
ORIGINAL RESEARCH ARTICLE

Is BRCA Mutation Testing Cost Effective for Early Stage Breast
Cancer Patients Compared to Routine Clinical Surveillance? The
Case of an Upper Middle-Income Country in Asia

Ka Keat Lim1,2
• Sook Yee Yoon3 • Nur Aishah Mohd Taib4 •

Fatiha Hana Shabaruddin5 • Maznah Dahlui6 • Yin Ling Woo7 •

Meow Keong Thong8 • Soo Hwang Teo3,4 • Nathorn Chaiyakunapruk9,10,11,12

Published online: 23 March 2018

� Springer International Publishing AG, part of Springer Nature 2018

Abstract

Objective Previous studies showed that offering BRCA

mutation testing to population subgroups at high risk of

harbouring the mutation may be cost effective, yet no

evidence is available for low- or middle-income countries

(LMIC) and in Asia. We estimated the cost effectiveness of

BRCA mutation testing in early-stage breast cancer

patients with high pre-test probability of harbouring the

mutation in Malaysia, an LMIC in Asia.

Methods We developed a decision analytic model to esti-

mate the lifetime costs and quality-adjusted life-years

(QALYs) accrued through BRCA mutation testing or

routine clinical surveillance (RCS) for a hypothetical

cohort of 1000 early-stage breast cancer patients aged

40 years. In the model, patients would decide whether to

accept testing and to undertake risk-reducing mastectomy,

oophorectomy, tamoxifen, combinations or neither. We

calculated the incremental cost-effectiveness ratio (ICER)

from the health system perspective. A series of sensitivity

analyses were performed.

Results In the base case, testing generated 11.2 QALYs

over the lifetime and cost US$4815 per patient whereas

RCS generated 11.1 QALYs and cost US$4574 per patient.

The ICER of US$2725/QALY was below the cost-effective

thresholds. The ICER was sensitive to the discounting of
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cost, cost of BRCA mutation testing and utility of being

risk-free, but the ICERs remained below the thresholds.

Probabilistic sensitivity analysis showed that at a threshold

of US$9500/QALY, 99.9% of simulations favoured BRCA

mutation testing over RCS.

Conclusions Offering BRCA mutation testing to early-

stage breast cancer patients identified using a locally-val-

idated risk-assessment tool may be cost effective compared

to RCS in Malaysia.

Key Points for Decision Makers

As the cost of BRCA mutation testing becomes more

affordable, evidence on its cost effectiveness in low-

or middle-income countries (LMIC) is necessary.

Using local data on BRCA mutation testing uptake,

choices of interventions among patients tested

positive and cancer survival, we demonstrated that

BRCA mutation testing reduces the cases of

ipsilateral/contralateral breast cancer and may be

cost effective compared to the status quo of routine

clinical surveillance in Malaysia.

1 Background

BRCA mutation carriers have higher risk of breast cancer

and ovarian cancer than non-carriers [1–3]. Nevertheless,

individuals found to be carriers could reduce their risks by

opting for risk-reducing interventions [1] such as mastec-

tomy, oophorectomy, tamoxifen chemoprevention or their

combinations. While BRCA mutation testing has seen a

rapid increase in utilization in high income countries such

as the USA [4], it has not been routinely available in the

low- or middle-income countries (LMIC) due to its high

cost. The lack of access to BRCA mutation testing in

LMIC results in missed opportunities for cancer preven-

tion, particularly among those at high risk of harbouring

the mutation such as those with early onset cancers [5].

As low-cost testing is becoming available, policy mak-

ers in the LMIC now have the opportunity to consider

adopting the test. However, to the best of our knowledge,

there has been no evidence on the cost effectiveness of a

BRCA mutation testing strategy in an LMIC [6, 7]. Evi-

dence from high-income countries suggests that popula-

tion-based testing (prevalence of BRCA mutation

0.02–0.06% [8]) is likely too expensive to be justified by

the health gains achieved. This will likely apply to the

LMIC that may not even have sufficient resources to

establish and sustain the necessary lab facilities to cater for

the whole population. Indeed, testing a population sub-

group with a high pre-test probability of harbouring BRCA

mutation such as the Ashkenazi Jewish population [9]

(prevalence of BRCA mutation 2.5%) and those identified

using risk prediction tools [10] (C 10% pre-test probability

based on family history and age of cancer onset [5, 11]) has

been shown to be high value for money. This evidence

suggests that a BRCA mutation testing strategy in an

LMIC should also focus on high-risk population subgroups.

