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Abstract

IMPORTANCE Population-based BRCA testing can identify many more BRCA carriers who will be
missed by the current practice of BRCA testing based on family history (FH) and clinical criteria. These
carriers can benefit from screening and prevention, potentially preventing many more breast and
ovarian cancers and deaths than the current practice.

OBJECTIVE To estimate the incremental lifetime health outcomes, costs, and cost-effectiveness
associated with population-based BRCA testing compared with FH-based testing in Canada.
DESIGN, SETTING, AND PARTICIPANTS For this economic evaluation, a Markov model was
developed to compare the lifetime costs and outcomes of BRCA1/BRCAZ testing for all general
population women aged 30 years compared with FH-based testing. BRCA carriers are offered risk-
reducing salpingo-oophorectomy to reduce their ovarian cancer risk and magnetic resonance
imaging (MRI) and mammography screening, medical prevention, and risk-reducing mastectomy to
reduce their breast cancer risk. The analyses were conducted from both payer and societal
perspectives. This study was conducted from October 1, 2022, to February 20, 2024.

MAIN OUTCOMES AND MEASURES Outcomes of interest were ovarian cancer, breast cancer,
additional heart disease deaths, and incremental cost-effectiveness ratio ICER per quality-adjusted
life-year (QALY). One-way and probabilistic-sensitivity-analyses (PSA) were undertaken to explore
the uncertainty.

RESULTS In the simulated cohort of 1000 000 women aged 30 years in Canada, the base case
ICERs of population-based BRCA testing were CAD $32 276 (US $23 402.84) per QALY from the
payer perspective or CAD $16 416 (US $11903.00) per QALY from the societal perspective compared
with FH-based testing, well below the established Canadian cost-effectiveness thresholds.
Population testing remained cost-effective for ages 40 to 60 years but not at age 70 years. The
results were robust for multiple scenarios, 1-way sensitivity, and PSA. More than 99% of simulations
from payer and societal perspectives were cost-effective on PSA (5000 simulations) at the CAD
$50 000 (US $36 254.25) per QALY willingness-to-pay threshold. Population-based BRCA testing
could potentially prevent an additional 2555 breast cancers and 485 ovarian cancers in the Canadian
population, corresponding to averting 196 breast cancer deaths and 163 ovarian cancer deaths per
1000 000 population.

CONCLUSIONS AND RELEVANCE In this economic evaluation, population-based BRCA testing was
cost-effective compared with FH-based testing in Canada from payer and societal perspectives.
These findings suggest that changing the genetic testing paradigm to population-based testing could
prevent thousands of breast and ovarian cancers.
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Introduction

Carriers of pathogenic variants (PV) in BRCAT (OMIM 113705) and BRCA2 (OMIM 600185) are at
increased risk of breast cancer (BC) and ovarian cancer (OC), with absolute risks of 61% to 72% and
17% to 48%, respectively, up to age 80 years."? Current Canadian national and international
guidelines recommend women undertake BRCAT/BRCA2 genetic testing if they fulfil established
clinical or family history (FH) criteria. These criteria aim to identify individuals with a 5% to 10%
probability of carrying BRCAT/BRCA2 PVs, but this misses approximately 50% of PV carriers in
individuals with cancer®® and much higher proportions with population ascertainment.®
Implementation of clinical criteria and FH-based testing is dependent on cancer diagnoses,
awareness of importance and accuracy of cancer FH, discussion between and within families, and
timely referrals to genetic testing. There is underutilization and restricted access to genetic testing
services across health systems due to limited awareness, complex structures of current pathways,
and limited numbers of trained counsellors to provide genetic counselling.’®2 Only 20% to 40% of
eligible individuals get referred for genetic testing," with rates for cascade testing and testing among
racial and ethnic minority groups (ie, individuals of non-White European ethnicity, background, or
ancestry) being worse.">" Resultantly, approximately 97% of PV carriers remain undetected despite
BRCA testing having been available for approximately 30 years." This high rate of undetected
carriers translates into thousands of new BC and OC diagnoses every year. BRCA testing is considered
a Tier 1genomic application, as it has a significant potential for positive impact on public health based
on existing evidence-based guidelines and recommendations.™ Effective clinical management
strategies are available for unaffected BRCA carriers.'® High-risk BRCA PV carriers can opt for risk-
reducing salpingo-oophorectomy (RRSO) to reduce their OC risk'’; magnetic resonance imaging
(MRI) and mammography screening, medical prevention,'®'® and/or risk-reducing mastectomy
(RRM)?° to reduce the BC risk; and/or make reproductive choices, including preimplantation
genetic testing.

The limitations of clinical criteria and FH-based genetic testing can be overcome by a
population-based approach offering genetic testing to individuals regardless of FH, identifying more
PV carriers who can benefit from precision prevention. Population-based BRCA testing is the first
exemplar for application of population genomics for disease prevention. Large-scale studies in
Canada, the UK, Israel, the US, and Australia have evaluated this in Jewish populations (with 5-fold
higher BRCA1/BRCA2 prevalence compared with the general population, at approximately 1 carrier
per 40 people vs 1 carrier per 200 people).?"?? Population-based BRCA testing in Jewish populations
was implemented in Israel in 2022 and the UK in 2024.222# |t is unknown how this could translate to
the general population; Jewish population data and experiences cannot be directly extrapolated to
the general Canadian population.

A recent British Columbia Gynecologic Cancer Initiative summit involving national and
international experts, patient groups, and health system stakeholders, highlighted steps toward a
population-based BRCA testing strategy for Canada. They recommended health economic
assessment as a key research priority.2> We aim to estimate incremental lifetime effects, costs, and
cost-effectiveness of population-based BRCAT/BRCA2 genetic testing compared with clinical criteria
and FH-based genetic testing in Canada.

Methods

This economic evaluation received ethics approval from the Institute of Child Health and Great
Ormond Street Hospital Research Ethics Committee with a waiver of informed consent because the
study did not involve human participants. This study followed the Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) reporting guideline.
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Model

We developed a Markov model (Figure 1; eMethods 1in Supplement 1) using TreeAge Pro software
version 2018 (TreeAge software) to evaluate the lifetime costs, outcomes, and cost-effectiveness of
population-based BRCAT/BRCA2 genetic testing among women aged 30 years compared with clinical

criteria and FH-based testing.31718:20-26-44 (|injcal- and FH-based criteria include patients with a

personal history of epithelial OC, triple-negative BC, and/or FH of BC or OC in at least 1 first-degree
relative. For our analysis, all women aged 30 years in the population-based testing group and only
those fulfilling FH-based criteria in the FH-based testing group were offered BRCAT/BRCA2 testing.

Identified carriers of BRCAI/BRCA2 PV were offered RRSO,"2® MRI or mammography screening,
medical prevention,*® and/or RRM.>2° Women with BRCA-negative or undetected results were

assumed to receive mammography every 2 years from age 50 to 74 years, as in general population,*®
while women with BRCA-positive results receive enhanced screening of annual mammogram from
age 40 to 69 years and annual MRI from age 30 to 49 years.*” The model incorporates the possibility
of variant of uncertain significance (VUS) results,*® its potential reclassification to PV in the future,
and associated costs and health outcomes. Given the excellent characterization of BRCAT/2 genes
and high-quality sequencing now available, our base case assumes more than 99.9% sensitivity and

specificity. However, we explore a lower sensitivity of 97%*° in a scenario analysis. Among

premenopausal women undergoing RRSO, 80% were assumed to receive hormone replacement

therapy (HRT) until age 51 years, the mean age of menopause in Canada.>® The model incorporates

Figure 1. Markov Model Structure
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Progression through the model is dependent on the
probabilities provided in Table 1. In the population
testing group, all women aged 30 years are offered
BRCAT/BRCA?2 testing and get classified as BRCA
positive (ie, pathogenic variant carriers) or BRCA
negative. A small proportion may also have variants of
uncertain significance. All individuals receive pretest
counselling, and posttest counselling is provided to
BRCA pathogenic variant carriers and those with
variants of uncertain significance. Identified carriers of
BRCA pathogenic variants are offered options of risk-
reducing mastectomy (RRM) and risk-reducing
salpingo-oophorectomy (RRSO). In the clinical criteria
and family history (FH)-based testing group, only
women with FH that fulfils current clinical criteria
(based on current guidelines) undergo BRCAT/BRCA2
genetic testing and get classified as BRCA positive or
BRCA negative. A small proportion may also have
variants of unknown significance. All individuals
receive pretest counselling, and posttest counselling is
provided to carriers of BRCA pathogenic variants and
those with variants of uncertain significance. Women
with a negative FH are either BRCA negative or have an
undetected BRCA pathogenic variant. Options of RRM
and RRSO and disease progression for identified
carriers of BRCA pathogenic variants and disease
progression for BRCA negative women are the same as
those in the population testing group. A detailed
description of the model is given in eMethods 1in
Supplement 1. BCindicates breast cancer; CHD,
coronary heart disease; OC, ovarian cancer. Arrows
with dashed lines indicate that women can stay in the
same health state for each cycle.

