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Purpose: Women who inherit a BRCA1 or BRCA2 pathogenic
variant are at high risk of developing breast and ovarian cancer.
Evidence for the effectiveness and cost-effectiveness of long-term
management in clinical practice is lacking. The purpose of this
study was to evaluate the real-world cost-effectiveness of BRCA
carrier management within a structured clinical program.

Methods: Lifetime health outcomes and costs of clinical manage-
ment for female unaffected BRCA carriers aged 20 were measured
using a microsimulation model. For the intervention, women could
attend a high-risk clinic, undergo risk-reducing surgery, and receive
annual breast screening. Input data for the model was from a
clinical database of 983 BRCA carriers. The comparator was no risk
management. Outcomes were discounted at 5%.

Results: The incremental cost-effectiveness ratio for the program
was $32,359 to $48,263 per quality-adjusted life-year (QALY).

Limiting uptake of risk-reducing salpingo-oophorectomy to <50%
of carriers decreased cost-effectiveness by $7000–8000 per QALY.
Achieving perfect adherence to guidelines was less cost-effective for
BRCA2 due to increased risk-reducing mastectomy costs with
smaller incremental health benefit.

Conclusion: Long-term management of BRCA carriers within a
structured clinical program is cost-effective. Suboptimal adherence
to risk management guidelines can substantially affect outcomes
and is an important consideration for future studies.
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INTRODUCTION
Women who carry a pathogenic variant in BRCA1/2 are
estimated to have a cumulative breast cancer risk of 61–79%
and cumulative ovarian cancer risk of 11–53% to age 80
years.1 Genetic testing for hereditary breast and ovarian
cancer is increasingly being performed in mainstream
settings, and there are growing discussions about the
feasibility of population-based BRCA testing of cancer-
unaffected individuals.2,3 There is still, however, a significant
gap in evidence for patient outcomes in clinical practice after
they are identified as high-risk.4

In women known to carry a germline pathogenic variant
in BRCA1 or BRCA2, several risk management strategies are
recognized individually as effective and cost-effective
for mitigating their increased cancer risk, including risk-
reducing bilateral salpingo-oophorectomy (RRBSO) for
ovarian cancer prevention, risk-reducing bilateral or con-
tralateral mastectomy for breast cancer prevention, and
early detection through annual breast screening.5,6 Uptake
of these cancer risk management strategies by BRCA
carriers remains suboptimal.7 Whether a particular strategy

is appropriate can vary significantly depending on a
woman’s age, life stage, personal values, and family history.8

Recommendations are also subject to change as new
evidence becomes available. Consequently, BRCA carriers
likely need the individualized guidance of specialists
experienced with hereditary cancer from multiple disci-
plines, often over many years. Although international
guidelines for cancer risk management strategies are
relatively consistent, there is still substantial variation when
it comes to clinical programs for long-term care once a
carrier is identified, both domestically and internationally.
Prior evaluations of cancer risk management in BRCA
carriers are often limited to single risk management
strategies in isolation, assume perfect adherence to cancer
risk management, or predominately rely on hypothetical
data for patient behavior.9 The benefit of these strategies is
contingent on carriers adhering to evidence-based guide-
lines; however, no evaluations consider changes in behavior
over time, the clinical framework under which carriers are
managed over the many years from their initial genetic
testing, and the health-care resources this would require.
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Economic evaluation and simulation modeling can assist in
decision-making in the absence of long-term cohort data or
randomized trials by using available data to estimate which
interventions may be of the most value, both clinically and
economically. The incremental cost-effectiveness ratio (ICER)
is a common measure used for comparing alternative
interventions. The ICER is calculated by dividing the
difference in costs by the difference in effectiveness
C2 � C1
E2 � E1

� �
. Effectiveness is most often reported as quality-

adjusted life-years (QALYs). QALYs are the number of years
of life gained after adjusting for any reduction in quality of life.

The purpose of this study was to use real-world clinical data
to determine the long-term effectiveness and cost-
effectiveness of cancer risk management within a structured
clinical program for known BRCA1 and BRCA2 carriers.