Offering testing to patients with existing access to the

healthcare system minimizes the logistic costs and chal-

lenges by reaching out to those who could benefit, and

hence is more feasible than population-based testing in an

LMIC. In Malaysia, BRCA mutation testing is recom-

mended for breast cancer patients in the local clinical

guidelines [12]. A risk-prediction tool to identify patients

with a high pre-test probability of BRCA mutation is also

validated locally [13]. However, testing is only offered in

one local hospital [14, 15]. This presents an opportunity to

assess the cost effectiveness of the BRCA mutation testing

program. Using data from the testing program as well as

those in the literature, our study examined the cost effec-

tiveness of BRCA mutation testing in breast cancer

patients with a high pre-test probability of BRCA mutation

compared to routine clinical surveillance (RCS) in

Malaysia, an LMIC. Our findings address the paucity of

evidence in an LMIC and may advise strategies for the

adoption of BRCA mutation testing in similar settings.

2 Methods

2.1 Model Overview

We prepared this article according to the CHEERS

checklist [16].

We developed a decision analytic model to estimate the

lifetime costs and quality-adjusted life-years (QALYs)
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accrued through BRCA mutation testing or RCS from the

health system’s perspective. The model was adapted from

published studies [10, 17] and in consultation with a

genetic counsellor, a breast surgeon and a gynaecologist. In

the base-case scenario, a hypothetical cohort of 1000 newly

diagnosed and treated early-stage (Stages 1 or 2) unilateral

breast cancer patients aged 40 years entered the model.

These patients must not have previously undergone

oophorectomy and must be at high risk of having BRCA

mutation as identified based on locally-validated criteria

[13, 18]: (a) early-onset breast cancer (B 40 years old)

and C 1 additional case(s) of breast cancer in first- or

second-degree relatives; (b) breast cancer (C 40 years old)

and C 2 additional cases of breast cancer in first- or sec-

ond-degree relatives; (c) bilateral breast cancer (\ 50 years

old) or (d) a personal or family history of breast and

ovarian cancer.

The two-part model began with a decision tree (Fig. 1a),

where breast cancer patients received either BRCA muta-

tion testing or routine clinical surveillance (RCS, usual

care in institutions without BRCA mutation testing). Two

types of breast cancer patients entered the model—those

with only one remaining breast, because mastectomy of the

affected breast was part of the breast cancer treatment

before they underwent testing) and those with two

remaining breasts (because they had unilateral or bilateral

breast conservation surgery). Under the BRCA muta-

tion testing arm, patients may accept or decline testing. For

those who accepted testing, their tests may return positive

(true or false-positive) or negative (true or false-negative)

results. Those with positive test results would then under-

take risk-reducing mastectomy (RRM), risk-reducing

bilateral salpingo-oophorectomy (RRBSO), tamoxifen

chemoprevention, combinations of these or neither

(Fig. 1b). We assumed that patients who opted for RRM

removed all remaining breasts, i.e. the contralateral breast

for those who already had mastectomy prior to entering the

model or both breasts for those who had breast-conserving

surgery prior to entering the model.

Subsequently, all patients entered the Markov model

with six health states: ipsilateral breast cancer (IBC,

recurrence or new primary breast cancer in the same

breast), contralateral breast cancer (CBC, new breast can-

cer in the opposite breast), ovarian cancer (OC), at risk of

IBC, CBC and/or OC (depending on the choice of risk-

reducing interventions), risk-free (from IBC, CBC and OC)

and death (Fig. 2). We assumed that patients would be risk-

free from future breast and ovarian cancer if they under-

went RRM and RRBSO, respectively. Patients moved

through these health states in an annual cycle. We chose a

1-year cycle length as it reflected the nature of transition of

both cancers that did not progress fast. On the other hand,

patients who declined testing and those with negative test

results underwent RCS, similar to patients under the RCS

arm. If a patient developed a cancer, the model assumed

that she either survived or died within the stage but did not

recover from it (Fig. 2). Similar to all previous studies [6],

our model did not differentiate testing of BRCA1 and

BRCA2 mutations as there was no difference in the rec-

ommended treatment under current clinical guidelines.

