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BACKGROUND: Genetic-guided pharmacotherapy (PGx) is not recommended in clinical guidelines for coronary artery disease
(CAD). We aimed to examine the extent and quality of evidence from economic evaluations of PGx in CAD and to identify vari-
ables influential in changing conclusions on cost-effectiveness.

METHODS AND RESULTS: From systematic searches across 6 databases, 2 independent reviewers screened, included, and
rated the methodological quality of economic evaluations of PGx testing to guide pharmacotherapy for patients with CAD.
Of 35 economic evaluations included, most were model-based cost-utility analyses alone, or alongside cost-effectiveness
analyses of PGx testing to stratify patients into antiplatelets (25/35), statins (2/35), pain killers (1/35), or angiotensin-converting
enzyme inhibitors (1/35) to predict CAD risk (8/35) or to determine the coumadin doses (1/35). To stratify patients into anti-
platelets (96/151 comparisons with complete findings of PGx versus non-PGx), PGx was more effective and more costly than
non-PGx clopidogrel (28/43) but less costly than non-PGx prasugrel (10/15) and less costly and less effective than non-PGx
ticagrelor (22/25). To predict CAD risk (51/151 comparisons), PGx using genetic risk scores was more effective and less costly
than clinical risk score (13/17) but more costly than no risk score (16/19) or no treatment (9/9). The remaining comparisons
were too few to observe any trend. Mortality risk was the most common variable (47/294) changing conclusions.

CONCLUSIONS: Economic evaluations to date found PGx to stratify patients with CAD into antiplatelets or to predict CAD risk to
be cost-effective, but findings varied based on the non-PGx comparators, underscoring the importance of considering local
practice in deciding whether to adopt PGx.
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oronary artery disease (CAD) poses significant
burden to health systems and incurs large eco-
nomic cost.'"3 To alleviate the symptoms and to
prevent the adverse events, patients with CAD may un-
dergo percutaneous coronary intervention to open the
coronary arteries and receive pharmacotherapy such
as dual antiplatelets (aspirin with a P2Y12-inhibitor
for up to a year) to prevent blood clots, coumadin

to prevent blood clots among those with atrial fibril-
lation (AF), statins to lower cholesterol, angiotensin-
converting enzyme inhibitors to control blood pressure,
or beta blockers to control heart rate. Those at risk
of CAD may also receive pharmacotherapy to prevent
CAD from developing.*-®

The role of genes in predisposing to CAD and in
modifying response to CAD pharmacotherapy makes
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CLINICAL PERSPECTIVE

What Is New?

e Qur review found 3 main approaches of
genetic-guided pharmacotherapy (PGx) for cor-
onary artery disease with economic evidence:
(1) stratifying patients into different medications
(antiplatelets, statins, pain killers, angiotensin-
converting enzyme inhibitors), (2) predicting risk
of coronary artery disease followed by prescrip-
tion of statins alone or with antihypertensives,
(3) selecting the doses of coumadin.

e We found that (1) whether a PGx is cost-
effective depends on the comparator, with most
evidence available for using CYP2C19 testing to
stratify patients into antiplatelets, and (2) base-
line/relative risk of mortality, cost of antiplatelets,
and cost of genetic testing are among variables
affecting findings on cost-effectiveness.

What Are the Clinical Implications?

¢ |n stratifying patients into antiplatelets based on
CYP2C19 testing, our findings suggest that the
implementation of PGx should consider the cur-
rent practice: in jurisdictions where clopidogrel
is the standard care, PGx based on CYP2C719
status is most likely more costly, more effective,
and also cost-effective; in jurisdictions where
prasugrel is the standard care, PGx is most
likely less costly and more effective (cost sav-
ing); and for ticagrelor, PGx is most likely less
costly, less effective, and not cost-effective.

Nonstandard Abbreviations and Acronyms

EE economic evaluation
PGx genetic-guided pharmacotherapy
WTP willingness-to-pay

genetic testing a practical tool to optimize CAD phar-
macotherapy. Specifically, identifying gene variants
associated with higher risk of CAD (eg, rs17114036 or
rs11206510)"8 may inform primary prevention of CAD.
Although the effect of each individual gene variant is
small, the effects of multiple genes may be combined
to generate risk scores to identify those at high risk.®
Identifying gene variants that modify responses to
CAD pharmacotherapy may also influence the choice
of alternative medications or dosing regimen. For in-
stance, CYP2C19 loss-of-function (LOF) gene variants
(CYP2C192, CYP2C19*3) reduce the effects of clopi-
dogrel (CYP2C19 encodes cytochrome P450, the
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enzyme responsible for metabolizing many commonly
prescribed medicines, including clopidogrel),’®'! a
common P2Y12-inhibitor antiplatelet (P2Y12 recep-
tors play a central role in platelet function) prescribed
alongside aspirin after percutaneous coronary inter-
vention. Instead of clopidogrel, carriers of CYP2C19
LOF genes may receive prasugrel or ticagrelor, both
P2Y12-inhibitors that confer higher bleeding risk but
are not susceptible to the effect of CYP2C79 LOF
genes. These genes may be tested in combination
with each other, or with a related test, such as the
platelet reactivity test, which identifies patients with
high on-treatment platelet reactivity under clopi-
dogrel who may then be prescribed an alternative
P2Y12-inhibitor.'?

Evidence from randomized controlled trials suggests
that testing genes could play a part in preventing ad-
verse outcomes due to CAD (eg, myocardial infarction)
or due to the pharmacotherapy (eg, bleeding caused
by antiplatelets). For instance, a meta-analysis of ran-
domized controlled trials™ shows CYP2C719-guided
antiplatelet selection may reduce the risk of major
adverse cardiovascular events and myocardial infarc-
tion, with similar bleeding risk as clopidogrel alone.
The growing clinical evidence prompts the Clinical
Pharmacogenetics Implementation Consortium to
periodically updates its guidelines''® to assist clini-
cians in interpreting the findings and in implementing
genetic-guided prescribing.

Although the current clinical evidence is not strong
enough to recommend genetic tests as usual care,*®
better understanding of genes, decreasing cost,"”
and wider availability of genetic testing have spurred
interests in economic evaluations (EEs) to exam-
ine whether genetic-guided pharmacotherapy (PGx)
could be cost-effective for CAD. To date, the extent
and quality of the evidence on cost-effectiveness has
not been investigated systematically. Although 2 re-
cent systematic reviews of economic evaluations in-
cluded 8'® and 17 EEs,'° respectively, on CAD, 1% did
not use any search terms specific to CAD and neither
generated insights specific to CAD, such as which
variables, if change in value, may change the conclu-
sions on cost-effectiveness, how simulation models
(hereafter models) accounted for the effect of PGx
testing, or whether/how the cost of PGx has changed
over time and how these factors and other study char-
acteristics affect the conclusions. These issues, if well
understood, may assist researchers and clinicians
to identify settings where PGx for CAD could poten-
tially be cost-effective to facilitate further research or
implementation.