MATERIALS AND METHODS
This was a model-based study to estimate the lifetime health
and cost outcomes for BRCA carriers followed through a
structured clinical program in the setting of the Australian
public health-care system. Under this system all medical
procedures and appointments are publicly funded with no out
of pocket medical costs for patients. The model specification
is provided in Table S1. The model used clinical and costing
data drawn from a tertiary hospital database of 983 BRCA
carriers who underwent genetic testing between 1 January
1996 and 31 December 2015. Data were available for 491
BRCA carriers for a median follow-up time of 6.57 years, and
492 BRCA2 carriers for a median of 5.86 years. The study
population has been described previously.10 The study was
approved by the Peter MacCallum Cancer Centre institutional
review board.
Women entered the simulation aged 20, with no history of

cancer and no prior cancer risk management. The interven-
tion included participation in a multidisciplinary high-risk
clinic (MDC), RRBSO, bilateral risk-reducing mastectomy
(BRRM), contralateral risk-reducing mastectomy (CRRM),
mammography, and breast magnetic resonance imaging
(MRI). Patient uptake and adherence to breast screening,
risk-reducing surgery, and an MDC was based on prospective
follow-up data for BRCA carriers post–genetic testing. There
are very limited data on risk management behavior for BRCA
carriers who are not participating in structured high-risk
follow-up programs, therefore a “do-nothing” approach (the
natural history) was chosen as the comparator for the base
case. For the comparator arm, women were assumed not to
undergo any preventive surgery, breast screening, or to attend
medical appointments unless directly related to cancer
treatment. As this study was comparing risk management
strategies, interventions and costs related to identification of
BRCA carriers and genetic testing were excluded.
Australia’s population-based breast cancer screening pro-

gram (BreastScreen) was included as an alternative compara-
tor in the sensitivity analysis using participation rates reported
in the general Australian population. BreastScreen offers

two-yearly mammograms from the age of 40 years, but
specifically targets women aged 50–74 years.
Women were followed over a lifetime time horizon (to age

100) with annual cycles. Primary outcomes were life-years,
QALYs, health-care costs, and the ICER. Costs and health
outcomes were discounted 5% annually according to
Australian guidelines.11

Computer simulation
This evaluation used a previously developed simulation model
for BRCA carrier natural history and cancer risk manage-
ment.10 It is a validated discrete-time patient-level model in
Python that simulates the development of breast and ovarian
cancer in BRCA1 and BRCA2 carriers, and the effect of
different clinical management strategies on lifetime health
outcomes and health-care costs. Input parameters were
obtained from the literature, expert opinion, and individual
patient data. Additional model details including a description
of the cohort used for the patient data, and a list of modeling
assumptions were described previously.10

Natural history model
Parameters and data sources for the natural history are
provided in Table S2. Annual probabilities for cancer onset
were calculated using published prospective cancer incidence
rates.1 Breast and ovarian cancer pathology was dependent on
a woman’s age, gene, and the mode of detection (sympto-
matic, screen-detected, or occult). Probabilities for breast
cancer pathology (grade, tumor size, nodal status, metastasis,
and hormone receptors) were obtained from individual
patient data.10

Breast cancer mortality was from the Surveillance,
Epidemiology, and End Results program and incorporated
hormone receptors, grade, and stage at diagnosis.12 No
difference in survival between BRCA-associated and sporadic
breast cancer has been shown after accounting for these
prognostic factors.13 Ovarian cancer mortality was age-,
stage-, and gene-specific based on a prior meta-analysis.14

Recurrence and remission were not modeled. Mortality from
other causes was from Australian life tables after removing
deaths attributed to breast or ovarian cancer. The model was
validated for cancer onset, pathology by gene and detection
mode, and mortality.10