We populated the model with data compiled from

multiple data sources and literature searches (Supplemen-

tary File 1), prioritizing local data and data from an Asian

population. Briefly, BRCA mutation testing uptake, prob-

abilities of test results and choice of risk-reducing inter-

ventions were based on a local cohort of BRCA patients

[15], cancer survival data were based on local registries

[19] and cost data based on a local hospital. Utility data

were derived from a mixture of Asian [20] and Caucasian

populations [21–24]. Meanwhile, transition probabilities

and relative risks were based on published meta-analyses

[1] or large cohort studies [3, 25–27] from other population

due to a paucity of data on Asian populations. Supple-

mentary File 2 presents all parameters used in the model.

2.2 Likelihood of Events

To reflect the local population, we derived the BRCA

mutation testing uptake rate, probabilities of test results

and choice of risk-reducing interventions from the

Malaysian Breast Cancer Genetic Study (MyBrCa) [15], an

ongoing study recruiting breast cancer patients for genetic

counselling and testing based on locally validated criteria

[13, 18]. While the BRCA mutation testing uptake rate and

probabilities of test results were the same regardless of the

breast status (one or two remaining breasts), patients with

only a contralateral breast (those who had removed the

affected breast prior to BRCA mutation testing) were more

willing to undergo risk-reducing interventions than those

with two remaining breasts. For instance, 21.1% of patients

with two remaining breasts had RRM, among whom 71.4%

also opted for RRBSO [15]. Meanwhile, all patients with

only a contralateral breast who had RRM (22.2%) also

opted for RRBSO [15]. Similarly, no patients with two

remaining breasts who had RRBSO (13.3%) opted for

tamoxifen, whereas 8.3% of those with only a contralateral

breast who had RRBSO (47.6%) opted for tamoxifen [15]

(Supplementary File 2).

We adopted the true-positive rate of 99% and true-

negative rate of 99% from a previous study [17], as the

sensitivity and specificity of commercial genetic tests have

been reported to be high [28].

There were two groups of untested patients—those who

declined testing as well as those under the RCS arm. These

patients fulfilled the BRCA mutation testing criteria

[13, 18] and may have different cancer risks from the

Cost Effectiveness of BRCA Mutation Testing for Early Stage Breast Cancer Patients 397



Fig. 1 a General structure of

the decision tree. b Section of

the decision tree model for

patients tested positive (true or

false-positives). RRM risk-

reducing mastectomy, RRBSO

risk-reducing salpingo-

oophorectomy
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general population. We assumed the proportion of

BRCA ? patients in both groups was the same as those

who were tested.

To date, there has been no study on the transition

probabilities and relative risks of IBC, CBC and OC for

BRCA ? breast cancer patients in Asia. Therefore we

adapted these estimates from published studies of other

populations [3, 25–27] based on our literature search

(Supplementary File 1). For consistency, we used data

from meta-analyses [1] and standardized the population

from which the estimates were derived as much as

possible.

Within the Markov model, there were two risk groups—

BRCA mutation carriers (BRCA test true positive and false

negative, hereafter ‘BRCA?’) and non-carriers (true neg-

ative and false positive, hereafter ‘BRCA-‘). We obtained

data on transition probabilities of IBC [27], CBC [26] and

OC [25] for BRCA ? from North America. The corre-

sponding probabilities for BRCA- were estimated using the

inverse of relative risks of BRCA ? versus BRCA-

obtained from a recent meta-analysis [1] and a large cohort

study [3]: contracting IBC [relative risk (RR) 1.32, 95%

confidence interval (CI) 0.70–2.46], CBC (RR 2.90; 95%

CI 1.85–4.53), and OC (BRCA1: RR 44.83, 95% CI

23.87–76.66; BRCA2: RR 15.15, 95% CI 4.92–35.36). We

used RRs pooled from cohort studies from the meta-anal-

ysis [1].