[5 JAMA Network Open. 2024,7(9):e2432725. doi:10.1001/jamanetworkopen.2024.32725

Downloaded from jamanetwork.com by Queen Mary, University of London user on 09/13/2024

September 12,2024 3/17


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.32725&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.32725&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725

JAMA Network Open | Health Policy Economic Evaluation of Population-Based BRCAT and BRCA2 Testing

increased risk of coronary heart disease (CHD) for individuals who undergo RRSO and do not use
HRT.28>! Model outcomes included BC, OC, and excess deaths due to CHD. The analysis was
conducted from health care payer and societal perspectives. In line with the Guidelines for the
Economic-Evaluation of Health Technologies by Canadian Agency for Drugs and Technologies in
Health (CADTH),>? costs and health outcomes were discounted at 1.5%.

Probabilities

Probabilities of the pathways in the model are shown in Table 1and eTable 1in

Supplement 1,31718:20.26-44 Aga_specific incidences of BC and OC among general population women
were obtained from Canadian Cancer Statistics 2021.>* Synchronous BC and OC is rare, so probability
was presumed near zero. Age-specific BC and OC incidence for carriers of BRCAT/BRCA2 was
obtained from the literature? for age 30 to 80 years, and incidence after age 80 years was assumed
to be same as that of age 71to 80 years.

Costs

Costs are reported in 2022 Canadian dollars (with conversion to 2024 US dollars). We collected
primary data on relevant direct medical costs from the Medical Services Commission Payment
Schedule in Canada,?® the Canadian Institute for Health Information Patient Cost Estimator,>° and
published literature®' (Table 1; eTable 2 in Supplement 1). We adopted internationally available BRCA
testing costs and explored the impact of change in testing costs on base case results in the sensitivity
analyses. We categorized costs due to productivity loss (eMethods 2 in Supplement 1), including
temporary disability from short-term work absences following diagnosis, permanent disability from
reduced working hours following return to work or workforce departure, and premature mortality
from death before retirement.>®

Life-Years

The model simulation started at age 30 years and cycled annually until age 83 (female life expectancy
in Canada).>® The lifetime table from Canada was used to model the lifetime health outcomes,
obtained from Statistics Canada.>® The median ages for RRM and RRSO in unaffected carriers of
BRCAI/BRCA2 PV were assumed to be 37 and 40 years, respectively,>” and these were varied in the
scenario analyses. When model simulation began at ages 40 to 70, RRM and RRSO occurred in the
next cycle, as these are older than the median ages for either surgery. BC and OC survival were
modeled using 5-year survival data from Canadian Cancer Statistics 2022°* and published
literature®®>° (eMethods 3 in Supplement 1). To our knowledge, no significant long-term survival
differences between hereditary (BRCAI/BRCA2) and sporadic BC and OC have been found.®°-62 After
5 years, women diagnosed with BC or OC were assumed to have a probability of background all-cause
mortality.

Quality-Adjusted Life-Years

Quality-adjusted life years (QALYs) is the preferred outcome measure recommended by CADTH in
economic evaluation.>? Utility scores are multiplied by life-years to obtain QALYs. Utility score is an
indication of individual preferences for specific health states, where 1indicates perfect health and O
indicates death, reflecting an adjustment for quality of life. The utility score for early BCis 0.71;
advanced BC, 0.65; recurrent BC, 0.45; remission, 0.81; and end-stage BC, 0.16,32 while the utility
score for early OC s 0.81; advanced OC, 0.55; recurrent OC, 0.61; remission, 0.83; and end-stage OC,
0.16. Additionally, utility scores for RRM (mean [SD], 0.88 [0.22]) and RRSO (mean [SD], 0.95
[0.10]) were incorporated.>3

Statistical Analysis
This study was conducted from October 1, 2022, to February 20, 2024. The incremental cost-
effectiveness ratio (ICER) was calculated by dividing the difference in cost by the difference in health
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Table 1. Model Parameters

Parameters Estimate Measure of variance Source

Probabilities, % (95% ClI)
BRCA1/2 PV prevalence in general population 0.0067 (0.0059-0.0077) Jervietal,>* 2015
Probability that carriers will undergo RRM 0.359 (0.287-0.431) Metcalfe et al,2” 2019
Reduction in OC risk from RRSO (range) 0.96 (0.80-0.96) Finch et al,2® 2006; Rebbeck et al,” 2009
Probability of having a strong FH fulfilling 0.0098 (0.0047-0.0179) ABCFS
genetic testing criteria
BRCA1/2 PV prevalence in individuals with FH 0.1 NA NICE, 2023
BRCA1/2 PV prevalence in individuals without FH 0.0058 (0.0051-0.0068) Jervis et al,>* 2015; ABCFS
Reduction in BC risk from RRM without RRSO in 0.91 (0.62-0.98) Rebbeck et al,%° 2004
BRCA1/2 PV carriers (range)
Probability that carriers will undergo RRSO 0.628 (0.502-0.754) Hanley et al,3° 2019
HR in BC risk from RRSO alone 0.49 (0.37,0.65) Rebbeck et al,*” 2009
Reduction in risk of BC from RRM with RRSO 0.95 (0.78-0.99) Rebbeck et al,2° 2004
Excess CHD risk 0.0072 (0.0068-0.0076) Parker et al,?% 2013
Fatal CHD risk 0.0303 (0.011-0.043) Parker et al,?® 2013
Compliance with HRT 0.8 (0.76-0.83) Read et al,3>® 2010
HR of BC risk from BC chemoprevention 0.71 (0.6-0.83) Cuzick et al,*® 2015
Uptake of BC chemoprevention 0.086 (0.069-0.103) Metcalfe et al,?” 2019

Costs, CAD$ (US$)?
Cost of genetic testing
Cost of genetic counselling

Cost of RRSO

Cost of OC diagnosis and treatment
Annual cost of OC in years 1-2
Annual cost of OC in years 3-5
Terminal care cost with OC

Cost of RRM

Annual cost of HRT
Cost of mammography
Cost of MRI

Cost of BC diagnosis and treatment
in general population

Annual cost of BC in general population

Cost of BC diagnosis and treatment
in BRCA1/2 PV carriers

Annual cost of BC in BRCA1/2 PV carriers
Terminal care cost with BC
Cost of fatal CHD
Annual cost of excess CHD
Annual cost of chemoprevention
Utility scores, mean (SD)
RRM
RRSO
BC
Early BC
Advanced BC
Recurrent BC
Remittent BC

Terminal BC

220 (160.60)
167 (121.91)
4901 (3577.73)

21800 (15914.00)
7300 (5329)

7010 (5117.30)
52697 (38468.81)
12330 (9000.90)

680 (496.40)

144 (105.12)

130 (94.90)
33155 (24 203.15)

1414 (1032.22)
33155(24203.15)

1284 (937.32)
43638 (31855.74)
4839 (3532.47)
175 (127.75)

293 (213.89)

0.88
0.95

0.71
0.65
0.45
0.81
0.16

+30%

(0.22)
(0.10)

+10%

Narod et al,37 2021
Unit cost

Ministry of Health;?° Canadian Institute
for Health Information>°

Ministry of Health,2° 2021; Canadian Institute for Health
Information,3° 2021; Oliveira et al,>* 2017; Sask Cancer
Agency,>® 2017

Oliveira et al,3* 2017

Ministry of Health,2° 2021; Canadian Institute for Health
Information,3° 2021

Ministry of Health,2° 2021
Ministry of Health,2° 2021
Ministry of Health,2° 2021

Ministry of Health,2° 2021; Canadian Institute for Health
Information,3°® 2021; Sask Cancer Agency,>® 2017; Statistics
Canada,>° 2018; Wapnir et al,*® 2006; Anderson et al,** 2009

De Oliveira et al,3* 2017

Nova Scotia Health system et al,*? 2023
Tran et al,*> 2021

Sask Cancer Agency,> 2017

Grann et al,>> 2010
Grann et al,>> 2010

NICE,3? 2009

(continued)
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Table 1. Model Parameters (continued)

Parameters Estimate Measure of variance Source
oc
Early OC 0.81 Havrilesky et al,>3 2009
Advanced OC 0.55
Recurrent OC 0.61 +10%
Remittent OC 0.83
Terminal OC 0.16

Abbreviations: ABCFS, Australia Breast Cancer Family Study; BC, breast cancer; CHD, coronary heart disease; FH, family history; HR, hazard ratio; HRT, hormone replacement therapy;

MRI, magnetic resonance imaging; NICE, National Institute for Health and Care Excellence; OC, ovarian cancer; PV, pathogenic variant; RRM, risk-reducing mastectomy; RRSO, risk-

reducing salpingo-oophorectomy.

2 Cost of ovarian cancer treatment is common for the general population and BRCA carriers, and the cost of BC treatment is provided separately for BRCA1/2 PV carriers and
noncarriers.

outcomes between the 2 strategies (population-based vs FH-based testing). ICERs were compared
with the willingness-to-pay (WTP) thresholds of CAD $50 000 (US $36 254.25) per QALY and CAD
$100 000 (US $72508.50) per QALY, which are conventionally used in Canada. The population
impact was estimated by calculating the reduced incidence of and deaths from BC and OC over a
lifetime horizon by offering population-based BRCAT/BRCA2 testing to women aged 30 years.