Intervention
The intervention, a familial cancer service (FCS), was a
clinical program that included optional participation in an
MDC and any combination of risk management strategies
over a woman’s lifetime (Table S1). Clinical effectiveness
estimates for breast screening and risk-reducing surgery were
based on review of the literature and included prior meta-
analyses (Table S3).
Clinical pathways were developed by following current

practice at the Peter MacCallum Cancer Centre in Melbourne,
Australia. Uptake of risk-reducing surgery, MDC attendance,
and adherence to annual breast screening were from BRCA
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carrier follow-up data as detailed in a previous publication
(Table S3).10 Carriers attending this clinic have access to
specialists in genetics, oncology, psychiatry, breast and
gynecological surgery, and genetic counselors with no out of
pocket medical costs.
In the model, women could attend the MDC from the age

of 25 until age 64. The MDC has been shown to improve
adherence to annual breast imaging, and increase uptake of
RRBSO.10 Breast MRI could be performed between ages 25
and 49 inclusive per Australian guidelines.8 Mammography
could be performed between ages 25 and 74, but is only
recommended from age 30. Women were assigned an age at
which they underwent their first mammogram and breast
MRI. The length of time between annual breast screens was
updated stochastically every cycle on an individual basis
depending on whether a woman was of child-bearing
potential (aged < 40 years), and her prior MDC attendance
(Table S3).10

Women were eligible to undergo BRRM between ages 25
and 55 years inclusive, and RRBSO from age 30 until age 65
(due to limited uptake data beyond this age). Uptake
probabilities were gene- and age-specific. RRBSO uptake
probabilities were higher if a woman developed breast cancer,
or if she attended the MDC during the previous cycle
(Table S3).10 For CRRM, a woman was most likely to have
surgery in the same year as her first breast cancer diagnosis
(66%) and remained eligible to undergo CRRM for up to
10 years.

Costs
Details for the costs and data sources can be found in
Table S4. Costs were considered from the perspective of the
public health-care system. Medical costs were included for
cancer treatment, consultations, surgery, breast imaging, and
diagnostic workup. Costs for medical services were obtained
from the Federal Government Medicare Benefits Schedule.
Drug costs were from the Pharmaceutical Benefits Scheme.
Hospital costs were based on the Australian-Refined Diag-
nosis-Related Groups and the National Hospital Costs Data
Collection, a collection of costing data from Australian public
hospitals.
Risk-reducing surgery costs were from individual reimbur-

sement claims for BRCA carriers from local hospital data for
surgeries performed between 2013 and 2016 (51 RRBSO, 21
BRRM). Breast reconstruction costs were included in the
model if a woman had a bilateral mastectomy (for prevention
or treatment), and costed by whether an autologous or
implant-based reconstruction was performed. Cancer treat-
ment was stage-specific, and costed based on a combination
of the above sources, and prior publications.15,16 Breast cancer
treatment patterns according to stage at diagnosis were
modeled on observations of 151 BRCA carriers diagnosed
with breast cancer after genetic testing, and evidence-based
guidelines.8 Women diagnosed with noninvasive ductal
carcinoma in situ (DCIS) did not receive chemotherapy or
radiation therapy. Probabilities for diagnostic follow-up

procedures following abnormal breast screens were from
local BRCA carrier data. All costs are presented in 2017
Australian Dollars (AUD$), and where necessary inflated
using the World Bank Consumer Price Index.17

Health state utilities
Health state utility values (utilities) for estimation of QALYs
are provided in Table S5. Age-specific utilities from the
Australian population were assigned to women with no
history of cancer or risk-reducing surgery.18 Utilities for risk-
reducing surgery, breast cancer, and ovarian cancer were
obtained from a review of the literature.16,19,20 A short-term
disutility was applied for the cycle in which a woman
underwent an RRBSO, in accordance with a time tradeoff
study in BRCA carriers.20 There are no long-term data on
health-related quality of life for high-risk women following
this surgery, so it was assumed to have no long-term effect.
No disutility was assumed for risk-reducing mastectomy and
abnormal breast screen exams21 for the base case.

