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Aims A genotype-guided P2Y12-inhibitor de-escalation strategy, switching acute coronary syndrome (ACS) patients without 
a CYP2C19 loss-of-function allele from ticagrelor or prasugrel to clopidogrel, has shown to reduce bleeding risk without 
affecting the effectivity of therapy by increasing ischaemic risk. We estimated the cost-effectiveness of this personalized 
approach compared to standard dual antiplatelet therapy (DAPT; aspirin plus ticagrelor/prasugrel) in the Netherlands. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Met hods a nd 

results 
We developed a 1-year decision tree based on results of the FORCE-ACS registry, comparing a cohort of ACS patients 
who underwent genotyping with a cohort of ACS patients treated with standard DAPT. This was followed by a lifelong 
Markov model to compare lifetime costs and quality-adjusted life years (QALYs) for a fictional cohort of 1000 patients. 
The cost-effectiveness analysis was performed from the perspective of the Dutch healthcare system. A genotype-guided 
de-escalation strategy led to an increase of 57.73 QALYs and saved €808788 compared to standard DAPT based on 
a lifetime horizon. Probabilistic sensitivity analysis showed that the genotype-guided strategy was cost-saving in 96% 

and increased QALYs in 87% of simulations. The intervention remained cost-effective in the scenario where prices for 
all P2Y12 inhibitors were equalized. The genotype-guided strategy remained dominant in various other scenarios and 
sensitivity analyses. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Conclusion 

A genotype -guided de -escalation strategy in patients with ACS was both cost-saving and yielded higher QALYs compared 
to standard DAPT, highlighting its potential for implementation in clinical practice. 

Tria l regist ration: ClinicalTrials .gov identifier : NCT03823547. 
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Keywords ACS � Coronary artery disease � P2Y12-inhibitor � Genotype-guided � Cost- 

effectiveness 

∗

© ociety of Cardiology. This is an Open Access article distributed under the terms of the Creative
C mits unrestricted reuse, distribution, and reproduction in any medium, provided the original 
w

Corresponding author. Tel: + 31 88 320 13 82, Email: jurtenberg@gmail.com
The Author(s) 2024. Published by Oxford University Press on behalf of the European S
ommons Attribution License (https://creativecommons.org/licenses/by/4.0/), which per
ork is properly cited. 

https://doi.org/10.1093/ehjcvp/pvae087
https://orcid.org/0000-0002-4083-9957
https://orcid.org/0000-0003-4727-0481
https://orcid.org/0000-0002-7741-205X
https://orcid.org/0000-0002-7661-9139
https://orcid.org/0000-0001-9227-1390
https://orcid.org/0009-0007-6156-3842
https://orcid.org/0000-0001-9980-548X
https://orcid.org/0000-0002-1641-3462
https://orcid.org/0000-0002-5497-5992
https://orcid.org/0000-0001-5241-7105
https://orcid.org/0000-0003-1864-2151
https://orcid.org/0000-0001-5160-2018
https://orcid.org/0000-0001-5192-886X
mailto:jurtenberg@gmail.com
https://creativecommons.org/licenses/by/4.0/


Genotype-guided de-escalation strategy in patients with ACS 231

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

The default antiplatelet treatment in patients with acute coronary syn-
drome (ACS) is dual antiplatelet therapy (DAPT), comprising aspirin
and a potent P2Y12 inhibitor (ticagrelor or prasugrel) for 12 months.1

Its goal is to mitigate ischaemic risk, albeit with an associated increase
in bleeding risk.2 With advancements in secondary prevention and
stent technology, ischaemic risk has decreased, opening the door for
new strategies that minimize bleeding risk without compromising the
reduction of ischaemic risk.2 , 3 The POPular Genetics trial showed in
a randomized setting that a CYP2C19 genotype-guided de-escalation
strategy reduced the risk of bleeding without affecting ischaemic risk,
compared to standard DAPT in patients with ST-elevation myocar-
dial infarction.4 This de-escalation strategy involves switching from
the more potent drugs ticagrelor or prasugrel to the less potent
clopidogrel in patients without a CYP2C19 loss-of-function allele. By
implementing this strategy, theoretically, 70% of patients who would
otherwise receive ticagrelor can instead be treated with clopidogrel,
a drug significantly more affordable than ticagrelor and prasugrel.5 , 6