We assumed similar effects of risk-reducing interven-

tions for BRCA ? and BRCA- patients—undertaking

RRBSO would reduce the risk of IBC by 58% (hazard ratio

(HR) 0.42; 95% CI 0.22–0.81) and CBC by 48% (HR 0.52;

95% CI 0.37–0.74) [1]. Tamoxifen alone reduces the risk

of CBC (HR 0.42; 95% CI 0.27–0.63) but has no signifi-

cant effect on IBC (HR 0.39; 95% CI 0.09–1.69) [1].

Meanwhile, tamoxifen after RRBSO has no significant

effect on CBC (HR 0.83; 95% CI 0.24–2.89) [1].

Annual survival probabilities of breast cancer and OC

were estimated from 5-year survival data in a local cancer

registry [19].

For two variables—the transition probability of OC [25]

and relative risk of BRCA ? vs BRCA- for OC [3]—we

used the proportion of BRCA subtypes data in MyBrCa to

combine the individual RR for BRCA1 and BRCA2 to

obtain an overall RR as an overall relative risk was not

reported.

2.3 Costs

For this study, we adopted the health system’s perspective

with a boundary at the health system’s cost only. All costs

included costs of the services as well as the workforce

required to deliver the service. The costs were first inflated

to Malaysian ringgit (MYR) 2016 values using the

healthcare component of local consumer price index [29]

Fig. 2 Markov model. Patients

who undertook both RRM and

RRBSO would enter the

Markov model in State B (risk-

free from IBC, CBC and OC),

whereas those who undertook

either procedure or did nothing

would enter State A (at risk) of

the decision tree. Depending on

the combination of

interventions, patients at risk

then transitioned to one of the

cancer states (IBC, CBC or OC)

or death in an annual cycle. The

model assumed that patients in

State B remain cancer free and

die from other causes. IBC

ipsilateral breast cancer, CBC

contralateral breast cancer, OC

ovarian cancer, RRM risk-

reducing mastectomy, RRBSO

risk-reducing salpingo-

oophorectomy
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where necessary. Subsequently, they were converted to

2016 US$ using the historical Central Bank of Malaysia

exchange rate on 1 July 2016 (US$1 = MYR3.9913) [30].

We used direct medical care costs obtained from

University Malaya Medical Centre (UMMC) database as

well as the Ministry of Health Medical Cost of Services

Order 2014 [31]. Public hospitals in Malaysia are tax-

funded and government-run; they are the major providers

of acute curative care in the country [32]. UMMC is one of

the three public tertiary breast centres [32] where patients

receive government subsidy similar to those at other public

hospitals.

Meanwhile, the cost of BRCA mutation testing (inclu-

sive of full BRCA sequencing, multiple ligand-dependent

probe amplification, MLPA and genetic counselling) was

estimated from MyBrCa [15]. The genetic counselling

session would involve a genetic counsellor and a clinical

geneticist who would share information on familial cancer,

the test itself, and explanations of implications of a positive

result, including inheritance and risk to family members.

Patients in both arms incurred the cost of clinic visits for

surveillance—four times in the first year after diagnosis,

twice a year from the second to fifth year, and once a year

from the sixth year onwards, regardless of risk-reducing

interventions. Patients who accepted BRCA muta-

tion testing would incur a one-off cost of testing. In addi-

tion, patients in the ‘at-risk’ stage would also utilize annual

mammogram and MRI screening if they did not undergo

RRM; annual transvaginal ultrasound and CA125 test for

OC if they did not undergo RRBSO. A diagnosis of breast

cancer would require ultrasound, CT scan, biopsy and

histopathology, whereas a diagnosis of OC would involve

la aparoscopic day-care procedure as well as biopsy and

histopathology. We assumed patients entering a cancer

state to undergo surgical removal of tumour and radio-

therapy. Cost of chemotherapy was the average cost for

patients using various chemotherapy regimes in UMMC.

We did not consider the cost of targeted therapy for breast

cancer as access to targeted therapy is limited in public

hospitals in Malaysia due to budget constraints [33].

2.4 Utility

We performed a literature search for the utility of each

health state for the QALY estimation. As we could not

locate any literature on utility values for local patients, we

adopted utility values from other countries, prioritizing

literature from Asian countries as much as possible.

The health-state utility values for ‘IBC’ and ‘CBC’

states were obtained from the quality of life in breast

cancer patients in Singapore [20], which share a similar

population composition and culture to Malaysia, whereas

the utility values for ‘OC’ state [21] was adopted from

North America due to the paucity of local and regional

data.

