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Which BRCA genetic testing programs are ready for
implementation in health care? A systematic review of
economic evaluations

Elvira D’Andrea, MD', Carolina Marzuillo, BS', Corrado De Vito, MD?, Marco Di Marco, MD?’,
Erica Pitini, MD', Maria Rosaria Vacchio, BS' and Paolo Villari, MD, MPH'

Purpose: There is considerable evidence regarding the efficacy and
effectiveness of BRCA genetic testing programs, but whether they
represent good use of financial resources is not clear. Therefore, we
aimed to identify the main health-care programs for BRCA testing
and to evaluate their cost-effectiveness.

Methods: We performed a systematic review of full economic eval-
uations of health-care programs involving BRCA testing.

Results: Nine economic evaluations were included, and four main
categories of BRCA testing programs were identified: (i) population-
based genetic screening of individuals without cancer, either com-
prehensive or targeted based on ancestry; (ii) family history (FH)-
based genetic screening, i.e., testing individuals without cancer but
with FH suggestive of BRCA mutation; (iii) familial mutation (FM)-
based genetic screening, i.e., testing individuals without cancer but

According to the Centers for Disease Control and Prevention,
breast cancer susceptibility gene (BRCA) mutation testing is
one of the few genetic applications with evidence of validity
and utility that supports its implementation into practice.'
However, such recommendations do not take into account
the economic perspective. Furthermore, the available assess-
ment tools for evaluating genetic tests, such as the Evaluation
of Genomic Applications in Practice and Prevention model,
do not provide adequate information on the economic
aspects.” Moreover, there has been little research on the
effectiveness or return on investment of implementation and
dissemination research.’> Economic evaluation may be use-
ful in this regard because it analyzes the delivery of a specific
genomic test under real-life conditions within a genomic
health-care program that has the underlying objective of
maximizing the health of the population with the available
resources.®

Inheritance of a dominant mutation in one of two breast/
ovarian cancer susceptibility genes (BRCAI and BRCA2) is
responsible for 2-7% of breast cancers and 10-15% of ovar-
ian cancers.””? Implementation of prevention programs would
reduce the burden of such inherited diseases, and in some
countries public health genomics policies have already been

with known familial BRCA mutation; and (iv) cancer-based genetic
screening, i.e., testing individuals with BRCA-related cancers.

Conclusions: Currently BRCA1/2 population-based screening rep-
resents good value for the money among Ashkenazi Jews only. FH-
based screening is potentially very cost-effective, although further
studies that include costs of identifying high-risk women are needed.
There is no evidence of cost-effectiveness for BRCA screening of all
newly diagnosed cases of breast/ovarian cancers followed by cascade
testing of relatives, but programs that include tools for identifying
affected women at higher risk for inherited forms are promising.
Cost-effectiveness is highly sensitive to the cost of BRCA1/2 testing.

Genet Med advance online publication 14 April 2016

Key Words: BRCA; breast cancer; cost-effectiveness; health-care
programs; systematic review;

formulated and genetic interventions included in public health
strategies for preventive medicine. For example, in Italy, the
2014-2018 National Prevention Plan contemplates the devel-
opment of regional BRCA genetic testing programs because
such programs can increase awareness of hereditary cancer
risk in the population and reduce incidence and mortality of
BRCA-related cancers.'” However, it is not clear which BRCA
genetic programs are the most efficient and therefore which
should be implemented. Can population-based screening for
BRCA mutations be considered good value for the money, and
under what conditions? Does limiting BRCA testing to at-risk
individuals yield the most health gains at an acceptable cost? Or
could it be more cost-effective to begin testing individuals with
breast or ovarian cancers to find probands and to follow up with
cascade screening among relatives?

This study has two purposes. The first is to identify the BRCA
genetic testing programs whose cost-effectiveness has been
analyzed in published economic evaluations. The second is
to provide an overview of which BRCA testing programs are
potentially ready for implementation on the basis of their cost-
effectiveness, structure, and main assumptions, together with
a discussion of the difficulties of transferring context-specific
tools such as economic evaluations to other settings."!
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MATERIALS AND METHODS
This review was conducted according to the Center for Reviews
and Dissemination guidance on undertaking systematic
reviews of economic evaluations'? and the Cochrane Handbook
for systematic reviews of interventions."

Inclusion criteria

Broad inclusion criteria were used to encompass all economic
evaluations of BRCA testing programs in the literature. A BRCA
testing program was defined as any type of health intervention
that includes BRCA testing in a target population with the pur-
pose of reducing the risk of breast and ovarian cancer (initial
and second primary), for example, by prophylactic surgery or
intense surveillance of mutation-positive patients. According
to this definition, a BRCA testing program should consist of
the following components: a target population to test, genetic
counseling, genetic testing to identify mutation carriers, and
specific health-care pathways for individuals with and without
genetic mutations. In particular, studies considered suitable for
inclusion should evaluate the costs and benefits of a BRCA test-
ing program, as well as the consequent health-care pathways
specified.

We included studies that used standard full economic
evaluation designs such as cost-effectiveness analysis (CEA),
cost-utility analysis (CUA), cost-benefit analysis, or cost-
minimization analysis.® All health-related and cancer-related
outcomes were included. It was anticipated that the major-
ity of studies would measure the number of cases of cancer
detected, life-years gained (LYG), or quality-adjusted life-
years (QALYs). Studies were included regardless of the per-
spective of the evaluation (health-care system or a broad
societal perspective).

