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Multiple Paths to Genetic 
Counseling/Testing  

Family history triggers referral 

Cancer Diagnosis

Colon – Mismatch repair

Tumor sequencing/germline sequencing

Pre-natal testing

Direct-to-consumer
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From: Risks of Breast, Ovarian, and Contralateral Breast Cancer for BRCA1 and BRCA2 Mutation Carriers

JAMA. 2017;317(23):2402-2416. doi:10.1001/jama.2017.7112

Estimated Cumulative Risks of Breast and Ovarian Cancer in Mutation CarriersKaplan-Meier estimates of cumulative risks of breast 

and ovarian cancers. In the breast cancer analysis, women were censored at risk-reducing bilateral mastectomy. In the ovarian 

cancer analysis, women were censored for risk-reducing salpingo-oophorectomy. Number at risk indicates the number of women 

who remained at risk at the end of the 10-year age category (eg, in panel A, there were 138 women with BRCA1 mutations still at 

risk of breast cancer at the end of the age 50-60 years period). The earliest follow-up started at age 18 years.

Figure Legend: 
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Cancer Risks in Individuals with Lynch Syndrome Age ≤70 
Years Compared to the General Population

Cancer Type General Population Risk

Lynch Syndrome

(MLH1 and MSH2 heterozygotes)

Risk Mean Age of Onset

Colon 4.8% 52%-82% 44-61 years

Endometrium 2.7% 25%-60% 48-62 years

Stomach <1% 6%-13% 56 years

Ovary 1.4% 4%-12% 42.5 years

Hepatobiliary tract <1% 1.4%-4% Not reported

Urinary tract <1% 1%-4% ~55 years

Small bowel <1% 3%-6% 49 years

Brain/central nervous 

system
<1% 1%-3% ~50 years

Sebaceous neoplasms <1% 1%-9% Not reported

https://www.ncbi.nlm.nih.gov/books/NBK1211/

https://www.ncbi.nlm.nih.gov/books/NBK1211/
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Test Results 
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Variant of 
Uncertain Significance

VUS

Likely
Benign

Likely
Pathogenic

Unknown 
Significance

Negative Positive
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Number of genes in panel

Variants of 

Uncertain 

Significance

Genomic Sequencing/Multi-Gene Panels
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Results and Interpretation

 Informative – risk clarified 
 True negative –known familial mutation not inherited

 True positive - known pathogenic/deleterious mutation –
variable penetrance

Uninformative – risk not clarified
Possibility of hereditary cancer cannot be ruled out

negative (unaffected and no known familial 
mutation; family consistent with hereditary cancer 
syndrome)

variants of uncertain clinical significance (VUS)
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Sources of Uncertainty

 Incomplete Penetrance

Susceptibility (risk) = Disease

Variations in Penetrance

Modifier factors (genes/environment)

Variants of Uncertain Significance

Uninformative tests
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The VUS Challenge

Lacks adequacy of information to classify as 

disease-causing or normal variation

Association with disease risk is unknown

Limited clinical utility 

No evidence-based guidelines 

Patients and providers may over-interpret the 

meaning of result 
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NCCN Guidelines: https://www.nccn.org/professionals/physician_gls/f_guidelines.asp#breast_risk

https://www.nccn.org/professionals/physician_gls/f_guidelines.asp#breast_risk
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Association between BRCA VUS Results and 
Surgical Decisions

• University of Washington Seattle: BRCA
• 10.3% (11 of 107) of women with a BRCA VUS had risk-

reducing mastectomy

• 20.6% (22 of 107) had risk-reducing bilateral salpingo-
oophorectomy

• City of Hope compared BRCA VUS results (n=71) with 
Uninformative results (n=714)

• Similar risk reducing mastectomy (7%)

• Risk-reducing oophorectomy 5%; 3%

• More distress among those with VUS

Murray et al Genetic in Medicine 2011; 13:998-105

Culver et al Cin Genet 2013; 84:464-472
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Lynch Syndrome: Patient Understanding of VUS

Qualitative study of 28 individuals with a Lynch Syndrome 
VUS
 “I’m just a waiting ticking time bomb for the cancers…”

 “I would rather believe this is a positive interpretation so that 
way I could have a follow-up plan.”

 “And getting my ovaries out – that was a hard decision….I want 
to live.  Definitely safe vs sorry, absolutely.” (37 yo)

Pts expressed that ongoing or future contact from their 
providers would be appreciated, even if no new info

Emphasized the benefit from having a plan of action to reduce 
cancer risk in the face of uncertainty

Solomon et al J. Genet Counsel (2017) 26:866-877)
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Integrating into Clinical Practice
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Integral Role of Primary Care

Ascertainment/counsel/refer – clinical utility

Interpretation of results

Communication (patient/family)

Follow-up care

Family care 

Helping patients coping with uncertainty

 Reclassification updates of VUS -



www.cancer.gov www.cancer.gov/espanol

Kathy.Helzlsouer@nih.gov


