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Abstract

Background: Nearly 56% of at-risk carriers are not identified and missed as a result of the current family-history
(FH) screening for genetic testing. The present study aims to review the economic evaluation studies on BRCA
genetic testing strategies for screening and early detection of breast cancer.

Methods: This systematic literature review is conducted within the Cochrane Library, PubMed, Scopus, Web of
Science, ProQuest, and EMBASE databases. In this paper, the relevant published economic evaluation studies are
identified by following the standard Cochrane Collaboration methods and adherence to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement reporting some recommendations for articles
up to March 2020. Thereafter, the inclusion and exclusion criteria are applied to screen the articles. Disagreements
are resolved through a consensus meeting. The Consolidated Health Economic Evaluation Reporting Standards
(CHEERS) checklist is used in the evaluation of quality. Finally, a narrative synthesis is performed. To compare the
different levels of incremental cost-effectiveness ratio (ICER), the net present value is calculated based on a discount
rate of 3% in 2019.

Results: Among 788 initially retrieved citations, 12 studies were included. More than 60% of the studies were
originated from high-income countries and were published after 2016. It is noteworthy that most of the studies
evaluated the payer perspective. Moreover, the robustness of the results were analyzed through one-way and
probabilistic sensitivity analyses in nearly 66% of these studies. Nearly, 25% of the studies are focused and defined
population-based and family history BRCA tests as comparators; afterwards, the cost-effectiveness of the former was
confirmed. The highest and lowest absolute values for the ICERs were $65,661 and $9 per quality adjusted life years,
respectively. All studies met over 70% of the CHEERs criteria checklist, which was considered as 93% of high quality
on average as well.

Conclusions: The genetic BRCA tests for the general population as well as unselected breast cancer patients were
cost-effective in high and upper-middle income countries and those with prevalence of gene mutation while
population-based genetic tests for low-middle income countries are depended on the price of the tests.
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Background
Breast cancer was attributed to 11.7% (2,261,419 cases
for both sexes and all ages) of all cancer types, in 2020
globally [1]. At the same time period, the number of 7.8
million women who were diagnosed with the disease
were alive in the past 5 years. Breast cancer has been in-
troduced as the most prevalent cancer with more lost
disability-adjusted life years (DALYs) rather than the
other type of cancer in the world since 2020 [2].
If one only concentrates on the costs of the disease,

over 77% of its costs are related to lost production and
indirect costs. Direct medical expenses are accounted for
nearly 19% of the costs, with chemotherapy having the
highest share of the costs [3, 4].
Several studies have focused on the treatment costs of

breast cancer. Based on Allaire et al. study, the treatment
excess1cost of the disease for stages I to III/IV was
ranged from $72,177 to $131,812 for women between 21
and 44 years old; while it was ranged from $53,288 to
$124,237 for women between 45 and 64 years old within
12months (from 2003 to 2010) in the North Carolina
cancer registry, respectively. Higher breast cancer treat-
ment costs for young women were attributed to higher
prevalence as well as later-stage disease [5]. The mini-
mum, maximum, and average direct medical costs of the
disease in Italy were estimated at €6692, €12,825, and
€10,970 between 2007 and 2011, respectively which the
higher one was related to metastatic patients [6]. A study
was conducted in 13 provinces of China to estimate the
medical as well as non-medical expenditure of breast
cancer in 2012 and lasted till 2014. On average, medical
and non-medical, and the total expenditures were $7527,
$922, and $8450, in US dollars, respectively. The highest
expenditure was related to stage IV [7]. All of these
studies demonstrated that breast cancer treatment costs
were increased in advanced stages constantly; however,
it can be reduced by early detection.
Early detection is possible by breast self-assessment as

well as clinical breast cancer screening such as mam-
mography [8] although genetic testing is considered as a
new advances in medicine which urge women having an
FH of breast cancer [9]. It was estimated that nearly 20%
of the diseases were attributed to heredity and gene mu-
tation [10–12].
Although several genes are attributed to breast cancer,

the BRCA genes have been recognized as the most im-
portant ones. The risk of developing breast cancer in
women who carry the BRCA is considered as 65%, com-
pared with 12% in the general population [13, 14]. The
risk assessment estimating, managing the preventive in-
terventions are the advantages of BRCA tests for women
having an FH of breast cancer, and it avoids a second

surgery or having a risk-reduction surgery performed
parallel to the treatment surgery for women with the af-
fected breasts [15].
Two screening strategies were identified for breast

cancer genetic testing including population-based testing
and the FH-based genetic tests, especially for the BRCA
genes. For the first one, the genetic tests were offered to
all women at age 30 and older while for the second one
the genetic tests were undergone only for women that
fulfill the clinical criteria (the genetic BRCA tests for
whom > = 10% with the probability for gene mutation)
[16]. It was shown that more than 50% of the BRCA car-
riers are identified and missed by using the FH-based
genetic tests strategy since numerous unaffected BRCA
carriers do not fulfill the current clinical criteria thresh-
old which is attributed to paternal inheritance, smaller
nuclear and poor communication among families, lack
of awareness of the FH of breast or ovarian cancers as
well as other types of cancers, inability to access health
records, pure chance, and population migration [14, 17,
18]. In spite of the limitations of the FH-based genetic
tests to detect more at-risk women, it is still the current
model in hospitals or specialized genetic clinics. The
BRCA mutations are available for the general population
and more women at risk of breast cancer will be identi-
fied by performing population-based testing [19].
To improve population health as well as efficient alloca-