Search strategy

Relevant studies (from inception to December 2014) were
searched using the following databases: Medline, Embase,
Scopus, the Health Economic Evaluations Database (HEED),
the CEA Registry, the Economics Literature Index (EconLit),
the Health Technology Assessment (HTA) Database, and
the National Health Service Economic Evaluation Database
(NHS EED). The literature search was rerun in February
2015 to identify any relevant studies published since the
original search date. Two investigators conducted the lit-
erature search independently, to enhance sensitivity. The
search terms were developed in relation to the intervention,
outcomes, and designs of the studies: “BRCA1 OR BRCA2”
AND “genetic* OR gene OR genom*” AND “economic* OR
cost-effectiveness OR cost-utility OR cost-benefit OR cost-
minimization OR cost*”. The strings were adjusted for each
database while maintaining a common overall architecture.
The search strategy for Medline and Embase included both
MeSH terms and free texts of the primary search terms. The
reference lists of retrieved articles were also searched to
identify potentially relevant studies.
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Selection of studies

Two reviewers selected relevant studies, removed duplicates,
and screened titles and abstracts of the returned citations.
Studies that clearly did not meet the inclusion criteria were
excluded. Full texts of potentially relevant articles were retrieved
and independently examined by two pairs of reviewers to deter-
mine the eligibility of papers. Disagreements were resolved
through discussion and reasons for exclusion recorded.

Data extraction and quality assessment

Data were collected from the included studies by two reviewers
independently and checked by a third reviewer. Data extrac-
tion focused on key methodological features (type of economic
evaluation, analytical approach, outcome measures, study per-
spective, collection of cost and effectiveness data, time horizon,
discounting, sensitivity analyses), key characteristics of the
intervention (setting, target population, gene and clinical con-
dition, scope of testing), and health-care pathways. Additional
information, such as authors, journal, funding declaration, and
year of publication, was also extracted.

Quality was assessed using two tools: the BM] checklist'* and
the Quality of Health Economic Studies (QHES) list." The for-
mer gives a qualitative assessment of quality of economic evalu-
ations, and the second is quantitative, enabling us to integrate
both approaches. The BM] tool is more detailed than the QHES
instrument (35 vs. 16 items); each item on the BMJ checklist
reflects a specific aspect of methodological process, whereas
the QHES list includes double-barreled items (multiple

Records identified though database searching
(MEDLINE, EMBASE, Scopus, HEED, CEAR,
EconLit, HTA database, NHS EED)
(n=1,096)

A4

Records after duplicates removed
(n=707)

A4

Records screened Records e_xcluded after reading
> title/abstract

(n=707) i (n<678)

Full-text articles excluded for not
satisfying inclusion criteria (n = 21):
- 1 is a partial economic evaluation;
»| - 13 only evaluate costs and benefits
of the health-care pathways after
BRCA testing;

- 7 are not full economic evaluations.

v

Full-text articles d for
eligibility (n = 29)

A4

Studies included after updated
literature search
(n=1)

Studies included in the systematic |
review (n = 8)

v

Studies included in the systematic
review (n=9)

Figure 1 Flow diagram for selection of full economic evaluations of
BRCA1/2 testing programs. (Adapted from ref. 30)
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methodological aspects under the same item). The BMJ tool
specifically identifies every potential methodological error and
produces a descriptive critical assessment, whereas the QHES
tool gives an overall score for each included study.

Three reviewers performed the quality assessment of studies
using both checklists independently. Cohen’s kappa was calcu-
lated to quantify the level of agreement among reviewers, and
disagreements were resolved by peer discussion.'®

Because quality assessment primarily reflects the extent to
which the studies adhere to standard methods, an effort was
made to evaluate the plausibility of the basic assumptions of
each study to better appraise the quality of its findings.

Data synthesis

Owing to substantial heterogeneity among studies, a meta-analy-
sis was not possible. A narrative synthesis of the identified stud-
ies was performed to summarize the key features of the included
studies and to compare study questions, interventions, meth-
ods, and results. In both CEA and CUA, the main result is usu-
ally expressed as an incremental cost-effectiveness ratio (ICER),
defined as the ratio that relates difference in costs to difference
in outcomes between two alternative interventions. Policymakers
may decide if an intervention is an efficient use of resources
using a threshold of maximally acceptable cost per unit of out-
come. Because there is no universally accepted ICER threshold,
we adopted the most common cost-effectiveness thresholds used
in the United States ($50,000-100,000/QALY or LYG)''® and the
United Kingdom (£20,000-30,000/QALY or LYG)."” The ICERs
provided by the CEA registry, maintained by Tufts Medical
Center, were also extracted.” In the Tufts database, all the original
ICERs are converted into US dollars and adjusted for inflation.

SYSTEMATIC REVIEW

RESULTS

The electronic search identified 707 studies. Title and abstract
screening reduced this number to 29 potential studies, which
were retrieved for full text review. After full text review, a
further 21 studies were excluded, leaving 8 studies.”%® An
additional relevant study was identified in the updated litera-
ture search.” Therefore, a total of nine economic evaluations
were included in the systematic review, all published in peer-
reviewed journals. A flow diagram of the selection of studies is
shown in Figure 1, and the list of studies excluded at the full
text review stage, including reasons for exclusion, is available
on request.

Characteristics of studies

The key characteristics of the included studies are reported in
Table 1. Three studies used CEA,***?* four used CUA,*?*>?72
and two used both CEA and CUA.*** All the most recent
studies, published from 2009 until 2015, included a CUA.*~
¥ Six economic evaluations were performed in the United
States,?**% and three were performed in Europe (United
Kingdom, Spain, and Norway).?>*** All but one study evalu-
ated BRCA testing programs for both BRCAI and BRCA2
genes; the exception included only a BRCAI test.** Six eco-
nomic evaluations considered both breast and ovarian cancers,
two referred only to breast cancer,”** and one study related
only to ovarian cancer.”