Accordingly, the cost-effectiveness analysis (CEA) of the POPular
Genetics demonstrated that a genotype-guided de-escalation strategy
is both cost-saving and increases quality of life (QoL).7 While random-
ized clinical trials (RCTs) are crucial for establishing evidence-based
foundations for new interventions, the question remains whether
results mirror real-world outcomes, where populations are often at
higher risk and adoption rates may be lower. Whether the imple-
mentation of routine genetic CYP2C19 testing of ACS patients to
guide the selection of the P2Y12 inhibitor is cost-effectiv e compared
to standard DAPT remains uncertain. In this analysis, we aimed to
assess the cost- efficac y of a genotype -guided de -escalation strategy
directly after hospital admission, compared to standard DAPT based
on real-world data. 

Methods 

Study design 

For this analysis we used data from the FORCE-ACS registry
(NCT03823547), of which the rationale and design have been described
previously.8 In brief, the FORCE-ACS registry is an ongoing, prospective,
multicentre registry involving nine Dutch hospit als , consecutively enrolling
adult patients with (suspected) ACS since 2015. It’s primary objective is
to gain insight into the various aspects of care for ACS patients. Before
2021, all local protocols recommended the use of DAPT with a more
potent P2Y12-inhibitor (ticagrelor or prasugrel) as the default strategy
in ACS patients without an indication for anticoagulation. Since 2021,
one hospital (St. Antonius Hospital, Nieuwegein, The Netherlands) has
implemented a genotype-guided P2Y12-inhibitor de-escalation strategy in
its ACS protocol. At admission, all ACS patients underwent CYP2C19
genotype testing, either through point- of- care testing (POC T) using
the Cube CYP2C19 System (Genomadix) or through lab-based testing
with the StepOnePlusTM Real-Time PCR system (Applied Biosystems,
Thermofisher Scientific). In non-carriers of a CYP2C19 loss-of-function
allele (normal metabolizers), the recommendation was to switch from
ticagrelor/prasugrel to clopidogrel. Patients who carried a CYP2C19 loss-
of-function, remained on their current treatment with ticagrelor/prasugrel.
Approval was obtained from institutional review boards, adhering to the
Declaration of Helsinki and reporting results per STROBE guidelines. 

Population 

Patients enrolled in the FORCE-ACS registry were divided into two
cohorts: a standard care cohort, in which patients were treated with a
P2Y12 inhibitor (ticagrelor, prasugrel, or clopidogrel) at the discretion of
the treating physician, and a genotyped cohort, in which patients received
a CYP2C19 genotype test with a treatment recommendation based on
the result. For the current model, we used the propensity score-matched
population from the FORCE-ACS registry, which has been published
previously ( Supplementary material online, Table S1).9 This allowed for
adjustment of multiple baseline characteristics, yielding two cohorts that
were comparable regarding age, medical history, and comorbidities. The
median age of the trial population was 64 years old, 28% female and 14%
had a prior history of myocardial infarction (MI). 

Model overview 

We developed a two-part decision-analytic model: a 1-year decision tree
to allocate patients across Markov states ( Figure 1A ), followed by a Markov
model to simulate lifelong costs and effects ( Figure 1B ). All individuals in
the hypothetical cohort were at the age of 64 at the start of the model. In
the decision tree, all patients had the possibility of experiencing minor or
major bleeding, irrespective of other events. Throughout the initial year,
patients who experienced a MI or stroke transitioned into correspond-
ing health st ates , while patients who passed away entered the all-cause
death state; all remaining patients entered the no-event state. Following
the 1-year decision tree period, patients transitioned between different
Markov states based on different transition probabilities. These health
states comprised the no event, non-fatal stroke, non-fatal MI, post-stroke,
post-MI, and all-cause death st ates , reflecting the lifetime progression of
patients after ACS. The non-fatal MI and non-fatal stroke states were
termed ‘tunnel states’, indicating that patients could only remain in each
state for one cycle. The structure of the Markov model was aligned with
previously published and clinically validated models.10 , 11 A hypothetical
cohort of 1000 patients was used to simulate progression and transitions
across various health st ates . In the base case analysis, the lifetime horizon
was set at the age of 100 years. 