To address these gaps, our study identifies and an-
alyzes the economic evaluation of PGx testing in pa-
tients with CAD to examine how these findings vary
according to PGx and comparators, methodological
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quality of included studies, and variables influential in
changing the base-case conclusions (obtained from
analyses with the most likely or preferred set of as-
sumptions and input values) on cost-effectiveness. We
further examined how model-based EEs accounted
for the effect of PGx, how the cost of PGx testing has
changed over time, and how these varied based on
data sources. Finally, we explored whether any study
characteristics varied according to the conclusions on
cost-effectiveness.

METHODS

The authors declare that all supporting data are avail-
able within the article.

This review has been prospectively registered
on PROSPERO (International Prospective Register
of Systematic Reviews; registration identification:
CRD42019144579%). It is reported according to the
Preferred Reporting ltems for Systematic Reviews and
Meta-Analyses statement (Table S1).?' Because this
was a systematic review of published literature, neither
ethics approval nor informed consent was required.

Search Strategies

We systematically searched 3 general bibliographic
databases (Medline, Embase, Web of Science Core
Collection) and 3 subject-specific bibliographic da-
tabases (Econlit, National Health Service Economic
Evaluation Database, Health Technology Assessment)
from inception until June 27, 2022 (for National Health
Service Economic Evaluation Database and Health
Technology Assessment, both databases were only
updated until 2015). We developed the search strate-
gies first on Medline using a combination of Medical
Subject Headings and free texts, guided by an expe-
rienced librarian and in consultation with our clinical
coauthors, before adapting them to other databases.
The search strategies encompass 3 concepts, eco-
nomic evaluation, PGx, cardiovascular disease (CVD)
(including coronary artery diseases), and their syno-
nyms (Table S2).

The searches on bibliographic database were sup-
plemented®® by the searches on the websites of 4
health technology assessment agencies, the National
Institute for Health and Care Excellence (United
Kingdom), Haute Autorité de Santé (France), Canadian
Agency for Drugs and Technologies in Health (Canada),
and the Netherlands Organization for Health Research
and Development (the Netherlands). In addition, we re-
viewed the reference lists of included articles, system-
atic or narrative review articles (backward searches),
as well as citations of included articles on Scopus (for-
ward searches).
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Study Selection

Titles and abstracts were screened by 2 independent
researchers for potential eligibility after duplicates were
removed, with disagreements resolved with the third
researcher through discussion. Articles were included
if they reported a full EE providing both cost and out-
come data and focused on genetic testing followed
by pharmacotherapy for individuals with or at risk of
developing CAD. Articles were excluded if they con-
sidered hypothetical genetic tests, used animals, or
were review articles, study protocols, editorials, com-
mentaries, opinions, conference abstracts, or letters.
No limitations were applied on the age, sex, or eth-
nic background of the study populations or the setting
where PGx testing took place.

Data Extraction

Using a bespoke, piloted, data extraction form in Excel,
we extracted (1) authors’ affiliations and study funding,
(2) study design (type of economic evaluation, perspec-
tive, time horizon), (3) patient and study characteristics
(country, age of the modeled or the sample population),
(4) details of the interventions and the comparators,
(5) analysis and findings for the base-case conclusion
(whether PGx testing was cost saving, cost-effective,
not cost-effective, or dominated by a comparator), and
sensitivity analyses. Details on the interventions and the
comparators were summarized using the Template for
Intervention Description and Replication checklist,?32*
through which we also identified the purpose of the
PGx testing.?® Data were extracted by 1 reviewer, with
duplicate extraction on key study findings (costs, ef-
fects, incremental costs, incremental effects) indepen-
dently extracted by a second reviewer, and all remaining
data extraction subject to open review by 1 reviewer, as
counterchecks to ensure quality.

In extracting a model’s variables, we indicated
whether variables were tested in 1-way deterministic
sensitivity analyses and which, within the range tested,
were influential in changing the base-case conclusion.
One-way deterministic sensitivity analysis is a sensi-
tivity analysis in economic evaluations where a point
estimate of a model variable is varied while keeping
the others constant, to examine whether the variable
could change the base-case conclusion (eg, from
being cost-effective to not cost-effective).

We also extracted findings from probabilistic analy-
ses. Probabilistic analysis is the analysis that randomly
draws a set of input parameters (Monte Carlo simu-
lations) from their respective distributions to generate
outputs (cost and effectiveness). These are normally
repeated between 1000 and 10000 times®® to give a
range of cost and effectiveness values. These values
are used to calculate the percentage of simulations
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that find an intervention cost saving (ie, less costly
and more effective) or the percentage of simulations
that find the intervention cost-effective (ie, below the
willingness-to-pay [WTP] threshold). These percent-
ages were extracted to examine possible misclassifi-
cations of base-case conclusions.

Quality Assessment
The methodological quality of the included EEs was
assessed using the extended version of Consensus
Health Economic Criteria List,?"?® one of the most
commonly used checklists for model-based economic
evaluations.?® The checklist comprises 20 questions
(eg, Are competing alternatives clearly described? Are
the structural assumptions and the validation methods
of the model properly reported?), with each answer
given as yes/rather yes, no/rather no, or unclear.?”-28
Two reviewers assessed the methodological qual-
ity independently and reconciled their ratings via dis-
cussion or involving a third reviewer where agreement
could not be reached.

Statistical Analysis

To provide an overview, we tabulated in numbers and
percentages, the study characteristics (year of publi-
cation, country, funding, author’s affiliation, perspec-
tive, type of economic evaluation, type of model, time
horizon, age group, gene tested, purpose of PGx), and
methodological quality rating. We categorized the year
of publication by the median year, patients’ age into
>65years old versus <65years old, and time horizon
into lifetime versus nonlifetime. Methodological qual-
ity is presented as the number of questions rated yes/
rather yes in a bar chart.

To examine whether or how PGx testing and the
comparators affect the base-case economic evalua-
tion conclusions, we summarized the conclusions in
a 3x3 permutation matrix.2° Where multiple outcomes
were examined, the base-case conclusions were
based on quality-adjusted life-years, or in a minority
of cases where quality-adjusted life-years are absent,
disability-adjusted life-years, life-years, or total events.
Whether PGx testing was cost saving, cost-effective,
not cost-effective, or dominated versus a comparator
was determined using incremental cost-effectiveness
ratios and net monetary benefit based on the WTP
thresholds reported. For EEs that did not report the
WTP, we labeled the findings inconclusive.

To examine the model variables influential in chang-
ing the base-case conclusion, we presented the num-
ber and percentages of variables tested and reported
incremental cost-effectiveness ratios in 1-way deter-
ministic sensitivity analyses. These variables were
categorized as effectiveness/relative effectiveness,
epidemiological variables, cost/resource use, or utility.
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In addition, we explored the approach taken by each
model to account for the effect of PGx testing, which
we categorized into accuracy of testing, probabilities/
rates, or relative risks/odds ratios/hazard ratios. We
also determined the data source for each approach,
labeled based on the pyramid of evidence (meta-
analysis, interventional studies, observational studies,
other EEs, or others).