Nearly all studies were based on hypothetical BRCA
genetic screening programs and used assumptions and
probabilities extracted by other studies to model the impact
of genetic testing.?"****® Two derived benefits from inter-
nal databases.”*”® Only one study performed a trial-based

Table 1 General characteristics of full economic evaluations of BRCA1/2 testing programs

Methodological issues

First author, Gene(s) Type(s) of Baseline Quality

country, and year of Clinical mutation economic Time year of Model of score

publication condition tested evaluation horizon Perspective evaluation Discounting analysis (QHES list)

Manchanda, UK, 2015 Breast and BRCAT, CUA NS NS 2010 0.035 (costs and Decision 96/100
ovarian cancer BRCA2 benefits) analysis model

Kwon, USA, 2010 Breast and BRCAT, CEA Lifetime Societal 2009 0.03 (costsand Markov model 79/100
ovarian cancer  BRCA2 and CUA benefits)

Kwon, USA, 2009 Breast and BRCAT, CEA Lifetime Societal 2008 0.03 (costs and  Markov model 92/100
ovarian cancer BRCA2 and CUA benefits)

Rubinstein, USA, 2009 Ovarian cancer BRCAT, CUA Lifetime NS 2007 0.03 (costs) Decision 71/100

BRCA2 analysis model

Holland, USA, 2009 Breast and BRCAT, CUA 70 years Societal 2006 0.03 (costs and  Markov model 88/100
ovarian cancer BRCA2 benefits)

Balmana, Spain, 2004 Breast cancer BRCAT, CEA Lifetime NS NS 0.05 (costs) Trial-based 74/100

BRCA2 analysis®

Tengs and Berry, USA, Breast and BRCAT, CUA Lifetime Societal 1998 0.03 (costs and  Markov model 70/100

2000 ovarian cancer BRCAZ2 benefits)

Heimdal, Norway, 1999 Breast cancer BRCA1 CEA 25 years NS 1999 NS NS 37/100

Grann, USA, 1999 Breast and BRCAT1, CEA 50 years Societal 1995 0.03 (costs)  Markov model 70/100
ovarian cancer  BRCA2

CEA, cost-effectiveness analysis; CUA, cost-utility analysis; NS, not specified; QHES, Quality of Health Economic Studies.

?In a cohort of 143 high-risk families.
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analysis and extrapolated the outcomes of that experimental
study to obtain long-term cost-utility estimates.?

The time horizon was lifetime in five studies,*****-® between
25 and 70 years in three studies,?***” and in one case it was not
specified.”® However, the time horizon in all studies was long
enough to reflect differences in costs and outcomes. The most
frequent viewpoint declared by the authors was the societal
perspective,?*>262 but in four studies the perspective was not
stated clearly.?*+*"%

D'ANDREA et al | BRCA genetic testing programs: a systematic review of economic evaluations

Quality assessment and basic assumptions

The main criticism of the study design is that the viewpoint of
analysis was stated in only five of the nine economic evalua-
tions?»##>262; the perspective declared by the authors was
consistent with the costs included in the analysis in only two
evaluations.?®* By contrast, all other aspects of the study design
were fulfilled in almost all economic evaluations (Table 2).
Concerning data collection, there were several issues. Although
the clinical effectiveness of the interventions was stated in the

Table 2 Quality assessment of full economic evaluations of BRCA1/2 testing programs according to the BMJ checklist

Number
of studies
Quality item complying NA
Study design
The research question is stated 9/9 —
The economic importance of the research question is stated 8/9 —
The viewpoint(s) of the analysis is clearly stated and justified 5/9 —
The rationale for choosing alternative programs or interventions compared is stated 9/9 —
The alternatives being compared are clearly described 9/9 —
The form of economic evaluation used is stated 9/9 —
The choice of form of economic evaluation is justified in relation to the questions addressed 6/9 —
Data collection
The source(s) of effectiveness estimates used is stated 8/9 —
Details of the design and results of effectiveness study are given (if based on a single study) — 8/9
Details of the methods of synthesis or meta-analysis of estimates are given (if based on a synthesis of a number of — 1/9
effectiveness studies)
The primary outcome measure(s) for the economic evaluation is clearly stated 9/9 —
Methods to value benefits are stated 2/9 3/9
Details of the subjects from whom valuations were obtained are given 1/9 3/9
Productivity changes (if included) are reported separately — 9/9
The relevance of productivity changes to the study question is discussed — 9/9
Quantities of resource use are reported separately from their unit costs 9/9 —
Methods for the estimation of quantities and unit costs are described 9/9 —
Currency and price data are recorded 8/9 —
Details of currency of price adjustments for inflation or currency conversion are given — —
Details of any model used are given 8/9 —
The choice of model used and the key parameters on which it is based are justified 8/9 —
Analysis and interpretation of results
Time horizon of costs and benefits is stated 7/9 —
The discount rate(s) is stated 8/9 —
The choice of discount rate(s) is justified 6/9 —
An explanation is given if costs and benefits are not discounted — 9/9
Details of statistical tests and confidence intervals are given for stochastic data — 9/9
The approach to sensitivity analysis is given 3/9 —
The choice of variables for sensitivity analysis is justified 3/9 —
The ranges over which the variables are varied are justified 3/9 —
Relevant alternatives are compared 9/9 —
Incremental analysis is reported 5/9 —
Major outcomes are presented in a disaggregated as well as aggregated form 7/9 —
The answer to the study question is given 9/9 —
Conclusions follow from the data reported 9/9 —
Conclusions are accompanied by the appropriate caveats 5/9 =