Model assumptions 
We made the assumption that bleeding risk after the 1-year follow-up
was comparable in both groups, as patients in both groups were assumed
to be treated with aspirin, in line with current ESC guidelines and local
protocols.12 Because use of oral anticoagulants was rare and comparable
between groups, we did not expect this to impact the bleeding rates in
the Markov model after the first year. In line with previously published
literature, bleeding was not included as a separate health state in the
Markov model and decreased QoL for only a short period.10 Patients could
not develop multiple events during one cycle and could only experience a
recurrent stroke or MI with a minimum interval of 1 year. 

Model input pa ra meters 
Tra nsition proba bilities 
Probabilities for the distributions in the 1-year decision tree were derived
from the propensity score-matched results of the clinical implementation
of the genotype-guided strategy.9 After constructing the decision tree,
patients were assigned to their respective health state in the long-term
Markov model. The Markov model, with yearly cycles, simulated disease
progression over their lifetime. Patients in each health state faced the
possibility of experiencing a stroke, MI, or death in each cycle. As the
subsequent event risk and costs were higher in the stroke and post-stroke
st ates , patients could not transition from the non-fatal stroke or post-
stroke states to the non-fatal MI or post-MI st ates . Transition probabilities
were based on a previous CEA with similar populations.10 Transition
probabilities for subsequent events were derived by multiplying baseline
probabilities by relative risk factors. Patients in ‘ Post- MI’ and ‘ Post-stroke’
states had a higher risk of subsequent events than those in the ‘ No- event’
st ate. Mort ality rates , based on age-specific data from Dutch population
life t ables , increased with age. All model inputs are detailed in Table 1 . 

Costs 
The CEA was performed from the healthcare perspective, and all costs
were based on the Dutch healthcare system. Costs were inflated to
2023 using a calculator based on the consumer price index inflation from

https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae087#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae087#supplementary-data
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Figure 1 Cost-effectiv eness model. ( A ) One-year decision tree. ACS; acute coronary syndrome. (B) Long-term Markov model. Markov model 
transitions in figure: (1) risk of non-fatal stroke based on literature. (2) Risk of non-fatal MI based on literature. (3) Mortality risk for patients with no 
event based on Dutch population data. (4) Mortality risk after a non-fatal stroke. (5) Mortality risk after a non-fatal MI. (6) Mortality risk at second 
and subsequent years after a non-fatal stroke. (7) Mortality risk at second and subsequent years after a non-fatal MI. MI; myocardial infarction. The 
dotted lines indicate the transition of patients in the non-fatal MI or post-MI state to the non-fatal stroke state. 
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ost-stroke, and death). Based on a previous analysis , de -escalation oc-
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n the prescribed P2Y12 inhibitor at discharge in both cohorts and
he treatment adherence during that year. Unplanned switching between
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ogrel, and predominantly early, with a median time to switch from
icagrelor to clopidogrel of 65 days and clopidogrel to ticagrelor of 19
ays ( Supplementary material online, Table S1). Therefore, regarding drug
osts , we assumed that patients who switched to another P2Y12 inhibitor
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Table 1 Model input pa ra meters 

Pa ra meters Base -c ase va lue Range Distribution Source 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Probabilities (decision tree) 
Standard care 

Minor bleeding 0.166 0.125–0.208 Beta Azzahhafi et al.9 

Major bleeding 0.042 0.001–0.052 Beta Azzahhafi et al.9 

MI 0.032 0.024–0.041 Beta Azzahhafi et al.9 

Stroke 0.017 0.013–0.022 Beta Azzahhafi et al.9 

All-cause death 0.026 0.019–0.028 Beta Azzahhafi et al.9 

Genotype-guided treatment Azzahhafi et al.9 

Minor bleeding 0.106 0.079–0.132 Beta Azzahhafi et al.9 

Major bleeding 0.0070 0.0055–0.0092 Beta Azzahhafi et al.9 

MI 0.030 0.022–0.037 Beta Azzahhafi et al .9 

Stroke 0.015 0.011–0.018 Beta Azzahhafi et al.9 

All-cause death 0.022 0.017–0.028 Beta Azzahhafi et al.9 

Probabilities (Markov model) a 

Annual risk from ‘ No- event’ to ‘MI’ 0.019 0.01–0.05 Beta Nikolic et al.10 

Annual risk from ‘ No- event’ to ‘Stroke’ 0.003 0.001–0.002 Beta Nikolic et al.10 

