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Objectives

• Review indications for genetic testing and genetic counseling 
in the oncology setting

• Review of specific hereditary cancer syndromes
• Discuss details of genetic testing and the possible implications 

for patient care
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Genetic Counseling in Hereditary Cancer

• Genetic counselors can help determine which patients would benefit from genetic 
testing, as well as how genetic testing may help their oncology team when 
determining treatment recommendations

• Determine appropriate genetic testing based on personal and family history
• Discuss implications for family members based on testing results
• Referrals/recommendations for screening and prevention of future cancers based 

on most recent guidelines
• Address any insurance concerns regarding genetic testing
• Work with oncology with tumor/germline genetic testing for treatment 

recommendations
• Referrals for research studies or support groups



Which patients need genetics?
Approximately 5-10% of cancers are due to a pathogenic mutation in a known 
hereditary cancer gene.
Criteria for genetic testing:
• Unusually early age of cancer onset (e.g., premenopausal breast cancer).
• Multiple primary cancers in a single individual (e.g., colorectal and endometrial 

cancer).
• Bilateral cancer in paired organs or multifocal disease (e.g., bilateral breast cancer or 

multifocal renal cancer).
• Clustering of the same type of cancer in close relatives.
• Cancers occurring in multiple generations of a family.
• Occurrence of rare tumors (e.g., male breast cancer, adrenocortical carcinoma, 

granulosa cell tumor of the ovary, ocular melanoma, or duodenal cancer).
• Occurrence of epithelial ovarian, fallopian tube, or primary peritoneal cancer.
• Concern for germline mutations following tumor testing results (e.g. BRCA mutation in 

breast tumor tissue) 
• Occurrence of metastatic prostate cancer, regardless of age
• Occurrence of pancreatic cancer, regardless of age
• All breast cancers??



Which cancers are more likely to be 
hereditary?
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Hereditary breast and ovarian cancer syndrome (HBOC)

• Mutations in BRCA1 or BRCA2
• Autosomal dominant inheritance
• Associated with increased risk of 

breast, ovarian, prostate, and 
pancreatic cancer

• Approximately 1/500 individuals 
carry mutations in BRCA1 or BRCA2
• 1/40-1/50 frequency in 

Ashkenazi Jewish individuals



Cancer Type General Population Risk
Risk for Malignancy 1

BRCA1 BRCA2

Breast 12% 46%-87% 38%-84%

Second primary breast ~10-15% 40% within 20 years 26% within 20 years

Ovarian 1%-2% 39%-55% 16.5%-27%

Male breast 0.1% 1.2% Up to 8.9%

Prostate 10-15% Slightly elevated
Elevated (high grade, 
metastatic)

Pancreatic 0.50% 1%-3% 2%-7%

Melanoma (cutaneous & 
ocular)

1.6% Elevated Risk

Source: Petrucelli N, Daly MB, Pal T. BRCA1- and BRCA2-Associated Hereditary Breast and Ovarian Cancer. 1998 Sep 4 [Updated 
2016 Dec 15]. In: Adam MP, Ardinger HH, Pagon RA, et al., editors. GeneReviews®. Seattle (WA): University of Washington, Seattle; 
1993-2018. Available from: https://www.ncbi.nlm.nih.gov/books/NBK1247/

Risk of malignancy in HBOC



Management for HBOC

Surveillance
• Clinical breast exam every 6-12 months, starting at age 25
• Annual breast MRI starting at age 25
• Annual mammogram starting at age 30
• Pancreatic cancer screening considered if Fhx

Surgical
• Discuss option of bilateral mastectomy
• Risk reducing salpingo-oophorectomy (RRSO)

• Age 35-40 for BRCA1
• Age 40-45 for BRCA2



Management for HBOC

• Men:
• Breast self-exam training and education starting at age 35y
• Clinical breast exam every year, starting at age 35y
• Recommend prostate cancer screening at age 40-45

• Treatment implications of HBOC
• Surgical planning
• Radiation treatment
• Possible use of PARP inhibitors



Cowden Syndrome 

• Mutations in PTEN gene
• Autosomal dominant inheritance
• Increased risk of:

• Breast
• Uterine
• Thyroid
• Colon (polyps and/or cancer)

• Other Findings:
• Macrocephaly 
• Intellectual disability
• Hamartomas
• Lipomas



Li Fraumeni Syndrome (LFS)

