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Abstract
We evaluated the cost-effectiveness of a genotype-guided strategy among patients with acute coronary syndromes using a
decision-tree model based on the Singapore healthcare payer’s perspective over a 1-year time horizon. Three dual antiplatelet
strategies were considered: universal clopidogrel, genotype-guided, and universal ticagrelor. The prevalence of loss-of-
function alleles was assumed to be 61.7% and model inputs were identified from the literature. Our primary outcome of
interest was incremental cost-effectiveness ratio (ICER) compared to universal clopidogrel. Both genotype-guided (72,158
SGD/QALY) and universal ticagrelor (82,269 SGD/QALY) were considered cost-effective based on a willingness-to-pay
(WTP) threshold of SGD 88,991. In our secondary analysis, the ICER for universal ticagrelor was 114,998 SGD/QALY
when genotype-guided was taken as a reference. Probabilistic sensitivity analysis revealed that genotype-guided was the
most cost-effective strategy when the WTP threshold was between SGD 70,000 to 100,000. Until more data are available,
our study suggests that funding for a once-off CYP2C19 testing merits a consideration over 1 year of universal ticagrelor.

Introduction

Ischemic heart diseases, including acute coronary syn-
dromes (ACS), is the leading cause of death worldwide and
third leading cause of death in Singapore [1, 2]. Dual
antiplatelet therapy (DAPT), consisting of aspirin and a
P2Y12 inhibitor is considered the cornerstone of therapy for
patients undergoing percutaneous coronary intervention
(PCI) to prevent major adverse cardiovascular events
(MACE) [3]. While the P2Y12 inhibitor, clopidogrel, had
been the standard of care adjunct to aspirin, it is a pro-drug
that requires a two-step conversion to its active metabolite
via the cytochrome P450 2C19 (CYP2C19) enzyme [4].
This makes its efficacy susceptible to genetic polymorph-
isms. Unsurprisingly, patients with a loss-of-function (LOF)
allele for CYP2C19 were found to have lower concentra-
tions of the active metabolite and less platelet inhibition [5].

Retrospective analyses of clinical trial data also demon-
strated higher risk of MACE among patients with LOF
alleles on clopidogrel [5, 6].

Unlike clopidogrel, ticagrelor does not require metabolic
activation and is able to achieve rapid and greater P2Y12
inhibition [7]. Ticagrelor also conferred fewer MACE in the
PLATO study but incurred more non-coronary artery
bypass grafting (CABG) major bleeding [8]. Consequently,
ticagrelor has become the standard of care adjunct to aspirin
for ACS, and is recommended over clopidogrel in interna-
tional guidelines [3, 9]. However, the cost of ticagrelor may
be prohibitive for universal adoption in many low-to-
middle-income countries in Asia. Ticagrelor was also
associated with more bleeding among Asians in the PHILO
study, albeit not statistically significant [10]. Thus, we
hypothesized that CYP2C19-guided selection of P2Y12
inhibitors may be an attractive compromise in Asian
populations as it may help to minimize bleeding and overall
costs while ensuring drug efficacy.

To date, several studies have evaluated the cost-
effectiveness of a genotype-guided strategy [11–14]. Few
were conducted from an Asian perspective and yielded
conflicting results [15–17]. Singapore is a multi-ethnic
Asian country and our prevalence of LOF alleles is esti-
mated to be 61.7%—similar to the figures reported in other
Asian populations such as the Chinese (54.4%), Japanese
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(67.2%), Koreans (60.6%) and Thais (55.3%) [18, 19]. Yet,
we were interested to study the cost-effectiveness of a
genotype-guided strategy in our local context due to Sin-
gapore’s unique approach to healthcare financing: Singa-
pore adopts a multi-payer financing framework that
comprises of subsidies and a compulsory medical savings
scheme [20]. This is underpinned by the twin philosophies
of affordable healthcare and individual responsibility [21].
Thus, out-of-pocket costs form the bulk of healthcare
expenditures, allowing Singapore to spend just 2.1% of its
GDP on healthcare [22].