Annual risk from ‘ No- event’ to ‘ Non-C V death’ Age specific mortality rate Beta CBS37 

Increased risk of a subsequent event after having an event 2.0 1.0–4.0 LOGNORMAL Lala et al.38 

Increased risk of death in ‘ No- event’ 2.0 1.5–2.5 LOGNORMAL Nikolic et al.10 

Increased risk of death in ‘Non-fatal MI’ 6.0 4.5–7.5 LOGNORMAL Nikolic et al.10 

Increased risk of death in ‘post MI’ 3.0 2.25–3.75 LOGNORMAL Nikolic et al.10 

Increased risk of death in ‘Non-fatal stroke’ 7.43 5.57–9.29 LOGNORMAL Nikolic et al.10 

Increased risk of death in ‘post stroke’ 3.0 2.25–3.75 LOGNORMAL Nikolic et al.10 

Costs (in euro’s) b 

Costs CYP2C19 lab test 75 56.25–93.75 Gamma Azzahhafi et al.14 

Costs CYP2C19 POCT test 150 112.50–187.50 Gamma Azzahhafi et al.14 

1 year clopidogrel treatment 51.10 38.33–63.88 Gamma ZIN39 

1 year ticagrelor treatment 876.00 657–1095 Gamma ZIN40 

1 year prasugrel treatment 478.10 358.61–597.69 Gamma ZIN41 

Minor bleeding 321.03 221.68–508.5 Gamma Jacbos et al.42 

Major bleeding 5601.92 3243.55–9476.25 Gamma Ten Cate-Hoek et al.43 

MI 5734.33 3320.21–9700.3 Gamma Soekhlal et al.44 

Post-MI 2620.61 2776.3–3128.85 Gamma De Jong et al.45 

Stroke 29 166.05 21 554.88–45512.13 Gamma De Jong et al.45 

Post-stroke 11 932.74 9059.22–17118.81 Gamma De Jong et al.45 

All-cause death 3558.19 3495.21–3769.77 Gamma Greving et al.46 

Utilities c 

No event 0.838 0.7179–0.927 Beta FORCE-ACS 
Myocardial infarction 0.744 0.66–0.87 Beta FORCE-ACS 
Post-MI 0.744 0.66–0.87 Beta FORCE-ACS 
Stroke 0.620 0.6–0.64 Beta Nikolic et al.10 

Post-stroke 0.620 0.6–0.64 Beta Nikolic et al.10 

Death 0 NA NA 

Minor bleeding (disutility 2 days) 0.073 0.054–0.091 Beta FORCE-ACS 
Major bleeding (disutility 14 days) 0.140 0.07–0.21 Beta Stevanovic et al.47 

CI, confidence interval; CBS, Central Bureau of Statistics; CV, cardiovascular; NA, not applicable; MI, myocardial infarc tion; ZIN , Zorginstituut Nederland [National Health Care 
Institute Netherlands]. 
a Range indicating min/max as provided by paper. If min/max was unavailable, ranges were calculated with 25% of the base-case value. 
b Range is based on 95% CI. If 95% CI was unavailable, ranges were calculated with standard error of 25% of the mean. 
c Range is based on 95% CI. 
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Figure 2 Deterministic sensitivity analysis. Tornado plot showing the net monetary benefit (NMB). In the deterministic sensitivity analysis (DSA), 
the minimum and maximum value of the parameter range of every individual parameter is alternately put into the model. The results of the DSA 

depict the influence on the NMB when the minimum or maximum value of the individual parameter is used, while all other parameters stay the 
same. The base case value of the NBM was 1850.7 DT: decision tree, MI, myocardial infarction. 
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8% of patients) and lab test (in 12% of patients) were determined from
 prior feasibility analysis of the clinical implementation of a genotype-
uided de-escalation strategy.14 All costs were discounted using an annual
ate of 3% in line with existing Dutch guidelines for health-economic
valuations.15 