tion of limited health care resources across interventions,
health economic assessment of interventions is extremely
critical. By this means, economic evaluation is one of the
most common tools which guide health policymakers to
choose the best strategy through evaluating and compar-
ing the effectiveness and costs of different health interven-
tions. The economic evaluations outcome which is
determined by dividing the difference in costs by the dif-
ference in effects between strategies is considered as the
incremental cost-effectiveness ratio (ICER). This index is
compared and if it is lower than the threshold, it means
that the intervention is cost-effective [20].
Based on the results of economic evaluation studies,

the population-based BRCA tests were cost-effective
compared to the FH- based genetic tests [17, 18, 21, 22].
The cost-effectiveness of FH-based strategy in compari-
son with no testing is addressed in a number of studies;
moreover, based on the results, it is considered as cost-
effective as well [23–25]. A systematic review has been
carried out regarding the economic evaluation of genetic
tests programs for breast and ovarian cancers in 2016.
Based on the results, the FH-based screening was very
cost-effective potentially and the population-based
BRCA tests screening provided reasonable value eco-
nomically among Ashkenazi Jews alone. The study rec-
ommended further studies on economic evaluation on
genetic tests [26].1Subtracting off the mean medical costs of the comparison population
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Although both strategies are cost-effective, to decrease
breast cancer cases, an appropriate strategy (mass or se-
lective screening) is not clear yet and needs more evi-
dence [27]. The purpose of this study is to review the
economic evaluation studies on the screening strategies
of genetic BRCA tests for the early detection of breast
cancer. Evidently, the results of this review can provide
adequate information to help policymakers adopt more
effective strategies by considering the resource limita-
tions and reduce the burden of breast cancers in their
societies as well.

Methods
Search strategy
This systematic review of the literature was performed
to identify the relevant published economic evaluation
studies of genetic screening BRCA tests of breast cancer
following the standard Cochrane Collaboration methods
as well as the adherence to the PRISMA statement
reporting some recommendations in this regard [28].
The search was conducted using several databases, in-

cluding the Cochrane Library, PubMed, Scopus, and
Web of Science, ProQuest, and EMBASE databases for
those articles published up to March 2020. The strategy
terms involved some keywords or medical subject head-
ings (MeSH). The used keywords for the search are the
following:
“Economic Evaluation”, “Cost-Effectiveness Analysis”,

“Cost-Benefit Analysis”, “Cost-Utility Analysis”, “Breast
Neoplasm”, “Genetic Screening Testing”, “BRCA2 Pro-
tein”, “BRCA1 Protein”.
Specific search strategies are presented in Additional

file 1. The protocol for this review was registered on
PROSPERO in July, 2020 (The registered number is:
CRD42020190811).

Inclusion and exclusion criteria
Studies were selected based on the inclusion criteria as
follows: Full-text studies; written in English addressed
the areas of economic evaluations such as cost-
effectiveness analysis (CEA), cost-utility analysis (CUA),
cost-benefit analysis (CBA), and cost-minimization ana-
lysis (CMA) related to genetic screening BRCA tests of
breast cancer. PICO has also been used as the inclusion
criteria for this study as follows:

Population
All women affected or unaffected by gene mutations for
breast cancer based on family history (high-risk and
low-risk women in breast cancer), women without breast
cancer or those who suffered from breast cancer as well
as women in the general population were included in
this study.

Interventions
Genetic testing for screening and early detection of
breast cancer was considered as an intervention. All
studies that have at least analyzed the BRCA genes in
order to identify women at high risk for breast cancer
were included.

Comparator
All the studies that considered the FH-based testing, as
well as genetic tests for those women who were not se-
lected as the arms in the model, were included in the
study. Therefore, the following three types of compara-
tors were considered: A) The FH-based genetic tests
compared with no testing, B) Population-based as well
as unselected women for genetic tests compared with no
testing, and C) The FH-based genetic tests compared
with population-based genetic tests as well as unselected
women.

Outcomes
ICER, ICUR, Quality Adjusted Life Years (QALY), and
Life Years Gain (LYG) were considered as the outcomes
for genetic tests of breast cancer.
Studies that separately analyzed costs and effects, de-

scriptive economic studies, cost-of-illness, the burden of
disease, and economic burden, as well as micro-costing
and economic evaluation studies, were excluded; more-
over, they did not report the ICER or ICUR indices for
genetic tests. The published studies that assessed the
economic evaluations of preventive interventions for
breast cancer such as mammography and MRI were also
excluded.

Study selection & data extraction
Duplicates citations have been removed using Endnote
version 8. The title and abstract of the remained articles
were screened by two reviewers (Z.M, A.A) independ-
ently based on the inclusion and exclusion criteria. Two
independent reviewers (Z.M and N.M) were also respon-
sible for screening the full text of the eligible articles.
The articles in which did not meet the inclusion criteria
were resolved by a consensus meeting by the third re-
viewer (A.GH). The list of references regarding eligible
articles was manually checked to ensure the entry of all
the studies related to the subject of the study.
The Cochrane Handbook for systematic review [29]