NA, not appropriate.
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majority of studies, none gave details of how the effectiveness
data were combined from several sources (Table 2). Health
benefits were valued in six studies in which the main effect was
on the quality of life, whereas in the remainder the health mea-
sures were LYG or cancer detected.?»**** Among studies using
CUA, details of the methods used (e.g., time trade-off, standard
gamble, contingent valuation) were given only in two stud-
ies,”* and the subjects from whom valuations were obtained
(e.g., patients, members of the general public, health-care
professionals) were specified only in one study.” All studies
made an appropriate measurement of costs, but none consid-
ered price adjustments for inflation or currency conversion
(Table 2). Regarding the analysis and interpretation of results,
the main criticism is how sensitivity analyses were used because
only three economic evaluations tested results using two-way
(or more complex) analyses.”>*** Another critical point is the
lack of incremental analysis (Table 2). In three economic evalu-
ations, the programs described were only compared with the
situation where no testing was performed??; in another case,
there was no incremental analysis at all.®

In general, studies were well conducted and the average qual-
ity was good. The median QHES score was 74, with a range
of 37-96 (Table 1). There has been a gradual increase in the
quality of studies over time, and those economic evaluations of
higher quality were published in the past 5 years of the study
period (from 2009 to 2014) (Table 1). The mean scores (£SD)
awarded by the three reviewers for the assessment set were 73.8
(£19.2), 76.0 (£18.6), and 74.4 (+17.1) (P value for ANOVA =
0.966). The agreement for dichotomous scoring was high (k=
0.8). The three reviewers scored 85% of the studies in the test
set within 10 points, showing very good agreement. The criteria
that required the most objective response (disclosing funding
source and conduct of sensitivity analyses) received the highest
level of agreement. The criteria with the lowest agreement lev-
els were the discussion of magnitude and direction of potential
biases and the inclusion of short-term, long-term, and negative
outcomes.

Basicassumptions and main model inputs have been extracted
to assess their impact on the results (see Supplementary
Table S1 online). The main critical issues are the entity of risk
reduction after preventive interventions, the compliance of
patients with prophylactic surgery, the uptake of BRCA testing
among at-risk relatives of index cases, and the costs of genetic
testing. Risk reductions for breast and ovarian cancer after pre-
ventive interventions were higher in the most recent studies,*
because they were based on updated guidelines. This means
that the cost-effectiveness ratios resulting from less recent
studies, in which risk reductions were lower, may be overes-
timated.?"** Patient compliance with prophylactic surgery was
assumed to be 100% in some studies,******* and only one study
tested patient compliance in the sensitivity analysis, showing a
moderate impact on the results.?® The level of uptake of BRCA
testing among relatives of index cases was specified only in two
studies and varied between 50 and 100%,* but it was not tested
in the sensitivity analysis. However, the 50% rate of compliance

GENETICS in MEDICINE | Volume 18 | Number 12 | December 2016
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with genetic testing among relatives provided some evidence of
cost-effectiveness.” Concerning BRCA1/2 genetic testing costs,
substantial differences exist between full sequence analysis of
BRCA genes®%* and tests of specific BRCA mutations.?"*>*"*
These specific tests are far less expensive, but because they are
context-specific the results of their studies are difficult to gen-
eralize to other settings.

Evidence of cost-effectiveness

To aid interpretation, four main categories of the BRCA test-
ing program were identified on the basis of target populations:
(i) population-based genetic screening of individuals without
cancer, either comprehensive or targeted based on ancestry
or ethnicity; (ii) family history (FH)-based genetic screening,
i.e., testing unaffected individuals with FH suggestive of BRCA
mutation but in whom a familial mutation (FM) has not been
identified; (iii) FM-based genetic screening, i.e., testing unaf-
fected individuals with a known familial mutation; and (iv)
cancer-based genetic screening, i.e., testing individuals with
BRCA-related cancers to prevent the occurrence of further pri-
mary cancers (Table 3).

Population-based genetic screening. The broadest approach
involves population-based genetic screening of individuals
without cancer, either comprehensive or subpopulations. Three
studies focused on a specific ethnic group, the Ashkenazi
Jewish (AJ) communities in Israel, United States, and United
Kingdom,”*% and one program targeted the general
population.” Studies targeted at the A] community included,
as a routine genetic test, the “BRCA founder-mutation
test,’**”? which tests only three specific mutations in BRCA
(BRCAI*185delAG, BRCA1*5382insC, and BRCA2*6174delT);
these mutations account for ~95% of detectable BRCA
mutations in dominantly inherited early-onset breast and
ovarian cancer in families of AJ ancestry.*'~

In the first study, two strategies were compared.” In the first
of these, BRCA genetic testing was offered to all women belong-
ing to the A] community. For this ethnicity, the probability of
having a mutation was assumed to be 2.45% by the authors. The
second strategy was consistent with current recommendations:
genetic testing was offered only to women in the A] community
with a definite risk, which was determined from information
on familial and personal history (FH-based screening). In this
subpopulation, the prevalence of BRCA mutation was higher
than in the previous target group (9.38%). In both strategies,
those AJ women with positive results in the BRCA genetic test
(carriers) were encouraged to undertake specific preventive
health-care pathways, which may include prophylactic surgery
to reduce ovarian and breast cancer risk or, as an alternative to
preventive mastectomy, early detection of breast cancer by sur-
veillance with magnetic resonance imaging and mammography
each year, followed by curative mastectomy. For both strategies,
the authors assumed that slightly more than 50% of carriers
would decide to undergo preventive surgery or surveillance.
The population-based approach was cost-saving compared