Sensitivity analysis
One-way and probabilistic sensitivity analyses (PSA) were
used to investigate the effect of model parameter uncertainty.
Inputs for costs, utilities, risk management behavior, effec-
tiveness of surgery and screening, cancer risks, breast cancer
sojourn time, and pathology were included (Tables S2–S5).
For the one-way analysis parameters were varied by the 95%
confidence interval where available, or by ±50%. Correlated
values, such as stage-specific breast cancer utilities and costs,
were sampled using the difference method.22

Outcomes were also evaluated after (1) adjusting age at
entry (20–50 years of age) and the time horizon (80–100 years
of age), (2) introducing an assumption of perfect adherence to
all recommended risk management interventions, (3) reduced
uptake of RRBSO or BRRM, and (4) excluding availability of
an MDC. An additional scenario, Australia’s population-
based breast cancer screening program (BreastScreen Aus-
tralia) was tested as an alternative comparator instead of the
natural history. Women could commence two-yearly mam-
mogram through BreastScreen from age 40 or 50 years of age.
Additional BreastScreen inputs are provided in Table S3.
The PSA was performed by running all scenarios for

5000 sampled parameter sets (sampling number determined
by convergence). BreastScreen was also included in the PSA.
Cost-effectiveness acceptability curves (CEACs) were gener-
ated using the net-benefit framework.23 CEACs summarize
uncertainty by visualizing the probability an intervention is
cost-effective at various willingness-to-pay (WTP) thresholds.
The WTP is the maximum amount a decision-maker will pay
for a gain of one unit of effectiveness. The PSA was run using
discount rates of 0%, 3%, 5%, and 7%.

RESULTS
Base case cost-effectiveness analysis
Discounted and undiscounted outcomes are shown in Table 1.
Compared with the natural history, the FCS intervention was
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both more costly and more effective. The FCS was cost-
effective at a willingness-to-pay threshold of AUD$50,000 per
QALY saved with an ICER of AUD$32,359 per QALY for
BRCA1 and AUD$48,263 per QALY for BRCA2 carriers.

Sensitivity analysis
Detailed outcomes for the one-way and PSA are presented in
the Supplementary Materials (Figs. S1–S4, Tables S6–S9).
Cost-effectiveness improved for women entering the

model at an older age, except for BRCA2 carriers entering
the model at age 25 (Tables S6, S7). Shortening the time
horizon by 20 years (to age 80) only slightly raised cost-
effectiveness estimates.
The ICER per QALY saved was most sensitive to the cost

and risk reduction of BRRM for BRCA1 carriers (Fig. 1).
Nevertheless, all discounted results for BRCA1 remained
under a AUD$50,000 WTP threshold for the one-way analysis

(range AUD$17,964 to AUD$46,744). BRCA2 outcomes were
sensitive to breast cancer risk and BRRM cost parameters
(range AUD$29,627 to AUD$84,473). The ICER was highly
sensitive to the discount rate used for health outcomes
(Table 1, Supplementary Fig. S3).
Introducing the population-based breast screening program

as a comparator did not significantly alter the ICER (Table S8).
An assumption of perfect adherence to risk management
guidelines led to an FCS being more effective and more costly
than when using actual adherence rates (Table 2). Lowering
uptake rates for RRBSO (46–49% overall uptake) or BRRM
(28% overall uptake) led to a decrease of 0.05–0.11 life-years
and 0.05–0.10 QALYs compared with the base case (Table S9).
Reduction in uptake of RRBSO had a greater impact
on incremental cost-effectiveness, increasing the ICER per
QALY to $40,000 for BRCA1 carriers and $55,500 for BRCA2
carriers.
The PSA results are shown in Figs. 2, 3 and Supplementary

Figs. S3, S4. For a WTP threshold of AUD$50,000 per QALY
an FCS was cost-effective in 98.2% of BRCA1 simulations,
but only 40.6% of BRCA2. Once the WTP reached AUD
$100,000 per QALY, 99.5% of BRCA2 simulations were cost-
effective.
The FCS intervention was the preferred strategy if the WTP

threshold was at least AUD$29,000 per QALY for BRCA1 and
AUD$57,000 per QALY for BRCA2. Results were slightly
more favorable if quality of life was not considered, with a
necessary WTP threshold of AUD$26,000 per LYG for
BRCA1 and AUD$49,000 per LYG for BRCA2 (Supplemen-
tary Fig. S4). Removing the availability of an MDC in the PSA
resulted in a service with lower costs, but it was also less
effective, particularly for BRCA1 carriers (Fig. 3).

