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58 year old with T1cN0 infiltrating 
ductal carcinoma right breast 

2013 Lumpectomy ER PR positive, Her 2 negative 
breast cancer 

2013 Oncotype 21 Gene recurrence score: Adjuvant 
aromatase inhibitor 

2013 BRCA 1 and BRCA 2 negative 

2014 “Genova lab Estrogenomic gene snp: Dimpro 

2015:Mediastinal nodal relapse: Foundation One 
genetic tumor test 

2015: Ambry germline testing 

2016: affinitor based on genetic biomarkers 

 



Outline 

• Current role of germline cancer testing 

• Major Cancer Genetic syndromes: what test, 
who to test, interpretation of positive, 
negative and variant results 

• Actionable results: current guidelines by site 

• Discuss challenges of current testing:  
including VUS ,  Lack of reliable data for 
intermediate risk genes 

• Other issues: direct to consumer testing 

 





Hereditary Susceptibility to Cancer 

• Who to test 

• What test to select, and when to update 
testing on previously tested families 

• What are the cancer risks associated with the 
mutation and how accurate are the estimates 

• What interventions are indicated 

• Is there evidence supporting improved clinical 
outcomes 

 



 
 

• Mutations are associated with cancer risk 
syndromes:  more than one type of cancer 
clustered in a family or individual due to the 
same genetic mutation 

• There are a small number of mutations that 
confer a significantly elevated lifetime risk of 
cancer in individual carriers 

• Not all inherited cancer syndromes have an 
identifiable high risk gene, this does not mean 
the family is without risk.  Family history and 
other risk factors must be used to assess risk 

 

 

 

 

Genetic testing for High Risk Cancer 
Syndromes 



Genetic testing for Cancer Risk 

Who Should be tested 

• What we know 

Who Could be tested 

• What we don’t know 



Genetic testing for Cancer Risk 

Who Should be tested 

What we know 

 

• What is the risk of cancers 
associated with the 
mutation 

• What actions can be taken 
to prevent or reduce risk 

• What is the proven utility of 
the intervention 

Who Could be tested 

What we don’t know 

 

• What is the risk of cancers 
associated with the 
mutation 

• What is the proven utility of 
interventions to reduce risk 
or prevent cancer  



Genetics in Cancer 

• 5-10% of all malignancies are due to highly 
penetrant hereditary cancer predisposition 
syndromes [Ballinger, 2012] 

 

• Over 400 cancer-related genes have been 
identified 
– May account for many familial cancers 

– Caution! Current clinical testing may include some 
of these genes of lower-risk 

http://www.sanger.ac.uk/genetics/GCP/Census 



SYNDROME Risk cancer Recommendations  

HBOC: 
Hereditary Breast and Ovarian 
Cancer 
 

BRCA 1 
BRCA2 

Breast 85% 
 
Ovary 40% 

MRI and Mammogram age 25 
Prophylactic oophorectomy 

Hereditary Colon 
Uterine 
 

LYNCH 

Colon 80% 
 
Uterine 40% 

Colonoscopy yearly age 25 
Gyn prophylactic surgery 

Hereditary Pancreatic 
Cancer 
PALB2,  
 BRCA2 

60% Pancreas 
breast 40% 

Research screening 

Prostate Cancer Younger, more aggressive 
forms 

Increased screening 



Updates and Key features of the 
following Cancer types: 

• Colorectal Cancer 

• Breast Cancer 

• Ovarian Cancer 

• Pancreatic Cancer 

• Prostate Cancer 

 

 

 

 

 



Colon Cancer key considerations 

• 5-10% of colorectal cancers associated with 
genetic syndrome 

• Primarily associated with young age, multiple 
generations, uterine cancers, other cancers 

• Individual carriers are at increased risk earlier 

• Universal Screening is available to capture 
80% of carriers 

• Intervention improves mortality 



Genetic testing for Lynch 
Syndrome 

colorectal endometrial 
cancer families 

As common as BRCA 

Result can save lives with as much or more impact 
than BRCA 

Testing today in a fraction of the candidate 
patients 







Testing Tumor for Lynch Syndrome 

 
Tumor analysis-Screening for Lynch syndrome in the tumor 
(reliable in colon and uterine) 
MSI-Microsatellite Instability 
IHC-Immunohistochemistry 
 
 

 







Pancreatic Cancer key considerations 



Pancreatic Cancer 



PANCREATIC CANCER 



Prostate Cancer 

• Most frequently diagnosed cancer in US men - 36% 
of all cancers 

• Lifetime risk for men in US: 15-20% 

• 200,000 new cases per year 

 

• 5-10% is heritable 

– ~40% under 55y  

– Higher in families with 

    breast/ovarian cancer 

 

 

5-10% 



Prostate Cancer Germline Testing 

• ATM, 

•  BRCA1, BRCA2, CHEK2,PALB2, NBN, RAD 51 

•  HOXB13, 

•  MLH1, MSH2, MSH6, PMS2,  EPCAM 

• TP53. 



