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Abstract

Background Breast cancer (BC) is the most common cancer affecting women globally. Genetic testing serves as a
prevention and treatment strategy for managing BC. This study aims to systematically review economic evaluations
and the quality of selected studies involving genetic screening strategies for BC in low and middle-income countries
(LMICs).

Methods A search was performed to identify related articles that were published up to April 2023 on PubMed,
Embase, CINAHL, Web of Science, and the Centre for Reviews and Dissemination. Only English-language LMIC studies
were included. Synthesis of studies characteristics, methodological and data input variations, incremental cost-
effectiveness ratios (ICERs), and reporting quality (Consolidated Health Economic Evaluation Reporting Standards
(CHEERS) 2022 checklist) were performed.

Results This review found five pertinent studies, mainly focusing on economic evaluations of germline genetic
testing in upper-middle-income countries (Upper MICs) like Malaysia, China, and Brazil. Only one study covered
multiple countries with varying incomes, including lower-middle-income nations (Lower MICs) like India. The ICERs
values in various screening scenarios for early-stage BC, HER2 negative BC patients, and healthy women with clinical
or family history criteria were ranging from USD 2214/QALY to USD 36,342/QALY. Multigene testing for all breast
cancer patients with cascade testing was at USD 7729/QALY compared to BRCA alone. Most studies adhered to the
CHEERS 2022 criteria, signifying high methodological quality.

Conclusions Germline testing could be considered as cost-effective compared to no testing in Upper MICs (e.g.,
Malaysia, China, Brazil) but not in Lower MICs (e.g., India) based on the willingness-to-pay (WTP) threshold set by each
respective study. Limitations prevent a definite conclusion about cost-effectiveness across LMICs. More high-quality
studies are crucial for informed decision-making and improved healthcare practices in these regions.

Keywords Genetic testing, Breast cancer, Systematic review, Economic evaluation, Low- and middle-income
countries
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Background
Breast cancer (BC) is the most common cancer affecting
women globally, with a staggering 2.26 million new cases
documented in 2020 [1]. This remarkable figure estab-
lishes BC as the leading cancer in terms of new cases sur-
passing even lung cancer in prevalence across all genders
and age groups. A positive sign of significant decline in
mortality rates of BC by up to 40% in between 1989 and
2017 and with more than 90% of 5-year survival rates has
been noted in few high income countries [2, 3]. How-
ever, these positive outcomes have not been observed in
most of the low-income and middle-income countries
(LMICs). This might be attributed to late-stage diagno-
sis or presentation and inadequate access to quality care
which happened in sub-Saharan Africa [4, 5]. Therefore,
highlighting the importance of early diagnosis and mul-
timodality screening and treatment can help reduce mor-
tality rates and improve survival rates of BC in LMICs.
About 5-10% of BC are considered to be due to an
inheritable gene mutation [6]. Gaining insight into a
patient’s genetic mutation status can aid in formulating a
well-considered strategy for the management, treatment
selection, and risk assessment of BC. For instance, an
individual can choose a contralateral mastectomy after
diagnosis with unilateral BC if patients carry cancer sus-
ceptibility genes (CSGs) [7, 8]. Relatives of BC patients
carrying unaffected CSG can be identified via cascade
testing and benefit from early diagnosis with frequent
BC screening and surveillance, chemoprevention with an
aromatase inhibitor or selective estrogen-receptor modu-
lators (SERM) or surgical prevention such as risk-reduc-
ing mastectomy (RRM) [9-12]. Genetic testing analyzes
an individual’s specific mutations or changes in a single
gene [13]. With technological advancement, more effi-
cient DNA-sequencing technologies are available. Multi-
gene panel testing is often utilized as this panel includes
testing other high-risk breast cancer genes besides from
BRCA1/2 gene only. Beyond the BRCA1/2 gene, numer-
ous new CSGs have emerged and been identified, such as
TP53, PTEN, CHEK2, ATM, and PALB2 [6]. In a recent
study conducted by Yang et al. (2020), they discovered
that PALB2 plays a significant role as one of the major
cancer susceptibility genes [14]. The study reported that
female BC patients might have an estimated BC risk of
53% (95% CI, 44—63%) up to the age of 80 years [14].
There were a few international guidelines such as the
National Comprehensive Cancer Network (NCCN) [15]
and the National Institute of Health and Care Excel-
lence (NICE) [16] recommended genetic testing mainly
for those with a family history or certain clinical criteria.
Genetic testing is still limited in the Western health sys-
tem even though the cost of genetic testing has decreased
in recent years and several studies have shown the fea-
sibility, practicability, and cost-effectiveness studies of
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genetic testing in BC [17]. This is far more limited and
restricted access for LMICs. The prevalence of patients
with the BRCA1/2 pathogenic variant without a strong
family history of breast and/or ovarian cancer (OC) from
LMICs such as China has accounted for up to 65.9%
[18] compared to Western high-income countries with
15-50% [19, 20]. Hence, many studies suggested and
supported the implementation of screening for all BC
women and even for all healthy women [21-25]. LMICs
are financially and resource-constrained despite the
necessity of genetic testing for BC in LMICs. Therefore,
a comprehensive systematic review of the existing evi-
dence is needed to inform healthcare decision-making
and resource allocation.

It is important to note that these studies have not com-
prehensively covered all the available genetic testing strat-
egies despite multiple review studies had been attempting
to summarize the economic evaluation of genetic testing
for BC. For instance, D’Andrea et al. primarily focused
on a single type of genetic testing, specifically the BRCA
pathogenic variant [26]. Another systematic review con-
ducted by Koldehoff and colleagues considered both
BRCA and multigene testing but excluded studies involv-
ing population-based screening strategies and did not
incorporate cascade testing [27]. Moreover, the scope
of the reviews conducted by Koldehoff et al., Meshkani
et al,, and a review published in Chinese language were
limited to studies published up to the year 2020 [27-29].
It is worth noting that few studies have been published
after 2020, which have not been included in their reviews
[27-29]. To the best of our knowledge, no review has
been published to conclude and summarize the feasibility
and practicality of genetic testing of BC in LMICs. The
purpose of this study was to systematically review the
variability and quality of existing economic evaluations of
genetic testing for BC in LMIC settings by focusing on
the following two specific objectives: (1) assess the differ-
ent types of genetic screening strategies, and (2) synthe-
size and analyze the study characteristics and economic
evidence of selected studies.