We explored several scenario analyses: (1) genetic testing offered at older ages of 40 years, 50
years, 60 years, and 70 years; (2) carriers of BRCAI/BRCA2 PV undertaking RRM at age 48 years and
RRSO at age 50 years; (3) no reduction in BC risk from RRSO; (4) no HRT use or adherence; (5) half
RRM uptake rate; (6) half RRSO uptake rate; and (7) lower sensitivity of BRCA genetic testing
(97%).%° In the 1-way sensitivity analysis, each parameter was varied to evaluate their individual
impact on results. Probabilities and utility scores were varied according to 95% Cls or ranges where
available or by £10%. Costs were varied by +30%. Probabilistic sensitivity analysis (PSA) was
undertaken, and parameters varied simultaneously across their distributions. Costs were specified as
having a y distribution; quality of life, a log-normal distribution; and probability, a B distribution, as
recommended.®3 A cost-effectiveness acceptability curve helped plot the results of 5000
simulations, showing the probability of population-based BRCA testing being cost-effective at
different WTP thresholds in Canada. The maximum costs of genetic testing and the maximum BRCA1/
BRCA2 PV prevalence for population-based testing to remain cost-effective were explored by
threshold analyses. All analyses were conducted from payer and societal perspectives.

Results

The model simulated 1000 000 Canadian women aged 30 years at model entry. In the base-case
analysis (Table 2), the ICERs of population-based BRCAT/BRCA?2 testing compared with FH-based
testing were CAD $32 276 (US $23 402.84) per QALY from the payer perspective and CAD $16 416
(US $11903.00) per QALY from the societal perspective, well below the conventional CAD $50 000
to CAD $100 000 per QALY WTP threshold in Canada. Population-based BRCA testing could prevent
2555 BCs and 485 OCs per 1000 000 Canadian population, corresponding to averting 196 BC
deaths per 1000 000 population and 163 OC deaths per 1000 000 population during a lifetime
horizon (Table 3).

Table 2 summarizes the scenario analyses results. Although the ICERs increased, offering
genetic testing at older ages remained cost-effective, with ICERs of CAD $50 598 (US $36 687.85)
per QALY (payer) and CAD $35 173 (US $25 503.41) per QALY (societal) at age 40 years; CAD $48 428
(US $35114.42) per QALY (payer) and CAD $33 151 (US $24 037.29) per QALY (societal) at age 50
years; and CAD $53 976 (US $39 137.19) per QALY (payer) and CAD $45 413 (US $32 928.29) per
QALY (societal) at age 60 years. However, it was not cost-effective in women aged 70 years (ICER of
CAD $269 312 [US $195 274.09] per QALY for payer and societal perspectives). With older ages of
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RRM (48 years) and RRSO (50 years), population-based BRCAT/BRCA?2 testing remained cost-
effective, with ICERs of CAD $37 730 (US $27 357.46) per QALY (payer) and CAD $22 475 (US
$16 296.29) per QALY (societal). Even with no reduction in BC risk from RRSO, population-based
BRCAT/BRCA2 testing was cost-effective, with ICERs of CAD $38 243 (US $27 729.43) per QALY

Table 2. Lifetime Discounted Costs, Outcomes, and ICERs

ICER

Health outcomes Costs, CAD$ ($US) Cost, CAD$/LY ($US) Cost, CAD$/QALY ($US)
Testing scenario LY QALY Payer Societal Payer Societal Payer Societal
Baseline
FH-based? 3429 3423 3843(2805.39) 6572(4797.56) NA NA NA NA
Population 3430 34.24 4186 (3055.78) 6747 (4925.31) 40157 (29314.61) 20424 (14909.52) 32276 (23561.48) 16416 (11983.68)
Age 40y at genetic testing; age 41 y at RRM and RRSO
FH-based? 29.18 29.12 4168(3042.64) 6855(5004.15) NA NA NA NA
Population 29.19 29.12 4500 (3285) 7086 (5172.78) 62742 (45801.66) 43615 (31838.95) 50598 (36 936.54) 35173 (25676.29)
Age 50y at genetic testing; age 51 y at RRM and RRSO
FH-based? 2341 23.34 4051(2957.23) 6047 (4414.31) NA NA NA NA
Population 2341 2335 4360(3182.8) 6259 (4569.07) 62261 (45450.53) 42620(31112.60) 48428 (35352.44) 33151(24200.23)
Age 60 y at genetic testing; age 61 y at RRM and RRSO
FH-based? 16.97 16.92 2964(2163.72) 3571(2606.83) NA NA NA NA
Population 16.98 16.93 3263(2381.99) 3823(2790.79) 75020 (54764.60) 63118 (46076.14) 53976 (39402.48) 45413 (33151.49)
Age 70y at genetic testing; age 71 at RRM and RRSO
FH-based 9.88  9.85 1878 (1370.94) 1878(1370.94) NA NA NA NA
testing?
fo;;ylation 9.88 9.85 2220 (1620.6) 2220 (1620.6) 635102 (463 624.46) 635102 (463624.46) 269312 (196597.76) 269312 (196597.76)
esting
Age 49 y at RRM; age 50 y at RRSO
FH-based? 3429 3423 3842(2804.66) 6577 (4801.21) NA NA NA NA
Population 3430  34.24 4178(3049.94) 6777 (4947.21) 46974 (34291.02) 27981(20426.13) 37730(27 542.90) 22475 (16 406.75)
No reduction in BC risk from RRSO
FH-based? 3429 3423 3845 (2806.85) 6577 (4801.21) NA NA NA NA
Population 3430 3424 4204 (3068.92) 6790 (4956.70) 46665 (34065.45) 27 682 (20207.86) 38243 (27917.39) 22686 (16 560.78)
No adherence with HRT
FH-based? 3429 3423 3840(2803.20) 6570(4796.10) NA NA NA NA
Population 3430 34.24 4169 (3043.37) 6730(4912.9) 41691 (30434.43) 20296 (14816.08) 32956 (24 057.88) 16044 (11712.12)
Half RRM uptake (18%)
FH-based? 3429 34.23 3842 (2804.66) 6574 (4799.02) NA NA NA NA
Population 3430 3424 4184 (3054.32) 6759(4934.07) 42075(30714.75) 22761(16615.53) 33821(24689.33) 18296 (13356.08)
Half RRSO uptake (31.4%)
FH-based? 3429 3423 3843(2805.39) 6576(4800.48) NA NA NA NA
Population 3430 34.24 4189(3057.97) 6772(4943.56) 45908 (33512.84) 26021 (18995.33) 36964 (26 983.72) 20952 (15 294.96)
97% Sensitivity of genetic testing
FH-based? 3429 3423 3843(2805.39) 6573(4798.29) NA NA NA NA
Population 3430 34.24 4187 (3056.51) 6754 (4930.42) 41543(30326.39) 21810(15921.30) 33390(24374.70) 17530 (12796.90)

Abbreviations: BC, breast cancer; FH, family history; HRT, hormone replacement therapy; ICER, incremental cost-effectiveness ratio; LY, life years; NA, not applicable; QALY, quality-
adjusted life-year; RRM, risk-reducing mastectomy; RRSO, risk-reducing salpingo-oophorectomy.

2 Reference strategy.

Table 3. Lifetime Outcomes of Offering Genetic Testing for the Canadian Population per 1000 000 Population®

Testing strategy, events, No. Abbreviations: BC, breast cancer; CHD, coronary heart

Outcome Population FH Difference, No. disease; FH, family history; OC, ovarian cancer.

BC diagnoses 95867 98422 2555 2 Female population data are obtained from the World
OC diagnoses 6341 6826 485 Bank.** We used the modeling to estimate the

BC deaths 7544 7740 196 number of BC cases, OC cases, BC deaths, OC deaths,
0C deaths 119 282 163 and excess CHD deaths per million women aged 30

years, and calculated the number of cases prevented

Excess CHD deaths 21 2 =1g and deaths prevented.
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(payer) and CAD $22 686 (US $16 449.28) per QALY (societal). With no HRT use or adherence, the
ICERs were CAD $32 956 (US $23 895.90) per QALY (payer) and CAD $16 044 (US $11633.26) per
QALY (societal). The ICERs increased to CAD $33 821 (US $24 523.10) per QALY (payer) or CAD

$18 296 (US $13 266.16) per QALY (societal) with half RRM uptake rate, or CAD $36 964 (US

$26 802.04) per QALY (payer) or CAD $20 952 (US $15191.98) per QALY (societal) with half RRSO
uptake rate, but still remained below the WTP threshold. Assuming lower sensitivity (97%) of genetic
testing increased the ICERs to CAD $33 390 (US $24 210.59) per QALY (payer) and CAD $17 530 (US
$12710.74) per QALY (societal), and population-based genetic testing was still cost-effective.

The 1-way sensitivity analyses showed that model parameters, including costs, utilities, or
probabilities, had little influence on base case results (eFigure 1in Supplement 1). This included the
cost of genetic testing and BRCAT/BRCA2 prevalence, which were the variables with the maximum
impact on ICERs. At the $50 000 per QALY WTP threshold, the maximum costs of genetic testing for
population-based testing to remain cost-effective were CAD $410 (US $297.28) from the payer
perspective and CAD $581 (US $421.27) from the societal perspective. The maximum combined
BRCA1/BRCAZ prevalence to remain cost-effective were 0.0048% from the payer perspective and
0.0039% from the societal perspective. When the WTP threshold increases to $100 000 per QALY,
the maximum costs of genetic-testing for population testing to remain cost-effective were CAD $948
(US $687.38) from the payer perspective and CAD $1118 (US $810.65) from the societal perspective.
The maximum combined BRCAI/BRCA2 prevalence to remain cost-effective were 0.0029% from the
payer perspective and 0.0027% from the societal perspective.