was used to design the data collection form and the first
authors, year of publishing, costing perspectives, inter-
ventions, population, ICER or ICUR indices, types of
models (Markov or decision tree), and types of sensitiv-
ity analysis were considered for data extraction. The first
author conducted data extraction and was checked by
the second author.
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Quality assessment
Two reviewers (Z.M and N.M) independently assessed
the quality of the selected studies, and the final quality
assessment was evaluated based on consensus. The qual-
ity assessment was completed for each one of the in-
cluded studies by the first author (Z.M). According to a
review performed by Watts et al. in 2019, the most ap-
propriate checklist for quality assessment of economic
evaluation studies is the CHEERS checklist [30]. Accord-
ingly, it includes five questions with 24 criteria in terms
of title and abstract, introduction, methods, results, dis-
cussion, and conclusion [31]. Those studies which ob-
tained 63 to 94% of the scores of the checklist were
categorized into the group of high-quality [30].
The CHEERS checklist was used for quality assess-

ment of the included studies and all the 24 criteria were
scored in this regard. A score of quality assessment was
given based on the percentage of criteria met by each
study, which was ranged from 0 to 100%. For the items
that completely covered the criteria, a perfect score (= 1)
was allocated; for items that had an incomplete coverage
of criteria, half of the score (= 0.5) was considered, and
for those that did not cover the criteria, a score of zero
was assigned, which were identified by ✓, #, and ×, re-
spectively. As a result, the sum and percentage of quality
assessment of the articles were calculated based on 24
points criteria.

Data analysis
Due to the inconsistency as well as the heterogeneity of
the studies in terms of the participants and the compara-
tors, the meta-analysis could not be performed. Based
on the extracted information, the characteristics, the
conclusions, the reported outcome measures of all stud-
ies, and analytical approaches of the studies were sum-
marized. Preferably, a narrative synthesis was performed.
In many studies, the costs and effectiveness of the in-

terventions are examined at different time periods. Con-
sidering the inflation factor, they ought to be discounted
to be comparable. By using the discounted rate, one can
calculate and compare the true value of the cost-
effectiveness ratio at a certain time period [27]. To com-
pare the different levels of ICERs for the selected studies,
the net present value of ICERs was calculated based on a
discount rate of 3% in 2019, since it was the most up-
dated data of the selected studies. The ICERs were con-
verted to US dollars as well. The following formula was
used to adjust the ICERs:

NPV ¼ ICER= 1þ rð Þ^ 2019−tð Þð Þ

Where NPV represents the net present value, r stands
for the discount rate (=3% due to a high frequency in

the selected studies), and t is designated as the studies’
data gathering time.

Results
The literature search was conducted, and 788 articles
were collected, 84 studies were obtained from PubMed,
75 from Embase, 403 from Scopus, 166 from ProQuest,
59 from WOS, and 1 from Cochrane. After removing
200 duplicates, 588 titles and abstracts were screened for
eligibility, of which 39 articles were considered eligible
after the full-text eligibility screening process. Accord-
ingly, 21 articles were excluded due to assessing the
cost-effectiveness of ovarian cancer as well as screening
methods of breast cancer; moreover, two articles due to
focusing on multigene tests, and four articles due to not
reporting the ICERs indices, as well as low quality, were
disregarded. Finally, 12 articles were included in this
study.
Two reviewers (Z.M, A.A) applied the inclusion and

exclusion criteria independently to screen the titles and
abstracts of the identified articles. Disagreement during
the selection of studies was 4.2% (of 788 articles) and
the Kapa coefficient was 0.528. There has also been a
disagreement only in the first step of study selection;
moreover, for the remained stages, the authors agreed to
the terms of the articles included in the study. Study se-
lection based on the PRISMA diagram is shown in
Fig. 1.

Characteristics of studies
The economic evaluation studies of the genetic BRCA
tests were mainly originated from the UK and US (58%
of the studies), Spain, Norway, Australia, and Germany.
In a study, India, Brazil, and the Netherlands were con-
sidered as low-middle and upper-middle-income coun-
tries [17].
Nearly 83% of the studies were published after 2016

and the oldest one was published in 2009. The selected
studies had some differences in participants. Affected
and unaffected women, those having an FH of breast
and ovarian cancer, women with a family risk of cancer,
breast cancer patients, and women from the general
population were considered as the participants of this
study.
Only four (33% of all) studies defined population-

based and FH-based BRCA tests as comparators, while
the others (= 8) used population-based or FH BRCA
tests with no testing as well as the current criteria as
comparators.
Among the selected studies, two studies assessed panel

genetic tests, BRCA1/BRCA2/PALB2, and BRCA1/
BRCA2/RAD51C/RAD51D/BRIP1/PALB2 as the inter-
vention [9, 32], while the remaining ones (n = 10)
assessed BRCA1/2 tests, only.
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In the economic evaluation studies, at first, one needs
to specify the point of view of the study (health system,
payer, or social) in order to identify the exact costs and
effectiveness of an intervention. Generally, the aforemen-
tioned perspectives are used to examine the costs and
benefits. Although the researchers analyzed the costs in
all types of the perspective (the health system, payer, or
social) in the selected studies, most of them (58% of the
studies) evaluated the payer perspective for their studies.
The perspective of four studies (33% of the studies) was
the health system and only one study did not state the
cost perspective [21].
Both the currency and year for unit values were ac-

knowledged only in five selected studies (41% of the
studies) and the remaining ones only pointed out one of

them [11, 17, 26–28]. The currencies that were mostly
used were the US Dollar and Euro (n = 7) followed by
the Brazilian currency (n = 1), Malaysian Ringgit (n = 1),
Norwegian krone (n = 1), Australian Dollar (n = 1), and
German Euro (n = 1).
All the studies were discounted costs and effective-

ness was considered in the same count. Correspond-
ingly, costs and effectiveness were discounted by 3
and 3.5% in five and six studies, respectively. In
addition, the highest discount rate was 5% only in
one study [23].
In the economic evaluation studies, the sensitivity ana-

lysis is conducted via examining the results by changing
the parameters. It is possible to change all the parame-
ters or some of them simultaneously; consequently, the