Methods

Study design

This systematic review was registered under International
Prospective Register of Systematic Reviews (PROSPERO)
with the registration number of CRD42023421284. The
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline was employed for
conducting and reporting in this review [30, 31].

Search strategy

Five large electronic databases were searched: PubMed,
EMBASE, Web of Science, Cumulative Index of Nurs-
ing and Allied Health Literature (CINAHL), and
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databases of the Centre for Reviews and Dissemina-
tion (CRD) including Database of Abstracts of Reviews
of Effects (DARE), NHS Economic Evaluation Database
(NHS EED) and Health Technology Assessment (HTA).
Searches were conducted in May 2023 and were limited
to articles published from its inception until April 2023.
A manual search of the cited references and reference
lists of included studies and systematic reviews was per-
formed using Google Scholar in order to identify addi-
tional relevant studies. The systematic literature search
was conducted using specific keywords such as “eco-
nomic evaluation,” “genetic testing,” “breast cancer,” and
“low- and middle-income country” to ensure a compre-
hensive exploration of the literature. The search strategy
for all databases was summarized and presented in the
Additional file 1. The search strategy was initially devel-
oped for PubMed and translated and applied to other
databases afterward. The search included 137 LMICs

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion
criteria

Population All women, whether healthy Male

with or without a family history

or increased clinical risk of BC, as

well as those already diagnosed

with BC.
Intervention BRCA1/2 germline genetic test- Somatic

ing and/or may include another
genetic testing (i.e, pathogenic
or likely pathogenic variants:
BRCA1/2, PALB2, CHEK2, ATM,
BARD1, RAD51c/d)

genetic testing,
Single nucleo-
tide polymor-
phism (SNP)

Comparison No genetic testing or alternative ~ Not Applicable
screening methods
Outcome Costs per quality-adjusted life Cost analysis
years (QALY), cost per life-years studies (e.g.,
gained, and costs per number of  with costs
cancer cases averted. but no health
outcomes)
Study Design Partial or full economic evalua- No publication
tion such as cost-benefit analysis  of full-text arti-
(CBA), cost-utility analysis (CUA) cles or original
or/and cost-effectiveness analysis  data such as
(CEA) as well as cost-minimization  systematic lit-
analysis (CMA). Studies conducted  erature reviews,
in randomized controlled trials, commentaries
case studies, observational stud- (letters to the
ies, or model-based studies were  editors, editori-
included. als), abstracts,
and expert
review
Language English language Other than
the English
language
Local setting Low- and middle-income High-income
countries countries
Date of Until April 2023 May 2023
Publication onwards

Page 3 of 16

as followed by the current classification income 2023 as
listed from the database of World Bank [32].

Eligibility criteria

The population (P), intervention (I), comparison (C),
outcome (O), and study design (S) framework were used
to identify relevant studies included in this systematic
review study. The detailed exclusion and inclusion crite-
ria are summarized in Table 1.

Study selection process and data extraction

All the identified articles were first cross-checked and
duplicates were removed. The remaining articles then
underwent independent screening by two reviewers for
titles and abstracts against the eligibility criteria. The eli-
gible articles were then obtained in full-text format. Both
reviewers independently screened and assessed the full
texts to evaluate study eligibility. In cases where discrep-
ancies or disagreements arose between the findings of
the two reviewers, a discussion with a third reviewer was
held to resolve.

A data extraction tool was developed and saved in
Excel format. The information extracted from the articles
included the author’s name, country of origin, type of
genetic testing, study design, population, screening and
treatment strategy, perspective, time horizon, discount
rate, type of uncertainty analysis, and measured out-
comes. All these data were subsequently presented and
summarized in two separate tables.

Data synthesis

To ensure comparability of the prices of genetic testing
and incremental cost-effectiveness ratios (ICERs) across
different currencies and years, the cost converter tool
developed by the Campbell Collaboration (CC) and the
Evidence for Policy and Practice Information and Coor-
dinating Centre was employed. This valuable tool enabled
the adjustment of values to international USD 2022
[33]. The cost converter tool, which is accessible online
at no cost, employs the gross domestic product deflator
index values and purchasing power parity conversion
rates sourced from reputable organizations which as the
International Monetary Fund and the Organization for
Economic Co-operation and Development. It was not
feasible to conduct a meta-analysis due to the substan-
tial heterogeneity observed among the included studies
regarding the screening target population.

Assessment of quality of reporting

The quality assessment of the selected studies was con-
ducted by employing the Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) 2022 state-
ment. This updated statement consists of 28-item check-
list with updated criteria that serve as a comprehensive
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guideline for transparent reporting and publication of
health economic studies [34]. Identifiers of “yes’, “partial”
and “no” were utilized to denote whether the reporting
was “fully reported,” “partially reported,” or “not reported
" when evaluating and assessing the selected articles. It is
important to note that the CHEERS statement does not
provide a specific scoring mechanism. Hence, identifiers
were used to indicate the level of reporting in each study.

Results

Search results

The initial literature search yielded 483 articles, of which
90 duplicates were removed. A total of 393 articles were
left for screening based on their titles. After excluding
irrelevant titles, approximately 265 articles underwent
further review. Screening based on abstracts further nar-
rowed down the selection to 31 articles eligible for full-
text screening. The main reasons for exclusion were the
absence of economic study outcomes and the lack of
genetic testing involvement in the studies. No additional
relevant studies were found through the reference lists of
the included studies. Ultimately, only six articles met all
the inclusion criteria which allowed for data extraction
and quality assessment [35-40]. Figure 1, the PRISMA
2020 flow diagram, provides a detailed summary of the
selection process.

Study characteristics

Table 2 demonstrates the key characteristics of the
included studies [35-40]. The economic evaluations
conducted in LMICs primarily originated from upper-
middle-income countries (Upper MICs) like China
(n=2) Brazil (n=2) and Malaysia (n=1) [35, 36, 38—40]
with only one study encompassed multiple countries
with varying income levels. This study included multiple
countries evaluating genetic testing in lower-middle-
income countries (Lower MICs) such as India, in addi-
tion to high-income and upper-income countries [37].
All the studies were published after 2018 and employed
both cost-utility and cost-effectiveness analysis, using
the incremental cost-effectiveness ratio (ICER) as the
outcome measure [35-40]. Half of the included articles
(n=3) considered a lifetime horizon [36-38] in the analy-
sis of the studies. Only one study considered with the
shortest time horizon being 20 years [35]. Out of the six
studies, only two studies analyzed from both societal and
payer perspectives [37, 38]. A discount rate of 3% was
utilized for costs and effectiveness in more than half of
the studies (n=4) [35-38], while two studies applied a 5%
discount rate specifically in the context of Brazil [39, 40].
All selected studies performed both deterministic and
probabilistic sensitivity analysis [35-39].
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Summary of results from selected studies

Table 3 presents the results of all selected studies, includ-
ing costs, parameters for outcome measurements, and
ICERs [35-40].