The PSA results showed that population-based BRCAT/BRCA?2 testing was highly cost-effective
compared with FH-based testing (Figure 2). Overall, 99.6% of payer perspective simulations and
100% of societal perspective simulations were cost-effective at the WTP threshold of $50 000 per
QALY for Canada.

Discussion

To our knowledge, this economic evaluation is the first analysis of the cost-effectiveness of
population-based BRCAT/BRCAZ testing in Canada. Population-based BRCA testing was cost-
effective compared with FH-based testing from payer and societal perspectives. CADTH
recommends that economic evaluations use the publicly funded health care payer perspective; this
may deviate depending on the decision problem.>? The societal perspective analysis is associated
with lower ICERs per QALY (vs payer), as it incorporates additional costs linked to productivity loss.

A population-based BRCA testing approach can potentially prevent 2555 BCs and 485 OCs in
Canada, averting 196 BC deaths and 163 OC deaths per 1000 000 population compared with
FH-based testing. Given the underutilization of BRCA testing with limited access and uptake
associated with preventive care and treatment pathways,"'?%” the benefit of a population-based
genetic testing strategy could be even higher. Our findings show that a population-based approach
was associated with a far greater reduction in BC/OC disease burden in the population than current
treatment strategies. Cost-effectiveness analyses facilitate policy decision-making on health care
resource allocation due to financial pressures within health systems. We address a key priority
highlighted by a Canadian summit with respect to developing a population-based BRCA testing
strategy for Canada.?’ Our findings support change toward a population-based testing paradigm to
maximize BC and OC prevention in Canada and highlights the need for further implementation
research in this area.

Overall, our results are robust in sensitivity and scenario analyses. The cost of genetic testing
has the largest impact on the cost-effectiveness of population-based testing in Canada. The cost of
genetic-testing has decreased considerably over the last 10 years and remains on a downward
trajectory. Our analysis of maximum costs of BRCA testing for a population-based strategy to remain
cost-effective found that the threshold costs (payer: $410-$948; societal: $581-$1118) were largely
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greater than what is charged by many Canadian genetic testing laboratories today. Additionally,
future costs are likely to decrease further, particularly with economies of scale.

Several health economic modeling studies have examined the cost-effectiveness of a
population-based BRCA testing strategy across other countries both in Jewish and non-Jewish
populations.®*7° In Australia, population-based BRCA testing for adults aged 18 to 40 years was
cost-effective in combination with testing for other cancer susceptibility genes compared with
FH-based testing.5>”" Population-based BRCA testing with other BC and OC genes (PALB2, RAD5IC,
RAD5ID, and BRIPT) was cost-effective for UK and US women older than 30 years.”? This was similarly
shown to be cost-effective for testing BRCAT, BRCA2, and PALB2 in women aged 30 to 35 years in the
US.”® Another US study reported larger ICERs for population-based multigene testing, although it
was still cost-effective for women aged 30 years.”® Population-based genetic testing is overall cost-
effective for younger women aged 30 years across multiple studies, while results may vary across
other age groups and are context specific due to differences in costs of screening and surgical

Figure 2. Cost-Effectiveness Acceptability Curves Using Probabilistic Sensitivity Analyses
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interventions as well as in uptake of surgical prevention strategies. These analyses, coupled with
results from implementation studies among Jewish populations,?"”#7” have facilitated clinical
implementation of population-based BRCA testing in Jewish populations in the UK and Israel and led
to ongoing general population-based panel testing implementation studies in Australian and UK
populations.?224

Our analysis will enable further population-based genetic testing research in Canada. Research
studies will need to develop a context-specific scalable model for the Canadian population and
evaluate logistics and impact, including acceptability, satisfaction, long-term health behavior, ethical
and legal considerations, and psychosocial implications with uptake rates of screening and
prevention strategies. It will be equally important to address issues of equity, access, and awareness.
Significant health inequalities have been observed among immigrants; sexual, racial, and ethnic
minority groups, Indigenous peoples, and individuals with lower socioeconomic status or functional
limitations.”® Another unaddressed issue is establishing a strategy for the management of VUS. While
VUS are being returned and evaluated in the UK study, these are not returned in the
Australian study.??7°

Our analysis has several advantages. We follow the transparency principle to facilitate
interpretation of methods and results and use current standard-of-care or best practice as the
comparator for measuring costs and health effects. Per CADTH recommendations,”? we use QALYs
to measure health outcomes, which captures both length of life and quality of life and is generalizable
across disease states. Our economic evaluation uses a lifetime horizon that is long enough to capture
all costs and health outcomes relevant to the decision problem. Additionally, costs and health effects
are discounted to reflect their value at time of decision-making, ensuring that potential time
preferences of the relevant population are accounted for. Our base case reflects direct health care
costs and health outcomes, and our analysis includes a societal perspective. We explore
heterogeneity through scenario analyses and uncertainty and variability through extensive 1-way and
PSA analyses, as recommended. Our results remain robust at parameter extremes on 1-way analyses.
That more than 99% simulations were cost-effective with PSA adds to the robustness of the results.
Besides BC and OC outcomes, excess CHD deaths from premenopausal oophorectomy, costs for
HRT, bone health monitoring, and treatment are incorporated in our model. Our costs also include
pretest and posttest genetic counselling (PVs and VUS).

Limitations

Our study has some limitations. Our base case analysis incorporates a reduction for BC risk with
premenopausal oophorectomy, while there has been uncertainty around this.° Our scenario
analysis shows the cost-effectiveness of a population-based testing strategy in Canada without BC
risk reduction from RRSO. The uptake rates of surgical prevention could be lower in carriers of BRCAT/
BRCA2 PVs identified from population-based testing, particularly in the absence of cancer within the
family. Decision-making for undergoing preventive surgery can be complex, is affected by fertility
wishes, impact of menopause, and changes with time.®' We did not model a nonconstant, age-based
uptake in the model, and that can be a limitation. However, we explored this through our scenario
analyses, which confirmed the cost-effectiveness of population-based testing from payer and
societal perspectives, with half of the base case surgical prevention uptake rate, as well as for older
ages of preventive surgery until age 61 years, although the ICER per QALY increased with increasing
ages. More prospective data on age-based uptake rates of surgical prevention strategies following
population-based testing are needed for Canada. Although we include a disutility for RRSO and RRM
in the analysis, these procedures have potential complication rates of approximately 3% to 4% and
21%, respectively.®>®3 While RRSO has been reported to alleviate cancer distress and worry and has
high acceptability and satisfaction rates (>85%),24 poorer sexual function and increased menopause
symptoms despite HRT use have been reported.®>8€ The RRSO decision regret rate is higher in
premenopausal (9%) than postmenopausal (1%) women.®>#” RRM has an adverse association with
body image and sexual function (eg, frequency, sensation, pleasure) but not with anxiety or
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depression or generic quality of life, and overall satisfaction rates are good.®¢®8 These issues need to
be part of the informed consent and decision-making process. Additionally, while we undertook
sensitivity analysis for disutilities associated with BC and OC treatment, more up-to-date estimates
are needed for different stages of disease. While productivity loss was included in our analysis, we did
not include all indirect costs. This may be a limitation; however, including additional indirect costs
would further improve the cost-effectiveness of population-based testing, so our analysis is
conservative in that respect. Our modeling analysis does not include of BRCA carriers who may have
already been identified through FH-based testing in the population through current clinical practices.
Thus, our approach is conservative, as incorporating this will decrease the beneficial impact of FH
testing, making population testing even more cost-effective, as there is no change in the
identification of the BRCA carriers without FH. Additionally, we have previously reported that 97% of
BRCA carriers in the general population remain unidentified despite 30 years of FH-based BRCA
testing,'? minimizing the impact of this issue. Population-based testing would even identify
individuals with an FH who should have been detected through clinical routes but have been missed
and may opt for a population program if offered. An important issue is whether population-based
BRCA testing could lead to false reassurance, given that most individuals will have negative test
results, and have a detrimental impact on lifestyle behaviors, such as smoking, alcohol consumption,
diet, physical exercise, and routine mammography screening. A randomized population-based BRCA
testing trial in an Ashkenazi Jewish population did not show a negative association in any of the
aforementioned lifestyle behaviors in participants whose test results were negative for BRCA.2°
Hence, we did not include a detriment for this in our base case analysis. However, more prospective
general population data are needed on this important issue. Furthermore, BRCA testing was limited
in this model to women only. Men are also at risk for BRCA-associated cancers, including high-risk
prostate cancer, although the lifetime risk is lower than for BC and OC in women. However, the
downstream benefit of testing men would be realized through cascade testing and preventing BC
and OC in family members.

Conclusions

The findings of the economic evaluation support the potential cost-effectiveness of BRCAT/BRCA2
genetic testing on a broader scale in the Canadian general population, which could prevent
thousands more BC and OC diagnoses and deaths than FH-based testing. Such an approach could
bring about a new paradigm for improving global cancer prevention. The increasing public awareness
and acceptability of genetic testing and decreasing costs, coupled with computational and
technological advancements, provide the ability to implement large-scale population-based genetic
testing for actionable tier 1genes, like BRCATand BRCA2. Context-specific implementation strategies
and pathways for population-based genetic testing need to be developed. Implementation studies
providing data on the impact of population-based BRCA testing under real-world settings are
ongoing, including ongoing project surveys of the Canadian population about preferences and ideal
implementation models. This is essential for population genomics to achieve its potential for
maximizing cancer prevention.

ARTICLE INFORMATION
Accepted for Publication: July 15, 2024.