1175



D'ANDREA et al | BRCA genetic testing programs: a systematic review of economic evaluations

SYSTEMATIC REVIEW

DD (UOIEINW DY B UM Sl|ILue) WO} SUOIIEINW OU JO SIallIed Joy ‘Aydelbowiwew [enuue pue ‘3gd ‘Do :Siallied yDyg 1o} ‘Aydelbowiew [enuue pue ‘(3gD) UOIIBUILIEXD
1sealq [e21UlP ‘(D)D) bulsuNod 11dUab :uoeINW PaIYIUAP! UB INOUHM S3IjILIRS 3SH-UBIY WO} USWOM 1045 "Pa3da1ap Jadued 134, "Asdolq 1o (DN) A6ojo1Ad uonedidse ajpasu-aul Ajjeniuans ‘Aydelbouwiwew [enuue pue 3g0
|ENUUY/; "AJUO SUOIBINW PaIHdAASUN OM) 104153 [ DY, Jeaws ded pue welbowweus [enuue ‘syluow 9 A19As Gz | D pue punosesl|n ‘uoljeulwexa 2160]033uAb ‘syjuow € A1aAs uoneuiwexs [edishyd :aaisod pajsa) oym
USWOM JO 3DUB||ISAINS PIBPURLS, "0f 968 Wou) swesbowwew [enuue pue ‘e abe e welbowwew auo ‘sieaws ded [enuue :aAiebau pajsal OYm USWOM JO 9DUE||IBAINS PAIIPOIAIG “AJUO SUOITRINUI D14129dS 931} 10} S}S3) YDHGe

1eak-a41| passnipe-Auenb ‘A1v 0 bunssl ou ‘| N ‘buibew sdueuosal disubew ‘YN ‘pauleb Jesh-a)i ‘D AT (011 SSOUSAIIIDHS-1SOD [EIUSWRIOUI YT D] ‘DAIle|al 9a163p
-1511} "Y@4 “I9MO S| SSBUDAIIIRYD S)I pue Jaybiy a.e 51502 S) 41 Jayloue Aq pareuiwop si weiboud e ‘pajeuluop SisAleue ssauaAilge-150d ‘3D ‘Awoldaioydoo-obuides [eiale|iq ‘0Sg UONeINW Y OYg B YHM USWOM ‘+i/Dyg

sieak pg>
000'0Z1$ — 806'CLL$ €05'65$ (7°6) 'SA(S'6) ON 19dued Jsealq Aue yum uswop  (S'6)
sieak 0G> ‘Idued
006'6$ - 760'6$ £20'8% (T'6) 'sA(7'6) ON 152310 9A11eD3U-9|dL) ULM USWOM  (776)
sieak o> ‘I9dued
paleulwoq — pajeulwog  paleulog  (2'6) SA(E'6) ON 15e91q 9AI11eHIU-9]d1I} YHAM USWOAA (€'6)
sieak o>
00£'6$ — G80'8$% 0L0°L$ (1'6) 'sn(z'6) ON 192ued Iseaiq Aue UM Uswopy  (2'6)
Uswom +yDyg buowe
(Y109 40 ‘0sg ‘Awoidaysew sieak 0G> Usdued Buluaaids d13susb
pajeuiwoq — paleujwog  pajeuiwoq INSA(L°6) ON |esare|iq) Aabuns onoejAydosd  z/LvDHg 1sealq Ale|npaw YIM UsWop  (1°6) 0102 VSN ‘uomy| paseq-iadue)
(s1e9A 0G>) JadURd
6C1'LGLS €9e'8rL$ (2°8) sA(€'8) SOA uepeno Jo adAy Aue yum uswopy  (€'8)
(s1e9A 0G>) JadURd
ELL'LELS Sov'8TZL$ (1°8) sA(Z'8) SOA UBLIBAO SNOISS SAISBAUI UM USWOAN  (Z°8)
+DY4 40 sya4 buowe LIS} [BljIWie)/|ed1uld
(Y109 40 ‘0Sg ‘Awordaysew 0} buipiodde ysi-1e JI Auo (sieak
— — 0L9'Te$ 8L0'zes INSA(L'8) SOA [esa1e|ig) Aabuns sdejhydord /1 voyg 0G>) J82Ued UBLIBAO LIM UBWOAN  (1'8) 600 VSN ‘uomy
UswoMm
pa103j4e JO SaAle|as buowe s1eak og ‘19dued
— — — V677> 1IN 'SA(Z) SOA 590U [I9AINS P3ZI|UOSIDd Z/1V/D4g  UBLIBAO JO/pU 1Sea1q YLIM USUWOAA (2) 007 ‘uteds ‘eupweg
Buiusaids
+7DYd J0 Jdued 6661 119UdH Paseq-(I)
— 02L'813 — 2683 1N "SA(9) SOA SaAI}e[31 Buowie ;due||IsAINg plVVDYg  UBLIBAO JO/PUE 1SBRIQ LM USUIOAN (9) ‘AeMION ‘|epwisaH  uoleInw [eljiuie,
s1eak Gg ‘uonenw yoyg e buiaey
+VDHe buowe 1NoQe paulsduod Jo ‘1adued uelieno
006'G$ — 000°S$ - LN SA(S) ON 054 Jo/pue AwopaiseN  Z/1vDYd Jo/pue 3sealq O H4 UM USWOAN (s) 600¢ VSN ‘Pue||oH
uoneINW yDYg e o
00l'£-001°S$ —  006'7-005'€$ - INSA (7'1) ON 9A}SaB6NS AIBA He YUM UBWOM  (#7'1)
1395Ued }SB3Iq /UBLIBAO [BI|ILIE) JO
000'2Z$ — 000'5L$ — INSA(E'D) ON 95D U0 UBLL IOW UUM UBWOM  (E°1)
+yDyg Buowe (yyoq Jo Buluaalds
‘Awoida10ydoo ‘Awoyoalsew) J90Ued 15310 /URLIBAO 0007 212usb paseq-(H)
000'55$ — 000'7€$ — INSA(Z'1) ON Aisbansonoejhydord  z/1voug [BI|ILUB) JO 9SBI BUO YUM UBWOAM  (Z)  "vSN "Aiag pue sbusp Aioysiy Ajueq
+vDyg buowe (y10q Jo
‘Awoydaioydoo ‘Awoydaisew) 0007
000'001'Z$ — 000'009'L$ — INSA (1Y) ON Aisbunsomejfydosd /1 vDyg uonejndod [eieusD  (L'y) ‘SN 'Aliag pue sbusy
ELTVELS  IN'SA(Y'E) ON q+DYg buoule ;3due|lanng e
08L'2L$ LN SA(E°€) ON a+yDyg buowe Awoyaioydog (9]
0£6'67$ INsA(Z°E) ON otDYg buowe Awoldaisejy (ze)
+vDyg buowe Awoidaioydoo
— — — VAYAIIAS LN SA(L'€) ON pue AWOBISBIN /L VDYF  SIESA OE 'UBWIOM USIM[ IZBUBYSY  (L'€) 6661 VSN ‘uuein
s1eak G6-G¢ 6007
005'6%$ — 00€'8$ 60€°0L$ IN A (2) ON +yDyg buowe 0sg  «¢/LvDYg "USLLIOM USIMB[ IZeUS3YSY (@ 'vSN ‘uisuigny
Jdued
ueleAo/1Sealq Alies Joy s Ajiwey
oN UM USWOM USIMB[ IZRUSNYSY  (Z°1)
+yDyg buowe Awoldaisew Jo sieak pg< Gl0z bBuiuaalds dnausb
- - Buines 150D — (Z1)'sa(LL) ON AydeiBowiwew/ YN pue 0sa  =2/Lvoyd 'USWIOM YSIMS[ 1Zeudysy  (L°1) "N ‘epueypuely  paseq-uonejndogd
($snvLoz sdBYIO SAIVO SDA1 suosiiedwo) SaAne@a4  }jnsai 1S9} 0} pajejal bunsel 10bae) uonendod Jaquinu  uopnedqnd jo Kiobayed
ur) Ansibay Jo bunsay  saibajed)s 9ApUBARLd  d1IBUSD weiboiq Jeak pue ‘Aiunod Buiuaains
\'ED) apesse) loyine 3s.i4 FIVEDED)
ER]| swesboid bunsay dnsusb yoyg