Genetic screening and treatment strategies (population,
age, and intervention and comparison groups)

The selected studies examined various target populations.
The age groups for conducting BC genetic screening were
clearly defined in most of the studies [36, 37, 39, 40]
except for two studies [35, 38]. Most of the studies (n=3)
that included the defined age groups suggested a mini-
mum screening age of 30 years old [37, 39, 40] in their
analysis. Interestingly, only one study included women
from the general population who were aged 30 years or
older [37]. Conversely, the majority of the studies (n=5)
focused on particular conditions such as BC patients or
individuals meeting clinical criteria or having a family
history of the disease [35, 36, 38—40]. Five out of six stud-
ies concentrated exclusively on BRCA1/2 genetic testing
[35-37, 39, 40], while only one study involved multigene
testing including BRCA1, BRCA2 and PALB2 [38]. Addi-
tionally, only one study conducted cascade multigene
testing for individuals who received positive test results
[38]. Women who tested positive in the screening group
were provided with risk-reducing mastectomy (RRM),
risk-reducing salpingo-oophorectomy (RRSO), or both
as treatment options [35—40] in all the six studies. Only
one study went a step further by offering standard treat-
ment along with a Poly-(ADP)-ribose polymerase (PARP)
inhibitor, specifically Olaparib as a treatment strategy for
those who tested positive [35]. There were only two stud-
ies that addressed the risk of developing coronary heart
disease (CHD) in women who had performed RRSO [37,
38], while the remaining studies did not take into account
of the potential negative effects associated with RRSO
(35, 36, 39, 40].

Variation in methodological approaches and data inputs
Table 3 presents the cost estimation approaches and
sources of effectiveness data utilized in the selected stud-
ies [35—40]. The majority of cost data were derived or
estimated from local data sources, including local hospi-
tals [36, 37], the National Health System [35, 39, 40], and
Medical Insurance Databases [37, 38]. As for effective-
ness data, the most prevalent approach for all 6 studies
[35—40] was to obtain utility values from previously pub-
lished literature studies while prioritizing data from local
studies if possible.

There were notable variations in the uptake rate of
risk reducing options such as RRM and/or RRSO and/
or chemoprevention. All the assessed studies reported
the uptake rate of RRM alone, ranging from 7 to 47% for
unaffected individuals [37—-40] and 21-53.9% for affected
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Fig. 1 PRISMA 2020 flow diagram

individuals [35-38]. On the other hand, the uptake rate
of RRSO alone ranged from 16.8 to 55% for unaffected
individuals [37-40] and 13.3-60% for affected individu-
als [35-38]. There were only three studies that consid-
ered the inclusion of chemoprevention options, such as
tamoxifen, with an uptake rate ranging from 7 to 16.3%,

aiming to reduce the risk of breast cancer [36-38].
Among the studies, only Lim et al. considered separate
input data for the uptake rate of risk reducing options in
the context of having one or two remaining breast [36].
However, Lim et al. assumed that patients made deci-
sions for risk-reducing treatments within a year after
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Table 2 Characteristics of reviewed articles
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Au-  Country  Population Treatment Intervention Study Perspective  Time Cascade discount Type of
thor (country description strategy VS comparison design horizon  Testing rate uncer-
(Year) income tainty
category) analysis
Genetic testing for breast cancer only
Lim  Malaysia Hypotheti-  risk-reducing BRCA testing VS  Decision  payer Lifetime No 3% for One way
etal.  (UMIC) cal cohort mastectomy No testing, per-  tree and perspective costsand  deter-
(2018) of 1000 (RRM), risk- formed Routine  Markov health ministic
[30] patients reducing bilateral = clinical surveil- ~ Model outcomes  sensitivity
whoaged  salpingo-oopho- lance only (1 year analyses
40 yearsold rectomy (RRBSO), length of & proba-
with newly  tamoxifen che- cycle) bilistic
diagnosed  moprevention, sensitivity
as early combination of analysis
stage these or neither
(Stage1/2)
unilateral
BC.
Sun  China All BC Prophylactic a)BRCA1/ Micro- Societal Lifetime Yes 3% for One way
etal.  (UMIC) patients mastectomy and  BRCA2/PALB2 simulation and Payer costsand  deter-
(2022) VS Fam- salpingo-oopho-  testing for all BC  model perspectives health ministic
[32] ily History/  rectomy patients at the outcomes  sensitivity
clinical-cri- b)BRCA1/ individual analyses
teria-based BRCA2-testing  level & proba-
testing for BC patients bilistic
with FH/clinical sensitivity
criteria analysis
c) No testing
Wu China Patients Standard a) Universal A decision  Payer 20 years No 3% for One way
etal.  (UMIC) with treatment with gBRCAtesting treeana-  perspectives costsand  deter-
(2023) TNBC and Olaparib and RRO forall TNBCand  Iytic model health ministic
[29] hormone-  as an adjuvant HR-positive based on outcomes  sensitivity
receptor treatment HER2-negative  transition- analyses
(HR)-pos- BC patients al Markov & proba-
itive and b) No gBRCA Chain bilistic
HER2-nega- testing (1 year sensitivity
tive BC ¢) Selected length of analysis
gBRCA testing  cycle)
Genetic testing for breast cancer and ovarian cancer
Man-  China Population-  RRSO, MMRI/ Population- Markov Societal Lifetime No 3% for One way
chan-  (UMIC) based mammography  based BRCA1/  Model and Payer (China=48 costsand  deter-
da & Brazil screen- screening, che-  BRCA2 testing perspectives  cycles; health ministic
etal.  (UMIC) ing for all moprevention VS clinical-cri- Brazil=49 outcomes  sensitivity
(2020) &India women>30 with SERM, RRM  teria/FH-based cycles; analyses
[31] (LMIC) years old. testing India=38 & proba-
cycles) bilistic
sensitivity

analysis
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Au-  Country Intervention
thor (country
(Year) income

category)

Population Treatment
description strategy

Study
VS comparison design

Cascade discount
Testing rate

Time
horizon

Perspective Type of
uncer-
tainty

analysis

Genetic testing for breast cancer only

BRCA1/BRCA2
testing and
counselling
VS no genetic
testing and
counselling

Intensified
surveillance, risk-
reducing bilateral
mastectomy and
bilateral
salpingo-oopho-
rectomy

Si- Brazil Healthy

moes  (UMIC) women

Cor- aged 30

rea- years with

Ga- personal

lendi or family

etal. history of

(2021) BRCA-

[33] associated
cancer and
meeting
the clinical
criteria for
genetic
testing ac-
cording to
the National
Compre-
hensive
Cancer
Network
(NCCN).