Fig. 1 the PRISMA flow diagram for the study selection
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results are examined and compared with the primary
outcomes.
Sensitivity analysis was used for testing the robustness

in all the included studies, along with both one-way and
probabilistic sensitivity analyses (PSA) which were used
in 66% of the studies, the PSA analysis alone in 25% of
the studies, and univariate analysis was used only in one
study [33], respectively.
All the studies used the cost-effectiveness analysis.

Moreover, the difference in effects and costs for calculat-
ing the ICER index was not stated in the four selected
studies [21, 32–34], while the remaining ones (66% of
all) showed the difference in effects and costs for the
index.
The outcomes of nearly 91% of studies were reported

in the form of QALYs and only in one study, the out-
comes were presented in LYGs form; however, two stud-
ies were used both the QALY and LYG as outcomes.
The characteristics of these studies are summarized in
Table 1.
Depending on the goal of economic evaluation studies,

a model was designed based on a decision tree or Mar-
kov model. In the current review, for the selected stud-
ies, the Markov model was frequently used (n = 5),
especially for the studies that considered hypothetical
scenarios as well as cohort studies. The decision tree
was used just in three studies, and the remaining ones
(n = 3) used both of them. It is noteworthy that a Semi-
Markov model was used in one study [34]. Although all
the selected studies included a figure for the models,
four of them (33%) have completed an explanation re-
garding the model as well as parameters [9, 16, 21, 22].
Risk-reducing mastectomy (RRM) and Risk reduc-

tion salpingo-oophorectomy (RRSO) is preventive in-
terventions for the BRCA carriers, which all the
studies considered preventive surgeries in the models
and costs. Coronary heart disease (CHD) and hor-
mone replacement therapy (HRT), as the compliances
after RRSO, were pointed out in three studies [9, 17,
22]. Just in two studies (16% of all) for women with
the negative gene mutation, as well as the ones who
did not perform the genetic tests, the intensified sur-
veillance and standard care were considered as the
branches in the models [23, 24].
Three (25% of all) studies considered the genetic test-

ing of family members in the model since one of the im-
portant goals,as well as advantages of genetic test, is to
define high risks among relatives and family members of
breast cancer pathogenic carriers [25, 32, 33].

ICER analysis
Among the 12 selected articles, nearly 19 analyses of
ICERs were performed regardless of different strategies.
By considering these different strategies, overall, 36

ICERs were calculated for different countries as well as
different time intervals.
The ICERs results were compared to a willingness to

pay (WTP) threshold for nearly 58% (n = 7) of the se-
lected studies. In addition, four studies used the NICE
threshold for comparing the ICERs results [9, 16, 21,
22]. The thresholds varied across different countries.
The WTP thresholds of £30,000/QALY, $100,000/
QALY, and AU$50,000 per QALY were used for UK,
US, and AU, respectively.
In a study by Manchanda et al. in 2020, 3*GDP per

Capita and GDP per Capita were used for UK, USA,
Netherlands, China, Brazil, and India as thresholds [17].
The ICERs for all the selected studies were below the

standard threshold. Sun et al. [32] and Holland et al.
[34] reported the highest ($65,661/QALY) and lowest
($9/QALY) absolute values for ICER respectively which
were related to the USA.
For two studies, the value of ICERs for different strat-

egies were negative, showing the cost-saving of popula-
tion (unselected) genetic tests compared with the
current one (FH testing) [16, 17].
In the selected studies, population-based genetic tests

were preferred compared with the FH-based testing [17,
22, 32], and FH-based testing was preferred compared
with no testing [23–25, 34, 35]. Adjusted ICERs of the
selected studies is shown in Fig. 2.

Quality assessment
The quality assessment of the selected studies based on
the CHEERS Checklist is presented in Table 2. All the
selected studies met over 70% of the CHEERs criteria
checklist. The average percent of the items reported in
these studies was 93%. By considering the time cutoff
point of 2018, higher scores were achieved for those re-
cently published studies compared to the earlier ones
(average scores of 95% vs 85%). Three studies met 100%
of the CHEERs criteria. It is noteworthy that all the se-
lected studies were of high quality. Perspective, time
horizon, discount rate, measurement of effectiveness,
model assumptions, and heterogeneity of explanation
were the reasons for not achieving 100% of the criteria.
In addition, three articles did not address the funding
and one of them reported no conflict of interest.