Published: September 12, 2024. doi:10.1001/jamanetworkopen.2024.32725

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2024 Sun L et al.
JAMA Network Open.

[5 JAMA Network Open. 2024,7(9):e2432725. doi:10.1001/jamanetworkopen.2024.32725 September 12,2024 v

Downloaded from jamanetwork.com by Queen Mary, University of London user on 09/13/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.32725&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725

JAMA Network Open | Health Policy Economic Evaluation of Population-Based BRCAT and BRCA2 Testing

Corresponding Author: Ranjit Manchanda, MD, PhD, Centre for Cancer Screening, Prevention and Early
Diagnosis, Wolfson Institute of Population Health, Queen Mary University of London, 10th Floor, South Block,
Whitechapel Road, London E11BB, United Kingdom (r.manchanda@gmul.ac.uk).

Author Affiliations: Department of Health Services Research and Policy, London School of Hygiene & Tropical
Medicine, London, United Kingdom (Sun, Wei, Legood, Manchanda); Centre for Cancer Screening, Prevention and
Early Diagnosis, Wolfson Institute of Population Health, Queen Mary University of London, London, United
Kingdom (Sun, Wei, Fierheller, Oxley, Kalra, Sia, Legood, Manchanda); Department of Obstetrics and Gynecology,
University of British Columbia, Vancouver, Canada (Dawson, Kwon); Department of Gynaecological Oncology,
Barts Health NHS Trust, Royal London Hospital, London, United Kingdom (Oxley, Kalra, Sia, Manchanda);
Prevention, Screening, Hereditary Cancer Program and Quality, Safety & Accreditation, BC Cancer Agency,
Vancouver, Canada (Feldman); Faculty of Health Sciences, Simon Fraser University, Burnaby, Canada (Peacock);
Canadian Centre for Applied Research in Cancer Control, Vancouver, Canada (Peacock); Hereditary Cancer
Program, BC Cancer Agency, Vancouver, Canada (Schrader); Department of Medical Genetics, University of British
Columbia, Vancouver, Canada (Schrader); MRC Clinical Trials Unit at UCL, Institute of Clinical Trials & Methodology,
Faculty of Population Health Sciences, University College London, London, United Kingdom (Manchanda).

Author Contributions: Drs Legood and Manchanda had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis. Dr Sun, Ms Wei, and Dr Fierheller
are co-first authors. Drs Legood, Kwon, and Manchanda contributed equally to this work.

Concept and design: Sun, Wei, Dawson, Feldman, Legood, Kwon, Manchanda.

Acquisition, analysis, or interpretation of data: Sun, Wei, Fierheller, Oxley, Kalra, Sia, Peacock, Schrader, Kwon,
Manchanda.

Drafting of the manuscript: Sun, Wei, Fierheller, Dawson, Peacock, Manchanda.

Critical review of the manuscript for important intellectual content: Sun, Wei, Dawson, Oxley, Kalra, Sia, Feldman,
Peacock, Schrader, Legood, Kwon, Manchanda.

Statistical analysis: Sun, Wei, Peacock, Manchanda.

Obtained funding: Dawson, Kwon, Manchanda.

Administrative, technical, or material support: Sun, Wei, Fierheller, Dawson, Oxley, Kalra, Sia, Kwon, Manchanda.
Supervision: Feldman, Legood, Manchanda.

Conflict of Interest Disclosures: Dr Oxley reported receiving grants from Rosetrees Trust outside the submitted
work. Dr Schrader reported receiving personal fees from AstraZeneca Canada outside the submitted work. Dr
Kwon reported receiving grants from Michael Smith Health Research BC and owning stock in Hexamer
Therapeutics outside the submitted work. Dr Manchanda reported receiving grants from GSK, Barts Charity, and
Eve Appeal (paid to institution) and personal fees from MSD, GSK, AstraZeneca, and EGL outside the submitted
work. No other disclosures were reported.

Funding/Support: This work is supported by funding from BC Cancer Foundation, the Rosetrees Trust, and
Yorkshire Cancer Research.

Role of the Funder/Sponsor: The sponsors had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

Additional Contributions: We acknowledge Maneck Homi Italia Foundation Business No:
788618486RRO0O01CRA Registered and Shiraz Italia for their support of this work.

REFERENCES

1. Chen J, BaeE, ZhangL, et al. Penetrance of breast and ovarian cancer in women who carry a BRCA1/2 mutation
and do not use risk-reducing salpingo-oophorectomy: an updated meta-analysis. J Nat/ Cancer Inst Cancer
Spectr. 2020;4(4):pkaa029. doi:10.1093/jncics/pkaa029

2. Kuchenbaecker KB, Hopper JL, Barnes DR, et al; BRCA1and BRCA2 Cohort Consortium. Risks of breast, ovarian,
and contralateral breast cancer for BRCAT and BRCA2 mutation carriers. JAMA. 2017;317(23):2402-2416. doi:10.
1001/jama.2017.7112

3. National Institute for Health and Care Excellence. Familial breast cancer: classification, care and managing
breast cancer and related risks in people with a family history of breast cancer (CG164). Accessed November 28,
2023, https://www.nice.org.uk/guidance/cg164

[5 JAMA Network Open. 2024,7(9):e2432725. doi:10.1001/jamanetworkopen.2024.32725 September 12,2024 12/17

Downloaded from jamanetwork.com by Queen Mary, University of London user on 09/13/2024


mailto:r.manchanda@qmul.ac.uk
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.32725&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725
https://dx.doi.org/10.1093/jncics/pkaa029
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.7112&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.7112&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725
https://www.nice.org.uk/guidance/cg164

JAMA Network Open | Health Policy Economic Evaluation of Population-Based BRCAT and BRCA2 Testing

4. Daly MB, Pal T, Berry MP, et al. Genetic/familial high-risk assessment: breast, ovarian, and pancreatic, version
2.2021, NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw. 2021;19(1):77-102. doi:10.6004/
jncen.2021.0001

5. Hereditary Cancer Testing Eligibility Working Group. Hereditary cancer testing eligibility criteria: version 3.
Accessed October 9, 2023. https://www.cancercareontario.ca/en/guidelines-advice/types-of-cancer/70161

6. Maller P, Hagen Al, Apold J, et al. Genetic epidemiology of BRCA mutations-family history detects less than
50% of the mutation carriers. Eur J Cancer. 2007;43(11):1713-1717. doi:10.1016/j.ejca.2007.04.023

7. Beitsch PD, Whitworth PW, Hughes K, et al. Underdiagnosis of hereditary breast cancer: are genetic testing
guidelines a tool or an obstacle? J Clin Oncol. 2019;37(6):453-460. doi:10.1200/JC0.18.01631

8. Chandrasekaran D, Sobocan M, Blyuss O, et al. Implementation of multigene germline and parallel somatic
genetic testing in epithelial ovarian cancer: SIGNPOST study. Cancers (Basel). 2021;13(17):4344. doi:10.3390/
cancersl13174344

9. Grzymski JJ, Elhanan G, Morales Rosado JA, et al. Population genetic screening efficiently identifies carriers of
autosomal dominant diseases. Nat Med. 2020;26(8):1235-1239. doi:10.1038/s41591-020-0982-5

10. Hughes KS. Genetic testing: what problem are we trying to solve? J Clin Oncol. 2017;35(34):3789-3791. doi:10.
1200/JC0.2017.74.7899

1. Childers CP, Childers KK, Maggard-Gibbons M, Macinko J. National estimates of genetic testing in women with
a history of breast or ovarian cancer. J Clin Oncol. 2017;35(34):3800-3806. doi:10.1200/JC0.2017.73.6314

12. Manchanda R, Blyuss O, Gaba F, et al. Current detection rates and time-to-detection of all identifiable BRCA
carriers in the Greater London population. J Med Genet. 2018;55(8):538-545. doi:10.1136/jmedgenet-2017-105195

13. Braley EF, Bedard AC, Nuk J, et al. Patient ethnicity and cascade genetic testing: a descriptive study of a
publicly funded hereditary cancer program. Fam Cancer. 2022;21(3):369-374. doi:10.1007/s10689-021-00270-0

14. Kurian AW, Abrahamse P, Furgal A, et al. Germline genetic testing after cancer diagnosis. JAMA. 2023;330
(1):43-51. doi:10.1001/jama.2023.9526

15. Centers for Disease Control and Prevention. Tier 1genomics applications and their importance to public health.
Accessed October 10, 2023. https://archive.cdc.gov/#/details?url=https://www.cdc.gov/genomics/
implementation/toolkit/tierl.htm

16. Wei X, Sun L, Slade E, et al. Cost-effectiveness of gene-specific prevention strategies for ovarian and breast
cancer. JAMA Netw Open. 2024;7(2):e2355324. doi:10.1001/jamanetworkopen.2023.55324

17. Rebbeck TR, Kauff ND, Domchek SM. Meta-analysis of risk reduction estimates associated with risk-reducing
salpingo-oophorectomy in BRCAT or BRCA2 mutation carriers. J Natl Cancer Inst. 2009;101(2):80-87. doi:10.1093/
jnci/djn442

18. Cuzick J, Sestak I, Cawthorn S, et al; IBIS-I Investigators. Tamoxifen for prevention of breast cancer: extended
long-term follow-up of the IBIS-I breast cancer prevention trial. Lancet Oncol. 2015;16(1):67-75. doi:10.1016/51470-
2045(014)71171-4

