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Breast Cancer

▪ Breast cancer is the most common cancer affecting

women in Australia.

▪ In 2019, estimated that 18,000 women and 150 men will

be diagnosed with breast cancer in Australia.

▪ Treatment depends on tumour stage and grade, receptor

status (PR, ER, HER2), symptoms and patient factors.



BRCA Mutation

▪ 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.

▪ Autosomal dominant, requiring only one mutated copy in the

genome to be inherited.

▪ A person carrying a BRCA mutation has a 50% chance of

passing on the mutation to their biological children. BRCA

mutations can be inherited from either the mother or father.



BRCA Mutation

▪ 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.

▪ Women diagnosed before the age of 40 have

almost 10% risk of carrying a BRCA mutation

regardless of family history of breast or ovarian

cancer, 20% risk if they have a family history, and

30% risk if they are Ashkenazi Jews.



Cancer Prevention Strategies

▪ Various interventions can reduce the risk

of cancer in BRCA mutation carriers.

▪ Risk-reducing mastectomy (RRM) and/or

bilateral salpingo-oophorectomy

(RRBSO), chemo prevention and

enhanced cancer surveillance.



BRCA Testing
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▪ Genetic testing has been recommended to identify carriers who 

would benefit from cancer prevention interventions.

▪ Given the high cost of the test and the potentially large number 

needed to test to detect a mutation.

▪ Which genetic testing program would deliver value for money?



BRCA Testing Programs

▪ A population-based genetic screening if they belong to a group with high prevalence of 

BRCA mutation based on ethnicity such as the Ashkenazi Jews.

▪ 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), followed by BRCA testing of the relatives 

(i.e., cascade testing) of those affected individuals who test positive for the mutation. 



BRCA Testing Programs

▪ Population-based BRCA mutation screening is too

expensive unless it is targeted at Ashkenazi Jewish women.

▪ Family-history based testing programs appeared to be cost-

effective in two studies; however, these did not model

cascade testing among the relatives of mutation carriers.

▪ For the programs that are based on testing affected

individuals, Only one economic evaluation included women

affected with breast cancer; however, that study did not

consider the cascade testing of their family members.



Aim

▪ The aim of this study was to assess the cost-effectiveness of 

germline BRCA testing in women with breast cancer, and the 

cascade testing for the relevant mutation in first- and second-

degree relatives of affected women who test positive for the 

mutation, compared with no BRCA testing. 



Methods 

▪ A decision analytic model was developed to compare the costs and effects of germline BRCA testing 

compared with no testing for the following populations:

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. 
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Key assumptions

▪ The base case model assumes the mean age of affected women and their siblings is 40 years.

▪ The mothers of affected women were excluded since, at an age of >65 years on average, there is 

little utility of genetic testing to prevent future development of cancer

▪ The average age of mothers giving birth (i.e., childbearing) in Australia is 30 years, and therefore the 

model assumes that the average age of children, for a 40 year old affected woman, is 10 years. 

▪ Furthermore, we assumed that male first-degree relatives were tested for the BRCA mutation to 

identify any second-degree female relatives for testing but with no direct benefit to the tested males. 



Key assumptions
▪ Affected women belong to an average first-generation

household of 2.6 children (i.e., the affected woman and her

siblings), based on the data from Australian Institute of Family

Studies

▪ Thus, the number of siblings at risk of a BRCA mutation is 1.6

(0.8 male and 0.8 female siblings).

▪ Assuming that the affected woman now lives in an average

more modern household with 2 children, she will have two

children at risk, one male child and one female child.

▪ The chance of a sibling testing positive is 50% because BRCA

mutations are autosomal dominant, which means that 0.8

siblings (of 1.6) will test positive. With an average of 2 children

per sibling, the number of second-degree relatives at risk is

1.6 (0.8 female and 0.8 male).
http://www.msac.gov.au/internet/msac/publishing.nsf/content/1411.1-public



Key assumptions

▪ Affected women and their siblings would make a decision on a strategy

to reduce the risk of future cancer within one year after they know that

they carry a BRCA mutation (completed their families).

▪ Children would not be tested until they turn 20 years, and those who

test positive would not take an immediate decision to undertake a

preventive strategy because (low risk and need to have own children)

▪ Therefore, children who carry the mutation would stay in the BRCA

positive health state until the age of 30 years when they might act on

cancer risk reduction (e.g. undergo risk reducing surgery).



Inputs 
▪ The probability of an affected woman having a BRCA mutation was set at

15% since this included affected women who have a minimum 10%

probability of a BRCA mutation.

▪ We used the age-specific incidence of both breast and ovarian cancers.

▪ Weighted average risk based on 54% and 46% prevalence for BRCA1 and

BRCA2, respectively.