Inherited risk of Prostate cancer 
germline testing 

• Early-onset prostate cancer (diagnosed <40 years of 
age) 

• Multiple primary cancers in one person (e.g. prostate 
and male breast cancer) 

• Personal history of prostate cancer and 1 or more 
family members* with breast cancer (diagnosed <50 
years of age) and/or invasive ovarian cancer 

• Personal history of prostate cancer and 2 family 
members with breast, pancreatic, or prostate cancer 

• Associated with 10% detection in metastatic prostate 
cancer 

 



Prostate Cancer Germline 

• Familial Prostate cancer risk not all explained 
by high penetrant genes 

• Young age, high gleason score, mestatic 
disease along with other family history 

• Actionability not standardized or proven: likey 
at minimum early implemenation of PSA 

• Clinical Trials of PARP inhibitors suggests 
clinical management role 

• May be Important to identify for family testing 





Ovarian Cancer Testing 

• Applies to epithelial ovarian cancer such as papillary 
serous 

• Risk Reduction for at risk women results in clear 
demonstrated improved long term survival 

• Some differences of age of onset may allow delayed 
prophylactic surgery 

• Bilateral Salpino-oophorectomy standard 
• BRCA testing for PARP inhibitor treatment in advanced 

disease 
• First degree relative can be tested if affected member 

no available. 
 

 







Breast Cancer- Who 

• Breast cancer < 45 
• Triple negative breast cancer, under age 60 

– 11-28% have BRCA1 mutations 

• Two breast cancer primaries in a single individual 
– ~30% risk of second primary in 10 years for BRCA1/2 

• Breast or ovarian cancer at any age in those of 
Ashkenazi Jewish ancestry 

• Breast cancer at any age and… 
– ≥1 close relative* with breast cancer <45 
– ≥1 close relative* with epithelial ovarian cancer at any age 
– ≥2 close relatives* with breast cancer and/or pancreatic 

cancer at any age 
 
 

NCCN Guidelines: Genetic/Familial High-Risk Assessment: Breast and Ovarian 
*Includes third degree relatives 



Cancer Risks in Carriers of Gemline Mutations in BRCA1 and BRCA2 

Presented By Judy Garber at 2015 ASCO Annual Meeting 



Management Guidelines BRCA1/2 Carriers 

Presented By Judy Garber at 2015 ASCO Annual Meeting 



Prophylactic mastectomy  

• Decision making prevention vs bilateral as part 
of new diagnosis and treatment 

• Age associated risk 

• Accuracy of lifetime risk 

• Survival outcome data 

• Surgical complications 

• Evidence based decision making 

 



Breast cancer risk and surgical 
Prophylaxis: How the numbers work 

• Risk is an annual risk number.  BRCA 1  1.5-3% per 
year BRCA 2  1-1.5% per year 

• BRCA 1, greater risk prior to age 50, BRCA 2 
evenly distributed 

• BRCA 1:  85% is ER negative, BRCA 2 15% is  ER 
positive 

• Nipple Sparing mastectomy, risk of breast cancer 
1-4% 

• Different cultures, individuals view the risks 
differently 

• **Accurate risk estimates 

 



Estimating Risk of Second Primary 



PALB-2 

• Partner and Localizer of BRCA 2 

• Homologous DNA repair 

• Risk of Breast Cancer overall is 33% by age 
70 

• Risk is increased to 58% if family history 
greater than two first degree relatives 

• accounts for 2.4% of familial aggregates of 
breast cancer  

• Associated with increased risk of 
pancreatic cancer  





Li-Fraumeni Syndrome 

• Prevalence: Up to 1 in 20,000 
 

• Inheritance: Autosomal dominant 
 

• Gene: TP53 
 

• Lifetime risk of cancer: 
– 50% by age 30-35y 
– 90% by 60y 
– Female lifetime risk is 90% 
– Male lifetime risk is 70% 
– 57% risk of a second primary 