To explore changes in the cost of PGx testing, we
present the costs of PGx testing by the cost year. The
cost of PGx testing was adjusted to 2021 US dollars
by first converting the original currency to US dollars
using the exchange rate at the year of costing, be-
fore inflating it to 2021 US dollars based on the gross
domestic product implicit price deflator®"%? (equation
below). For cost data, we indicated whether the data
originated from private laboratory, official document, or
peer-reviewed literature.

Adjusted PGx cost (2021) = PGx cost (year of costing)
gross domestic product deflator (2021)

gross domestic product deflator (year of costing)

We present the numbers and percentages of study
characteristics across PGx-versus-comparator pairs
and base-case conclusions. To explore the associ-
ations between study characteristics and base-case
conclusions, Fisher exact tests were performed due to
all having expected counts <5.

RESULTS

Study Inclusion

Out of 6645 articles from bibliographic databases or
websites of health technology assessment agencies,
5432 unique articles were screened based on titles
and abstracts, of which 427 were further screened
based on full texts. Some of these full texts were later
excluded because they were not empirical studies
(n=123), not economic evaluations (n=94), or examined
other CVDs but not CAD (n=53), among other reasons.
These exclusions resulted in a total of 35 articles eligi-
ble for data extraction, including 1 found from the for-
ward citation search (Figure S1).

Characteristics of Included EEs

The 35included articles, each reporting 1 EE (Table S3),
were published between 2011 and 2022, mostly
in North America (21/35 or 60%, all from the United
States), supported by public or nonprofit funders (51%)
without authors affiliated to the pharmaceutical or bio-
technology industry (80%). These EEs examined PGx
testing for CAD mostly from the perspective of the
health care system or providers (80%) using cost-utility
analyses alone (91.5%) in models (91.4%) over lifetime
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Table 1. Study Characteristics (n=35)
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Table 1. Continued
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Study characteristics n % Study characteristics n %

Year of publication KIF6* 1 2.9
2011-2017 16 45.7 LPA (rs3798220 and rs10455872)* 1 2.9
2018-2022 19 54.3 SLCO1B1tt 1 2.9

Continent Purpose of genetic testing®
North America (United States) 21 60.0 To stratify patients between medications (stratification)

Europe (the Netherlands, Spain, Finland) 6 1741 Antiplatelets, CYP2C19 25 7.4
Asia (China, Hong Kong, Qatar, Singapore) 171 Statins, SLCO1B1, KIF6 2 5.7
Australia and New Zealand 2 5.7 Pain killers, CYP2D6 1 2.9

Funding Angiotensin-converting enzyme 1 2.9
Nonprivate (public or nonprofit) 18 514 inhibitor, ATY
Not specified 10 28.6 Zzﬁredmt the risk of CAD (prognostic), 8 229
Private 4 4 To determine doses (differentiation)

None S 86 Coumadin, CYP2C9/VKOCR1 1 2.9
Any author affiliated to pharmaceutical/biotechnology industry o i .
CAD indicates coronary artery disease; and DT, decision tree.
No 28 80.0 *Sums >100% because 2 studies (Hart et al,*® and Dong et al®*) tested
Yes 7 20.0 multiple genes, each for a different purpose.
- fCarriers of 2 nonfunctional copies/loss-of-function CYP2C19 variants are
Perspective not able to activate antiplatelet clopidogrel.
Health care system/provider 28 80.0 These are studies that use a proprietary genetic test kit and/or proprietary
Not stated 2 14 genetic risk scores, which may specify the number of genes, but the exact
genes are not stated.
Societal 2 5.7 SAT1 and BK1 gene variants are associated with more pronounced
. treatment from angiotensin-converting enzyme inhibitor (eg, perindopril).
P 1 2.
rivate payer ° ICYP2C9/VKORCT alleles are associated with higher risk of bleeding with
Type of economic evaluations coumadin (eg, warfarin).
Cost-utility analysis only 29 62.9 1CYP2D6 gene variants are associated with lower metabolism of tramadol
— - - (pain medication), resulting in tramadol toxicity.
COSt‘L{““tV analysis and cost-effectiveness | 10 28.6 *KIF6 gene variants are associated with larger reduction in cardiovascular
analysis events than did noncarriers with high-dose atorvastatin.
Cost-effectiveness analysis only 3 8.6 **Both rs3798220 and rs10455872 single-nucleotide polymorphisms are
- in the LPA gene and associated with higher risk of CAD; rs3798220 is also

Type of study design associated with lower efficacy of aspirin in women.

Model, Markov cohort + DT 21 60.0 MSLCO1B1 gene variant (rs4149056 C alleles) is associated with higher
Model, DT only s 299 risk of myopathy with simvastatin.

Trials 5.7

Model, discrete event simulation + DT 1 2.9

Model, Markov microsimulation 1 2.9 (40%), for patients <65years old (69%). The EEs were
Model, not stated 1 2.9 mostly focused on CYP2C19 gene testing (including
Observational study 1 29 testing alongside other genes®33% to stratify patients

Time horizon between different antiplatelets (71%), or in genetic risk
Nonlifetime 21 60.0 scoring to predict the risk of CAD (23%) (Table 1).
Lifetime 14 200 Most EEs compared CYP2CT9 testing followed

Agery by prescription of antiplatelet prasugrel, ticagrelor, or

55 ” P a mix of antiplatelets for carriers of LOF genes and
< . . . .
N— 200 clopidogrel for noncarriers versus universal use of pra-
oreae : sugrel without CYP2C19 testing (hereafter non-PGx
=69 4 4 prasugrel), non-PGx ticagrelor, non-PGx clopidogrel,

CER3 EEEE or a mix of antiplatelets. These EEs assumed that
Cyp2Ciof 25 714 CYP2C19 testing would be used alone, with its results
Not stated* 7 20.0 available and used immediately to stratify patients into
AT (rs275651, rs5182) and BK1 receptor | 1 29 antiplatelets. Conversely, 2 EES3>3 examined the use
genes (s12050217)° of CYP2C19 testing alongside platelet reactivity test,
CYP2C9/VKORCT! ! 29 and 1 EE®" examined offering ticagrelor to all patients
CYpP2D6" 1 29 without test results for a month, after which, based on

the PGx test results, noncarriers of LOF would be de-
(Continued) escalated to clopidogrel (Figure 1A).
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A Interventions to stratify patients into antiplatelets, and their comparators (25/35 economic evaluations)

Prasugrel (n =9)

Use test results }; Ticagrelor (n = 11)

immediately

Prasugrel or
ticagrelor (n = 3)

CYP2C19 testing
Only

Use test results j -
later }‘4’{ Ticagrelor (n = 2) ‘

[ Interventions to stratify patients into antiplatelets ] [ Comparators ]
{ Pharmacotherapy ( Pharmacotherapy

No platelet reactivity|
test

9rel, i
or clopigorel (n = 2)
Use test results
later

Ticagrelor (n = 1)

CYP2C19 testing

‘ Usual Care

Ticagrelor (n = 1) ‘

CYP2C19 testing
alongside platelet
reactivity test

Use test results
immediately

Prasugrel or
ticagrelor (n=1)