▪ Probability of undertaking a particular intervention: 54% for RRBSO alone,

30% for RRM alone, and 16% for RRM plus RRBSO.

▪ RRM will reduce breast cancer by 90% but will have no effect on reducing

ovarian cancer risk. RRBSO alone reduces breast cancer risk by 50% and

ovarian cancer risk by 80%. RRBSO+RRM was assumed to reduce both

breast cancer risk and ovarian cancer risk by 90%.

▪ The utilities for the health states in the model were based on EuroQoL 5D-

3L scores.
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Analysis

▪ The cost-effectiveness analysis was from the 

perspective of healthcare payers (i.e., the direct 

costs to the Australian healthcare system). 

▪ Costs were presented in 2016 Australian dollars 

(AU$).

▪ Time horizon (age of 90)



Analysis

Two scenarios were analysed:

▪ Scenario 1: BRCA mutation testing of affected women only compared to 

no testing; and 

▪ Scenario 2: Testing affected women and the cascade testing of the first-

and second-degree family members of affected women who test positive 

compared to no testing. 



Analysis

▪ We calculated the incremental cost-effectiveness ratio,

▪ The main effectiveness estimate was the quality-adjusted life-

years (QALYs) gained.

▪ Other outcomes included survival, cumulative breast cancer risk

and cumulative ovarian cancer risk, in each cohort

▪ We set the willingness-to-pay per incremental QALY gained at

AU$50,000.

▪ An annual discount rate of 5% was applied to QALYs gained and

costs.



Results

▪ Scenario 1: Compared with no testing, BRCA mutation testing of

affected women only resulted in an incremental cost of AU$1,880 and

0.10 QALYs gained, with an ICER of $18,900 per QALY.

▪ For each affected woman tested, the model predicted 0.09 gain in life

years and reductions of 0.04 and 0.01 breast and ovarian cancer

events respectively.



Results

▪ Scenario 2: Compared with no testing, testing affected women followed

by testing family members of mutation-positive affected women resulted

in a mean incremental cost of AU$2,535 and 0.17 QALYs gained, with an

estimated ICER of around AU$14,900 per QALY compared to no testing.

▪ For each affected woman tested followed by the cascade testing of family

members, there were 0.70 life years gained and around 0.10 breast

cancer events and 0.02 ovarian cancer events avoided.
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Results

▪ Compared with testing affected women only (Scenario 1), testing affected women

followed by the cascade testing of family members (Scenario 2) would incur a mean

additional cost of AU$665 for an additional 0.07 QALYs gained (i.e., AU$9,500 per

QALY)

▪ Furthermore, an additional 0.06 breast cancer and 0.01 ovarian cancer events would be

avoided.

▪ Expanding the program to test affected women followed by cascade testing of family

members of affected women who test positive for the mutation maximises clinical

benefits and improves value for money beyond testing affected women only.



Model Validation

▪ The predicted cumulative cancer

risk in the model for BRCA

carriers was 53% for breast

cancer and 25% for ovarian

cancer,

▪ This is within the ranges of 50%-

60% for breast cancer and 20%-

30% for ovarian cancer risks

reported in two large meta-

analyses by Antoniou et al. and

by Chen and Parmigiani
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Sensitivity Analyses

▪ The results were most sensitive to the discount rate, the probability of BRCA

mutation positive in the affected individuals, the start age of affected individuals

and the uptake rate of the genetic testing and the preventive surgeries.

▪ In the 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.





Discussion

▪ The cost-effectiveness analysis demonstrates that testing of women with

breast cancer who have at least 10% risk for BRCA mutation is cost-

effective compared with no testing.

▪ Our results support the recommendations from the international

guidelines on BRCA testing in women with cancer (e.g. NICE

recommends that patients with cancer at more than 10% risk of having a

BRCA mutation should be offered testing.
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Discussion

▪ Importantly, the integrated model used in our analysis allowed us to

estimate 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.



Discussion

▪ Generalisability of the results to other jurisdictions.

▪ Although the best available relevant evidence was used to populate the 

model, a number of assumptions (realistic) were made.

▪ An aspect which was not considered in our analysis was the value of 

identifying a BRCA mutation in guiding treatment with targeted agents 

(e.g., polyadenosine diphosphate ribose polymerase (PARP) inhibitors)



Conclusions

▪ Implementing a BRCA testing program in women with breast cancer who have at least

a 10% pre-test probability of having a BRCA mutation is likely to be cost-effective

compared to no testing.

▪ However, expanding the program to test affected women followed by cascade testing of

family members of affected women who test positive for the mutation maximises clinical

benefits and improves value for money beyond testing affected women only.

▪ This approach is more focused compared to a broader approach whereby the

population is screened to identify women at high-risk for hereditary breast and ovarian

cancer syndrome.
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