Discussion
The current study reviewed 12 published economic
evaluation studies conducted on the genetic tests for
screening as well as early detection of breast cancer. The
present study aimed to provide evidence for policy-
makers to have a cost-effective strategy for genetic tests,
the FH or population-based genetic tests, to reduce the
burden of breast cancer.
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All the selected studies (100%) indicated that the gen-
etic tests for early detection as well as risk management
of breast cancer at the WTP thresholds were cost-
effective and there were no challenges for confirming
the cost-effectiveness of performing genetic tests.
Based on the results of our study, more than 96% of

the selected studies, which assessed the population-
based genetic tests and the FH-based tests as compara-
tors, confirmed the cost-effectiveness of population-
based BRCA tests for the general population as well as
the unselected breast cancer patients [17, 22, 32]. Al-
though the results of the study showed that population-
based testing is more preferred compared to the FH-
based testing, the second one was more cost-effective in
comparison with no testing as well [18, 23–25, 34, 35].
The BRCA gene mutation in AJ and SJ is more fre-

quent compared to other races. More than 50% of the
selected studies were related to AJ and SJ women from
the UK and US. The participants in Patel et al.’s study
were all SJ women who make up nearly 20% of the UK
population and based on the result, performing the gen-
etic tests was considered as cost-effective [22]. In
addition, Manchanda et al. have assessed the cost-
effectiveness studies for AJ women, and this study was
updated for the AJ population who married by non-Jews.
These studies aimed to assess the cost-effectiveness of
genetic tests by considering the different probabilities of
BRCA mutations. They assessed the genetic tests for the
population and also for women with 3, 2, or one
Ashkenazi-Jewish grandparent in UK and U.S.

Accordingly, these strategies were separately performed.
Based on the results of population testing compared
with the FH-based clinical criteria, they were highly ef-
fective for women who had two and one AJ grandpar-
ents in UK and US, respectively [16, 21].
Although the results of these studies confirmed the

cost-effectiveness of the population-based testing com-
pared with the FH-based testing, we cannot generalize
these results for other races. Manchanda et al. assessed
the genetic test strategies for high, upper-middle, and
low-middle income countries. Based on the results,
population-based testing was cost-effective for high and
upper-middle-income countries. For high-income coun-
tries, it was cost-saving as well; while for India as a low-
income country, the results were not similar, and the
tests were not cost-effective in both payer and social
perspectives unless the cost of the tests has changed to
less than $172. The ICERs for high-income countries
were negative and based on the health economics’ con-
cept, the population-based genetic tests are considered
as a dominant option due to a lower cost and higher ef-
fectiveness as well [17]. All the aforementioned findings
show that regardless of the type of health system, as gov-
ernmental or non-governmental, the population-based
genetic test was cost-effective for high-income countries
as well as those countries with a high prevalence of gene
mutation.
Screening the family member for the breast cancer is

the most advantageous of genetic tests, which was
pointed out just in three studies [25, 32, 33] focusing on

Fig. 2 Adjusted ICERs for the selected studies
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cascade testing. Sun et al. performed cascade testing for
relatives of mutation carriers and based on the results,
the multigene testing was found to be extremely cost-
effective for all the unselected patients having breast
cancer as well as subsequent predictive/cascade testing
of relatives [32].
For women having positive BRCA genetic tests, risk

reduction interventions (RRM and RRSO) were recom-
mended; however, most of them, especially for women
aged 35 years old, the interventions were postponed be-
cause of childbearing. Hence, they selected severe
follow-up. In addition, sensitivity analysis was considered
in some studies, and based on the results, the ICERs
were not sensitive to postponing the surgical preventions
[22, 25, 32, 34]. Besides the above-mentioned reasons,
delaying surgery can also have cultural causes, which
make people ashamed; thus they choose to take risks in
this regard. Furthermore, lack of trust in physicians due
to conflicting interests in performing surgery, lack of
sufficient knowledge on the benefits of preventive mea-
sures, as well as treatment management can be consid-
ered as reasons for delaying or even not performing the
needed surgeries. The price of the genetic tests and risk
reduction interventions can also be considered as the
most important factors for postponing the interventions
which insurance coverage can help in reducing the costs
for women who are willing to perform the interventions
as Holland et al. and Lim et al. recommended the insur-
ance coverage of genetic tests as well [34, 35]. Given that
5 to 10% of breast cancers occur because of gene muta-
tions, insurance companies can make profits by risk
pooling as well as preventing the disease severity in the
long run. Insurance companies can adjust the premium
as well as coverage based on age, race, and gene muta-
tion prevalence variables.
All the sensitivity analyses confirmed the robustness of

the results of the studies by performing one-way or the
PSA. The prevalence of gene mutation [24] and the price
of the test [33] were the parameters that affected the
variability of the results. Discount rate, the probability of
gene mutation, and types of prevention interventions
were the other parameters assigned in sensitivity ana-
lysis; however, they did not change the result as the
same rate as the gene mutations and the price of the
tests [25].
One important step in economic evaluation studies is

to define the perspective of the study, which is consid-
ered as payer, patient, or health system. If it is not iden-
tified or missed, the costs could not be addressed, and
also outcomes may be over or underestimated. The ma-
jority of the selected studies defined the perspective of
their study as payer; hence the costs consisted of direct
medical costs as well as treatment costs in the model [9,
16, 17, 22, 24, 25, 32]. Norum et al. mentioned a

comprehensive point to the costs and considered direct
and indirect costs such as preventive interventions,
transport, accommodation place, and lost production.
Although the cost of loss of production because of per-
forming the genetic tests can be ignored, it is important
for preventive interventions [33]. However, the genetic
screening test based on all types of perspectives was
known as a cost-effective method.
Based on Holland et al. the results of ICER were most