swelboud Buisal 7/ DYg JUBISHIP JO SSOUINIIDIDHD-1S0D JO DDUSPIAT € d|qel

Volume 18 | Number 12 | December 2016 | GENETICS in MEDICINE

1176



BRCA genetic testing programs: a systematic review of economic evaluations | D’ANDREA et a/

with FH-based screening in A] women, but no comparison was
made with a no-testing strategy.”

The second study focused on ovarian cancer risk only in AJ
women, and a comparison between population-based genetic
screening and no testing was conducted.” The preventive inter-
vention in BRCA carriers was bilateral salpingo-oophorectomy
(BSO), assuming a carrier compliance with surgery of 50%.
Also, in this case, favorable conclusions were reached regarding
the cost-effectiveness of the BRCA testing ($10,309/LYG and
$8,300/QALY).”

In the third study, four hypothetical scenarios were compared
with no testing.?! In all scenarios, the founder mutations were
tested in A] women, assuming a BRCA mutation prevalence of
2.5%. Four types of preventive interventions were analyzed. In
the first, all carriers underwent combined surgery (mastectomy
and oophorectomy). In the second and third scenarios, carriers
were encouraged to undergo prophylactic bilateral mastectomy
or bilateral oophorectomy, respectively. In the last, only sur-
veillance was offered to them. In all scenarios carrier compli-
ance was assumed to be 100%, and this has not been assessed
by sensitivity analysis. Taking into account the current thresh-
olds, the analysis suggested that screening A] women for BRCA
mutations would be cost-effective only if those testing positive
underwent combined surgery ($20,717/LYG), or mastectomy
($29,717/LYG).*" The authors considered bilateral oophorec-
tomy to reduce the risk of ovarian cancer to 45%. Currently, the
recommended prophylactic surgery for inherited BRCA can-
cers is BSO, with a risk reduction of 96%; this was considered in
the previous two studies discussed here.?”*

Tengs and Berry* considered BRCA testing screening of the
general population (0.02-0.06% probability of carrying a BRCA
mutation) with an option for identified BRCA carriers to decide
whether to undergo prophylactic surgery. The results clearly
suggest that population-based screening is too expensive to be
justified by the health gains achieved.

FH-based genetic screening. In an FH-based screening
approach, the information is obtained by interviewing
individuals about their personal and familial history; women
who may have an increased risk of hereditary breast and
ovarian cancer are offered genetic testing.* Two economic
evaluations analyzed this approach.”* The target population
was unaffected women with FH suggestive of a BRCA mutation
and with an unknown mutation in their families (Table 3).