Moderate Risk Germline mutations: 
CHEK2  

• CHEK 2 DS DNA break repair 

• Most well know is 1100delC mutation: 2-3 
fold RR 

• 1100dlC and family history  RR is 5 or 37% 
by age 70 

•  Homozygous does occur, increases risk 
multiple cancers 

• More common in Europe 







Other risk genes 

•  MRE11A minimal data 

• NBN: Slavic heterozygous may have 2-3 fold increase 
risk breast 

• RAD50: very little data 

• BARD1  very little data 

• BRIP1 increase ovarian cancer in Finland 

• RAD 51 mainly ovarian cancer risk 

• MUTYH: homozygous know, but heterozygous very 
little data 







Breast Cancer and Ovarian Cancer and 
Panel Testing 

• Testing has become clinically available on a 
widespread basis for only about 1-2 years 

• Most labs offer wide variety of panels 

• First data are recently published on results of 
panel testing  

• Issues of VUS and estimates of cancer and 
incidental findings are common to all cancers 

• Which panels, and what are the main issues 

• What are the results in Breast, ovarian cancer 
in early use of testing 





Gene V Panel V Exome v 
Genome 

Single 
Gene 

Gene 
Panel 

Exome Genome 

Target Size 5000 500,000 50,000,000 3,000,000,000 

Method Sanger 
sequence 

NGS NGS NGS 

Estimated 
Variants 

0-3 50 100,000 38,000,000 







Growing List of labs offering 
panel testing in genetics 

•Ambry •Myriad 

•ApolloGen •Pathway Genomics 

•ARUP •Prevention Genetics 

•GeneDX •Quest 

•Invitae 
 
•ColorMe 

•University of Washington 
 
•Fulgent Diagnostics 



Panel Testing Results for Familial 
Breast Cancer  



GWAS: SNPs 



Understanding SNPS 

• Single Nucleotide polymorphisms 

• Relatively common:  >1% of population 

• Not known to be disease causing 

• Usually but not always in “exomes” or protein 
mapping portion 

• Investigations into possible role of 
combinations of SNPs impacting disease 





Normal Message:  
 
THEBIGREDDOGRANOUT 
THE BIG RED DOG  RAN  OUT 
 
Deletions: Cause FRAMESHIFTS 
 
THE BIG RED DOG  RAN OUT 
THE BI R   EDD  OGR ANO UT 
 
 
Insertions: 
 
THE BIG REB DOB GRA NOU TS 

Types of 

Mutations 

Normal Message:  
 
THEBIGREDDOGRANOUT 
THE BIG RED DOG  RAN  OUT 
 
Deletions: Cause FRAMESHIFTS 
 
THE BIG RED DOG  RAN OUT 
THE BI R   EDD  OGR ANO UT 
 
 
Insertions: 
 
THE BIG REB DOB GRA NOU TS 



Variants of Unknown Significance 

 
SUBSTITUTION 

 

 
 THE BIG RED DOG  RAN  OUT 

 

 THE BIG NED DOG RAN OUT 



Normal Message:  
 
THEBIGREDDOGRANOUT 
THE BIG RED DOG  RAN  OUT 
 
Deletions: Cause FRAMESHIFTS 
 
THE BIG RED DOG  RAN OUT 
THE BI R   EDD  OGR ANO UT 
 
 
Insertions: 
 
THE BIG REB DOB GRA NOU TS 

Types of 

Mutations 





VUS:  Management Options 

• Should not be managed as a deleterious mutation 

• Estimate cancer risk based on clinical 
presentation and empiric risk 

• No clear advantage to testing offspring 

• May have different interpretations by different 
labs of same VUS 

• Counsel patient that interpretation may change 

• Participate in registry or PROMPT national data 
base 







Risk Calculator Tool 

www.ask2me.org 



[TITLE] 



Direct to consumer testing 

• Ancestry.com 

• 23andMe 

• 3 purposes:  (1) identity seeking (2) disease 
risk information (3) curiosity or lifestyle 

• Uses SNPs for identity 

• Previous restriction from testing, now allowed 
to test for medical traits that can be passed 
down from both parents 



Conclusion 
• Germline genetic testing is standard of care for high risk individuals 

when test results will change patient management 

• Best established in breast, ovarian cancer, and lynch syndrome 

• Panel testing is readily available 

• Panel testing results in identification of additional gene testing 
when patients undergoing testing are BRCA negative about 10% of 
the time.   

• Risk estimates are likely to be variable based on the clinical context 

• The availability of genetic testing data is being made available of 
the  

• Cancer Risk Estimates, proven utility needs much more work 
 

 



Inherited Genetics and germline 
testing 

• Most Cancers are not due to identifiable high risk 
genes 

• Clinical usefulness depends on accuracy, validity and 
utility:  accurate estimates of risk plus acitionability 

• Accurate estimates of risk require knowledge of family 
history 

• Increasingly available panels results in “population 
Screening” which lacks utility, increased variants 

• Key identification:  look at one side of family at a time, 
look for young age, multiple cancers in one individual, 
bilateral disease 

 