Methods

We developed a decision-tree model based on the Singapore
healthcare payer’s perspective over a 1-year time horizon
for ACS patients undergoing PCI (Fig. 1). Our model uti-
lized a hypothetical cohort of Singaporean patients aged 62
years old at the time of ACS onset as this resembled the
demographic of patients enrolled in clinical trials [6, 23].
All patients received 12 months of DAPT as per interna-
tional guidelines and three DAPT strategies were con-
sidered: universal clopidogrel, genotype-guided, and
universal ticagrelor [3, 9]. Switching between P2Y12 inhi-
bitors was not factored in our model [3, 9]. For the
genotype-guided strategy, we assumed that all patients with
LOF alleles would receive ticagrelor instead of clopidogrel
as per Clinical Pharmacogenetics Implementation Con-
sortium (CPIC) guidelines [24]. Prasugrel was not con-
sidered as an alternative P2Y12 inhibitor for patients with
LOF allele as it is no longer available in Singapore. We
assumed that genotyping was 100% sensitive and results
would be available sufficiently quickly to guide the selec-
tion of P2Y12 inhibitors during the index admission.

The prevalence of LOF alleles was assumed to be 61.7%
[18]. Probabilities for MACE were obtained from Cavallari
et al. while probabilities for non-CABG major bleeding
were obtained from the PLATO genetic substudy [4, 6]. We
assumed that event probabilities were similar for all patients
on ticagrelor irrespective of LOF status and patients could

not experience MACE and bleeding events concurrently
[13]. Drug costs are standardized across the public health-
care sector and were available from our in-house pharmacy
database. Genotyping and direct medical costs were
obtained from local sources [25, 26]. The utility of each
complication was identified from US adults aged 55–64
years old as locally derived values were not available [12].
Patients who died were assigned a utility score of zero.
Owing to the low prevalence of intracranial hemorrhage
(ICH) in the PLATO study, we decided to substitute the
disutility of non-CABG major bleeding with the disutility of
non-ICH bleeding [8].

In our primary analysis, our main outcome of interest
was incremental cost-effectiveness ratio (ICER) compared
to universal clopidogrel measured in 2019 Singapore dollars
(SGD) per quality-adjusted life years (QALY). However,
since ticagrelor is considered the standard of care in today’s
practice, we felt that it was prudent to pitch universal
ticagrelor against genotype-guided for our secondary ana-
lysis. One-way sensitivity analyses were conducted for all
variables and presented as a tornado diagram to compare the
relative importance of each variable. We assumed each
variable followed a triangular distribution with a range
±25% of the base case unless stated otherwise (Table 1). We
conducted 1000 Monte Carlo simulations to represent the
combined uncertainty across all variables. Results from
these simulations were presented as scatter plots over cost-
effectiveness planes and cost-effectiveness acceptability
curves (CEAC). We also calculated the net monetary benefit
(NMB) of each strategy in order to compare the three
strategies simultaneously. All analyses were performed
using Excel 2011 (Microsoft, WA, USA) using methods
published in the literature [27].

Results

The incremental costs, utilities, and ICERs of the three
strategies are presented in Table 2. Compared to universal
clopidogrel, the ICER for genotype-guided (72,158 SGD/
QALY) was less than the ICER for universal ticagrelor

Fig. 1 Simplified decision-tree
model. Squares represent
decision nodes, circles represent
chance nodes and triangles
represent terminal nodes.
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Table 1 Probability, cost, and
utility inputs for cost-
effectiveness analysis.

Variable Base case Lower limit Upper limit Reference

Probabilities

At least one LOF alleles 0.6176 0.4632 0.7720 [18]

No LOF alleles 0.3824 [18]

LOF-clopidogrel who died 0.0354 0.0266 0.0443 [23]

LOF-clopidogrel with MI 0.0487 0.0365 0.0609 [23]

LOF-clopidogrel with CVA 0.0133 0.0100 0.0166 [23]

LOF-clopidogrel with non-CABG major bleeding 0.0300 0.0225 0.0375 [6]

LOF-ticagrelor who died 0.0173 0.0130 0.0216 [23]

