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Objectives

1. Identify patients in clinical practice for cancer genetics 

evaluation

2. Understand the role of cancer genetics in optimizing cancer 

screening and prevention. 

3. Improve familiarity with current genetic tests and how genetic 

counseling and testing can be incorporated in clinical care.

4. are looking into selecting a tool for screening to 
refer for BRCA1/ 2 testing, 



How Much
Cancer Is Hereditary?

Sporadic
Familial
Hereditary

5%–7%

15% -20%



In the general population:
• Lynch syndrome ~1/300
• BRCA1 and BRCA2 ~1/400
• Familial adenomatous polyposis ~1/8,000
• Li-Fraumeni syndrome ~1/25,000

• Hereditary syndromes account for 5-10% of certain solid 
tumors (breast, colon, endometrial, prostate, gastric, kidney)

• Even higher proportion of others:
• Ovarian ~20%
• Pancreatic 15%

Hereditary Cancer Syndromes
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Why identify hereditary syndromes?
• For patients without cancer:

– Higher risk for cancer, including early-onset
• Offer surveillance, risk reducing surgery, medications
• Begin screening at a younger age

– Stratification of risk in family members
• Screen those with predisposition appropriately
• Avoid over-screening those without predisposition

• For cancer patients:
– Prevention/detection of second primary cancers
– Targeted therapies
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Hereditary pattern of cancer 
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Hereditary Cancer Principles

• Earlier than average age of cancer diagnosis
• Increase prevalence of bilateral or multiple tumors
• Multiple primary diagnoses
• Rare or characteristic cancers 
• Family history of cancers related to a syndrome
 Breast, ovarian, pancreatic and prostate (BRCA1 and 

BRCA2)
 Colon, endometrial, gastric, ovarian (Lynch syndrome)

• Ashkenazi Jewish ancestry & BRCA1/BRCA2 related 
cancers



BRCA1 and BRCA2 
Lifetime Cancer Risk

Pancreatic cancer, melanoma risks increased:
risk most notable in BRCA2

Breast cancer 50%-85% 

Second breast cancer 40%-60%

Ovarian cancer 15% (BRCA2)-45% (BRCA1)

Male breast cancer 6% in BRCA2

Prostate cancer 20%



These  mutations are estimated to account for 
95% of BRCA mutations in this population 

BRCA1 and 2 Founder Mutations in 
the Ashkenazi Jewish Population

1 in 40 Ashkenazi Jewish individuals 
carries a BRCA1 or BRCA2 mutation

187delAG 5382insC

6174delT

BRCA1

BRCA2



The “best” first test
Testing living, affected person first 
allows for accurate interpretation 
of test results for family

If PV is found in affected individual, 
then their relatives can have 
predictive testing. 

Negative result on an unaffected 
person can never be a true
negative

Ideal, but not always possible

Ov, dx 70

Maria
40

Br CA, dx 40

Andrea
38

15 17 1916

Br CA, dx 50

72 6270
Pro, 60

58



Mexican Mexican

30 year old woman presents for GC
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• Increased surveillance
• BSE training and education, begin at age 18
• CBE, every 6-12 months, begin at age 25*
• Annual MRI, age 25-75*
• Annual mammogram, age 30-75*
• After age 75, individualize screening

Options
• Risk-reducing mastectomy 

>90% risk reduction

 Chemoprevention (tamoxifen or Evista)
50-60% risk reduction

Breast Cancer Risk Management 
(NCCN, 2022)

*Individualized based on earliest age at diagnosis in the family 



 Risk-reducing bilateral salpingo-oophorectomy  at age 
35-40 and upon completion of child-bearing. * Okay to 
delay until 45 in BRCA2 carriers.

• ~96 % ovarian cancer risk reduction 

• >50 % breast cancer risk reduction

 Limited evidence for CA-125 screening and transvaginal 
ultrasound. NCCN guidelines indicate screening can be 
considered at age 30-35, with major caveats about 
sensitivity and specificity

 Oral contraceptives

Ovarian Cancer Risk Management 
(NCCN, 2022)

* *Individualized based on earliest age at diagnosis in the familyily



• Mammogram was BIRADS 4A on the right
• Biopsy revealed fibroadenoma with a focus of atypical ductal hyperplasia
• Subsequently decided to have bilateral mastectomy

30 year old woman
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Options 
 Pancreatic cancer screening, if family history is present

 Melanoma screening 

Other BRCA Cancer Risk Management



• Followed by gynecologic oncology at Keck
• Using oral contraceptives to reduce ovarian 

cancer risk
• Plans pregnancy in the near future
• Later will have BSO after completion of 

childbearing, consideration of hysterectomy
• HRT will be recommended

30 year old woman
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• BSE starting at 35
• CBE, every 12 months, begin at 35
• Prostate cancer screening, begin age 40
• Consider mammogram if gynecomastia
• Depending on family history: skin screening, 

pancreatic cancer screening

Men with BRCA mutations
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• Known high-risk syndromes 
– Hereditary breast and ovarian cancer, BRCA1 and BRCA2

– Breast, ovarian, pancreatic, & prostate cancer
– Li-Fraumeni syndrome,TP53

– Breast, brain, sarcomas, adrenocortical cancer, & others
– Cowden syndrome, PTEN 

– Breast cancer, hamartomas of the oral mucosa, skin, & intestine; cancer of the thyroid & uterus
– Hereditary Diffuse Gastric Cancer, CDH1 

– Diffuse gastric cancer & lobular breast
– Peutz-Jegher syndrome, STK11 

– Gastrointestinal polyps & mucocutaneous , pigmentation ; cancer of the GI tract, etc.