DISCUSSION
This study found long-term management through a struc-
tured multidisciplinary familial cancer service is clinically
effective and cost-effective for BRCA1 and BRCA2 carriers.
This is the first study that combines a BRCA-specific natural
history disease model with clinical data to evaluate the long-
term cost-effectiveness of BRCA carrier cancer risk manage-
ment in a real-world clinical setting.
Empirical data on long-term outcomes for clinical

management of BRCA carriers once their genetic status is
known are mostly absent. Real-world uptake of risk
management strategies is affected by many factors, includ-
ing a woman’s personal history, preferences, her age and life
stage, and is also heavily influenced by physicians’
recommendations.10,24 Perfect adherence to breast screen-
ing and preventive surgeries is frequently assumed in prior
model-based evaluations of BRCA risk management.9 This
can overestimate the clinical effectiveness of interventions,
as well as underestimate the substantial cost of preventive
options, and the resources required to maintain engagement
with carriers over many years.
There are several strengths to the current study. We had

access to a large clinical database of BRCA carriers followed

Table 1 Base case cost-effectiveness of long-term manage-
ment in BRCA1 and BRCA2 carriers.

Natural

history

Familial cancer

service

Incremental

BRCA1

Undiscounted

Cost $65,623 $75,784 $10,161

Life-years 54.71 60.83 6.12

QALYs 45.95 51.34 5.39

ICER per LYG $1662

ICER per QALY

gained

$1887

Discounted 5%

Cost $12,594 $29,019 $16,425

Life-years 18.86 19.42 0.56

QALYs 16.08 16.59 0.51

ICER per LYG $29,416

ICER per QALY

gained

$32,359

BRCA2

Undiscounted

Cost $45,554 $62,414 $16,861

Life-years 58.70 63.06 4.35

QALYs 49.45 53.32 3.86

ICER per LYG $3885

ICER per QALY

gained

$4374

Discounted 5%

Cost $7318 $24,254 $16,936

Life-years 19.28 19.67 0.39

QALYs 16.49 16.84 0.35

ICER per LYG $43,178

ICER per QALY

gained

$48,263

Simulations were run 500 times for 10,000 BRCA1 and 10,000 BRCA2 carriers.
ICER incremental cost-effectiveness ratio, LYG life-year gained, QALY quality-
adjusted life-year.
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prospectively from the time of genetic testing. A wide range of
model inputs were able to be extracted relating to the natural
history, patient behavior, and medical costs. The one-way
sensitivity analysis found the cost of BRRM was one of the
main drivers of cost-effectiveness. This is the first cost-
effectiveness study in BRCA carriers to include the actual
reported hospital costs for BRRM with breast reconstruction,
which were up to AUD$25,000 higher than estimates used in
prior economic evaluations.2,25 The estimates in this study
included costs related to breast reconstruction, as well as
readmission and corrective surgery due to short-term
complications (both medical and cosmetic). Between 20%
and 30% of women experience complications from BRRM
within the first month of surgery,26 and up to 50% of women
require further unexpected corrective surgery within two
years.27 Studies that only include the cost of immediate
surgery are therefore likely to overestimate the cost-
effectiveness of this risk management strategy. By factoring
in the higher cost for BRRM and the substantial recurring
costs of ongoing follow-up, the cost-effectiveness results in the
current study are perhaps less favorable than would be
expected for this high-risk group. Health outcomes were
highly sensitive to the discount rate. In jurisdictions where the

recommended discount rate is lower, long-term management
is more likely to be cost-effective for both BRCA1 and BRCA2
carriers.
A recent study of trends in risk management uptake

reported substantial international variation in the uptake of
different strategies, particularly for BRRM.7 Our model was
based on data obtained from a comparatively well-resourced
clinic, where high-risk individuals are contacted regularly for
follow-up. Our adherence rates may therefore be higher than
at other centers. When uptake of RRBSO was limited to less
than 50% of BRCA carriers, the ICER increased by between
$7000 and $8000 per QALY. Improving risk management
adherence and management through a multidisciplinary high-
risk management clinic for BRCA2 carriers was less likely to
be cost-effective at lower WTP thresholds compared with
BRCA1 carriers (Table 2, Fig. 3). This suggests our current
model of care may need to be further optimized to be gene-
specific. This aligns with emerging clinical data; differential
breast screening intervals based on genotype have recently
been proposed.28 It has also been suggested that BRRM may
lead to a survival benefit in BRCA1 carriers but not BRCA2
due to differences in breast cancer–specific mortality;
however, this analysis was based on short-term follow-up