sensitive to the utility after the BRCA mutation and the
discount rate. The study was performed in 2009, in
which the technology was not developed at that time
period [34]. Technology can make testing available to
people on a large scale because it reduces the cost of ser-
vice. Moreover, it can increase the demand even for low-
income patients. Therefore, advances in technology can
improve the supply and demand of testing, and as a re-
sult, mutual benefits for health as well as patients are
provided.
The population and FH-based genetic tests were

assessed in two studies by panel testing instead of the
BRCA1/2, which both confirmed the cost-effectiveness
of the tests for population-based strategy. Manchanda
et al. compared population-based on the BRCA1/
BRCA2/RAD51C/RAD51D/BRIP1/PALB2 tests between
the affected and unaffected women having the current
clinical tests, and the FH-based BRCA1/2 tests, in which
population-based screening tests were defined as highly
cost-effectiveness strategies in the UK and US popula-
tion. Additionally, based on Sun et al. study, BRCA1/
BRCA2/PALB2 testing for all cases having breast cancer
were compared with the current BRCA testing based on
the clinical criteria or the FH alone which were cost-
effective [9, 32]. The new technologies for genetic tests
are in progress as fast as possible and their demand are
increased by improving the people’s knowledge on risk
management of the disease. However, this mostly de-
pends on their preference for performing the genetic
tests in which policymakers should pay attention to all
the aforementioned factors.

Limitation
Due to the lack of evidence for the genetic BRCA test
for breast cancer as well as the use of the test for early
detection of ovarian cancer, we were unable to exclude
those studies which pointed out ovarian cancer as well
as panel testing for breast cancer for the review.

Conclusions
The genetic BRCA tests are considered as cost-effective
methods for the general population as well as unselected
breast cancer patients in high and upper-middle-income
countries, in which the prevalence of gene mutation is
high. More than 50% of the studies were performed in
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societies in which genetic mutations were prevalent and
as a result, the population-based BRCA screening tests
were cost-effective. The result may be different from
those studies performed in other societies as a result of
differences in the genetic structure. The population-
based genetic tests for low-middle-income countries de-
pend on the price of the tests. Overall, cascade genetic
testing was considered as a cost-saving as well as a cost-
effective method for both strategies. As the medical sci-
ences are developed further, it is considered that multi-
gene tests are more cost-effective compared with the
BRCA 1/2 genes although cost-effectiveness studies for
population-based multigene tests should be performed
to choose the best strategy in the future.

Recommendation
In the next decade, the genetic testing will likely include
multigene panels and multiple diseases, especially when
applied to more or less unselected subjects. Therefore, it
is recommended that the systematic review as well as
the original genetic science studies and their economic
impact on policy development ought to be updated.

Abbreviations
PICO: Population, Interventions, Comparator, Outcomes; NPV: Net Present
Value; WTP: Willingness To Pay

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13053-021-00191-0.

Additional file 1.

Acknowledgements
This study was a part of a PhD thesis that was supported by Iran University
of Medical Sciences (grant No: IUMS/SHMIS-98-4-37-16709).

Authors’ contributions
Dr. Moradi, N and Dr. Meshkani, Z designed the study. Dr. Moradi, N, Dr.
Meshkani, Z and Dr. Aboutorabi searched the articles and Dr. Meshkani, Z
and Dr. Aboutorabi, Dr. Ghanbari Motlagh, and Dr. Langari zadeh analyzed
the data. Dr. Meshkani, Z wrote the manuscript. Dr. Moradi revised the
manuscript. All authors read and approved the final manuscript.

Funding
Iran University of Medical Sciences has only sponsored. The funder had no
role in design and conduct of the study; collection, management, analysis,
and interpretation of the data; and preparation, review, or approval of the
manuscript.

Availability of data and materials
All data generated or analyzed during this study are included in this
published article.

Declarations

Ethics approval and consent to participate
Ethical Code.IR.IUMS.REC.1398.1051.

Consent for publication
Not applicable.

Competing interests
The authors declare that there is no conflict of interest regarding the
publication of this article.

Author details
1Department of Health Economics, School of Health Management and
Information Sciences, Iran University of Medical Sciences, Tehran, Iran.
2Health Management and Economics Research Center, School of Health
Management and Information Sciences, Iran University of Medical Sciences,
Tehran, Iran. 3Department of Health Information Management, School of
Health Management and Information Sciences, Iran University of Medical
Sciences, Tehran, Iran. 4Clinical Oncology, Shahid Beheshti Medical University,
Tehran, Iran.

Received: 7 December 2020 Accepted: 2 August 2021

References
1. https://gco.iarc.fr/today/data/factsheets/cancers/20-Breast-fact-sheet.pdf.

Accessed Dec 2020.
2. https://www.who.int/news-room/fact-sheets/detail/breast-cancer. Accessed

26 Mar 2021.
3. Daroudi R, Sari AA, Nahvijou A, Kalaghchi B, Najafi M, Zendehdel K. The

economic burden of breast cancer in Iran. Iran J Public Health. 2015;44(9):
1225–33.

4. Lalla D, Carlton R, Santos E, Bramley T, D’Souza A. Willingness to pay to
avoid metastatic breast cancer treatment side effects: results from a
conjoint analysis. Springerplus. 2014;3(1):350. https://doi.org/10.1186/2193-1
801-3-350.

5. Allaire BT, Ekwueme DU, Poehler D, Thomas CC, Guy GP, Subramanian S,
et al. Breast cancer treatment costs in younger, privately insured women.
Breast Cancer Res Treat. 2017;164(2):429–36. https://doi.org/10.1007/s10549-
017-4249-x.