• PALB2
– Breast and pancreatic cancer risk managed like BRCA1 and BRCA2
– Data maturing regarding ovarian and prostate cancer risk

• Moderate breast cancer risk (2-4 fold increased risk of breast cancer)
– ATM
– CHEK2
– BARD1
– NF1*

Hereditary Breast Cancer
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Features of Lynch syndrome (LS)
– Most common inherited colorectal cancer syndrome
– Early onset of disease
– Overrepresentation of right-sided disease
– ~90% of tumors will be MMR deficient by MSI or IHC
– Lifetime risks differ by gene, but highest risks are for 

colorectal and endometrial cancers
• Other cancers

– Gastric and ovarian
– Prostate, urothelial, and bladder
– Pancreatic
– Sebaceous skin neoplasms
– Small bowel, CNS



33 year old with family history
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• Colonoscopy every 1-2 years, starting 20-25 years or 2-5 years 
prior to the earliest colon cancer if diagnosed before 25 years

• Risk-reducing hysterectomy and bilateral salpingo-
oophorectomy (BSO) for women who have completed 
childbearing should be considered

• Oral contraceptives for risk reduction of uterine and ovarian 
cancer

-NCCN 2022 guidelines

Screening and Surveillance Recommendations 
for Lynch Syndrome



General Population 5-10 years

Lynch Syndrome
1-3 years



Pembolizumab
for metastatic 
Lynch-related 
cancer
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• Single Gene testing vs. panel testing
• Single gene

• Step wise testing going from highest down in 
differential dx list 

• Example BRCA with reflex to PTEN 

• Panel testing 
• Allows for testing of multiple genes at one time 

(includes lower penetrant genes) 

New Frontier of genetic testing 
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• Prior to 2013, most testing was single syndrome testing 
• Single gene/syndrome approach

• Step-wise testing from highest probability condition 
down to lowest that is clinical indicated, based on 
the differential 

• Example BRCA with reflex to PTEN with reflex to TP53

• Multigene panel testing 
• Allows for testing of multiple genes at one time 

(includes lower penetrant genes) 

Multigene Panel Testing
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• Approach
– Multiple genes associated with one identified syndrome (i.e MMR 

genes)
– Multiple genes associated with the same disease (i.e breast cancer)
– Genes conferring high risk only, or both high and moderate risk
– Large cancer panels with 28-122 genes 

• Increased likelihood of findings uncertain variants

• Unanticipated findings

• Moderate genes with lower cancer risks
• Unclear clinic impact
• Associated cancer risks

• Lower cost = Greater access (perhaps?)

Next Generation Sequencing:
Cancer Gene Panels
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• Pathogenic Variant (PV) = “Mutation” Detected = “Positive”
– There is a disease-associated mutation that increases cancer risk; 

specific screening/preventive measures can be taken
– “Likely Pathogenic” is managed clinically the same way as 

“Pathogenic” 

• No PV detected = “Negative”
– There is no PV in the gene(s) analyzed, but a relative could have a PV
– Could be a PV in a gene not tested or discovered

• Variant of Uncertain Significance = “Uncertain” 
– Variant for which clinical significance has not yet been determined
– Majority (>85-90%) will eventually be downgraded to favor 

polymorphism
– More common in patients of diverse racial/ethnic backgrounds
– These variants should not be used to influence clinical decisions

Interpreting Genetic Test Results



Negative on a 23&Me Test (incomplete/irrelevant 
for most patients)

Only 3 Ashkenazi 
Jewish
Mutations are tested



What can the patient expect?
• Questions about personal and family cancer history and any genetic 

testing in the family
• Initial visit is usually 45 minutes, includes education, discussion of 

test to be performed, clinical impact for the patient, information 
about insurance verification process

• If testing is indicated and patient consents
• If in-person patient, sample collection done day of the initial visit
• If virtual patient, remote phlebotomy can be arranged or saliva kit is 

sent to home 
• Offer for research participation
• 3 week wait for genetic test results after sample is received by the 

lab; STAT testing can also be arranged for urgent breast cancer cases 
with 7-10 day turn-around.

Pre-testing Genetic Counseling



Results disclosure
- Interpretation of results and implications for patient care, 

including cancer treatment and preventive screening
- Results discussed within the context of family history
- Explanation of report and genes tested
- Discussion of both pathogenic and uncertain variants
- Genetic testing recommendations for family, including writing 

family letters for relatives at risk for pathogenic variant
- Routine cancer screening also reviewed
- Often, coordination of care for patients testing positive

Risk assessment (especially breast cancer)
- Risk calculation
- Screening recommendations

Genetics Evaluation – Post-testing



• NCCN  Guidelines 
(http://www.nccn.org/professionals/physician_gl
s/f_guidelines.asp) 

• NCCN Guidelines for Genetic/Familial High Risk Assessment: Breast, Ovarian, and 
Pancreas 

• NCCN Guidelines for Genetic/Familial High-Risk Assessment: Colorectal
• NCCN Guidelines for Breast Cancer Screening and Diagnosis 

• NCI PDQ guidelines 
http://www.cancer.gov/cancertopics/pdq/genetic
s/breast-and-ovarian/HealthProfessional/page1
• Genetics of Breast and Ovarian Cancer 

Resources

http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
http://www.cancer.gov/cancertopics/pdq/genetics/breast-and-ovarian/HealthProfessional/page1


• Identification of mutation carriers can lead to 
screening and preventive practices above and 
beyond what is indicated by family history

• Panel testing can identify mutation carriers in 
moderate risk genes which are associated with 
varying risk of cancer and for which the evidence 
continues to evolve

• Genetic testing has implications for cancer 
treatment

• Genetic counseling can assist in results 
interpretation and patient understanding

Conclusions
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