LOF-ticagrelor with MI 0.0260 0.0195 0.0325 [23]

LOF-ticagrelor with CVA 0.0058 0.0044 0.0073 [23]

LOF-ticagrelor with non-CABG major bleeding 0.0410 0.0308 0.0513 [6]

NonLOF-clopidogrel who died 0.0333 0.0250 0.0416 [23]

NonLOF-clopidogrel with MI 0.0314 0.0236 0.0393 [23]

NonLOF-clopidogrel with CVA 0.0114 0.0086 0.0143 [23]

NonLOF-clopidogrel with non-CABG major
bleeding

0.0310 0.0233 0.0388 [6]

NonLOF-ticagrelor who died 0.0173 0.0130 0.0216 [23]

NonLOF-ticagrelor with MI 0.0259 0.0194 0.0324 [23]

NonLOF-ticagrelor with CVA 0.0052 0.0039 0.0065 [23]

NonLOF-ticagrelor with non-CABG major
bleeding

0.0340 0.0255 0.0425 [6]

Costs (SGD)

Clopidogrel (one year supply) 73.05 54.79 91.31 In-house

Ticagrelor (one year supply) 1453.70 1090.27 1817.12 In-house

CYP2C19 genotyping testa 88.00 60.00 120.00 Local lab

Post-ACS management (one year) 1824.16 1368.12 2280.20 [26]

Death 0.00 As defined

MIb 7346.00 4257.00 21,425.00 [25]

CVAb 2521.00 1199.00 21,937.00 [25]

Non-CABG major bleedingb 5898.00 2065.00 19,161.00 [26]

Utilities (QALY)

Utility of death 0.0000 As defined

Disutility of MIb 0.1470 0.1340 0.1600 [12]

Disutility of CVAb 0.1780 0.1630 0.1930 [12]

Disutility of non-CABG major bleedingb 0.0150 0.0075 0.0300 [12]

Utility of no eventsb,c 0.8500 0.6540 1.0000 [12]

ACS acute coronary syndromes, CABG coronary artery bypass graft, CVA cerebrovascular accident, LOF
loss-of-function, MI myocardial infarction, QALY quality-adjusted life years, SGD Singapore dollars.
aUpper and lower limits of genotyping costs were obtained from a local laboratory.
bUpper and lower limits of these parameters were identified from their respective references.
cUtility of no events followed a beta distribution (α= 9.99, β= 1.77).

Table 2 Results from base case analyses.

Strategy Cost (SGD) Utility (QALY) Incremental cost (SGD) Incremental utility (QALY) ICER (SGD/QALY)

Universal clopidogrel 2354.15 0.8117 – – –

Genotype-guided 3240.63 0.8240 886.48 0.0123 72,158.30

Universal ticagrelor 3677.09 0.8278 1322.94 0.0161 82,269.37

Universal clopidogrel was used as a reference.
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(82,269 SGD/QALY) (Fig. 2). Both strategies were con-
sidered cost-effective compared to universal clopidogrel
based on a willingness-to-pay (WTP) threshold of SGD
88,991, defined as 1× Singapore’s gross domestic product
(GDP) per capita in 2019 [28]. However, when genotype-
guided was taken as a reference strategy, the ICER for
universal ticagrelor was 114,998 SGD/QALY and was not
considered cost effective (Table 3).

We present our ten most influential variables from one-
way sensitivity analyses in Fig. 3. When universal clopi-
dogrel was taken as a reference, the ICER for universal
ticagrelor was sensitive to more variables than genotype-
guided. In our secondary analysis, while the ICER for
universal ticagrelor versus genotype-guided was not con-
sidered cost-effective, we identified three variables that may
render it cost-effective. They were probability of death
among patients with no LOF alleles on clopidogrel (non-
LOF-clopidogrel), probability of death among nonLOF-
ticagrelor, and cost of ticagrelor.