6. Capri S, Russo A. Cost of breast cancer based on real-world data: a cancer
registry study in Italy. BMC Health Serv Res. 2017;17(1):84. https://doi.org/1
0.1186/s12913-017-2006-9.

7. Liao XZ, Shi JF, Liu JS, Huang HY, Guo LW, Zhu XY, et al. Medical and non-
medical expenditure for breast cancer diagnosis and treatment in China: a
multicenter cross-sectional study. Asia-Pacific J Clin Oncol. 2018;14(3):167–
78. https://doi.org/10.1111/ajco.12703.

8. Okobia MN, Bunker CH, Okonofua FE, Osime U. Knowledge, attitude and
practice of Nigerian women towards breast cancer: a cross-sectional study.
World J Surg Oncol. 2006;4(1):11. https://doi.org/10.1186/1477-7819-4-11.

9. Manchanda R, Patel S, Gordeev VS, Antoniou AC, Smith S, Lee A, et al. Cost-
effectiveness of population-based BRCA1, BRCA2, RAD51C, RAD51D, BRIP1,
PALB2 mutation testing in unselected general population women. J Natl
Cancer Inst. 2018;110(7):714–25. https://doi.org/10.1093/jnci/djx265.

10. Najafi S, Na-S A, Olfat Bakhsh A. Necessity of genetic counseling in patients
with breast cancer. J Breast Dis. 2009;2(1):38–42.

11. Dalvai Noori MR, Sanaz T. Molecular genetics, diagnosis and treatment of
breast Cancer: a review article. J Sabzevar Univ Med Sci. 2010;17(2):74–87.

12. Griffith G, Tudor-Edwards R, Gray J, Butler R, Wilkinson C, Turner J, et al. A
micro costing of NHS cancer genetic services. Br J Cancer. 2005;92(1):60–71.
https://doi.org/10.1038/sj.bjc.6602270.

13. Petelin L, Hossack L, Mitchell G, Liew D, Trainer AH, James PA. A
microsimulation model for evaluating the effectiveness of cancer risk
management for BRCA pathogenic variant carriers: miBRovaCAre. Value
Health. 2019;22(8):854–62. https://doi.org/10.1016/j.jval.2019.03.008.

14. Engel NJ, Gordon P, Thull DL, Dudley B, Herstine J, Jankowitz RC, et al. A
multidisciplinary clinic for individualizing management of patients at
increased risk for breast and gynecologic cancer. Familial Cancer. 2012;11(3):
419–27. https://doi.org/10.1007/s10689-012-9530-x.

15. Li Y, Arellano AR, Bare LA, Bender RA, Strom CM, Devlin JJ. A multigene test
could cost-effectively help extend life expectancy for women at risk of
hereditary breast cancer. Value Health. 2017;20(4):547–55. https://doi.org/1
0.1016/j.jval.2017.01.006.

16. Manchanda R, Patel S, Antoniou AC, Levy-Lahad E, Turnbull C, Evans DG,
et al. Cost-effectiveness of population based BRCA testing with varying
Ashkenazi Jewish ancestry. Am J Obstet Gynecol. 2017;217(5):578 e1-.e12.

17. Manchanda R, Sun L, Patel S, Evans O, Wilschut J, De Freitas Lopes AC, et al.
Economic evaluation of population-based BRCA1/BRCA2 mutation testing

Meshkani et al. Hereditary Cancer in Clinical Practice           (2021) 19:35 Page 14 of 15

https://doi.org/10.1186/s13053-021-00191-0
https://doi.org/10.1186/s13053-021-00191-0
https://gco.iarc.fr/today/data/factsheets/cancers/20-Breast-fact-sheet.pdf
https://www.who.int/news-room/fact-sheets/detail/breast-cancer
https://doi.org/10.1186/2193-1801-3-350
https://doi.org/10.1186/2193-1801-3-350
https://doi.org/10.1007/s10549-017-4249-x
https://doi.org/10.1007/s10549-017-4249-x
https://doi.org/10.1186/s12913-017-2006-9
https://doi.org/10.1186/s12913-017-2006-9
https://doi.org/10.1111/ajco.12703
https://doi.org/10.1186/1477-7819-4-11
https://doi.org/10.1093/jnci/djx265
https://doi.org/10.1038/sj.bjc.6602270
https://doi.org/10.1016/j.jval.2019.03.008
https://doi.org/10.1007/s10689-012-9530-x
https://doi.org/10.1016/j.jval.2017.01.006
https://doi.org/10.1016/j.jval.2017.01.006


across multiple countries and health systems. Cancers. 2020;12(7):1929.
https://doi.org/10.3390/cancers12071929.

18. Manchanda R, Gaba F. Population based testing for primary prevention: a
systematic review. Cancers. 2018;10(11):424. https://doi.org/10.3390/cancers1
0110424.

19. De Leeneer K, Coene I, Crombez B, Simkens J, Van den Broecke R, Bols A,
et al. Prevalence of BRCA1/2 mutations in sporadic breast/ovarian cancer
patients and identification of a novel de novo BRCA1 mutation in a patient
diagnosed with late onset breast and ovarian cancer: implications for
genetic testing. Breast Cancer Res Treat. 2012;132(1):87–95. https://doi.org/1
0.1007/s10549-011-1544-9.