Based on a systematic review [22], there have only been

two studies [23, 24] eliciting utility values of breast care

patients on risk-reducing interventions for BRCA muta-

tions. We based the utility values of different ‘at-risk’

states on these two studies where patients who were ‘risk

free’ had the lowest utility values due to the removal of

both breasts and ovaries. As these studies did not directly

elicit utility values for those who had RRBSO only, we

used the difference in utility values between RRM only and

RRBSO only in a previous study [17] to estimate the utility

values for those who performed RRBSO. Likewise, we

used the difference in utility values between ‘at risk (do

nothing/monitor only)’ and ‘at risk (tamoxifen only)’ in a

previous study [24] to estimate the utility values for those

who had RRBSO and tamoxifen.

2.5 Base-Case Analysis

In accordance with the Malaysian Pharmacoeconomic

Guideline 2012 [34], we adopted the health system’s per-

spective and discounted all costs and health benefits at a

rate of 3% per year. All analyses were performed using

Microsoft Excel 2010� (Microsoft Corp., Redmond, WA,

USA). The outcomes of interest were incremental cost

effectiveness ratio (ICER), measured in terms of quality-

adjusted life-years (QALYs) and life-years saved (LYS).

There was no official cost-effectiveness threshold for

reimbursement in Malaysia. We used one-time gross

domestic product (GDP) [35], i.e. US$9500 as the thresh-

old, which was also recommended by Malaysian Health

Technology Assessment Section (MaHTAS) [36]. We also

examined the ICER using a lower threshold of US$5000 as

local studies [37, 38] revealed lower willingness to pay per

QALY (US$4993 to US$7286) in the community.

2.6 Sensitivity Analyses

To determine the robustness of estimates from the base

case, we performed one-way sensitivity analyses on all

variables listed in Supplementary File 2. We altered the

proportions, probabilities and utilities within their 95% CIs

and cost by ± 30% of the point estimate. Discounts on cost

and outcome of 0–5% were also included.

In addition, we examined the outcomes if we exclu-

sively tested only patients with one or two remaining

breasts. While we assumed that any subsequent cancer

would be detected early in our base case, some patients

diagnosed with advanced cancer may receive chemother-

apy; some may also opt for no active treatment and receive

end-of-life care in outpatient and inpatient settings. We

400 K. K. Lim et al.



therefore assessed the effect of adding these costs to the

base-case analysis.

We performed a probabilistic sensitivity analysis (PSA)

to address the uncertainty in the assumptions underlying

the model by allowing all input parameter values to vary

simultaneously over their respective standard errors within

the model. This analysis required 1000 iterations. For cost

parameters, we calculated the standard errors when we

varied the base case estimate by ± 30%. All input

parameters were assigned a probability distribution to

reflect the feasible range of values each parameter could

attain. We used a beta distribution for probability and

utility variables, log normal distribution for relative risks

and gamma distribution for costs [39]. To illustrate the

relationship between the values of threshold and the

probability of favouring each strategy, we presented a cost-

effectiveness acceptability curve.

3 Results

3.1 Base-Case Analysis

In the base case, offering BRCA mutation testing for breast

cancer patients fulfilling testing criteria would cost

US$4815 per patient over a lifetime, higher than US$4574

for RCS. However, the testing arm also accrued higher

QALYs (11.2 vs. 11.1 QALYs per patient) than the RCS

arm. This resulted in an ICER of US$2275/QALY gained

for testing compared to RCS, well below the threshold of

US$9500/QALY gained. Total life-years per patient in the

testing and RCS arms were 18.5 and 18.2, respectively,

with a corresponding ICER of US$814/life-year saved

(Table 1). Offering BRCA mutation testing reduced the

cases of breast (two IBC and 18 CBC less in the testing arm

than in the RCS arm), but increased the cases of ovarian

cancer (18 more OC cases in the testing arm) (Table 2).

3.2 Sensitivity Analyses

The results of sensitivity analyses (Fig. 3) indicate that

variations in proportions, transition probabilities, costs and

utility values have little influence on the overall results.