The first study included target populations of women who
differed in the strength of their FH of breast or ovarian cancer,
with probabilities of identifying a BRCA mutation being 5, 10,
or 25-50%.% Prophylactic surgery was offered to BRCA carriers
in all programs. Incremental analysis was not performed, and
all strategies were compared with a no-testing situation. The
results showed that testing unaffected women with greater than
10% probability of a BRCA mutation was very cost-effective
($3,500-15,000/QALY).*

In the second study, the target population comprised 35-year-
old women, including women at high risk based on their FH
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and those who were concerned they might carry a BRCA
mutation. In both cases the probability of identifying a BRCA
gene mutation was 10% and no FM had been characterized.”
Prophylactic surgery was offered to BRCA mutation-positive
women. This strategy was cost-effective ($5,000/QALY) when
compared with no intervention. Using data from a sensitivity
analysis, the authors established that the “test strategy” is cost-
effective even when the pretest probability of mutation was less
than 10%, as long as a negative mutation result leads to a utility
gain for at-risk women.”

FM-based genetic screening. The third potential screening
approach is FM-based genetic screening, in which genetic tests
are performed on the close relatives of previously identified
index cases. Three economic evaluations analyzed this approach
(Table 3).22242¢

In the first study, only one of the two BRCA programs ana-
lyzed met our inclusion criteria because the other program did
not include genetic analysis to identify women with cancer-
predisposing mutations.” In the included program, a BRCAI
genetic test was offered by physicians to all women with breast
and/or ovarian cancer, without pretest counseling. If a BRCAI
mutation was found (index case), then the genetic test was per-
formed on relatives (cascade screening). The preventive inter-
vention for positive relatives was surveillance. This program,
compared with no intervention, was cost-effective both in
terms of life-years saved (€832/LYG) and number of inherited
breast cancer diagnoses (€18,720 per cancer detected).?

The second study evaluated a BRCA genetic program for
inherited breast cancer carried out in a Spanish hospital.*
A dedicated hospital unit performed genetic counseling to
identify women at high risk for breast cancer. After counseling,
the index cases of families who met the criteria for hereditary
breast cancer were tested; if a BRCA mutation was found, then
all close relatives were encouraged to undergo genetic analysis.
BRCA carriers and females from high-risk families (without an
identified mutation in their families) received intensive sur-
veillance until age 80 or early onset of breast cancer. Women
who tested negative followed the standard population breast
cancer screening program. This program was shown to be cost-
effective (€4,294/LYG) compared with no screening. The cost-
effectiveness analysis was focused only on breast cancer early
detection with surveillance; neither the impact on costs nor the
reduction of breast and ovarian cancer associated with preven-
tive surgery was considered.”

The third study targeted women with ovarian cancer.”® Four
strategies were considered: no testing; testing at-risk women
for inherited ovarian cancer identified using the Society of
Gynecologic Oncologists criteria (pretest probability 10%);
testing only women with invasive serous cancer; and testing
all women with ovarian cancer. If the women tested positive,
then their first-degree relatives were tested and risk-reducing
interventions were performed. The only program shown to be
cost-effective according to current thresholds was that involv-
ing testing of women with cancer ($32,018/LYG and $32,670/
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QALY) after performing a risk assessment based on the Society
of Gynecologic Oncologists criteria.”

Cancer-based genetic screening. In the last screening
approach, genetic tests are offered to individuals with a cancer
diagnosis for the purpose of diagnosing inherited cancer
predisposition. Only one economic evaluation analyzed this
approach (Table 3).”® This study estimated costs and benefits
of different BRCA testing programs in women younger than
50 years old with breast cancer, regardless of their FH and
ethnicity.?® Several testing strategies were considered according
to type of breast cancer (medullary, triple-negative) and age of
onset (women younger than 40 or 50 years old). In the baseline
analysis, the authors assumed that all carriers would choose
to undergo surgery, whereas compliance levels varied in the
sensitivity analysis, ranging up to 20% for mastectomy and 55%
for BSO. Cascade testing among relatives was not included in
the model. The results showed that testing women younger than
40 years old with any type of breast cancer and testing women
younger than 50 years old with triple-negative breast cancer
were both cost-effective if the preventive treatment for carriers
was prophylactic surgery (ipsilateral and/or contralateral
mastectomy and BSO) ($7,070 and $8,027/LYG and $8,085 and
$9,094/QALY, respectively).?

DISCUSSION

The main challenge in conducting a systematic review of eco-
nomic evaluations derives from their high degree of hetero-
geneity, meaning that results cannot be pooled across studies
by meta-analysis or other quantitative synthesis methods.'>**
Consequently, the majority of such reviews have presented
the results obtained in a narrative format."’ In the case of
genetic testing, previously published systematic reviews
have focused principally on assessing the methodological
quality of economic evaluations, or simply on identifying
which genetic testing programs were supported by eco-
nomic evidence; therefore, they were able to include a wide
range of genetic tests.”®** The outcome of these systematic
reviews was that most genetic testing programs result in bet-
ter health care, but usually at a higher cost, and save money
only in a small minority of cases.'®® These findings are
similar to those from other health-care areas, where it was
estimated that only a low percentage of preventive measures
and treatments for existing conditions are cost-saving.*"*?
Relatively few systematic reviews have focused on a specific
genetic test and only one analyzed BRCA 1/2 testing, with the
main purpose of identifying available economic evidence to
support the use of a specific laboratory method for detect-
ing BRCA mutations in UK genetic services.* By contrast,
our systematic review used a qualitative approach to identify
genetic health-care programs for BRCA-related diseases that
are ready for implementation in clinical practice based on
the cost-effectiveness evidence. Four categories of genetic
screening programs were identified: population-based,
FH-based, FM-based, and cancer-based genetic screening.
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Estimates of cost-effectiveness of population-based BRCA1/2
testing indicate that this strategy is currently too expensive. It
has been calculated that even if every woman with a detected
mutation underwent bilateral mastectomy and salpingo-
oophorectomy, universal screening would still cost in excess of
$1 million per QALY gained.* By contrast, population-based
screening targeted at Ashkenazi Jewish women seems to be rea-
sonable and cost-effective if carriers undergo prophylactic sur-
gery.?7? The difference is explained not only by the prevalence
of mutations (AJ, 2.5%; general population, 0.002-0.006%) but
also by the price of the test, because testing a woman from the
general population costs at least five times more than testing a
AJ woman. Despite its cost-effectiveness, the current guidelines
do not explicitly recommend population-based screening of AJ
women, and A]J heritage is considered only one of several risk
factors that may increase the total risk of having a deleterious
BRCA mutation.*>*