Lou-  Brazil Healthy

ren- (UMIC) women

cao aged 30

etal. years with

(2022) personal

[34] or family
history of
BRCA-
associated
cancer and
meeting
the clinical
criteria for
genetic
testing ac-
cording to
the National
Compre-
hensive
Cancer
Network
(NCCN).

BRCA1/BRCA2
testing and
counselling and
with surgical/
non-surgical
preventive
options VS No
genetic testing
and counselling
(with standard
care)

Intensified
surveillance, risk-
reducing bilateral
mastectomy, bi-
lateral salpingo-
oophorectomy,
both bilateral
mastectomy
and bilateral
salpingo-oopho-
rectomy

Markov
Model

Markov
Model

5% for
costs and
utilities

Payer
perspectives

70 years No One way
deter-
ministic
sensitivity
analyses
& proba-
bilistic
sensitivity
analysis

5% for
costs and
utilities

Deter-
ministic
sensitivity
analyses
& proba-
bilistic
sensitivity
analysis

Payer
perspectives

70 years Yes

testing positive and those who opted for RRM removed
all remaining breasts [36]. Moreover, half of the assessed
studies did not explicitly mention in the context about
the assumptions for age at which patients adopted risk
reduction surgeries [35, 36, 40]. Two studies assumed
the median ages for RRM and RRSO in unaffected BRCA
carriers were 37 and 40 years old respectively based on
previous studies and data [37, 38]. Only one study that
categorized the adoption rates of prophylactic surgeries
by age groups found that women aged 35-39 years old

had the highest rate of RRM at 11.2% and RRSO at 27.4%
for those aged 30-34 years old [39, 40]. It was noticed
that the adoption rate of RRSO almost doubled when
compared to RRM across all age categories [39]. Two
studies employed local data [36, 40] whereas four studies
applied data obtained from published articles from other
countries [35, 37-39].

Data on the effectiveness of preventive surgeries were
heterogeneous across the studies. The models in all the
assessed studies indicated that varying the input of the
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Table 3 Results of economic evaluation of selected studies
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Au- Source of cost International Source of Willingness to Outcome Cost-effectiveness results, ICER* and
thor data value of ge- effectiveness  pay threshold measurement  conclusion from study
(Year) netic testing data uUsD
(2022) USD
Genetic testing for breast cancer only
Lim Local Hospital 4515 (2016) —»  Literature 9500 USD/QALY Incremental « ICER: USD 2566/QALY; USD 918/life-year
etal. 509.31 (2022) Search (1 time GDP per Costs per QALY saved
(2018) from Other capita) (ICERs), Incre- - Genetic testing is cost-effective compared
[30] Countries mental Costs per to routine clinical surveillance as it was
LYS (ICERs) below WTP threshold.

Sun Sampling database 367 (2019) — Lifetime Tables 10,262 USD/QALY  Incremental - Multigene testing for all BC patients VS No
etal. of the Chinese 390.36 (2022) from each (1 time GDP per Costs per QALY genetic testing USD 4793/QALY, USD 4294/
(2022)  Urban Basic Medi- country were capita) (ICERs), Incre- LYG (Societal) & USD 7729/QALY, USD 6923/
[32] cal Insurance obtained from mental Costs per LYG (payer perspective)

the World LYG (ICERs) « Unselected multigene testing to all BC

Health Organi- patients in China is cost-effective as com-

zation (WHO) pared with no testing or selected testing as

and it was below WTP threshold

published

literatures.
Wu Price Announce- 3086 (2021) »  Published 31,500 USD /QALY  Primary - Universal gBRCA testing among TNBC
etal. ment by the 314.98 (2022) literatures Outcome: QALY patient compared with no testing and
(2023)  Shanghai Health gained & ICERs  selected testing respectively, ICERs of USD
[29] Minister of China Secondary 10,812/QALY and USD 11,218 /QALY

Outcome: « Universal testing for all HER2-negative BC

Genetic Testing for Breast Cancer and Ovarian Cancer

Man-  China 200 (2016) -
chan-  Urban Basic 22561 (2022)
da Medical Insurance

etal. Database;

(2020)  Brazil

[31] Management Sys-
tem of Procedures/
Medical drugs/
Orthotics/Prosthet-
ics/Special Materi-
als (SIGTAP), the
Health Price Bank
(BPS), and Cham-
ber of Regulation
of the Market of
Medicines (CMED);
India

Accredited Cancer
Centre Tata Medi-
cal Centre

Lifetime Tables
from each
country were
obtained from
the World
Health Organi-
zation (WHO);
QALY values
obtained from
published
literatures.

China: ($15,531/
QALY-$46,592/
QALY)

Brazil: (515,182/
QALY-$45,545/
QALY

India: ($6574/
QALY-$19,722/
QALY)

WTP were based
on 1-3 times GDP
of each country

life expectancy
gained & survival
outcome

Lifetime costs
and QALYs, ICERs

patients compared with no testing and
selected testing respectively, with ICERs of
USD 2214/QALY & USD 2065/QALY.

« Universal gBRCA testing is cost-effective as
the ICER value is below the WTP threshold.