20. Phillips KA, Veenstra D, Bebber SV, Sakowski J. An introduction to cost-
effectiveness and cost–benefit analysis of pharmacogenomics.
Pharmacogenomics. 2003;4(3):231–9. https://doi.org/10.1517/phgs.4.3.231.22691.

21. Manchanda R, Legood R, Burnell M, McGuire A, Raikou M, Loggenberg K,
et al. Cost-effectiveness of population screening for BRCA mutations in
Ashkenazi Jewish women compared with family history–based testing. J
Natl Cancer Inst. 2015;107(1):dju380.

22. Patel S, Legood R, Evans DG, Turnbull C, Antoniou AC, Menon U, et al. Cost-
effectiveness of population based BRCA1 founder mutation testing in
Sephardi Jewish women. Am J Obstet Gynecol. 2018;218(4):431 e1-.e12.

23. Simoes Correa-Galendi J, Del Pilar Estevez Diz M, Stock S, et al. Economic
Modelling of Screen-and-Treat Strategies for Brazilian Women at Risk of
Hereditary Breast and Ovarian Cancer. Appl Health Econ Health Policy. 2021;
19(1):97-109. https://doi.org/10.1007/s40258-020-00599-0.

24. Müller D, Danner M, Schmutzler R, Engel C, Wassermann K, Stollenwerk B,
et al. Economic modeling of risk-adapted screen-and-treat strategies in
women at high risk for breast or ovarian cancer. Eur J Health Econ. 2019;
20(5):739–50. https://doi.org/10.1007/s10198-019-01038-1.

25. Tuffaha H, Scuffham P. Cost-effectivness analysis of germline BRCA mutation
testing and olaparib treatment in metastatic breast cancer: an evaluation of
codependent technologies. Value Health. 2019;22:S454.

26. D’Andrea E, Marzuillo C, De Vito C, Di Marco M, Pitini E, Vacchio MR, et al.
Which BRCA genetic testing programs are ready for implementation in
health care? A systematic review of economic evaluations. Genetics Med.
2016;18(12):1171–80. https://doi.org/10.1038/gim.2016.29.

27. Attema AE, Brouwer WB, Claxton K. Discounting in economic evaluations.
Pharmacoeconomics. 2018;36(7):745–58. https://doi.org/10.1007/s40273-018-
0672-z.

28. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Int J Surg.
2010;8(5):336–41. https://doi.org/10.1016/j.ijsu.2010.02.007.

29. Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al.
Cochrane handbook for systematic reviews of interventions: John Wiley &
Sons; 2019. https://doi.org/10.1002/9781119536604.

30. Watts RD, Li IW. Use of checklists in reviews of health economic evaluations,
2010 to 2018. Value Health. 2019;22(3):377–82. https://doi.org/10.1016/j.jval.2
018.10.006.

31. Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D,
et al. Consolidated health economic evaluation reporting standards
(CHEERS) statement. Cost-Effectiveness Resource Allocation. 2013;11(1):6.
https://doi.org/10.1186/1478-7547-11-6.

32. Sun L, Brentnall A, Patel S, Buist D, Bowles E, Evans DG, et al. Should we
offer multi-gene testing to all patients with breast cancer: a cost-
effectiveness analysis. Int J Gynecol Cancer. 2019;29:A31.

33. Norum JGE, Heramb C, Karsrud I, Ariansen SL, Undlien DE. BRCA mutation
carrier detection. A model-based cost-effectiveness analysis comparing the
traditional family history approach and the testing of all patients with breast
cancer. ESMO Open. 2018;3(3).

34. Holland ML, Huston A, Noyes K. Cost-effectiveness of testing for breast
Cancer susceptibility genes. Value Health. 2009;12(2):207–16. https://doi.
org/10.1111/j.1524-4733.2008.00418.x.

35. Lim KK, Yoon SY, Mohd Taib NA, Shabaruddin FH, Dahlui M, Woo YL, et al.
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. Appl Health Econ Health Policy. 2018;16(3):
395–406. https://doi.org/10.1007/s40258-018-0384-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Meshkani et al. Hereditary Cancer in Clinical Practice           (2021) 19:35 Page 15 of 15

https://doi.org/10.3390/cancers12071929
https://doi.org/10.3390/cancers10110424
https://doi.org/10.3390/cancers10110424
https://doi.org/10.1007/s10549-011-1544-9
https://doi.org/10.1007/s10549-011-1544-9
https://doi.org/10.1517/phgs.4.3.231.22691
https://doi.org/10.1007/s40258-020-00599-0
https://doi.org/10.1007/s10198-019-01038-1
https://doi.org/10.1038/gim.2016.29
https://doi.org/10.1007/s40273-018-0672-z
https://doi.org/10.1007/s40273-018-0672-z
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.1002/9781119536604
https://doi.org/10.1016/j.jval.2018.10.006
https://doi.org/10.1016/j.jval.2018.10.006
https://doi.org/10.1186/1478-7547-11-6
https://doi.org/10.1111/j.1524-4733.2008.00418.x
https://doi.org/10.1111/j.1524-4733.2008.00418.x
https://doi.org/10.1007/s40258-018-0384-8

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Population
	Interventions
	Comparator
	Outcomes

	Study selection & data extraction
	Quality assessment
	Data analysis

	Results
	Characteristics of studies
	ICER analysis
	Quality assessment

	Discussion
	Limitation

	Conclusions
	Recommendation
	Abbreviations

	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