While the ICERs were positive (i.e. higher cost and

higher QALYs gained) at both upper and lower limits of

these variables, they remained below both thresholds of

US$5000 and US$9500/QALY gained. Similarly, ICERs

remained below both thresholds when we exclusively tes-

ted patients with two remaining breasts (US$2871/QALY

gained) or patients who had removed the affected breast

(US$1841/QALY gained) as well as when the model

accounted for the cost of chemotherapy (US$2113/QALY

Table 1 ICERs for base case and when we exclusively tested patients with one or two remaining breasts. Costs are in 2016 US$

Strategy Cost (per patient) Effectiveness (per patient) Incremental cost Incremental effectiveness ICER

(a) Base case

Effectiveness = QALY

BRCA mutation testing 4815 11.16 241 0.11 2275

RCS 4573 11.06

Effectiveness = Life-years

BRCA mutation testing 4815 18.48 241 0.30 814

RCS 4573 18.18

(b) Exclusively tested patients with two remaining breasts

Effectiveness = QALY

BRCA mutation testing 4903 10.54 257 0.09 2871

RCS 4648 10.46

Effectiveness = Life-years

BRCA mutation testing 4903 17.28 257 0.26 1003

RCS 4648 17.03

(c) Exclusively tested patients who with one remaining (contralateral) breast

Effectiveness = QALY

BRCA mutation testing 4727 11.78 226 0.12 1841

RCS 4501 11.66

Effectiveness = Life-years

BRCA mutation testing 4727 19.67 226 0.34 671

RCS 4501 19.34

RCS routine clinical surveillance

Cost Effectiveness of BRCA Mutation Testing for Early Stage Breast Cancer Patients 401



gained), terminal care (US$1856/QALY gained) or both

(US$1694/QALY gained) (Tables 1 and 3).

The model was sensitive to the discounting of cost, cost

of BRCA mutation testing, utility of being risk-free (un-

dergone both RRM and RRBSO), proportion of patients

tested BRCA mutation positive and CBC relative risk re-

duction for those who had RRBSO. Figure 3 depicts ten

model inputs with the highest ICER variations. The ICERs

were highest when outcome was discounted at 5%

(US$3231/QALY gained) and at the higher limit of cost of

BRCA mutation testing (US$3014/QALY gained), but still

remained below US$5000.

The PSA (Supplementary File 3) shows that at a

threshold of US$9500/QALY gained, BRCA muta-

tion testing was cost effective compared to RCS in 99.9%

of the simulations. The corresponding percentage at the

threshold of US$5000 was 96.5%.

4 Discussion

Our study found that offering BRCA mutation testing to

breast cancer patients at high risk of having BRCA muta-

tion incurred higher costs over a lifetime horizon, but saved

Table 2 Number of cancer

cases for a simulated cohort of

1000 female eligible for

BRCA mutation testing at

(a) base case, if we exclusively

tested patients with (b) two

remaining breasts and (c) one

remaining (contralateral) breast

Strategy IBC CBC OC

(a) Base case

RCS 97 315 23

BRCA mutation testing 95 297 31

Cancer cases avoided with BRCA mutation testing 2 18 -8

(b) Exclusively tested patients with two remaining breasts

RCS 194 293 22

BRCA mutation testing 190 282 38

Cancer cases avoided with BRCA mutation testing 4 11 -16

(c) Exclusively tested patients with one remaining (contralateral) breast

RCS 0 338 25

BRCA mutation testing 0 312 25

Cancer cases avoided with BRCA mutation testing 0 26 0

IBC number of ipsilateral breast cancer cases, CBC number of contralateral breast cancer cases, OC number

of ovarian cancer cases, RCS routine clinical surveillance

Fig. 3 One-way sensitivity analyses for ten variables which produced

the ten highest variations in the incremental cost effectiveness ratio

(ICER). This analysis suggests that variation in proportions, proba-

bilities, costs and utility values only had modest effects on the model

outcomes. RRM risk-reducing mastectomy, RRBSO risk-reducing

bilateral salpingo-oophorectomy, RR relative risk, CBC contralateral

breast cancer, IBC ipsilateral breast cancer, OC ovarian cancer, 2RB

patients with two remaining breasts before being offered BRCA

mutation testing, 1RB patients with one remaining breast before being

offered BRCA mutation testing

402 K. K. Lim et al.



more life-years and accrued higher QALYs than RCS, with

ICERs of US$814/life-year saved and US$2275/QALY

gained. The ICERs remained similar even if patients

incurred higher costs of treatment from chemotherapy and

end-of-life treatment, indicating our findings were robust.