-ICER

China

Societal: USD 26,716/LY, USD 20,379/QALY
Payer: USD 34,730/LY, USD 26,492/QALY
Brazil

Societal: USD 17,873/LY, USD 15,318/QALY
Payer: USD 27,632/LY, USD 23,683/QALY
India

Societal: USD 31,831/LY, USD 25,980/QALY
Payer: USD 44,527/LY, USD 36,342/QALY

« BRCA testing is cost-effective in both
China and Brazil except India from both
payer and societal perspective when com-
pared to the WTP threshold set in the study
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Table 3 (continued)
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Au- Source of cost International Source of Willingness to Outcome Cost-effectiveness results, ICER* and
thor  data value of ge- effectiveness  pay threshold measurement  conclusion from study
(Year) netic testing data uUsD
(2022) USD
Genetic testing for breast cancer only
Simoes Official Brazilian 1480 (2019) —»  Several system- Not well defined Incremental «ICER: USD 12,472/QALY & USD 14,013/ LYG

Cor- Universal Health 1574.22 (2022)  atic literature

Costs per QALY - Cost-effectiveness of BRCA testing is still

rea-Ga- Coverage System searches in (ICERs), Incre- depends on undecided cost-effectiveness
lendi (SUS) database and Medline and mental Costs per threshold. The ICER is 1.04 times the GDP
etal. local distributors BIREME (a LYG (ICERs) per capita
(2021) Latin Ameri-
[33] can health

database)
Lou- Official Brazilian 52498 (2021)—  Published RS 25,000/QALY Incremental « ICER: USD 5618/QALY and USD 5188/ LYG
rencao Universal Health 535.84 (2022) studies froma  (US 11,563.37/ Costs per QALY+ BRCA testing is cost-effective if the WTP is
etal.  Coverage System systematic lit-  QALY) (ICERs), Incre- USD 11,563.37/QALY
(2022)  (SUS) database erature search  Based on the mental Costs per
[34] in the PubMed  lowest thresholds — LYG (ICERs)

database

reported in Nation-

al Commission for
the Incorporation
of Technologies

(CONITEC)

Breast Cancer (BC); Quality-adjusted life years (QALY); Incremental cost-effectiveness ratios (ICERs); life-year gained (LYG); Triple-negative breast cancer (TNBC); Gross

Domestic Product (GDP); Willingness-to Pay (WTP)

*ICER: Converted to USD 2022, using the CCEMG-EPPI-Centre Cost Converter [33]

effectiveness of preventive surgeries in sensitivity analy-
ses changed the ICER values, ranging from 20 to 48%
[39], nearly doubling [40] the ICER values observed
in the base case analysis. The hazard ratio (HR) for the
development of BC after RRM alone varied, ranging from
6 to 9% for unaffected carriers [37—-39] and 18-48% for
those diagnosed with BC [38, 39]. Meanwhile, RRSO
alone demonstrated a significant reduction up to 98.6%
in unaffected carriers [40] and 65% in those diagnosed
with BC [38] for the occurrence of ipsilateral or con-
tralateral breast cancer. Moreover, Sun et al. was the
only study reported the HR for BC survival from RRSO
(46%) and contralateral prophylactic mastectomy (37%)
in addition to the risk reduction in developing BC and/
or OC after risk reducing surgeries [38]. Sun et al. also
incorporated the HR for BC survival from contralateral
prophylactic mastectomy and RRSO in the one-way sen-
sitivity analyses [38]. BRCA1/2-positive patients were
considered for various potential risk-reducing surgeries.
However, individuals diagnosed solely with PALB2 posi-
tive were not included in RRSO and OC risk reduction
analyses [38]. If included, it might further enhance the
ICER values. The important point to emphasize was that
no study accounted for the survival benefits of the testing
itself as it was perceived the benefit was contingent upon
the risk-reducing treatments.

Utility value is one of the important input parame-
ters for cost-utility analyses. All the studies [35-38, 40]
incorporated utility data into the sensitivity analyses of

the model, except for one study [39]. Only two studies
[39, 40] offered information about the methods used to
combine utility data in which employing the multiplica-
tive method, while others did not specify the method
employed [35-38]. The changes in the utility data were
applied to variables including positive or negative tests
[39], prophylactic or treatment measures for positive
results [35-40], cancer states [35-40], and post-cancer
states [40].

Most of the studies (n=4) didn’t take into account of
percentage of error such as false positive and false neg-
ative results [37—-40]. However, Lim et al. and Wu et al.
assumed a high positive predictive value of 99-100% and
a negative predictive value of 93-99%, as they believed
that the sensitivity and specificity of the tests used were
high [35, 36].

Concerning the decision analytical models employed,
the Markov model was the most frequently utilized,
either as a standalone model in three studies [37, 39, 40]
or in combination with decision tree modeling in two
studies [35, 36]. Only one study incorporated a micro-
simulation model at the individual level [38]. Moreover,
it is noteworthy that only four out of the included studies
(67%) reported the utilization of model validation meth-
ods [36, 38—40]. These three studies conducted evalu-
ations of face validity [36, 38—40] and technical validity
[38—-40] to assess the reliability of their models. Further-
more, two studies incorporated external validation, spe-
cifically employing cross-model validation techniques
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[39, 40]. Additionally, only one study assessed the vali-
dation status of the model using the Assessment of the
Validation Status of Health-Economic Decision Models
(AdViSHE) framework providing further robustness to
their findings [39].

Analysis of the price of genetic testing and incremental
cost-effectiveness ratios (ICERs)

Table 3 provides information on the unadjusted and
adjusted prices of genetic testing, as well as the out-
come measurements of adjusted ICERs in the selected
studies [35-40]. The majority of studies (5 out of 6)
reported adjusted prices of genetic testing below USD
550 [35-38, 40], except for one study that reported a cost
of USD 1574.22 for BRCA genetic testing [39]. All stud-
ies presented outcomes in both quality-adjusted life year
(QALY) and life-year gained (LYG) [35—-40].