• Mutations in TP53 gene
• Autosomal dominant inheritance
• Increased risk of:

• Breast
• Brain
• Sarcoma
• Adrenocortical Carcinoma

• Childhood cancers can be seen in LFS
• Highly penetrant cancer syndrome

• 50% risk of cancer by age 40
• 90% risk of cancer by age 60



Other hereditary breast cancer genes

•PALB2
•Breast, ovary, pancreas, prostate 

•ATM
•Breast, pancreas

•CHEK2
•Breast, colon

•CDH1
• Diffuse gastric cancer and lobular breast cancer

•BARD1, BRIP1, RAD51C, RAD51D
•Breast and/or ovary



Hereditary breast cancer

Hereditary Breast and Ovarian Cancer Syndrome: Moving Beyond BRCA1 and BRCA2 Lien N. Hoang, MD and Blake C. Gilks, MD, FRCPC













Lynch Syndrome (formerly known as HNPCC)

• Mutations in mismatch repair genes (MLH1, MSH2, MSH6, and PMS2, EPCAM)
• Associated with an increased risk of colon, uterine, stomach, ovarian, and other 

cancers.
• Autosomal dominant inheritance
• Many patients have MSI or IHC testing to screen for Lynch Syndrome

• Validated for colon and endometrial cancers, can be used on other tissue types
• Based on results, further somatic testing may be indicated

• MLH1 hypermethylation, BRAF testing
• Germline testing may be indicated with or without MSI or IHC
• Abnormal MSI/IHC is NOT diagnostic of Lynch Syndrome





Management for Lynch Syndrome

Surveillance
• Colonoscopy every 1-2 years, starting at age

• 20-25 or 2-5 years prior to earliest colon ca (MLH1, MSH2)
• 30-35 or 2-5 years prior to earliest colon cancer in the family (MSH6, PMS2)

• Consider upper endoscopy at age 40 and repeat every 3-5 years
• Consider annual urinalysis starting at age 30-35
• Consider endometrial biopsy starting at age 30-35
• Consider annual physical/neurologic exam starting at age 25-30
• Pancreatic cancer screening considered if Fhx

Surgical
• Discuss option of TAH+/-BSO (depending on gene) after family is complete
• Discuss surgical options with physician regarding future colon cancer risk



Familial Adenomatous Polyposis

• Caused by mutations in the APC gene
• Autosomal dominant
• Classic form:

• 100-1000’s of colon/rectal/gastric polyps
• Risk of extracolonic findings

• Desmoids
• Osteomas
• Supernumerary teeth
• CHRPE
• Thyroid cancer

• Recommend colonoscopy annually 
starting at age 10-15y
• Colectomy common in 20’s

• Attenuated form:
• 10-100 polyps over a lifetime



Other polyposis conditions

• MYH-associated Polyposis (MUTYH)
• Adenomas, can be throughout GI tract
• Autosomal recessive

• Peutz-Jeghers Syndrome (STK11)
• Hamartomatous polyps, increased cancer risk (breast 

colon cancer, pancreas), oral freckling (childhood)

• Juvenile Polyposis (BMPR1A and SMAD4)
• Juvenile type polyps, colon & stomach cancer
• SMAD4 also causes hereditary hemorrhagic 

telangiectasia (HHT)

• Serrated Polyposis Syndrome





Other hereditary cancer genes

• GREM1, POLD1, POLE, MSH3
• Colon

• SDHA, SDHB, SDHC, SDHD
• Pheochromocytoma, paraganglioma

• MEN1, RET
• Endocrine neoplasias

• BAP1
• Mesothelioma, ocular melanoma, cutaneous melanoma

• CDKN2A
• Pancreatic cancer, melanoma

• Familial MDS/AML
• Eg GATA2, DDX41, CEBPA, RUNX1



Genetic testing for hereditary cancers

• Past testing was targeted to specific genes
– BRCA1, BRCA2, TP53

• Now NextGen panels are most widely used
– Breast cancer panels (8-25 genes)
– Breast and GYN panels (15-40 genes)
– Colon panels (10-25 genes)
– Comprehensive cancer panels (50-100+ genes)

• Allows for higher detection rate in shorter turn 
around time for patients

• Increased possibility of incidental findings and 
uncertain information



Genetic testing for hereditary cancers

• Possible results from genetic testing
• Positive

• Confirmed diagnosis of hereditary cancer syndrome
• Discuss gene specific screening/surveillance recommendations
• Discuss familial implications

