   Evolving recommendations for PCa genetic testing 
•   Obtain complete family history in all PCa 

–   Key cancers breast, ovarian, pancreatic, Lynch 
Syndrome  

•   High prevalence of germ line mutations (>11%) suggests 
that all men with metastatic PCa should be offered 
germline testing 
–   Testing may also direct therapy of metastatic disease 

•   Strongly consider referral for genetic testing AND 
counselling 

•   Many new Prostate Cancer Genetic Panels are being 
made available commercially 