The ICER values obtained were used to compare
against a willingness-to-pay (WTP) threshold in all
the selected studies (n=6) [35-40]. All the six included
studies concluded the genetic testing in their study were
cost-effective as the results showed were less than the
WTP threshold employed in the studies [35-40]. The
WTP thresholds in the three studies [36—38] were clearly
defined, and one study [35] was assumed threshold based
on the recommendations by the World Health Organi-
zation-CHOICE (1-3 times GDP per capita). However,
two articles focusing on the Brazil setting adopted more
conservative thresholds (R$ 25,000) as recommended in
the reports of the National Commission for the Incor-
poration of Technologies (CONITEC), which presented
three levels of thresholds [39, 40]. Both BRCA genetic
testing and multigene testing (including BRCA1/BRCA2/
PALB2) were found to dominate the no testing or test-
ing limiting to family history or clinical criteria in Upper
MICs such as Malaysia [36], China [35, 37, 38], and Brazil
[37, 40] from payer perspective or both payer and societal
perspectives. From the payer perspective, screening of
BRCA testing among early-stage BC, HER2 negative BC
patients, healthy women with clinical or family history
criteria, and population-based screening for all healthy
women was cost-effective when compared with the WTP
thresholds set by the authors which was within the range
of ICER USD 2214/QALY to USD 36,342/QALY [35-37,
39, 40]. Compared to BRCA alone, multigene testing
for all breast cancer patients with cascade testing was
USD 7729/QALY [38]. However, BRCA testing was not
deemed cost-effective for population-based screening in
all women aged 30 years or older in Lower MIC like India
from both payer and societal perspectives as the ICERs
values were USD 36,342/QALY and USD 25,980/QALY
respectively [37].
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Assessment of quality of selected studies

Overall, the selected studies demonstrated satisfac-
tory quality and included the majority of the essential
elements, as outlined in Table 4. However, most stud-
ies (n=5) did not sufficiently clarify the interventions
being compared in the title [35, 37-40], except Lim et al.
(2018). Additionally, nearly all of the selected studies did
not or partially incorporate approaches or effects related
to engaging or involving patients or other stakeholders
affected by the study (CHEERS 2022 criteria 21 and 24)
[35-40].

One positive aspect was that all of the studies included
in the review presented thorough and transparent infor-
mation regarding their findings, limitations, sources of
funding, and potential conflicts of interest [35—40]. This
ensured that crucial aspects of the research were fully
reported.

Discussion

The present systematic review identified six relevant
full-text studies published in LMICs after 2018 which
focused on the economic evaluation of genetic testing
for BC. Interestingly, all of these studies were published
within the past five years [35-40] despite our search
period encompassing articles before April 2023. This
might be attributed to the increasing recognition of the
importance of genetic testing in both the prevention and
treatment of BC [41, 42] as well as the decreasing costs
associated with such testing [43, 44]. Furthermore, there
are increasing evidence demonstrating the cost-effec-
tiveness of genetic testing implementation in developed
countries might have contributed to the recent surge in
research on this related topic [17, 44].

To the best of our knowledge, this article was the first
systematic review for the economic evaluation of genetic
testing of BC in LMICs. Plenty of articles included in
this review are conducted in Upper MICs only [35, 36,
38-40]. Hence, it is important to note that the findings
may not be directly applicable to Lower MICs and low-
income countries. Manchanda et al. evaluated popula-
tion-based BRCA testing in multiple countries such as
high-income countries as well as Upper and Lower MICs
[37]. They determined that the testing was cost-effective
in high and Upper MICs from both the payer and soci-
etal perspectives. However, the test was not deemed cost-
effective from either perspective unless the cost of BRCA
testing was reduced to below $172 per test, making it
cost-effective from a societal perspective for Lower MICs
such as India [37]. Therefore, caution should be exercised
when generalizing the outcomes of the reviewed studies
to LMICs, particularly those with lower income levels.

The utilization of multigene testing has gained signifi-
cant traction with the introduction of advanced technol-
ogies such as Next-Generation Sequencing (NGS) [45].
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Table 4 CHEERS 2022 checklist quality results
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Item CHEERS Criteria Authors (Year)
Limetal. Sunetal. Wuetal. Manchandaet  Simoes Correa- Louren-
(2018) [30] (2022)[32] (2023)[29] al.(2020)[31] Galendi et al. cao et al.
(2021) [33] (2022)
[34]
Title
1 Title Yes Partial Partial Partial Partial Partial
Abstract
2 Abstract Yes Partial Yes Partial Yes Partial
Introduction
3 Background and Objectives Yes Yes Yes Yes Yes Yes
Methods
4 Health economic analysis plan Yes Yes Yes Yes Yes Yes
5 Study population Yes Yes Yes Yes Yes Yes
6 Setting and location Yes Yes Yes Yes Yes Yes
7 Comparators Yes Yes Yes Yes Yes Yes
8 Perspective Yes Yes Partial Yes Yes Yes
9 Time horizon Partial Partial Partial Yes Yes Yes
10 Discount rate Yes Yes Yes Yes Yes Yes
1 Selection of outcomes Yes Yes Yes Yes Yes Yes
12 Measurement of outcomes Yes Yes Yes Yes Yes Yes
13 Valuation of outcomes Yes Yes Yes Yes Yes Partial
14 Measurement and valuation of resources  Yes Yes Yes Yes Yes Yes
and costs
15 Currency, price date, and conversion Yes Yes Yes Yes Yes Yes
16 Rationale and description of model Yes Yes Yes Partial Yes Partial
17 Analytics and assumptions Partial Partial Yes Yes Yes Yes
18 Characterizing heterogeneity Yes Yes No Yes Yes Yes
19 Characterizing distributional effects Yes Yes Yes Yes Yes Yes
20 Characterizing uncertainty Partial Partial Yes Partial Partial Partial
21 Approach to engagement with patients  Partial Partial Partial No No Partial
and others affected by the study
Results
22 Study parameters Yes Yes Yes Yes Yes Yes
23 Summary of main results Yes Yes Yes Yes Yes Yes
24 Effect of uncertainty Partial Partial Yes Partial Partial Yes
25 Effect of engagement with patientsand  No No No No No No
others affected by the study
Discussion
26 Study findings, limitations, generalizabil-  Yes Yes Yes Yes Yes Yes
ity, and current knowledge
Other relevant information
27 Source of funding Yes Yes Yes Yes Yes Yes
28 Conflicts of interest Yes Yes Yes Yes Yes Yes