Prasugrel, ticagrelor|

immediately or clopigorel (n = 1)

Ticagrelor (n = 1)
Use test results . -
immediately }» Clopigorel (n = 20)
Prasugrel or
ticagrelor (n=1)

Platelet reactivity
test

Use test results }‘

Genetic risk score

Statin +/- other
medications (n = 6)

B Interventions to predict the risk of CAD, and their comparators (8/35 economic evaluations)
[ Interventions to predict the risk of CAD ] [ Comparators ]
[/ Pharmacotherapy [ Pharmacotherapy

Statin +/- other
medications (n=2)

No test

Genetic risk score

I Usual care No n=2)

| Statin +/- other
medications (n= 1)

Genetic risk score
ide clinical
risk score

ACE inhibitor (n = 1)

SR

Statin +/- other
medications (n=5)

Clinical risk score

Ll

Figure 1. How (A) CYP2C19 testing and (B) genetic risk scores may be delivered and compared against a comparator in the

included EEs.
EE indicates economic evaluation.

Eight EEs examined the use of multiple gene vari-
ants to generate genetic risk scores to stratify individ-
uals into different risk levels of CAD, such that those
at certain risk levels are offered statins®-? or statin
and antihypertensive medications*® to prevent CAD.
The genetic risk scores, based on up to 49310 genetic
variations (single polynucleotide polymorphisms),*® may
incorporate clinical risk factors®® or be used alongside
another clinical risk score** (collectively termed clini-
cal+genetic risk score); the derivation or the validation
of these scores were described or cited in the EE. The
genetic risk scores may be compared with offering pre-
ventive pharmacotherapy based on clinical risk score
alone or usual clinical assessment (no risk score) or
no risk score and no pharmacotherapy (no treatment)
(Figure 1B). Although the prescriptions triggered by the
genetic test (rather than the test alone) also drive the

J Am Heart Assoc. 2024;13:e030058. DOI: 10.1161/JAHA.123.030058

cost-effectiveness findings, we will only mention the ge-
netic test in describing the findings hereafter, for brevity.

Despite the details on genes tested and the ensu-
ing pharmacotherapy, details on the delivery of PGx
testing was scant. Only 4 EEs specified the setting
(hospital*®=*7 or primary care®); 3 EEs named** or de-
scribed the test kits (the gene alleles tested®® or buccal
swab®?); 2 EEs®948 gpecified who collected the sam-
ples (eg, physicians), and 1 EE*' accounted for genetic
counseling.

Methodological Quality of Included EEs
Each EE had 6 to 18 questions (median 17 out of 20
questions) on extended version of Consensus Health
Economic Criteria List checklist rated as yes/rather yes
(Figure 2; Table S4).
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First Author (Year)

Claassens2022
Jarmul2018
Panattoni2012
Lala2013
Patel2014
Mujwara2022
AlMukdad2021
Kim2019
Hart2019
Dong2019
Wang2018
Okere2018
Borse2017
Crespin2011
Parthan2013
Sorich2013
Kazi2014
Jiang2015
Jiang2017
Kim2021
Dong2022
Fu2020
Limdi2020
Hynninen2019
Ramirez2013
Jiang2016
Jung2021
Fragoulakis2019
An2018
Phelps2014
Reese2012
Shiffman2012
Deiman2016
Oemrawsingh2016

Marrero2019

o
wv

M Yes / Rather Yes [ No / Rather No

=
o

15

N

0

Number of Items on CHEC-Extended

O Unclear

Figure 2. Methodological quality rating based on CHEC-Extended.
CHEC-Extended indicates extended version of Consensus Health Economic Criteria List.

All EEs had a clear description of the study popu-
lation (question 1). All but 1 EE had a clear research
question (question 3), measured costs appropriately
(question 9), measured outcomes appropriately (ques-
tion 12), and provided conclusions that followed the
data reported (question 17).

In contrast, >50% EEs did not sufficiently report
structural assumptions and validation methods (ques-
tion 5), discuss generalizability of findings to other

J Am Heart Assoc. 2024;13:e030058. DOI: 10.1161/JAHA.123.030058

settings or patient groups (question 18), or discuss
ethics and distributional issues (question 20).

EE Findings Based on PGx Testing and
Comparators

The 35 EEs examined 154 comparisons of PGx ver-
sus a comparator, of which 151 comparisons and their
findings are summarized in Table 2. The remaining 3
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Table 2. Economic Evaluation Findings of PGx Versus Non-PGx in a Permutation Matrix

Relative effect

- 0 +
Relative PGx is more costly yet less effective than PGx is more costly yet PGx is more costly and more effective than comparator
cost comparator similarly effective than ¢ Cost-effective (n,.=54)

e Dominated by a comparator (n,=8) comparator To stratify patients between antiplatelets (n,=35)

To stratify patients between antiplatelets No study (n,=0) 1. CYP2C19 ticagrelor/clopidogrel vs universal

(n=5)
1. CYP2C19 ticagrelor/clopidogrel vs
universal clopidogrel (n,=4)
2. CYP2C19 ticagrelor/clopidogrel vs
universal de-escalation ticagrelor (n,=1)
To predict the risk of CAD (n,=3)
3. Genetic risk score vs no risk score
(n.=2)
4. Genetic + clinical risk score vs clinical
risk score (n,=1)

clopidogrel (n,=12)*
2. CYP2C19 prasugrel/clopidogrel vs universal
clopidogrel (n,=11)"
3. CYP2C19 prasugrel/clopidogrel vs universal
prasugrel (n,=5)
4. CYP2C19 ticagrelor/prasugrel/clopidogrel vs
ticagrelor/prasugrel/clopidogrel (n,=2)
5. CYP2C19 ticagrelor/prasugrel/clopidogrel vs
universal clopidogrel (n,=1)
6. CYP2C19 de-escalation ticagrelor/clopidogrel vs
universal clopidogrel (n,=1)
7. CYP2C19 platelet reactivity test ticagrelor/clopidogrel
vs universal clopidogrel (n,=1)
8. CYP2C19 ticagrelor/clopidogrel vs universal
ticagrelor (n,=1)
9. CYP2C19 platelet reactivity test ticagrelor/clopidogrel
vs platelet reactivity test ticagrelor/clopidogrel (n,=1)
To predict the risk of CAD (n,=18)
10. Genetic risk score vs no risk score (n,=9)*
11. Genetic + clinical risk score vs no risk score, no
treatment (n =5)
12. Genetic + clinical risk score vs no risk score (n,=3)
13. Genetic risk score vs no risk score, no treatment
(n=1)
To stratify patients between statins (n =1)
14. KIF6 vs universal pravastatin (n,=1)
e Not cost-effective (n=11)
To stratify patients between antiplatelets (n,=6)
15. CYP2C19 ticagrelor/prasugrel/clopidogrel vs
ticagrelor/prasugrel/clopidogrel (n,=2)
16. CYP2C19 ticagrelor/clopidogrel vs universal
clopidogrel (n,=2)
17. CYP2C19 de-escalation ticagrelor/clopidogrel vs de-
escalation ticagrelor (n =1)
18. CYP2C19 ticagrelor/clopidogrel vs universal
ticagrelor (n,=1)
To predict the risk of CAD (n,=4)
19. Genetic + clinical risk score vs no risk score (n.=2)
20. Genetic + clinical risk score vs clinical risk score
(ne=1)
21. Genetic risk score vs myocardial perfusion imaging
(n=1"
To stratify patients between antiplatelets, between statins,
and to determine coumadin dosing (n,=1)
22. CYP2C19, SLCO1B1, CYP2C9, VKORCT vs no
testing (n,=1)
® Inconclusive (n,=4)
To predict the risk of CAD (n,=4)
28. Genetic + clinical risk score vs no risk score, no
treatment (n,=2)
24. Genetic risk score vs no risk score, no treatment
(n.=1)
25. Genetic + clinical risk score vs clinical risk score
(n.=1)