BRCA1, ICER discounted 5% BRCA2, ICER discounted 5%

Cost: BRRM

Cost: BRRMRisk reduction: BRRM

Risk reduction: BRRM

Ovarian cancer risk

Ovarian cancer risk

Breast cancer risk

Breast cancer risk

Utilty: BRRM

Utilty: BRRM

Uptake: RRBSO

Uptake: BRRM

Uptake: RRBSO

Utility: RRBSO

Utility: RRBSO

Utility: Screening

Utility: Screening

Risk reduction: RRBSO, ovarian

Risk reduction: RRBSO, breastUtility: Breast cancer

Utility: Breast cancer

Utility: Ovarian cancer

Cost: Ovarian cancer treatment

Cost: Ovarian cancer treatment

Cost: Breast cancer treatment

Cost: Breast cancer treatment

Risk reduction: RRBSO, breast

Risk reduction: RRBSO, ovarian

Utility: Age norm

Utility: Age norm

Utility: End of life Utility: End of life

Cost: Mammo Cost: Mammo

Risk reduction: CRRM

Risk reduction: CRRM
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Utility: Ovarian cancer
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$10,000

$20,000

$30,000

$40,000

$50,000

$20,000
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Sojourn time

Sojourn time

Cost: MRI
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Fig. 1 Tornado plot of the change in the ICER per QALY for the one-way sensitivity analysis. BRRM bilateral risk-reducing mastectomy, CRRM
contralateral risk-reducing mastectomy, ICER incremental cost-effectiveness ratio, MRI magnetic resonance imaging, QALY quality-adjusted life-year, RRBSO
risk-reducing bilateral salpingo-oophorectomy, TNRR triple negative relative risk.
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with few events.29,30 Improved risk stratification of BRCA2
carriers through adding a polygenic risk score (PRS) may help
identify the women at highest risk,31 thereby enabling them to
be actively targeted to prioritize early intervention. Stratifying
these women will become increasingly important as the

availability of genetic testing is widened, as current penetrance
estimates are from clinic populations ascertained based on
being high-risk and therefore may not be appropriate for
BRCA carriers identified in the general population. The
flexibility of the simulation model used in this study means it
could be modified in future studies to potentially optimize
BRCA carrier management in light of new discoveries, such as
the PRS or new risk-reducing medications, in lieu of the long-
term clinical data being available.
Limitations of the current study include uncertainty around

cancer treatment costs, quality of life, and the unobservable
aspects of BRCA-specific natural history for breast and
ovarian cancer. Very little is known about risk management
behavior and health-care provision for BRCA carriers in a
community setting, including for women who may be seeing
individual specialists for regular follow-up. For this reason,
the natural history of disease was used as a comparator for the
base case. It is unlikely that women who are aware of their
BRCA status, but not seen through a familial cancer service,
would not act at all to mitigate their increased risk, so this
choice of comparator would likely overestimate the cost-
effectiveness of the current program.
There are very few reports of the stage-specific costs of

treating breast cancer.32 Hospital costs for chemotherapy
alone have been reported to be AUD$15,000 per breast cancer
patient, even exclusive of adverse events.33 We attempted to
account for all breast cancer–related costs, and set a wide
range for the sensitivity analysis to compensate for this. BRCA
carrier status can also be used to guide cancer treatment,
including the use of poly (ADP-ribose) polymerase (PARP)
inhibitors, which prolong progression-free survival in BRCA-
associated ovarian34 and metastatic breast cancer.35 The
substantial cost of PARP inhibitors was included only for
relapsed ovarian cancer in this study, and will need to be

1.0

BRCA1 BRCA2

P
ro

ba
bi

lit
y 

co
st

-e
ffe

ct
iv

e

P
ro

ba
bi

lit
y 

co
st

-e
ffe

ct
iv

e

0.9

Willingness to pay threshold (cost per QALY)

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

$0
$20,000

$40,000
$60,000

$80,000

$100,000
$120,000

Willingness to pay threshold (cost per QALY)