Note Fully Reported: Yes, Partially Reported: Partial, Not Reported: No

This innovative approach enables the analysis of multiple
genes, offering advantages such as reduced costs, shorter
turnaround times, and greater benefits when compared
to limited BRCA1/2 testing [46]. Notably, China is cur-
rently the sole Upper MIC that has conducted a cost-
effectiveness evaluation of multigene testing for BC and
the ICER value is below the WTP threshold (one-times
GDP per capita) [38]. In addition to the BRCA1/2 genes,
several other pathogenic variants with moderate-to-high

penetrance, including ATM, BARD1, CHEK2, PALB2,
PTEN, and TP53, have been identified as genes asso-
ciated with an increased risk of BC [47]. Research con-
ducted by Li and colleagues further supported the
cost-effectiveness of multigene testing for screening
and treatment which demonstrating improvements in
life expectancy for women with a family history of BC
[48]. However, it is crucial to consider the potential risks
associated with multigene testing, such as the detection
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of Variants of Unknown Significance (VUS) and gene
variants with unclear clinical implications [49, 50]. Poli-
cymakers can consider tailoring BC screening and thera-
peutic strategies based on the results of multigene testing
which takes into account the cumulative lifetime risk of
BC (high/moderate/low) and thus optimizing patient care
and more cost-effective. Brunei serves as a notable exam-
ple of recognizing the significance of personalized care.
Brunei set a screening policy with an extended mammog-
raphy screening interval of every 3 years starting at the
age of 40. However, Brunei also prioritizes women at high
genetic risk, specifically those carrying BRCA1/2 muta-
tions. For this selected group, annual screening is recom-
mended, commencing as early as 25 years of age [51].

In many LMICs, the current practice revolves around
clinical or family-history-based criteria and a 10% BRCA
risk threshold probability [16] when considering genetic
testing. However, there is a concern about the underuti-
lization of genetic testing as some eligible patients might
not be referred for testing [19, 52]. This limited access
and utilization of genetic testing result in many high-risk
women missing out on the opportunity for early detec-
tion and better treatment options for their BC. While a
few studies have proven the cost-effectiveness of popula-
tion-based BRCA testing specifically among Ashkenazi
Jews [53, 54] and mainly from the United Kingdom and
United States payers’ perspectives [17], it is important to
recognize that a one-size-fits-all policy cannot be imple-
mented. Among the included studies in our review, Man-
chanda et al. [37] was the only article that assessed the
cost-effectiveness of population-based screening for all
healthy women, showing it to be cost-effective in high-
income countries and Upper MICs but not Lower MICs.
On the other hand, the remaining five studies focused
on clinical and family history-based criteria, comparing
them to no testing [35, 36, 38—40]. These studies dem-
onstrated the cost-effectiveness of genetic testing among
those with early-stage BC [36], all HER2 negative cases
[35], all BC women [38], as well as healthy women with
clinical criteria and family history [39, 40] in LMICs.
Based on these findings, it is necessary to consider fac-
tors such as population characteristics, availablility of
the resources, and regional differences when assessing
the applicability and feasibility of the study in a country
and consequently making policy amendments. Simplified
guidelines and tailored strategies should be developed
to improve access to and utilization of genetic testing
in order to ensure that high-risk women in LMICs have
the opportunity to obtain early detection and appro-
priate treatment options for BC. It is crucial to address
the potential impact of complex guidelines and any
instances of malpractice among physicians as these fac-
tors can influence the implementation of current genetic
screening policies [55]. Nonetheless, it is crucial to take
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into account the ethical, legal, and social consequences
of introducing population-based genetic screening
programs.

Markov model, either alone or in combination with the
decision tree model, are commonly used in the included
studies from LMICs as decision analytic models [35-37,
39, 40]. The decision tree model is mainly applied when
recurring events are not important and the nature of
events mainly occurs over a short period. In contrast,
Markov model simulates a lot of different health states
over time. On the other hand, the microsimulation
model offers greater flexibility in capturing event timing
and interdependencies which in turn provides a more
nuanced representation of real-world dynamics [56, 57].
The microsimulation model is particularly well-suited
for cascade testing analysis as the interaction between
individuals is important as well as able to incorporate
individual-specific factors such as age, health state, dis-
ease progression, treatment response, and adherence to
interventions. Out of the included studies, only one con-
ducted by Sun et al. utilized a microsimulation model
at the individual level to assess the economic outcomes
of multigene testing in BC patients which including the
testing of first and second-degree relatives [38]. A review
published by Zischke et al. also supported the adoption of
more sophisticated modeling techniques such as discrete
event simulation or dynamic simulation models as it can
incorporate patient heterogeneity and varying patient
pathways [58]. Earlier research indicated that studies uti-
lizing basic decision trees may overstate the advantages
by neglecting to consider competing risks over time [59].
However, the choice between these models depends on
the specific research question, the availability of data,
the desired level of detail, and also the accuracy of the
analysis.

Another crucial aspect to consider is the uptake rate of
preventive strategies, such as RRM and RRSO as well as
the potential adverse effects of these strategies for indi-
viduals who tested positive for genetic mutations. The
uptake rates of these surgeries are sensitive parameters
that can introduce uncertainty in the outcomes of eco-
nomic modeling studies [27]. According to the data from
an international database encompassing 10 countries, the
rate of RRM was highest in the United States (50%) and
lowest in Poland (4.5%), while the uptake of RRSO was
highest in France (83%) and lowest in China (37%) [60].
Therefore, the heterogeneity in uptake rates may, to some
extent be explained by cultural differences across coun-
tries [27] and hence making it challenging to generalize
findings. Health economic modeling studies should con-
sider the potential impact of age-related differences in
uptake rates on the incremental cost-effectiveness ratios
(ICER) of these preventive strategies [61]. Petelin et al.
also supported this notion by demonstrating that the
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rates of adherence to the screening program among indi-
viduals with BRCA pathogenic variants increase notably
with age. As a result, the outcomes would be different
for women who enroll in the program at later stages of
life [62]. It is also crucial to account for the potential
for delaying preventive surgeries or opting for intensive
surveillance as alternative strategies. Notably, Simoes
Correa-Galendi et al. was one of the few studies that
accounted for these possibilities in their analysis [39].
Moreover, there have been conflicting findings regarding
the effects of RRSO on BC risk in individuals with BRCA
mutations, and concerns have been raised about potential
adverse consequences including fertility loss, premature
menopause, and psychological and physical challenges
[11, 63]. It is worth noting that the study conducted by
Wu et al. did not consider the negative impact or adverse
outcomes associated with risk-reducing surgeries (RRSO
and RRM) and the use of PARP inhibitors like Olaparib,
which is an adjuvant treatment for high-risk HER2 nega-
tive patients with positive BRCA testing [35]. In contrast,
Sun et al. [38] and Manchanda et al. [37] showed a good
example by considering the potential negative effects of
RRSO such as an increased risk of developing CHD.