PGx is similarly costly yet similarly effective | PGx is similarly costly yet
as the comparator similarly effective as the
No study (n,=0) comparator

No study (n,=0)

PGx is similarly costly yet more effective than the
comparator
No study (n,=0)

J Am Heart Assoc. 2024;13:e030058. DOI: 10.1161/JAHA.123.030058
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Table 2. Continued
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Relative effect

universal ticagrelor (n =4)*

2. CYP2C19 prasugrel/clopidogrel vs
universal prasugrel (n =1)

3. CYP2C19 de-escalation ticagrelor/
clopidogrel vs universal ticagrelor
(n=1)*

To predict the risk of CAD (n=2)

4. Genetic + clinical risk score vs clinical
risk score (n,=2)

To stratify patients between statins (n,=1)

5. KIF6 vs universal atorvastatin (n =1)

e Not cost-effective (n,=21)
To stratify patients between antiplatelets
(n,=18)

6. CYP2C19 ticagrelor/clopidogrel vs
universal ticagrelor (n,=12)

7. CYP2C19 prasugrel/clopidogrel vs
universal ticagrelor (n,=3)

8. CYP2C19 ticagrelor/prasugrel/
clopidogrel vs universal ticagrelor (n,=1)

9. CYP2C19 platelet reactivity test
ticagrelor/clopidogrel vs universal
ticagrelor (n,=1)

10. CYP2C19 ticagrelor vs universal
clopidogrel (n=1)

To predict the risk of CAD (n.=3)

11. Genetic risk score+myocardial
perfusion imaging vs myocardial
perfusion imaging alone (n,=2)*

12. Genetic risk score vs clinical risk score
(n.=1)

- PGx is less costly yet less effective than the | PGx is less costly yet similarly | PGx is less costly and more effective than the comparator

comparator effective as the comparator ¢ Dominant/cost saving (n,=43)
e Cost-effective (n,=9) e Dominant/cost saving To stratify patients between antiplatelets (n,=26)
To stratify patients between antiplatelets (n=1) 1. CYP2C19 prasugrel/clopidogrel vs universal
(n,=6) To predict the risk of CAD prasugrel (n,=8)*

1. CYP2C19 ticagrelor/clopidogrel vs (n,=1) 2. CYP2C19 prasugrel/clopidogrel vs universal

1. Genetic + clinical risk score
vs clinical risk score (n =1) 3. CYP2C19 ticagrelor/prasugrel/clopidogrel vs

clopidogrel (n,=5)

universal clopidogrel (n,=3)
4. CYP2C19 ticagrelor/prasugrel/clopidogrel vs
ticagrelor/prasugrel (n=2)
5. CYP2C19 ticagrelor/clopidogrel vs universal
prasugrel (n,=2)*
6. CYP2C19 ticagrelor/prasugrel/clopidogrel vs
ticagrelor/prasugrel/clopidogrel (n,=1)
7. CYP2C19 ticagrelor/clopidogrel vs universal
clopidogrel (n,=1)
8. CYP2C19 ticagrelor/prasugrel/clopidogrel vs platelet
reactivity test ticagrelor/prasugrel/clopidogrel (n,=1)
9. CYP2C19 platelet reactivity test ticagrelor/prasugrel/
clopidogrel vs ticagrelor/prasugrel (n,=1)
10. CYP2C19 ticagrelor/prasugrel/clopidogrel vs
universal ticagrelor (n,=1)
11. CYP2C19 platelet reactivity test ticagrelor/prasugrel/
clopidogrel vs universal clopidogrel (n =1)
To predict the risk of CAD (n,=16)
12. Genetic risk score vs clinical risk score (n,=13)
13. Genetic risk score vs no risk score (n.=2)
14. Genetic + clinical risk score vs no risk score (n =1)
To stratify patients between antiplatelets and between
pain killers (n,=1)
15. CYP2C19 prasugrel/clopidogrel + CYP2D6 tramadol/
acetaminophen vs universal clopidogrel + random
tramadol/acetaminophen (n =1)

Interpretation: + indicates that the intervention(s) have higher cost/higher effectiveness than the comparator; 0 indicates that the intervention(s) have the same
cost/same effectiveness as the comparator; — indicates that the intervention(s) have lower cost/lower effectiveness than the comparator.

Comparisons indicated with an asterisk (*) were contributed by the 2 studies (Kazi et al®® and Phelps et al*®) with societal perspective.

For PGx, CYP2C19 ticagrelor/clopidogrel refers to prescribing ticagrelor for carriers of loss-of-function alleles in CYP2C19 testing and clopidogrel for
noncarriers. Similarly, CYP2C19 prasugrel/clopidogrel refers to prasugrel for carriers of loss-of-function alleles and clopidogrel for noncarriers, CYP2C19
ticagrelor/prasugrel/clopidogrel refers to ticagrelor or prasugrel for carriers of loss-of-function alleles and clopidogrel for noncarriers.

For non-PGx, universal clopidogrel refers to prescribing clopidogrel only to patients with CAD without CYP2C19 testing. Similarly, universal ticagrelor refers

to ticagrelor only and universal prasugrel refers to prasugrel only.

All conclusions on cost-effectiveness are for the base-case (obtained from analyses with the most likely or preferred set of assumptions and input values),
according to the willingness-to-pay thresholds and the time horizons deemed appropriate by the individual studies. For An et al,>* Crespin et al,“® Claassens
et al,%° Dong et al*4, Mujwara et al,“? Parthan et al,*" who reported multiple time horizons at base case, the longest time horizon was presented. For Dong et al®4,
who used multiple WTPs at base case, the lowest WTP was presented. CAD indicates coronary artery disease; and PGx, genetic-guided pharmacotherapy.

comparisons, reported by a single EE,*° could not be
summarized because the articles only reported an in-
cremental cost-effectiveness ratio without incremental
cost, incremental effectiveness, or wilingness to pay
separately.

