Cost-effectiveness analysis of germ-line BRCA testing in women with breast cancer and
cascade testing in family members of mutation carriers

A germline mutation in the breast cancer susceptibility genes BRCA1 and BRCA2 is associated
with an increased risk of breast and ovarian cancers. Women with a BRCA mutation have a
40% to 80% lifetime breast cancer risk and a 10% to 40% risk of ovarian cancer.(1-3) The
prevalence of BRCA mutations varies based on a number of factors such as type of cancer, age
at diagnosis, family history of cancer, and ethnicity.
Various interventions have been found to be effective in reducing the risk of cancer in BRCA
mutation carriers including risk-reducing mastectomy and/or bilateral salpingooophorectomy.(4-6) In the presence of effective strategies to reduce the incidence of BRCArelated cancers, genetic testing has been recommended to identify carriers who would benefit
from cancer prevention interventions.(7, 8) Given the high cost of the test and the potentially
large number needed to test to detect a mutation, though, there has been an increasing interest
in the cost-effectiveness of BRCA mutation testing to inform which genetic testing program
would deliver value for money. One option is to have a population-based genetic screening
whereby individuals without cancer are screened if they belong to a group with high prevalence
of BRCA mutation based on ethnicity such as the Ashkenazi Jewish. Another approach is to
test people who have a family history of cancer but in whom a familial mutation has not been
identified. A more focused approach entails testing affected individuals (i.e., individuals
diagnosed with cancer) who have disease characteristics suggesting a high probability of
carrying a mutation (e.g., early onset breast cancer) to determine whether a germline BRCA
mutation is present, followed by BRCA testing of the relatives (i.e., cascade testing) of those
affected individuals who test positive for the mutation. The latter strategy is an efficient
approach which is supported by the recent international guidelines for BRCA mutation
testing.(6-9)
The Australian Medical Services Advisory Committee (MSAC) considered the genetic testing
of hereditary mutations predisposing to breast and/or ovarian cancer under the clinical utility
card (CUC) approach whereby individuals diagnosed with cancer who have disease
characteristics suggesting a high probability of carrying a mutation (e.g., early onset breast
cancer) are tested, followed by BRCA testing of the relatives of those who test positive for the
mutation. However, there was no published evidence about the cost-effectiveness of this
approach; and therefore, the aim of this project was to assess the cost-effectiveness of germline
BRCA testing in women with breast cancer, and the cascade testing for the relevant mutation
in the first- and second-degree relatives of the women who test positive for the mutation,
compared with no BRCA testing.(10) The team involved in this project comprised researchers,
clinicians and policy makers from different Australian institutions.
A cost-effectiveness analysis was conducted using a cohort Markov model from a health-payer
perspective. The model estimated the long-term benefits and costs of testing women with breast
cancer who had at least a 10% pre-test BRCA mutation probability, and the cascade testing of
relatives of women who test positive. A novel analytic model was developed to integrate the
costs and effects of three cohorts: 1) high-probability affected women: defined as women with
unilateral breast cancer whose personal or family history of cancer using a mutation prediction
score predicts a combined mutation carrier probability of >10%; 2) first degree family members

(i.e., siblings and children) of the affected women who test positive; and 3) second degree
family members who are the children of siblings who test positive.(10) Model inputs were
obtained from the best available relevant literature including clinical and epidemiological
studies together with data from the Australian refined diagnosis-related groups (AR-DRG) and
Australian Medicare Benefits Schedule fees. An annual discount rate of 5% was applied to
outcomes and costs, and results were presented in 2016 Australian dollars (AU$).
Compared with no testing, BRCA testing of affected women resulted in an incremental cost
per quality-adjusted life-year (QALY) gained of AU$18,900 (incremental cost AU$1,880;
incremental QALY gain 0.10) with reductions of 0.04 breast and 0.01 ovarian cancer events.
Testing affected women and cascade testing of family members resulted in an incremental cost
per QALY gained of AU$9,500 compared with testing affected women only (incremental cost
AU$665; incremental QALY gain 0.07) with additional reductions of 0.06 breast and 0.01
ovarian cancer events. The model predicted that cumulative risks by age of 70 years for BRCA
carriers was 53% for breast cancer, 25% for ovarian cancer, and 59% for contralateral breast
cancer. With BRCA testing, the corresponding risks were 24% for breast cancer, 19% for
ovarian cancer, and 28% for contralateral breast cancer. These results were stable over a range
of plausible estimates for the input parameters. In a probabilistic sensitivity analysis, the
probability of BRCA testing being cost-effective was 85% for testing affected women only and
90% for testing affected women followed by cascade testing of family members of mutation
carriers.(10)
The integrated model used allowed the estimation of the downstream costs and benefits of
testing family members who wish to be tested to prevent future cancers. Although testing
family members would result in additional costs, the benefits of testing and risk-reducing
surgery would offset the additional costs of genetic testing. Thus, the overall conclusion was
that BRCA testing in women with breast cancer is cost-effective and is associated with reduced
risk of cancer and improved survival; however, extending testing to cover family members of
affected women who test positive improves cost-effectiveness beyond restricting testing to
affected women only.
As a direct result of this project, women at high risk of developing breast and ovarian cancer
will be offered free genetic testing, as the test is now listed on the Medicare Benefits
Schedule http://www.abc.net.au/news/2017-10-12/breast-and-ovarian-cancer-test-free-forhigh-risk-patients/9040274. The full paper was published in Nature Genetics in Medicine can
be accessed at http://rdcu.be/D3SV
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