$0
$20,000

$40,000
$60,000

$80,000

$100,000
$120,000

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

BreastScreen

Familial cancer service

Natural history
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Table 2 Scenario analysis: perfect adherence to cancer risk
management strategies.
Outcome Familial cancer

service: assuming
perfect adherence

Incremental:
perfect
adherence/
natural history

Incremental:
perfect adherence/
actual
adherence rates

BRCA1
Undiscounted
Cost $69,753 $4694 -$5610
Life-years 61.95 7.10 0.98
QALYs 52.39 6.32 0.93
ICER per LYG $652 Dominant
ICER per QALY gained $733 Dominant

Discounted 5%
Cost $33,362 $20,839 $4398
Life-years 19.59 0.70 0.14
QALYs 16.76 0.66 0.15
ICER per LYG $29,944 $32,793
ICER per QALY gained $31,793 $30,247

BRCA2
Undiscounted
Cost $59,652 $15,072 -$1790
Life-years 63.65 4.97 0.63
QALYs 53.94 4.46 0.61
ICER per LYG $2661 Dominant
ICER per QALY gained $2960 Dominant

Discounted 5%
Cost $30,168 $23,395 $6473
Life-years 19.76 0.47 0.08
QALYs 16.93 0.44 0.09
ICER per LYG $45,840 $80,963
ICER per QALY gained $48,599 $69,708

Dominant refers to strategies that are both more effective and less costly than
the comparator. Perfect adherence was defined as (1) all women not diagnosed
with ovarian cancer have risk-reducing bilateral salpingo-oophorectomy by age 40
for BRCA1 and 45 for BRCA2; (2) all women not diagnosed with breast cancer
undergo bilateral risk-reducing mastectomy by 30; (3) all women have a con-
tralateral risk-reducing mastectomy in the year of their first breast cancer; (4) all
women start breast magnetic resonance imaging at age 25, and mammogram at
age 30; (5) all cancer-unaffected women attend the multidisciplinary high-risk
clinic; (6) women attend breast imaging annually with no delay.
ICER incremental cost-effectiveness ratio, LYG life-year gained, QALY quality-
adjusted life-year.

ARTICLE PETELIN et al

836 Volume 22 | Number 5 | May 2020 | GENETICS in MEDICINE



considered in future analyses as this treatment becomes
increasingly available for both relapsed and newly diagnosed
disease. Due to substantial differences between health-care
systems the current findings may not be generalizable to other
countries; country-specific health-care costs, utilities, and
uptake rates may be added to apply the model to these
different settings.
Caution must also be used when making decisions based on

quality of life estimates.36 Health state utility values for risk
management and breast and ovarian cancer vary widely
depending on the population and valuation tool.19,37 Further-
more, the long-term quality of life for high-risk women
following life-changing surgeries such as BRRM and RRBSO
is unknown. In the short-term, BRCA carriers who undergo
RRBSO while still premenopausal have similar overall quality
of life to comparator groups one year after surgery.38 In the
general population, premature surgical menopause has been
associated with cognitive and sexual dysfunction, and
increased cardiovascular morbidity,39 but how this translates
to long-term quality of life and mortality this high-risk group
is still under investigation.
In summary, a familial cancer service is a cost-effective

approach for clinical management of women with germline
pathogenic variants in BRCA1 and BRCA2. These women face
a range of complex and life-changing decisions, often
extending many years beyond the initial receipt of their
genetic test results. A specialist multidisciplinary approach is
likely necessary to maximize clinical outcomes in this group
given their unique lifelong needs. This approach also provides
indirect health benefits related to family relationships and
psychosocial support, but these are difficult to include in an
economic model. It is estimated that over 90% of BRCA

carriers in the general population remain unidentified.40

Eligibility for genetic testing for cancer predisposing genetic
variants is being increasingly widened, and population-based
genetic testing may be available in the near future. Conse-
quently, being able to evaluate and implement the most
effective and cost-effective means of managing these indivi-
duals is increasingly vital for both their individual health
outcomes as well as wider health service planning—decisions
that need to be made in real-time and cannot wait for the
decades of follow-up required to resolve them through
prospective BRCA carrier cohort data.
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