CYP2C19 Testing to Stratify Patients Into
Antiplatelets

Most comparisons (96/151) examined stratifying pa-
tients between antiplatelets alone based on CYP2C719
status. Compared with an alternative, CYP2C19 test-
ing was shown to be more costly and more effective
(41/96), less costly and more effective (26/96), less
costly and less effective (24/96), or more costly and

J Am Heart Assoc. 2024;13:e030058. DOI: 10.1161/JAHA.123.030058

less effective (5/96). These findings varied based on
the comparators. For example, 28 out of 43 compari-
sons with non-PGx clopidogrel found CYP2C19 testing
more costly and more effective, the majority of which
(26/28) concluded that testing was cost-effective.
Similarly, all 15 comparisons with non-PGx prasugrel
found CYP2C19 testing more effective, with 10 out of
15 finding it less costly and 5 out of 15 more costly
(and cost-effective). Conversely, 22 out of 25 compari-
sons with non-PGx ticagrelor found CYP2C19 testing
less costly and less effective, most (17/22) concluding
that testing was not cost-effective. The other compari-
sons were fewer. Comparisons with a mix of prasugrel
and ticagrelor found CYP2C19 testing less costly (3/4
more effective, 1/4 less effective). Comparisons with
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a mix of clopidogrel, prasugrel, and ticagrelor found
CYP2C19 testing more effective (4/5 more costly, 1/5
less costly). Comparisons with stratifying antiplatelets
based on platelet reactivity test also found CYP2C79
testing more effective (1/2 more costly, 1/2 less costly).
Comparison with ticagrelor for a month, before de-
escalation to clopidogrel, found CYP2C79 more costly
(1/2 more effective, 1/2 less effective).

CAD Risk Prediction to Determine the
Prescription of Statins Alone or With
Antihypertensives

The next most common comparisons (51/151) exam-
ined the use of PGx to predict the risk of CAD followed
by a prescription of statins alone or with antihyperten-
sives. Compared with an alternative, these PGx test-
ing regimens were found to be more costly and more
effective (26/51), less costly and more effective (16/51),
less costly and more effective (5/51), more costly and
less effective (3/51), or less costly equally effective
(1/51). As with CYP2C19 testing, these findings var-
ied by choice of comparator. Notably, 17 out of 20
comparisons with a clinical risk score found a genetic
risk score less costly, with 13 out of 17 comparisons
being more effective, 3 out of 17 less effective (2/3
concluded cost-effective), and 1 out of 17 equally ef-
fective. There were 16 out of 19 comparisons with no
risk score that found a genetic risk score to be more
costly, with 14 out of 16 being more effective (12/14
cost-effective) and 2 out of 16 being less effective; the
remaining 3 out of 19 comparisons being less costly
and more effective. Compared with no treatment, a
genetic risk score may also be more costly and more
effective (9 comparisons, 6/9 cost-effective, 3/9 in-
conclusive). Compared with myocardial perfusion im-
aging, a genetic risk score was found to be less costly
and less effective (2 comparisons, not cost-effective),
or more costly and more effective (1 comparison, not
cost-effective).

Other Genetic Testing for Patients With
CAD

The remaining comparisons examined (1) PGx to de-
termine statin dosing (2/151),%" of which 1 out of 2 esti-
mates found PGx to be more costly and more effective
than pravastatin, and 1 out of 2 less costly and less ef-
fective than atorvastatin, although both concluded that
PGx was cost-effective; (2) PGx to stratify patients be-
tween antiplatelets and between pain killers (1/151),%3
which found PGx to be less costly and more effec-
tive; () PGx to stratify patients between antiplatelets,
between statins, and to determine coumadin dosing
(1/151), which found PGx to be more costly and more
effective.®
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Influential Model Variables

A total of 294 variables have been examined in 1-way
sensitivity analyses (Table 3) to determine whether a
change in their values would change the base-case
conclusion on cost-effectiveness. The most exam-
ined variables were baseline/relative risk of mortality
(47/294), CAD (34/294), and stroke (21/294), followed
by the cost of antiplatelets (21/294) and cost of events
associated with CAD (20/294). Approximately 14%
(40/294) of variables would change the base-case
conclusion on cost-effectiveness. These variables
were most commonly baseline/relative risk of mortality
(25/40), CAD (10/40), the cost of antiplatelets (10/40),
accuracy of genetic testing (2/40), baseline/relative risk
of stroke (2/40), AF (2/40), and composite outcome
(2/40). The other variables less frequently changed the
base-case conclusion; prevalence of CYP2C19 LOF
genes (1/40), prevalence of antiplatelet response (1/40),
cost of statins (1/40), utility of CAD (1/40); however,
these variables were also not commonly examined.

Variation in How Models Accounted for
the Effect of PGx Testing

The 32 model-based EEs accounted for the effect of
PGx testing in atleast 1 of the 3 approaches (Table 4): (1)
using relative risks/odds ratios/hazard ratios of events
among carrier versus noncarrier of higher-risk genes
(17/32), (2) using different probabilities for carriers ver-
sus noncarriers (15/32), or (3) accuracy of PGx test-
ing (5/32). Across the 3 approaches, data were mostly
derived from meta-analyses or randomized controlled
trials. Only a minority of case variables were based
on observational studies (cohort or cross-sectional
studies), data used in other EEs, or other sources (eg,
narrative reviews). Events were not equally accounted
for. For instance, models that used relative risks most
frequently accounted for CVD-related events (eg, myo-
cardial infarction, stroke, angina) (16/17), followed by
treatment-related events (eg, bleeding) (9/17), CVD
mortality (5/17), and all-cause mortality (3/17).

Variation in the Cost of PGx Testing

The 35 EEs reported 37 costs of PGx testing (Figure 3),
and 2 EEs®32* examined 2 types of PGx testing,
CYP2C19 alone, and CYP2C19 alongside other genes.
Most PGx cost data were cited from private laborato-
ries (11/37), followed by peer-reviewed literature (9/37),
official documents (eg, formulary or reimbursement
schedule) (9/37), and others such as expert opinion
(5/37) or not stated (3/37).

The cost of PGx testing varied between USD$13
and USD$1248 (median USD$224). Nevertheless, al-
most all were <USD$400, except those that came
from private laboratories.