Compared to universal clopidogrel, probabilistic sensi-
tivity analyses revealed that all 1000 simulations for
genotype-guided and universal ticagrelor fell in the right
upper quadrant of the cost-effectiveness plane (Fig. 4).
While Singapore does not have an official WTP threshold
for cost-effectiveness, we were cautious to adopt the World
Health Organization’s definition wholeheartedly due to the

low proportion of GDP spent on healthcare [29]. Thus, we
constructed CEACs to determine the probability of cost-
effectiveness over a range of WTP thresholds, particularly
between SGD 60,000 (inferred from previous studies) and
90,000 (close to our 2019 GDP per capita) [28, 29].

At a WTP threshold of SGD 60,000, the probability of
being cost-effective was 44.0% for genotype-guided versus
universal clopidogrel and 24.6% for universal ticagrelor
versus universal clopidogrel. When the WTP threshold was
raised to SGD 90,000, the probabilities rose to 92.9% and
86.4%, respectively. Probabilistic sensitivity analyses based
on NMB also revealed that genotype-guided was the most
cost-effective among the three strategies when the WTP
threshold was between SGD 70,000 and 100,000 (Fig. 5).

Discussion

In our study, we have demonstrated that genotype-guided
and universal ticagrelor were both cost-effective strategies
compared to universal clopidogrel. Probabilistic sensitivity
analyses between genotype-guided and universal clopido-
grel also revealed that genotype-guided was already cost-
effective at a WTP threshold of SGD 70,000 and this
likelihood exceeded 90% when the WTP threshold rose to
SGD 90,000.

When genotype-guided was taken as a reference, the
ICER for universal ticagrelor was not considered cost-
effective and was most sensitive to the probability of death
among nonLOF-clopidogrel (Fig. 3C). In our study, the
probabilities of death among nonLOF-ticagrelor and
nonLOF-clopidogrel were assumed to be 0.0173 and
0.0333, respectively (RR: 0.52). This was considered con-
servative compared to a meta-analysis by Wu et al. that
reported a risk ratio (RR) of 0.92 when they combined the
outcomes from the PLATO Asian substudy and PHILO
study [30]. If we had assumed a RR of 0.92 in our analysis,
universal ticagrelor would be dominated by genotype-
guided (ICER: −22,8088 SGD/QALY).

International guidelines recommend ticagrelor over clo-
pidogrel for ACS patients undergoing PCI [3, 9]. While our
prescription data also echoes the preferential use of tica-
grelor, high out-of-pocket cost and safety concerns were
commonly cited barriers to widespread ticagrelor use [31].

Table 3 Results from base case analyses.

Strategy Cost (SGD) Utility (QALY) Incremental cost (SGD) Incremental utility (QALY) ICER (SGD/QALY)

Genotype-guided 3240.63 0.8240 – – –

Universal clopidogrel 2354.15 0.8117 −886.48 −0.0123 72,158.30

Universal ticagrelor 3677.09 0.8278 436.46 0.0038 114,998.02

Genotype-guided was used as a reference.

Fig. 2 Scatter plot of cost against utility for all DAPT strategies.
Each point represents a DAPT strategy, while each gradient represents
an ICER where the strategy with the lower QALY was used as a
reference.
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We believe that CYP2C19-guided selection of P2Y12
inhibitors could be considered cost-effective in resource-
strapped Asian countries by reducing bleeding and overall
costs while maintaining drug efficacy [12, 13] This was
demonstrated in the recent POPular Genetics trial where
genotype-guided reduced minor bleeding yet it was non-
inferior to universal ticagrelor in ischemic outcomes [32].

To our knowledge, several studies have evaluated the
cost effectiveness of genotype-guided compared to

universal ticagrelor [11–14]. However, studies from Asia
have produced discordant results—two studies were con-
sistent with our findings, while one study found universal
ticagrelor to be more cost-effective than genotype-guided
[15–17]. Thus, we were decided to pitch universal ticagrelor
against genotype-guided to address this uncertainty.