In FH-based screening, the unit of analysis is not the individ-
ual but the entire family. Accordingly, three steps should be fol-
lowed: identify high-risk individuals through an assessment of
personal and FH, test the affected family member to identify a
significant FM, and in the case of a positive test result, perform
direct gene testing on apparently unaffected family members.
The economic evaluations of FH-based screening showed two
important deficiencies: none discussed how to select high-risk
women in the general population, thereby failing to detail the
related costs, and none modeled cascade screening among rela-
tives of carriers following the detection of index cases. For these
reasons, the cost-effectiveness ratios calculated in these stud-
ies should be considered of limited utility; more information is
needed for a complete evaluation. Despite this, the possibility
that this screening approach is cost-effective appears very high
if the probability of mutation in the at-risk population is 10%
or higher.

The category of FM-based genetic screening detects index
cases by directly testing women with breast and/or ovarian
cancers. In the event that a mutation is identified in index sub-
jects, genetic analysis is performed on unaffected relatives. All
three economic evaluations that analyzed this approach showed
some evidence of cost-effectiveness. Problems such as the lack
of a defined pretest probability of affected women, the deci-
sion to study only two BRCAI mutations, the unknown per-
centage of at-risk relatives of index cases who elect to undergo
testing, and the unrealistically high expected compliance with
preventive strategies among carriers limit the amount of use-
ful information gathered by testing all women with breast and/
or ovarian cancers that can be drawn from the first study.?
Assumptions seem to be more robust in the second and third
studies, in which genetic tests to identify index cases were
offered to women with breast and/or ovarian cancers at age 30
and to women with ovarian cancer younger than 50 years.?**
If a mutation was found, then unaffected relatives were tested
and prophylactic interventions were offered to them. In both
studies, the cost-effective strategies were those in which genetic
tests were offered to affected women at risk for inherited breast/
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ovarian cancer according to personal and familial criteria.?*%
Currently, there is no evidence for testing all individuals with
BRCA-related cancers to identify index cases regardless of their
clinical and familial histories.

The only study included in the last category, i.e., cancer-based
genetic screening, proposed genetic screening of several popu-
lations of women with breast cancer, stratified by subtypes and
age of onset, with the purpose of preventing the occurrence of
further primary cancers, without considering cascade testing of
relatives.?® This approach was cost-effective only under particu-
lar conditions.?

Our survey of the literature found only nine full economic
evaluations of BRCA genetic testing. Most of these were of
acceptable quality, although some methodological limitations
should be mentioned. For example, the included costs were fre-
quently inadequate. Thus, although the societal perspective is
the most appropriate for the analysis of health-care programs
and five economic evaluations adopted this perspective, none
of the authors included social costs. The following other limita-
tions are worth highlighting: (i) few details were reported on
data abstraction for the base-case estimates, (ii) none of the
evaluations considered price adjustments for inflation or cur-
rency conversion, and (iii) only three economic evaluations
performed appropriate sensitivity analysis (two-way or more
complex). Finally, the evaluations were conducted in a limited
range of countries (United States, United Kingdom, Norway,
and Spain), and whether the results are generally applicable
was not addressed in the included studies. A previous review of
studies on the cost-effectiveness of BRCA genetic testing identi-
fied similar limitations, pointing out the considerable variety in
methodologies and hence problems of transparency, compara-
bility, and generalizability.*’

In conclusion, the results of this systematic review indicate
that, although BRCAI1/2 population-based screening is cur-
rently an ineflicient use of health-care resources, population-
based screening of the A] community appears to be a good
value for the money. Furthermore, it is highly likely that
FH-based screening will prove cost-effective, although further
economic evaluations that include the costs of identifying high-
risk women are needed to fully justify this conclusion. This
point is crucial because counseling strategies to detect at-risk
individuals could involve primary-care physicians, and cur-
rently physicians seem to be not yet adequately prepared about
hereditary breast cancer and BRCAI/2 testing.*”*® Finally, in
contrast to genetic testing for hereditary colorectal cancer (i.e.,
Lynch syndrome),”=" there is no evidence for the cost-effec-
tiveness of screening for BRCA1/2 of newly diagnosed cases of
breast and ovarian cancers, followed by cascade testing of rela-
tives. However, cancer-based genetic screening programs for
BRCA1/2 that includes tools for identifying women at higher
risk for inherited forms are very promising in terms of cost-
effectiveness. On the contrary, more high-quality studies are
needed to prove the cost-effectiveness of BRCA genetic testing
as an instrument of secondary prevention in affected women
with predisposing gene mutation.
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In any case, the price of BRCAI/2 testing is of paramount
importance in determining the cost-effectiveness of BRCA1/2
testing programs.* If the cost of testing falls significantly, then
all BRCA1/2 testing strategies analyzed in this review—perhaps
including population-based screening—are likely to become
highly cost-effective interventions.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper
at http://www.nature.com/gim
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