10
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Table 3. Variables Tested in Deterministic Sensitivity Analyses and Shown to Change Base-Case Conclusion

Effectiveness/relative Anticholesterols (statins) 1 0%

effectiveness

Epidemiological variables Accuracy of genetic testing 2 2 100%
Baseline/relative risk of CVD-related events

AF 2 2 100%

Composite outcomes 4 2 50%
CAD (including Ml and CHD) 34 4 12%
Stroke 21 2 10%
Stent thrombosis 5 0%
Prevalence of antiplatelet response 3 1 33%
Prevalence CYP2C19 LOF polymorphism 4 1 25%
Baseline/relative risk of treatment-related events
Myalgia/myopathy 2 1 50%
Bleeding 13 0%
Adherence to test/treatment 6 2 33%
Baseline/relative risk of mortality 47 10 21%
Accuracy of platelet reactivity testing 1 0%
Patient’s age at CAD 1 0%

Cost/resource use Medications
Antiplatelets 21 4 19%
Statins 6 1 17%
Medications based on local clinical guideline 1 0%
Genetic testing 16 3 19%
Clinical risk scoring 2 0%
Laboratory tests 2 0%
CVD-related events
CAD (including Ml and CHD) 20 0%
Stroke 8 0%
Events associated with treatment
Bleeding 4 1 25%
Myalgia/myopathy 1 0%
Mortality 3 0%
No event 1 0%
Physician visit 1 0%
Waiting time/travel time 6 0%

Utility CVD-related events
Thromboembolic event 1 1 100%
CAD (including Ml and CHD) 13 1 8%
Stent thrombosis 4 0%
Stroke 8 0%
Dyspnea 1 0%
Composite event 1 0%
Events associated with treatment
Myalgia/myopathy 6 1 17%
Bleeding 5 0%
No event 10 1 10%
Mortality 1 0%

J Am Heart Assoc. 2024;13:e030058. DOI: 10.1161/JAHA.123.030058
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Table 3. Continued
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No. of variables reported % Changed conclusion

ICER reported in | Changed (descending order within
Type of variables Variables DSA conclusion category)
Others Discount rate 6 0%

294 40 14%

AF indicates atrial fibrillation; CAD, coronary artery disease, CHD, coronary heart disease; CVD, cardiovascular disease; DSA, deterministic sensitivity
analysis; ICER, incremental cost-effectiveness ratio; LOF, loss-of-function, and MI, myocardial infarction.

Although all EEs specifying that types of test per-
formed and the cost data sources, only 5 EEs specified
what the costs of PGx testing included, albeit in vary-
ing depth. One* included complete cost to the payer
for the laboratory service, 1°% included the cost of the
test and a telemedicine visit, 1% included the cost of
the assay and the bioinformatics analysis, 144 included
the cost of the assay, the equipment, and quality con-
trol (duplicate testing for randomly selected samples),
and 152 included the costs for obtaining samples and
the associated laboratory services.

Variation in EE Conclusions Based on
Study Characteristics

We tested the differences in base-case conclusions
of 147 comparisons (excluding 7 inconclusive find-
ings) with 15 study characteristics set out in Table 1,
of which 7 had statistically significant associations
(P<0.05; Table S5). Specifically, the percentages of EEs
concluding unfavorably of PGx (not cost-effective or

dominated by the comparator) in base-case compared
with the percentages of the same characteristics con-
cluding favorably of PGx (cost saving or cost-effective)
were higher in studies; from recent years (2018-2022),
North America, adopting a health care perspective,
using a lifetime horizon, with patients >65years old,
accounting for the effect of PGx using probabilities or
rates only, and using cost data from the peer-reviewed
literature or official documents.

Findings from probabilistic analyses (Table S6)
suggest misclassification of base-case conclu-
sions is possible, but the possibility is low, especially
for comparisons that found PGx dominated or not
cost-effective.

DISCUSSION

In the absence of a synthesis of evidence to advise
clinical practice, our review systematically examined
EEs of PGx testing for individuals with or at risk of

Table 4. How Model-Based EEs (n=32) Accounted for the Effect of Genetic-Guided Pharmacotherapy on Coronary Artery

Disease in their Economic Models, by Data Sources

MA RCTs Observational studies Other EEs Others’ Total
Accuracy of genetic testing* 1 3 1~ 5
Using different probabilities/rates data for carrier vs noncarrier of high-risk genes
CVD-related events® 9 10 3 1 1 15
Treatment-related events| 7 9 1 1 11
Mortality (all-cause) 1 1 1
Mortality (CVD) 5 6 1 6
Mortality (non-CVD) 1 2 2
9 " 3 1 1 15
Relative risks/odds ratios/hazard ratios of events for carrier vs noncarrier of high-risk genes
CVD-related events* 5 9 5 1 1 16
Treatment-related events® 2 5 1 2 1 9
Mortality (all-cause) 2 3 1 4
Mortality (CVD) 3 2 2 6
Mortality (non-CVD)
5 9 5 2 2 17

CVD indicates cardiovascular diseases; MA, meta-analysis; Other EEs, other economic evaluations; Others, other sources; and RCTs, randomized controlled trials.
*This study (Borse et al®®) did not cite the source of the data on accuracy of CYP2C19 testing.

TOthers includes personal communication, expert opinion, or not stated.
This refers to sensitivity and specificity of genetic testing.

SCVD-related events include myocardial infarction, stroke, stent thrombosis, angina, or major adverse cardiovascular events.

INon-CVD events include major bleeding or bleeding unspecified.

J Am Heart Assoc. 2024;13:e030058. DOI: 10.1161/JAHA.123.030058
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Figure 3. The cost of genetic testing over time (2009-2020) in 2021 US dollars.
All tests are for CYP2C19 single gene (n=23), except those labeled “a” for testing CYP2C19 alongside other genes (n=2) and “b” for

non-CYP2C19 genes (n=10).
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CAD. We found 35 EEs, mostly model-based cost-
utility analyses examining CYP2C19 testing or genetic
risk scores, either used alone or alongside other tests.

Our review found the most evidence for CYP2C19
testing (96/151 comparisons) in stratifying patients into
antiplatelets. Whether PGx based on CYP2C19 sta-
tus is cost-effective depends on the non-PGx com-
parators. Compared with non-PGx clopidogrel, PGx
based on CYP2C19 status was most likely (26/43
comparisons®8:3746:52-60) more costly, more effective,
and also cost-effective. However, compared with non-
PGx prasugrel, PGx was most likely (10/15 compar-
iSoNg*6:93:55.56,59,6162) |gss costly and more effective
(cost saving), and compared with non-PGx ticagrelor,
PGx was most likely (17/25 comparisons*6:49:54,56-58,60)
less costly, less effective, and not cost-effective.
These suggest that the implementation of PGx should
depend on the current practice. For example, in
Singapore, where ticagrelor is the only P2Y12-inhibitor
in the local formulary,3® CYP2C19 testing may not be
advisable, because it is expected to either dominate
or not be cost-effective compared with non-PGx tica-
grelor. However, if clopidogrel or prasugrel is the most
prescribed antiplatelet, CYP2C19 testing is more likely
to be cost saving or cost-effective, with local WTP
threshold becoming influential in deciding whether to
implement testing. Meanwhile, in jurisdictions where
multiple antiplatelets are available in the market or
where the use of a platelet reactivity test to choose
antiplatelet is the standard practice, local research on
cost-effectiveness would be required, because our re-
view could not find sufficient evidence in the literature.

In contrast, using genetic risk scores to predict
CAD risk gave mostly favorable conclusions on cost-
effectiveness. Most comparisons found it less costly and
more effective than clinical risk score (13/20 compari-
sons®%49), or more costly, more effective, and also cost-
effective than no risk score (12/19 comparisons*04348)
or no treatment (6/9 comparisons*®). Despite the favor-
able findings, we would recommend validating the ge-
netic risk scores by comparing their predictive accuracy
versus non-PGx risk scores (eg, American College of
Cardiology/American Heart Association pooled cohort
equation®) in the local population,®* before any decision
on implementation, because the composition genes in
the risk scores may vary across the population. Other
purposes of PGx testing (eg, to determine coumadin
doses) have also been examined, but too few studies
are available to observe trends.