19. Cuzick J, Sestak I, Forbes JF, et al; IBIS-Il investigators. Use of anastrozole for breast cancer prevention (IBIS-
11): long-term results of a randomised controlled trial. Lancet. 2020;395(10218):117-122. doi:10.1016/S0140-6736
(19)32955-1

20. Rebbeck TR, Friebel T, Lynch HT, et al. Bilateral prophylactic mastectomy reduces breast cancer risk in BRCAT
and BRCA2 mutation carriers: the PROSE Study Group. J Clin Oncol. 2004;22(6):1055-1062. doi:10.1200/JCO.
2004.04.188

21. ManchandaR, Lieberman S, Gaba F, Lahad A, Levy-Lahad E. Population screening for inherited predisposition
to breast and ovarian cancer. Annu Rev Genomics Hum Genet. 2020;21:373-412. doi:10.1146/annurev-genom-
083118-015253

22. Manchanda R, Sideris M. Population-based genetic testing for cancer susceptibility genes: quo vadis? BJOG.
2023;130(2):125-130. doi:10.1111/1471-0528.17283

23. Greenberg R, Aharonov-Majar E, Isakov O, et al. Carrier screening program for BRCAT/BRCA2 pathogenic
variants among Ashkenazi Jewish women in Israel: an observational study. Genet Med Open. 2023;1(1):100824. doi:10.
1016/j.8im0.2023.100824

24. Venkatesan P. BRCA testing launched for people of Jewish ancestry in England. Lancet Oncol. 2024;25
(3):284. doi:10.1016/51470-2045(24)00087-1

25. Tindale LC, Zhantuyakova A, Lam S, et al. Gynecologic cancer risk and genetics: informing an ideal model of
gynecologic cancer prevention. Curr Oncol. 2022;29(7):4632-4646. doi:10.3390/curroncol29070368

[5 JAMA Network Open. 2024,7(9):e2432725. doi:10.1001/jamanetworkopen.2024.32725 September 12,2024 13/17

Downloaded from jamanetwork.com by Queen Mary, University of London user on 09/13/2024


https://dx.doi.org/10.6004/jnccn.2021.0001
https://dx.doi.org/10.6004/jnccn.2021.0001
https://www.cancercareontario.ca/en/guidelines-advice/types-of-cancer/70161
https://dx.doi.org/10.1016/j.ejca.2007.04.023
https://dx.doi.org/10.1200/JCO.18.01631
https://dx.doi.org/10.3390/cancers13174344
https://dx.doi.org/10.3390/cancers13174344
https://dx.doi.org/10.1038/s41591-020-0982-5
https://dx.doi.org/10.1200/JCO.2017.74.7899
https://dx.doi.org/10.1200/JCO.2017.74.7899
https://dx.doi.org/10.1200/JCO.2017.73.6314
https://dx.doi.org/10.1136/jmedgenet-2017-105195
https://dx.doi.org/10.1007/s10689-021-00270-0
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2023.9526&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725
https://archive.cdc.gov/#/details?url=https://www.cdc.gov/genomics/implementation/toolkit/tier1.htm
https://archive.cdc.gov/#/details?url=https://www.cdc.gov/genomics/implementation/toolkit/tier1.htm
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.55324&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725
https://dx.doi.org/10.1093/jnci/djn442
https://dx.doi.org/10.1093/jnci/djn442
https://dx.doi.org/10.1016/S1470-2045(14)71171-4
https://dx.doi.org/10.1016/S1470-2045(14)71171-4
https://dx.doi.org/10.1016/S0140-6736(19)32955-1
https://dx.doi.org/10.1016/S0140-6736(19)32955-1
https://dx.doi.org/10.1200/JCO.2004.04.188
https://dx.doi.org/10.1200/JCO.2004.04.188
https://dx.doi.org/10.1146/annurev-genom-083118-015253
https://dx.doi.org/10.1146/annurev-genom-083118-015253
https://dx.doi.org/10.1111/1471-0528.17283
https://dx.doi.org/10.1016/j.gimo.2023.100824
https://dx.doi.org/10.1016/j.gimo.2023.100824
https://dx.doi.org/10.1016/S1470-2045(24)00087-1
https://dx.doi.org/10.3390/curroncol29070368

JAMA Network Open | Health Policy Economic Evaluation of Population-Based BRCAT and BRCA2 Testing

26. Finch A, Beiner M, Lubinski J, et al; Hereditary Ovarian Cancer Clinical Study Group. Salpingo-oophorectomy
and the risk of ovarian, fallopian tube, and peritoneal cancers in women with a BRCAT or BRCA2 Mutation. JAMA.
2006;296(2):185-192. doi:10.1001/jama.296.2.185

27. Metcalfe K, Eisen A, Senter L, et al; Hereditary Breast Cancer Clinical Study Group. International trends in the
uptake of cancer risk reduction strategies in women with a BRCAT or BRCA2 mutation. Br J Cancer. 2019;121
(1):15-21. doi:10.1038/541416-019-0446-1

28. Parker WH, Feskanich D, Broder MS, et al. Long-term mortality associated with oophorectomy compared with
ovarian conservation in the nurses’ health study. Obstet Gynecol. 2013;121(4):709-716. doi:10.1097/A0G.
0b013e3182864350

29. Ministry of Health. Medical services commission payment schedule 2021. Accessed April 13, 2023. https://www2.
gov.bc.ca/assets/gov/health/practitioner-pro/medical-services-plan/msc-payment-schedule-may-2021.pdf

30. Canadian Institute for Health Information. Patient cost estimator. Accessed April 13, 2023. https://www.cihi.
ca/en/patient-cost-estimator

31. De Oliveira C, Pataky R, Bremner KE, et al. Estimating the cost of cancer care in British Columbia and Ontario:
a Canadian inter-provincial comparison. Healthc Policy. 2017;12(3):95-108. doi:10.12927/hcpol.2017.25024

32. National Institute for Health and Care Excellence. Advanced breast cancer: diagnosis and treatment. Accessed
November 13, 2023. https://www.nice.org.uk/guidance/cg81

33. Grann VR, Patel P, Bharthuar A, et al. Breast cancer-related preferences among women with and without BRCA
mutations. Breast Cancer Res Treat. 2010;119(1):177-184. doi:10.1007/s10549-009-0373-6

34. Jervis S, Song H, Lee A, et al. Arisk prediction algorithm for ovarian cancer incorporating BRCA1, BRCA2,
common alleles and other familial effects. J Med Genet. 2015;52(7):465-475. doi:10.1136/jmedgenet-2015-103077

35. Hanley GE, McAlpine JN, Cheifetz R, Schrader KA, McCullum M, Huntsman D. Selected medical interventions
in women with a deleterious BRCA mutation: a population-based study in British Columbia. Curr Oncol. 2019;26
(1):e17-e23. doi:10.3747/c0.26.4068

36. Read MD, Edey KA, Hapeshi J, Foy C. Compliance with estrogen hormone replacement therapy after
oophorectomy: a prospective study. Menopause Int. 2010;16(2):60-64. doi:10.1258/mi.2010.010023

37. Narod SA, Gojska N, Sun P, et al. The screen project: guided direct-to-consumer genetic testing for breast
cancer susceptibility in Canada. Cancers (Basel). 2021;13(8):1894. doi:10.3390/cancers13081894

38. Sask Cancer Agency. Pan-Canadian oncology drug review. Accessed November 28, 2023. http://www.saskcancer.
ca/health-professionals-article/pan-canadian-oncology-drug-review

39. Statistics Canada. Cancer in Canada: stage at diagnosis. Accessed November 28, 2023. https://www150.
statcan.gc.ca/n1/pub/82-003-x/2018012/article/00003/c-g/c-g03-eng.htm

40. Wapnir IL, Anderson SJ, Mamounas EP, et al. Prognosis after ipsilateral breast tumor recurrence and
locoregional recurrences in five national surgical adjuvant breast and bowel project node-positive adjuvant breast
cancer trials. J Clin Oncol. 2006;24(13):2028-2037. doi:10.1200/JC0.2005.04.3273

41. Anderson SJ, Wapnir |, Dignam JJ, et al. Prognosis after ipsilateral breast tumor recurrence and locoregional
recurrences in patients treated by breast-conserving therapy in five National Surgical Adjuvant Breast and Bowel
Project protocols of node-negative breast cancer. J Clin Oncol. 2009;27(15):2466-2473. doi:10.1200/JC0O.2008.
19.8424

42. Nova Scotia Health system. Women & children’s health program. 2023. Accessed January 15, 2023. https://www.
nshealth.ca/about-maternal-and-child-health-services

43. Tran DT, Palfrey D, Welsh R. The healthcare cost burden in adults with high risk for cardiovascular disease.
Pharmacoecon Open. 2021;5(3):425-435. doi:10.1007/s41669-021-00257-8

44. World Bank. Population, female. Accessed January 29, 2019. https://data.worldbank.org/indicator/SP.POPTOTL.
FE.IN?year_high_desc=true

45. Cuzick J, Sestak |, Bonanni B, et al; SERM Chemoprevention of Breast Cancer Overview Group. Selective
oestrogen receptor modulators in prevention of breast cancer: an updated meta-analysis of individual participant
data. Lancet. 2013;381(9880):1827-1834. doi:10.1016/S0140-6736(13)60140-3

46. Canadian Cancer Society. Screening for breast cancer. Accessed October 10, 2023. https://cancer.ca/en/cancer-
information/cancer-types/breast/screening

47. National Institute for Health and Care Excellence. Familial Breast Cancer: Classification and Care of People at
Risk of Familial Breast Cancer and Management of Breast Cancer and Related Risks in People With a Family History
of Breast Cancer: NICE Clinical Guideline No. 164. National Institute for Health and Care Excellence; 2016.