The reporting quality was assessed using the latest ver-
sion of the CHEERS 2022 checklist [34] which provides
comprehensive guidance for transparent reporting in
health economic studies. However, it was observed that
all the identified studies [35—40] did not fully address the
criteria newly added checklist items, especially regard-
ing the approach and impact of engaging with patients
and other stakeholders affected by the study. Inclusive
engagement with all relevant parties such as patients,
communities, the public, and stakeholders like clinicians
or payers is essential to ensure the validity and relevance
of the study findings. Several studies have shown that
involving stakeholders as research partners can have a
significant influence on study protocols and even the out-
comes [64, 65]. Teppala et al. suggested future research
should consider the patients’ and stakeholders’ prefer-
ences when assessing the cost-effectiveness of germline
testing in comparison to other healthcare priorities in
their studies [66]. Furthermore, it is crucial for future
research to incorporate such engagement strategies and
prioritize the perspectives of patients and stakeholders in
the evaluation of genetic testing interventions.

In contrast to the systematic reviews conducted by
D’Andrea et al. [26] and Koldehoff et al. [27], our study
encompasses a broader range of genetic testing strate-
gies for BC, including but not limited to BRCA testing,
population-based screening, and included those stud-
ies without cascade testing. Moreover, we have included
the additional three studies from LMICs compared to
the previous review by Meshkani et al. [28], who did not
impose geographical restrictions on their study selection.
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The evidence compiled in our review further reinforces
the cost-effectiveness of genetic testing in LMICs by
incorporating more recent studies published after 2020.
Our findings aligned with those reviewed by D’Andrea et
al. [26] and Meshkani et al. [28] in highlighting the sig-
nificance of genetic testing prices as a crucial factor in
determining the cost-effectiveness of BC genetic testing
especially in Lower MICs such as India [37]. While our
included studies mainly analyze women aged over 30
years [37, 39, 40], it is worth noting that the review sum-
marized by Koldehoff et al. [27] found that most of the
included studies focused on women aged 40 years as the
preferred age group. Similar to our review, there were no
studies in their analysis that provided sensitivity analysis
for different age groups. Meshkani et al. concluded that
cascade genetic testing is a cost-effective strategy [28],
but our study could not provide a conclusive verdict
on the cost-effectiveness of cascade testing in LMICs.
This limitation arose from the fact that only one study
included in our analysis incorporated cascade testing in
their model analysis [38]. Researchers must consider the
number of tested relatives in their sensitivity analyses
as highlighted by Zischke et al. as this factor could sig-
nificantly influence the overall costs [58]. However, Sun
et al. did not conduct such sensitivity analyses in their
studies [38]. Therefore, further research and evidence are
required to have a better understanding of the economic
implications of cascade testing in LMIC settings.

Strengths and limitations

This systematic review represented a pioneering effort
to consolidate the latest evidence about the economic
evaluations of genetic testing for BC screening in LMICs.
This study not only summarized the latest findings but
also assessed study quality, methodologies, and identified
research gaps for future exploration. Nevertheless, the
limitations of this review still exist. Firstly, the restriction
to English-language articles might lead to the exclusion
of valuable publications in other languages which might
potentially be limiting the comprehensiveness of the
review. Secondly, this review excluded the grey literature
might have minimal impact on the overall findings, as the
quality assessment of grey literature is often challeng-
ing. Thirdly, it is worth noting that the costs and benefits
associated with BRCA genetic testing were inherently
taken into account factors related to OC, as BRCA muta-
tions are known to be associated with an increased risk
of developing OC. Many of the excluded studies utilized
similar modeling approaches with those studies only
focused on breast cancer. Although this review did not
specifically include studies focusing on OC, the exclusion
of OC models did not significantly alter the overall con-
clusions drawn from this review.
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Future research

To address the existing gaps, it is crucial to conduct rig-
orous economic evaluation studies on genetic testing
in LMICs. These studies should focus on the economic
assessments of how multigene testing can be advanta-
geous for countries like those with Lower MICs and
nations with limited resources, different healthcare set-
tings, and different populations. Adherence to economic
guidelines like the CHEERS 2022 checklist is important
to enhance research transparency and reliability which
enables standardized reporting for better comparabil-
ity. Real-world data such as patient-reported and clinical
outcomes as well as economic data can provide insights
into practical settings. This approach assists in the deci-
sion-making on coverage and reimbursement policies.
The need for real-world data (RWD) evidence is urgently
needed especially in oncology, to evaluate the effective-
ness of personalized medicine comprehensively [67].

Conclusion

This study revealed that germline genetic testing is cost-
effective when compared to no testing in Upper MICs
like Malaysia, China, and Brazil based on the WTP
threshold set by each respective study. However, genetic
testing made its implementation less favorable in Lower
MICs such as India due to the higher cost. This study
found germline genetic testing showed positive economic
value in various scenarios including early-stage BC, all
BC patients, HER2 negative cases, as well as healthy indi-
viduals with clinical or family histories. Although there’s
growing interest in personalized care, economic assess-
ments of genetic testing in LMICs remain lacking. Due to
diverse interventions and populations, the study couldn’t
conclusively establish cost-effectiveness for BC genetic
testing across all LMICs. Despite limited evidence, the
study provides valuable insights and anticipates wider
accessibility of genetic testing as costs decrease and
technology advances nowadays. High-quality economic
evaluation studies in LMICs are needed to enhance
healthcare decision-making.
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BC breast cancer

LMICs low-income and middle-income countries
CSGs cancer susceptibility genes

RRM risk-reducing mastectomy

SERM selective estrogen-receptor modulators

NCCN National Comprehensive Cancer Network

NICE National Institute of Health and Care Excellence

PROSPERO International Prospective Register of Systematic Reviews
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DARE Database of Abstracts of Reviews of Effects
NHS EED NHS Economic Evaluation Database

HTA Health Technology Assessment

ICERs incremental cost-effectiveness ratios
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CcC Campbell Collaboration

CHEERS Consolidated Health Economic Evaluation Reporting
Standards

Upper MICs  upper-middle-income countries

Lower MICs  lower-middle-income countries

RRSO risk-reducing salpingo-oophorectomy

PARP Poly-(ADP)-ribose polymerase

CHD coronary heart disease

AdViSHE Assessment of the Validation Status of Health-Economic
Decision Models

LYG Life-year gained

QALY Quality-adjusted life year

WTP willingness-to-pay

GDP gross domestic product

oC ovarian cancer
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