• Negative
• May need further testing in the future
• Make recommendations based on personal and family history 

• Variant of uncertain significance
• Clinically treated like a negative test result
• Can be very confusing for the patient
• Recommendations should be made based on family history, not the 

specific variant
• Reclassification is the goal

• Family/segregation studies
• RNA studies







Case Examples



Case #1

• 47 year old woman presents to genetic counseling 
regarding family history of breast cancer and leukemia
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Case #1

• 47 year old woman presents to genetic counseling 
regarding family history of breast cancer and leukemia

• Decides to proceed with genetic testing
• BRCA1 and BRCA2 sequencing and rearrangement 

analysis
• Testing was done in 2011, prior to NextGen

panels, and prior to Supreme Court ruling 
regarding gene patenting

• Tests positive for a BRCA2 pathogenic mutation
• Passes along information to family members
• Sisters all pursue genetic testing

• Individuals with positive testing proceed with 
increased breast cancer screening and surgical 
removal of ovaries and fallopian tubes



Case #1



Case #1

Prophylactic mastectomy: pathology showed 
small focus of invasive breast cancer



Case #1

Prophylactic mastectomy: pathology showed 
small focus of invasive breast cancer

Follow up from proband:
GC received email 2 years after 
testing, stating that patient’s 
employer bought her 23andMe 
for Christmas. Her results showed 
a “lower than average risk for breast 
cancer”.  Patient was confused as 
to why results were discordant.



Case #1

Prophylactic mastectomy: pathology showed 
small focus of invasive breast cancer

Follow up from proband:
GC received email 2 years after 
testing, stating that patient’s 
employer bought her 23andMe 
for Christmas. Her results showed 
a “lower than average risk for breast 
cancer”.  Patient was confused as 
to why results were discordant.

She stated “If I had done 23andMe
before I had genetic testing 
with you, I never would 
have made that appointment. 
I would have assumed I was 
clear, and didn’t need to worry 
about an increased risk of cancer.”



Moral of the story…

• All genetic testing is not created equally!
• Choice of laboratory and specific test matters

• Make sure appropriate genes are analyzed
• Confirm appropriate gene coverage (PMS2 pseudogene region)
• Insurance coverage/cost
• Some labs contribute to research/databases, some do not

• Ideal to do it right the first time
• Delay of treatment
• Lack of insurance coverage for multiple genetic tests



Case #2

• 39 year old woman recently diagnosed 
with melanoma presents for genetic 
counseling

• Family history includes breast, kidney, 
and gastric cancer
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Case #2

• 39 year old woman recently diagnosed 
with melanoma presents for genetic 
counseling

• Family history includes breast, kidney, 
and gastric cancer

• Patient decides to proceed with 
comprehensive genetic testing

• 46 genes
• Results show: 

• Pathogenic variant in ATM
• 2 variants of uncertain significance

• BRCA2
• SMARCA4



Case #2

• Patient referred to breast and ovarian cancer prevention clinic to discuss 
breast cancer screening

• Also referred to GI cancer prevention clinic to review data associated with 
ATM mutations and pancreatic cancer risk

• Considering enrollment in research study, with goal of reclassifying her BRCA2 
and SMARCA4 variants



Responses to genetic testing

• Deciding to proceed with genetic testing can be a difficult decision 
• Many more patients pursue genetic testing than in the past

• Concern about privacy and genetic discrimination
• Genetic Information Non-Discrimination Act of 2008 (GINA)

• Concern about family members
• Parental guilt, survivor guilt, family dynamics

• Emotional responses vary
• Range from devastation to complete relief
• Most patients need time to cope with positive results
• Support groups (FORCE, Lynch Syndrome international, etc.)
• Anxiety, uncertainty, concern about future cancer risk



Conclusions

• Many patients may benefit from genetic counseling/testing at the 
time of diagnosis, in order to help determine best treatment plan

• The scope of hereditary cancer syndromes is complex and constantly 
changing

• Single gene testing is usually not the most appropriate for patients
• Way more than just BRCA1, BRCA2 and/or Lynch Syndrome
• Panel testing leads to higher VUS rate as well as incidental findings



Thank you!

Questions | elally@seattlecca.org
Phone | 206-606-7211
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