[5 JAMA Network Open. 2024,7(9):e2432725. doi:10.1001/jamanetworkopen.2024.32725 September 12,2024 14117

Downloaded from jamanetwork.com by Queen Mary, University of London user on 09/13/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.296.2.185&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725
https://dx.doi.org/10.1038/s41416-019-0446-1
https://dx.doi.org/10.1097/AOG.0b013e3182864350
https://dx.doi.org/10.1097/AOG.0b013e3182864350
https://www2.gov.bc.ca/assets/gov/health/practitioner-pro/medical-services-plan/msc-payment-schedule-may-2021.pdf
https://www2.gov.bc.ca/assets/gov/health/practitioner-pro/medical-services-plan/msc-payment-schedule-may-2021.pdf
https://www.cihi.ca/en/patient-cost-estimator
https://www.cihi.ca/en/patient-cost-estimator
https://dx.doi.org/10.12927/hcpol.2017.25024
https://www.nice.org.uk/guidance/cg81
https://dx.doi.org/10.1007/s10549-009-0373-6
https://dx.doi.org/10.1136/jmedgenet-2015-103077
https://dx.doi.org/10.3747/co.26.4068
https://dx.doi.org/10.1258/mi.2010.010023
https://dx.doi.org/10.3390/cancers13081894
http://www.saskcancer.ca/health-professionals-article/pan-canadian-oncology-drug-review
http://www.saskcancer.ca/health-professionals-article/pan-canadian-oncology-drug-review
https://www150.statcan.gc.ca/n1/pub/82-003-x/2018012/article/00003/c-g/c-g03-eng.htm
https://www150.statcan.gc.ca/n1/pub/82-003-x/2018012/article/00003/c-g/c-g03-eng.htm
https://dx.doi.org/10.1200/JCO.2005.04.3273
https://dx.doi.org/10.1200/JCO.2008.19.8424
https://dx.doi.org/10.1200/JCO.2008.19.8424
https://www.nshealth.ca/about-maternal-and-child-health-services
https://www.nshealth.ca/about-maternal-and-child-health-services
https://dx.doi.org/10.1007/s41669-021-00257-8
https://data.worldbank.org/indicator/SP.POP.TOTL.FE.IN?year_high_desc=true
https://data.worldbank.org/indicator/SP.POP.TOTL.FE.IN?year_high_desc=true
https://dx.doi.org/10.1016/S0140-6736(13)60140-3
https://cancer.ca/en/cancer-information/cancer-types/breast/screening
https://cancer.ca/en/cancer-information/cancer-types/breast/screening

JAMA Network Open | Health Policy Economic Evaluation of Population-Based BRCAT and BRCA2 Testing

48. Eggington JM, Bowles KR, Moyes K, et al. A comprehensive laboratory-based program for classification of
variants of uncertain significance in hereditary cancer genes. Clin Genet. 2014;86(3):229-237. doi:10.1111/cge.12315

49. Toland AE, Forman A, Couch FJ, et al; BIC Steering Committee. Clinical testing of BRCAT and BRCA2:
a worldwide snapshot of technological practices. NPJ Genom Med. 2018;3:7. doi:10.1038/s41525-018-0046-7

50. Costanian C, McCague H, Tamim H. Age at natural menopause and its associated factors in Canada: cross-
sectional analyses from the Canadian Longitudinal Study on Aging. Menopause. 2018;25(3):265-272. doi:10.1097/
GME.0000000000000990

51. Rivera CM, Grossardt BR, Rhodes DJ, et al. Increased cardiovascular mortality after early bilateral
oophorectomy. Menopause. 2009;16(1):15-23. doi:10.1097/gme.0b013e31818888f7

52. Canada's Drug and Health Technology Agency. Guidelines for the economic evaluation of health technologies:
Canada. Accessed April 13, 2023. https://www.cadth.ca/sites/default/files/pdf/guidelines_for_the_economic_
evaluation_of_health_technologies_canada_4th_ed.pdf

53. Havrilesky LJ, Broadwater G, Davis DM, et al. Determination of quality of life-related utilities for health states
relevant to ovarian cancer diagnosis and treatment. Gynecol Oncol. 2009;113(2):216-220. doi:10.1016/j.ygyno.
2008.12.026

54. Canadian Cancer Statistics Advisory Committee; Canadian Cancer Society; Statistics Canada; Public Health
Agency of Canada. Canadian cancer statistics 2021. Accessed April 13, 2023. https://cdn.cancer.ca/-/media/files/
research/cancer-statistics/2021-statistics/2021-pdf-en-final.pdf

55. Hanly P, Timmons A, Walsh PM, Sharp L. Breast and prostate cancer productivity costs: a comparison of the
human capital approach and the friction cost approach. Value Health. 2012;15(3):429-436. doi:10.1016/j.jval.2011.
12.012

56. Statistics Canada. Life expectancy and other elements of the complete life table, three-year estimates,
Canada, all provinces except Prince Edward Island. 2022. Accessed November 13, 2023. https://www150.statcan.
gc.ca/tl/tbl1/en/tv.action?pid=1310011401

57. Evans DG, Lalloo F, Ashcroft L, et al. Uptake of risk-reducing surgery in unaffected women at high risk of breast
and ovarian cancer is risk, age, and time dependent. Cancer Epidemiol Biomarkers Prev. 2009;18(8):2318-2324.
doi:10.1158/1055-9965.EPI-09-0171

58. Le Page C, Rahimi K, Kébel M, et al. Characteristics and outcome of the COEUR Canadian validation cohort for
ovarian cancer biomarkers. BMC Cancer. 2018;18(1):347. doi:10.1186/512885-018-4242-8

59. Huzarski T, Byrski T, Gronwald J, et al. Ten-year survival in patients with BRCAT-negative and BRCAT-positive
breast cancer. J Clin Oncol. 2013;31(26):3191-3196. doi:10.1200/JC0.2012.45.3571

60. Bordeleau L, Panchal S, Goodwin P. Prognosis of BRCA-associated breast cancer: a summary of evidence.
Breast Cancer Res Treat. 2010;119(1):13-24. doi:10.1007/s10549-009-0566-z

61. Rennert G, Bisland-Naggan S, Barnett-Griness O, et al. Clinical outcomes of breast cancer in carriers of BRCA1
and BRCA2 mutations. N Engl J Med. 2007;357(2):115-123. doi:10.1056/NEJM0a070608

62. McLaughlin JR, Rosen B, Moody J, et al. Long-term ovarian cancer survival associated with mutation in BRCAT
or BRCA2. J Natl Cancer Inst. 2013;105(2):141-148. doi:10.1093/jnci/djs494

63. Briggs A. Probabilistic analysis of cost-effectiveness models: statistical representation of parameter
uncertainty. Value Health. 2005;8(1):1-2. doi:10.1111/j.1524-4733.2005.08101.x

64. Oxley S, Wei X, Sideris M, Manchanda R. Cost-Effectiveness of Genetic Testing Strategies for Breast Cancer.
Screening and Risk Reduction Strategies for Breast Cancer: Imaging Modality and Risk-Reduction Approaches.
Springer; 2023:113-126. doi:10.1007/978-981-19-7630-8 8

65. Manchanda R, Patel S, Antoniou AC, et al. Cost-effectiveness of population based BRCA testing with varying
Ashkenazi Jewish ancestry. Am J Obstet Gynecol. 2017;217(5):578.e1-578.e12. doi:10.1016/j.ajog.2017.06.038

66. Manchanda R, Legood R, Burnell M, et al. Cost-effectiveness of population screening for BRCA mutations in
Ashkenazi Jewish women compared with family history-based testing. J Natl Cancer Inst. 2014;107(1):380.