Our analyses contribute to the literature by examining

the cost effectiveness of testing in early-stage breast cancer

patients with a high pre-test probability of having BRCA

mutation identified using a locally-validated tool. This

mode of testing is practical in low-resource settings as

patients with breast cancer are likely to be in contact with a

health facility, where expertise to administer the tool and to

perform the test are more readily available, thus easier to

implement than offering the test to healthy individuals, as

examined previously [8, 10]. To the best of our knowledge,

this is also the first study to examine the cost effectiveness

of a BRCA program in an LMIC as well as the first to

demonstrate the effect of BRCA mutation testing on the

number of IBC, CBC and OC. Other strengths of our study

include the use of local data on BRCA mutation testing

uptake, choices of interventions among patients tested

positive, and cancer survival. Some previous studies

assumed 100% uptake of BRCA mutation testing and/or

risk-reducing interventions [17, 40, 41], which may not be

realistic.

Our ICER was lower than those reported in the USA and

Europe, likely attributable to the higher proportion of

BRCA ? in our eligible population (13.7%) and lower

costs of risk-reducing interventions and cancer treatment.

Offering the test to the general population (0.02–0.06%

BRCA ?) would cost up to US$2 million/QALY gained

compared to no testing [8], likely beyond the willingness to

pay (WTP) and affordability of most health systems. In

contrast, offering the test to healthy female or ovarian

cancer patients with pre-test probability[ 10% would

yield lower ICERs (US$3500–33,000/QALY) [42]. The

only other study assessing cost effectiveness of

BRCA mutation testing for breast cancer patients [17] has

ICERs between US$8085 and US$112,908/QALY gained

compared to no testing. In this study [17], breast cancer

surgery alone cost US$17,000 (US$876 in our study).

Indeed, lowering the probability of BRCA ? to 3% in our

model (beyond the 95% CI used in the sensitivity analyses)

would increase the ICER to US$11,100/QALY gained; a

probability of 0.02% would yield an ICER of US$ 1.7

million/QALY gained. This highlights the importance of

identifying patients with a high pre-test probability before

offering the BRCA mutation testing where shared decision

making between clinicians and patients play a pivotal role.

This may also represent a risk of the actual ICER being

above the WTP threshold if the selection of patients for

testing was not done properly, for example due to a lack of

trained personnel in a low resource setting.

Considering the age-standardized annual incidence of

38.7 breast cancer per 100,000 female population and 5410

new cases in 2012 [43], the overall effect of BRCA

mutation testing on reducing breast cancer cases is small

(20 cases in 1000 eligible patients, or 0.02%; Table 2).

Nevertheless, the impact was much larger among those

who accepted the test and tested positive [25.0% = 20/80

i.e. (1000 eligible 9 0.578 uptake 9 0.137 tested posi-

tive)]. One unexpected finding was the higher number of

ovarian cancer cases in BRCA mutation testing than the

RCS arm (31 vs. 23 cases), which may be due to high

proportions of BRCA ? patients opting for RRM or

tamoxifen but not RRBSO (45% and 75% among those

with one and two remaining breasts, respectively), hence

still remained susceptible to ovarian cancer.

4.1 Limitations

As is the case with all modelling studies, our results depend

on the data and assumptions used. Our model assumed that

patients would have either an additional breast cancer

(ipsilateral or contralateral) or an ovarian cancer, but not

both, due to the lack of evidence on transition probabilities

for these patients to acquire further cancers, similar to a

previous study which offered BRCA mutation testing for

Table 3 Sensitivity analysis

when cost of (a) chemotherapy,

(b) terminal care and (c) both

chemotherapy and terminal care

were taken into account in the

base case. Costs are in 2016

US$. Incremental effectiveness

is the same as the base-case

scenario, i.e. 0.11 QALY gained

and 0.30 life-years saved

Cost/ICER (a) Accounting for

cost of chemotherapy

(b) Accounting for

cost of terminal care

(c) Accounting for cost

of both chemotherapy

and terminal care

Cost

BRCA mutation testing 5250 5764 6199

RCS 5026 5567 6019

Incremental 224 197 180

ICER (Cost per)

QALY gained 2113 1856 1694

Life-years saved 756 707 645

RCS routine clinical surveillance
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breast cancer patients [17]. Accounting for these transitions

may increase the overall cost, particularly in the RCS arm

as no BRCA carriers in the RCS arm would have the

opportunity to undergo any risk-reducing interventions,

leading to more cancer cases and higher treatment costs.