Our study generated a list of model variables
that influence base-case conclusions on the cost-
effectiveness of PGx for CAD. This list (eg, baseline/rel-
ative risk of mortality [see Table 3]) can inform (1) future
data collection to increase the precision of variables
more frequently found to change base-case conclu-
sions, and (2) the design of future models of PGx for
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CAD, which may differ from PGx for other health condi-
tions such as AF. In our previous review of PGx for AF,"”
baseline/relative risk of bleeding was found to influence
the conclusion about cost-effectiveness, but not in our
present review for CAD. This may be due to a higher
risk of bleeding with coumadin used in AF than anti-
platelets used in CAD. The cost of genetic testing was
also found influential for AF, but not for CAD, possibly
due to the decreasing cost of PGx in AF'” but relatively
stable cost of PGx in CAD over the years. These dif-
ferences in influential variables between different PGx
suggest caution in generalizing the findings from one
health condition to another.

We also identified 3 main approaches used by sim-
ulation models to account for the effects of PGx, rela-
tive risk, probability, and accuracy. These approaches
may inform future model design. For example, existing
models mostly accounted for the relative risk or proba-
bility of CVD-related events or treatment-related events.
However, accounting for these 2 events alone®®%" as-
sumes PGx has no direct impact on mortality and that
any differences in mortality would indirectly result from
differences in CVD-related or treatment-related events
between PGx and non-PGx arms. Given that risk of
mortality is one of most influential variables, future
models should report its assumptions on the effects of
PGx and test these assumptions in sensitivity analyses.

Our exploratory analyses indicate that base-case
conclusions of EEs differ based on the publication years,
geographical location, study design (perspective, time
horizon, how models accounted for the effect of PGX),
sample characteristics (age) and data sources (cost of
genetic testing), unlike our previous exploratory analyses
for PGx in AF' that found no such associations. These
differences may be partially driven by a larger number of
comparisons in the current review (147 versus 46). Most
findings from the United States suggested PGx was
dominant or cost-effective compared with non-PGx
(58/86 comparisons); this may be due to study designs,
because they were also mostly for patients <65years
old (563/86) from the health care perspective (60/86),
characteristics that have also been associated with fa-
vorable findings (Table S5), or higher WTP thresholds
(10/21 economics evaluations from the United States
adopted WTP thresholds >USD$100,000). An issue
with these exploratory analyses is the inconsistency in
reporting. For example, although 2 studies*®%® reported
societal perspectives, neither presented societal costs
(eg, productivity loss, informal care). Besides inconsis-
tencies in reporting, gaps in reporting and poor meth-
odological quality are also evident. For instance, few
EEs discussed the structural assumptions and valida-
tion methods, generalizability to other settings or patient
groups, or ethical implications of their findings. Future
EEs need to be better designed to inform the implemen-
tation of PGx in practice.
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Our findings have several limitations. First, the EEs
included were mostly performed in the United States
or Europe and did not differentiate individuals at differ-
ent risk levels such as men versus women, hence the
findings on cost-effectiveness (Table 2) would be gen-
eralizable to average risk individuals in United States
or Europe, but not those from other regions. Few EEs
reported details on the how the PGx was delivered.
Thus, findings to date are less able to inform the opti-
mal strategies to implement PGx (eg, whether to offer
PGx at primary or secondary care, which risk group
to offer).f® In addition, the EE findings (whether testing
was cost saving, cost-effective, not cost-effective, or
dominated by a comparator) in Table 2 and Table S5
rely on base-case conclusions. Hence, they should
be interpreted as representing average findings using
the best possible set of point estimates that respec-
tive researchers deemed appropriate for the study
populations, without having accounted for any statis-
tical uncertainty. Findings from probabilistic analyses
(Table S6) suggest that misclassification of base-case
conclusions was possible, although low. Next, our list
of influential variables may not be exhaustive and may
be susceptible to reporting bias, because not all EEs
reported all input variables and their findings from 1-
way sensitivity analyses. Some EEs33% used different
labels in listing input variables and in presenting find-
ings, which required some degrees of interpretation
during data extraction. However, the list reflects the
breadth of variables required for modeling the cost-
effectiveness of PGx for CAD that can be used as a
useful guide in selecting variables for modeling and for
testing in sensitivity analyses in any country. In examin-
ing the cost input variables across EEs, we focused on
the cost of genetic testing, which is reported and used
consistently across all EEs, but not the other variables
(eg, cost of treatment), which are heterogeneous (eg,
different types of treatment used at different time in the
process of care) and would render any comparisons
meaningless.

Despite the limitations, our study has strengths
as well as implications for practice and research. As
the first systematic review of EE of PGx for CAD, we
identified more EEs on CAD than earlier broader re-
views (35 versus 8 or 17'9). For practice, our findings
suggest PGx to stratify patients into antiplatelets or to
predict CAD risk may be cost-effective against certain
non-PGx current practice. For research, our findings
indicate evidence is lacking from outside of the United
States or Europe and on combined testing of multiple
genes. While addressing these research gaps, future
trial-based EEs may prioritize collecting more precise
estimates of variables than our study found, which may
change the base-case conclusions, whereas future
model-based EEs should examine whether accounting
for different events (eg, CVD related, treatment related,
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mortality) may affect the findings. These future EEs
should strive to address the gaps and inconsistencies
in reporting than what we found, such as the details
on interventions, structural assumptions, model valida-
tion, and ethical issues of PGx testing.

CONCLUSIONS

Our review found 35 EEs, mostly simulation models,
of PGx for individuals at risk or with CAD. Our findings
suggest PGx to stratify patients for antiplatelet therapy
are unlikely to be cost-effective in places that prescribe
ticagrelor as standard care but may be cost saving
or cost-effective in places that prescribe prasugrel
or clopidogrel. Our findings also indicate that genetic
risk scores to predict CAD risk followed by prescrip-
tion of preventive pharmacotherapy is cost-effective
in places where preventive pharmacotherapy is pre-
scribed based on clinical risk score or usual clinical
assessment, or where no preventive pharmacotherapy
is prescribed. However, those considering genetic risk
scores should compare their predictive accuracy ver-
sus non-PGx risk scores in their local population be-
fore deciding on implementation. For other purposes
of testing (eg, to stratify patients into statins), evidence
is scant, and further studies are required. We also iden-
tified 40 variables that influence conclusions on cost-
effectiveness (eg, baseline/relative risk of mortality) and
3 approaches on how simulation models accounted
for the effects of PGx, both of which can inform the de-
sign and reporting of future trial- or model-based EEs.
Nevertheless, certain gaps in reporting and methodo-
logical quality are evident (eg, providing details on the
PGx interventions and structural assumptions of mod-
els). Addressing these gaps will inform whether and
when, and which, PGx to adopt for CAD.
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