67. Patel S, Legood R, Evans DG, et al. Cost effectiveness of population based BRCAT founder mutation testing in
Sephardi Jewish women. Am J Obstet Gynecol. 2018;218(4):431.e1-431.e12. doi:10.1016/j.ajog.2017.12.221

68. ManchandaR, Sun L, Patel S, et al. Economic evaluation of population-based BRCA1/BRCA2 mutation testing
across multiple countries and health systems. Cancers (Basel). 2020;12(7):1929. doi:10.3390/cancers12071929

69. ZhangL, Bao'Y, Riaz M, et al. Population genomic screening of all young adults in a health-care system: a cost-
effectiveness analysis. Genet Med. 2019;21(9):1958-1968. doi:10.1038/s41436-019-0457-6

[5 JAMA Network Open. 2024,7(9):e2432725. doi:10.1001/jamanetworkopen.2024.32725 September 12,2024 15/17

Downloaded from jamanetwork.com by Queen Mary, University of London user on 09/13/2024


https://dx.doi.org/10.1111/cge.12315
https://dx.doi.org/10.1038/s41525-018-0046-7
https://dx.doi.org/10.1097/GME.0000000000000990
https://dx.doi.org/10.1097/GME.0000000000000990
https://dx.doi.org/10.1097/gme.0b013e31818888f7
https://www.cadth.ca/sites/default/files/pdf/guidelines_for_the_economic_evaluation_of_health_technologies_canada_4th_ed.pdf
https://www.cadth.ca/sites/default/files/pdf/guidelines_for_the_economic_evaluation_of_health_technologies_canada_4th_ed.pdf
https://dx.doi.org/10.1016/j.ygyno.2008.12.026
https://dx.doi.org/10.1016/j.ygyno.2008.12.026
https://cdn.cancer.ca/-/media/files/research/cancer-statistics/2021-statistics/2021-pdf-en-final.pdf
https://cdn.cancer.ca/-/media/files/research/cancer-statistics/2021-statistics/2021-pdf-en-final.pdf
https://dx.doi.org/10.1016/j.jval.2011.12.012
https://dx.doi.org/10.1016/j.jval.2011.12.012
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310011401
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310011401
https://dx.doi.org/10.1158/1055-9965.EPI-09-0171
https://dx.doi.org/10.1186/s12885-018-4242-8
https://dx.doi.org/10.1200/JCO.2012.45.3571
https://dx.doi.org/10.1007/s10549-009-0566-z
https://dx.doi.org/10.1056/NEJMoa070608
https://dx.doi.org/10.1093/jnci/djs494
https://dx.doi.org/10.1111/j.1524-4733.2005.08101.x
https://dx.doi.org/10.1007/978-981-19-7630-8_8
https://dx.doi.org/10.1016/j.ajog.2017.06.038
https://www.ncbi.nlm.nih.gov/pubmed/25435542
https://dx.doi.org/10.1016/j.ajog.2017.12.221
https://dx.doi.org/10.3390/cancers12071929
https://dx.doi.org/10.1038/s41436-019-0457-6

JAMA Network Open | Health Policy Economic Evaluation of Population-Based BRCAT and BRCA2 Testing

70. GuoF, AdekanmbiV, Hsu CD, Berenson AB, Kuo YF, Shih YT. Cost-effectiveness of population-based multigene
testing for breast and ovarian cancer prevention. JAMA Netw Open. 2024;7(2):e2356078. doi:10.1001/
jamanetworkopen.2023.56078

71. Lacaze P, Marquina C, Tiller J, et al. Combined population genomic screening for three high-risk conditions in
Australia: a modelling study. EClinicalMedicine. 2023;66:102297. doi:10.1016/j.eclinm.2023.102297

72. Manchanda R, Patel S, Gordeev VS, et al. Cost-effectiveness of population-based BRCA1, BRCA2, RAD5IC,
RADSID, BRIP1, PALB2 mutation testing in unselected general population women. J Natl Cancer Inst. 2018;110(7):
714-725. doi:10.1093/jnci/djx265

73. Guzauskas GF, Garbett S, Zhou Z, et al. Cost-effectiveness of population-wide genomic screening for
hereditary breast and ovarian cancer in the United States. JAMA Netw Open. 2020;3(10):e2022874. doi:10.1001/
jamanetworkopen.2020.22874

74. Manchanda R, Loggenberg K, Sanderson S, et al. Population testing for cancer predisposing BRCA1/BRCA2
mutations in the Ashkenazi-Jewish community: a randomized controlled trial. J Nat/ Cancer Inst. 2014;107(1):379.

75. Manchanda R, Burnell M, Gaba F, et al. Randomised trial of population-based BRCA testing in Ashkenazi Jews:
long-term outcomes. BJOG. 2020;127(3):364-375. doi:10.1111/1471-0528.15905

76. Manchanda R, Gaba F. Population Based Testing for Primary Prevention: A Systematic Review. Cancers
(Basel). 2018;10(11):424. doi:10.3390/cancers10110424

77. Gabai-Kapara E, Lahad A, Kaufman B, et al. Population-based screening for breast and ovarian cancer risk due
to BRCATand BRCA2. Proc Natl Acad Sci U S A. 2014;111(39):14205-14210. doi:10.1073/pnas.1415979111

78. Public Health Agency of Canada. Key Health Inequalities in Canada: A National Portrait. Government of
Canada; 2018.

79. Lacaze P, Manchanda R, Green RC. Prioritizing the detection of rare pathogenic variants in population
screening. Nat Rev Genet. 2023;24(4):205-206. doi:10.1038/s41576-022-00571-9

80. GabaF, Blyuss O, Tan A, et al. Breast cancer risk and breast-cancer-specific mortality following risk-reducing
salpingo-oophorectomy in BRCA carriers: a systematic review and meta-analysis. Cancers (Basel). 2023;15
(5):1625. doi:10.3390/cancers15051625

81. Manchanda R, Burnell M, Abdelraheim A, et al. Factors influencing uptake and timing of risk reducing salpingo-
oophorectomy in women at risk of familial ovarian cancer: a competing risk time to event analysis. BJOG. 2012;119
(5):527-536. doi:10.1111/j.1471-0528.2011.03257.x

82. Manchanda R, Abdelraheim A, Johnson M, et al. Outcome of risk-reducing salpingo-oophorectomy in BRCA
carriers and women of unknown mutation status. BJOG. 2011;118(7):814-824. doi:10.1111/j.1471-0528.2011.
02920.x

83. Miller ME, Czechura T, Martz B, et al. Operative risks associated with contralateral prophylactic mastectomy:
asingle institution experience. Ann Surg Oncol. 2013;20(13):4113-4120. doi:10.1245/s10434-013-3108-1

84. Madalinska JB, Hollenstein J, Bleiker E, et al. Quality-of-life effects of prophylactic salpingo-oophorectomy
versus gynecologic screening among women at increased risk of hereditary ovarian cancer. J Clin Oncol. 2005;23
(28):6890-6898. doi:10.1200/JC0O.2005.02.626

85. Gaba F, Manchanda R. Systematic review of acceptability, cardiovascular, neurological, bone health and HRT
outcomes following risk reducing surgery in BRCA carriers. Best Pract Res Clin Obstet Gynaecol. 2020;65:46-65.
doi:10.1016/j.bpobgyn.2020.01.006

86. Wei X, Oxley S, Sideris M, et al. Quality of life after risk-reducing surgery for breast and ovarian cancer
prevention: a systematic review and meta-analysis. Am J Obstet Gynecol. 2023;229(4):388-409.e4. doi:10.1016/j.
2jog.2023.03.045

87. GabaF, Blyuss O, Chandrasekaran D, et al. Attitudes towards risk-reducing early salpingectomy with delayed
oophorectomy for ovarian cancer prevention: a cohort study. BJOG. 2021;128(4):714-726. doi:10.1111/1471-
0528.16424

88. Metcalfe KA, Esplen MJ, Goel V, Narod SA. Psychosocial functioning in women who have undergone bilateral
prophylactic mastectomy. Psychooncology. 2004;13(1):14-25. doi:10.1002/pon.726

89. Burnell M, Gaba F, Sobocan M, et al. Randomised trial of population-based BRCA testing in Ashkenazi Jews:
long-term secondary lifestyle behavioural outcomes. BJOG. 2022;129(12):1970-1980. doi:10.1111/1471-0528.17253

SUPPLEMENT 1.

eMethods 1. Explanation of the Markov Model Structure
eTable 1. Probability Values and Explanations

eTable 2. Medical Costs in 2022 Values and Explanations

[5 JAMA Network Open. 2024,7(9):e2432725. doi:10.1001/jamanetworkopen.2024.32725 September 12,2024  16/17

Downloaded from jamanetwork.com by Queen Mary, University of London user on 09/13/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.56078&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.56078&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725
https://dx.doi.org/10.1016/j.eclinm.2023.102297
https://dx.doi.org/10.1093/jnci/djx265
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.22874&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.22874&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.32725
https://www.ncbi.nlm.nih.gov/pubmed/25435541
https://dx.doi.org/10.1111/1471-0528.15905
https://dx.doi.org/10.3390/cancers10110424
https://dx.doi.org/10.1073/pnas.1415979111
https://dx.doi.org/10.1038/s41576-022-00571-9
https://dx.doi.org/10.3390/cancers15051625
https://dx.doi.org/10.1111/j.1471-0528.2011.03257.x
https://dx.doi.org/10.1111/j.1471-0528.2011.02920.x
https://dx.doi.org/10.1111/j.1471-0528.2011.02920.x
https://dx.doi.org/10.1245/s10434-013-3108-1
https://dx.doi.org/10.1200/JCO.2005.02.626
https://dx.doi.org/10.1016/j.bpobgyn.2020.01.006
https://dx.doi.org/10.1016/j.ajog.2023.03.045
https://dx.doi.org/10.1016/j.ajog.2023.03.045
https://dx.doi.org/10.1111/1471-0528.16424
https://dx.doi.org/10.1111/1471-0528.16424
https://dx.doi.org/10.1002/pon.726
https://dx.doi.org/10.1111/1471-0528.17253

JAMA Network Open | Health Policy Economic Evaluation of Population-Based BRCAT and BRCA2 Testing

eMethods 2. Estimation of Productivity Loss

eMethods 3. Estimates for Age of Onset and Survival for Breast and Ovarian Cancers
eFigure. Tornado Diagrams of 1-Way Sensitivity Analyses

eReferences.

SUPPLEMENT 2.
Data Sharing Statement

& JAMA Network Open. 2024,7(9):e2432725. doi:10.1001/jamanetworkopen.2024.32725 September 12,2024 1717

Downloaded from jamanetwork.com by Queen Mary, University of London user on 09/13/2024