While this may reduce the ICER as observed in our sen-

sitivity analyses when we added cost of end-of-life care

and chemotherapy into the model (Table 3), we expect the

magnitude of reduction to be small due to the low cancer

survival rate, especially that of ovarian cancers. Due to the

lack of local data, we used transition probabilities, relative

risks and utility values derived from Caucasian popula-

tions. However, varying these estimates within their 95%

CI showed that our base-case ICER was robust.

Although the risk reduction with tamoxifen among those

without RRBSO did not have high evidence studies to date

[1], we incorporated it in the model as some patients in our

setting opted for tamoxifen alone without RRBSO. Future

studies may be necessary to ascertain the effect size of such

an intervention. Local data in BRCA mutation testing

uptake, choices of risk-reducing interventions and costs

were based on a single institution (the only institution in

the country offering BRCA mutation testing at the point of

writing), which may not be generalizable to all health

facilities if the BRCA mutation testing strategy is rolled

out nationally. We did not explicitly factor in an increase or

decrease of utility as a result of positive or negative test

results as there has been no empirical evidence on the

impact of knowing BRCA status and health-related quality

of life. In addition, the test result is genetic information that

represents a risk or association, not a medical diagnosis.

Thus, any impact on patients’ utility would likely be small

and transient.

Our model also assumed patients made decisions for

testing and risk-reducing interventions within a year after

being tested positive and would be compliant to routine

surveillance. We also only considered risks and benefits for

breast cancer patients without cascade testing among rel-

atives. The model did not account for costs of establishing

laboratories and training to perform the test; neither did it

account for possible injuries and non-fatal complications

due to risk-reducing interventions, e.g. higher cardiovas-

cular risks with tamoxifen. Similarly, our model assumed

patients would become disease free after RRM/RRBSO,

although patients may still be susceptible to local or sys-

temic recurrences from the primary cancer.

We adapted our model from previous studies in con-

sultation with local clinicians to attain face validity.

However, due to the potential implication on BRCA

mutation testing programs in LMICs, future studies should

consider calibrating the model when more data are avail-

able from longitudinal cohorts such as MyBrCa. We were

unable to do this for the current study due to limited out-

come data at the time of writing.

4.2 Policy Implications

Our findings would be applicable for patients recently

diagnosed with breast cancer at early stages (Stages 1 or 2),

for whom removing either or both breasts is not part of

their routine treatment. With the modest cost per life-year

saved and cost per QALY gained, it may be worthwhile for

policy makers to reimburse BRCA mutation testing for

high-risk patients alongside efforts to increase uptake of

population surveillance and to improve access to better

breast cancer treatment. Our small incremental cost

(US$241, Table 1) implies that providing BRCA muta-

tion testing to our target patients may not incur a sub-

stantially higher budget impact than RCS (current usual

care). Nevertheless, there may be significant costs involved

in establishing and maintaining the laboratory facilities

with trained personnel, which our model did not account

for.

5 Conclusion

In conclusion, our study provides the first evidence on cost

effectiveness of BRCA mutation testing among female

breast cancer patients with a high pre-test probability of

harbouring a BRCA mutation in an LMIC, using local data

on test uptake, choices of risk-reducing interventions and

cancer survivals. The BRCA mutation testing program had

a modest incremental cost of US$814/life-year saved and

US$2275/QALY gained over a lifetime horizon. For the

1000 eligible patients tested, it prevented two IBC and 18

CBC, but resulted in an increase of eight ovarian cancers as

patients who undertook RRM were still susceptible to

ovarian cancer. While the reduction in breast cancer cases

is small relative to its annual incidence, it represents up to

26.3% reduction among patients who accepted the test and

tested positive.
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