A cost-effectiveness analysis from China reported that
genotype-guided was dominant compared to universal pra-
sugrel or ticagrelor [16]. However, we were cautious to
interpret the results from this study as there were important
differences in assumptions. In this study, patients with gain-
of-function (GOF) alleles were assigned to ticagrelor as the
authors explained that these patients would be at a greater
risk of bleeding left on clopidogrel. Conversely, we fol-
lowed CPIC’s recommendation and assigned patients with
GOF alleles to clopidogrel as the association with bleeding
failed to demonstrate statistical significance in several meta-
analyses [33, 34]. Jiang and colleagues also assumed that
the prevalence of LOF alleles was 27.8%, which was
unacceptably low compared to 61.7% catered for in our
study. Nevertheless, we were still able to demonstrate that
genotype-guided was cost-effective compared to universal
ticagrelor despite the high prevalence of LOF alleles.

A second cost-effectiveness analysis from Hong Kong
also reported that genotype-guided was dominant compared
to universal ticagrelor [17]. In this study, hazard ratios
(HRs) for outcomes were obtained from a retrospective
analysis of the PLATO study that reported more strokes in
Asian patients on ticagrelor [35]. Consequently, the ICER
for genotype-guided versus universal ticagrelor was the
most sensitive to the HR for stroke and likely contributed to
its dominance. We did not account for stroke in our analysis
as there was no prospective study that reported this outcome
based on drug-gene pairs.

More recently, a study from China reported that universal
ticagrelor was cost-effective compared to genotype-guided
at a WTP threshold of 178,980 RMB, defined as 3× China’s
GDP per capita in 2017 [15]. In this study, the authors
reported that the RRs for outcomes were obtained from a
meta-analysis described earlier [30]. Yet, the authors did not
explain why their base case RRs were different from the
figures reported in the meta-analysis. As discussed earlier,
we chose not to adopt the RRs in the meta-analysis as it
would have favored genotype-guided as a more cost-
effective strategy. Thus, we adopted more conservative
estimates from Cavallari et al. [23].

There were several limitations in our study. First, prob-
abilities for MACE were obtained from Cavallari et al. as it
was the only prospective study to date that reported out-
comes based on drug–gene pairs. While this study was
conducted in a predominantly Caucasian population, we
accounted for our local prevalence of LOF alleles when we
were calculating the event probabilities of each strategy.

Fig. 3 Tornado diagrams for all base case ICERs. A Genotype-
guided versus universal clopidogrel, B universal ticagrelor versus
universal clopidogrel and C universal ticagrelor versus genotype-
guided. The bars represent the change in ICERs when the variables
approach the upper (shaded) and lower (white) boundaries. The
asterisk (*) denotes variables that the ICERs were sensitive to.
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Second, we assumed that the probabilities for MACE would
be similar for patients on ticagrelor, irrespective of whether
they carry a LOF allele [13]. Therefore, we decided to
replace the probability of death among nonLOF-ticagrelor
(p= 0.0052) with a larger probability from LOF-ticagrelor
(p= 0.0173) so that the benefits of ticagrelor would not be
overstated [23]. We speculate that the low probability could
be attributed to the small sample of merely 193 nonLOF-
ticagrelor patients [23]. While it would be most accurate to
use local event probabilities based on drug-gene pairs, the

data were not available to use at the time of analysis. Third,
utility values from the USA may not be transferrable to our
local context due to different perceptions of health across
cultural groups. However, we believe that this would not
affect our findings significantly as our ICERs were not
sensitive to any disutility values for events. Last, we could
not account for the impact of minor bleeding on QALY as
we did not have local cost and probability data based on
drug–gene pairs. If we had assumed that genotype-guided
would result in less minor bleeding compared to universal

Fig. 4 Results from probabilistic sensitivity analyses. Scatter plot and CEAC for genotype-guided versus universal clopidogrel (A, B), universal
ticagrelor versus universal clopidogrel (C, D) and universal ticagrelor versus genotype-guided (E, F).
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ticagrelor, its cost effectiveness could have been even
greater than what we demonstrated [32].

In conclusion, we were able to demonstrate that
CYP2C19-guided antiplatelet therapy was the most cost-
effective strategy despite our high prevalence of LOF
alleles. Until local data are available, our study suggests that
funding for a once-off CYP2C19 testing merits considera-
tion over 1 year of universal ticagrelor.
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