ea lt h utilities 
ealth utilities were quantified in quality-adjusted life years (QALYs) and
erived from the FORCE-ACS registry population for minor bleeding,
o-event state, MI state, and post-MI state. At 12 months after initial
ospital admission, QoL was measured using the 12-item Short Form
urvey version 2. EQ-5D results were based on complete SF-12 ques-
ionnaire responses, and estimated using the method outlined by Gray
t al.16 Because of the limited number of patients who experienced
ajor bleeding and/or stroke and completed an SF-12 questionnaire at
 year, we derived the utilities for these events in similar populations from
iterature.10 , 17 

Based on prior literature, bleeding resulted in temporary disutility
hroughout the first year of the model.17 We assumed that adverse events
rom antiplatelet therapy, like dyspnoea or bruises, did not have long-term
rognostic effects on QoL and, therefore, were not accounted for the
alculation of utilities for the base-case values.10 
utcomes 
he outcome measures were costs , QALYs , increment al cost-effectiv eness
atios (ICERs) expressed in euros per QALY gained, and net monetary
enefit (NMB), calculated as (incremental benefit × threshold)—
ncremental cost. If both incremental costs and QALYs were positive, the
CER was calculated. If both incremental costs and QALYs were negative,
MB was calculated, as the resulting ICER would not be informative.18 A
ositive NMB would indicate that the genotype-guided strategy is cost-
effectiv e compared with standard DAPT at the given willingness-to-pay
hreshold. Since antiplatelet therapy is used for tertiary prevention, we
sed a reference value of €20 000 per QALY.19 

ensitivit y a nd scena rio a na lysis 
he base-case analysis was based on model inputs shown in Table 1 . To
ddress model uncert ainties , we conducted both univariate deterministic
DSA) and probabilistic sensitivity analyses (PSA). Parameter ranges were
ased on 95% confidence intervals (CI) or a standard error of 25%. In the
nivariate DSA, each parameter was varied individually over its 95% CI
r fixed range. The PSA employed a Monte Carlo simulation with 10 000
terations, randomly and simultaneously varying all parameters within their
5% CIs or fixed ranges. The distributions used for each parameter are
etailed in Table 1 . 
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Figure 3 Probabilistic sensitivity analysis. Cost-effectiv eness plane showing the results of the probabilistic sensitivity analysis (PSA) demonstrating 
the varying outcomes of the Monte Carlo analysis, with 10 000 iterations per patient, where all model inputs are randomly adjusted based on their 
respective uncertainty distributions. Both the average PSA value and the outcome of the base-case scenario are displayed in the figure. QALY, 
quality-adjusted life year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To evaluate the robustness of the results, scenario analyses were con-
ducted with different time horizons (scenario 1) and by equalizing all prices
to mimic the availability of generic versions of ticagrelor and prasugrel
(scenario 2). We performed additional analyses to illustrate the impact
of decreasing drug prices on cost- efficac y. In the base case model, we
used the event rates from the FORCE-ACS registry. Since the confidence
intervals showed no difference in ischaemic event rates between the two
groups, we conducted a third scenario where ischaemic event rates were
identical (scenario 3). Finally, as both minor and major bleeding have been
associated with increased morbidity and lower QoL for a prolonged time,
a fourth scenario analysis accounted for a prolonged duration of disutility
of bleeding (scenario 4).20 –22 

Results 

Base -c ase a nd a lternative base c ase 

a na lyses 
Based on a hypothetical cohort of 1000 patients admitted for ACS, a
genotype -guided de -escalation strategy resulted in a lifetime increase
of 57.30 QALYs, while saving €808 788, compared to standard
prescription of DAPT. This equated to an average gain of 0.058 QALYs
and €809 saved per patient. The incremental NMB of the genotyped
guided strategy was €1962 per patient. The univariate DSA,
represented in a tornado plot ( Figure 2 ), revealed that the distribution
of patients across the different health states by the decision tree
(all-cause mortality, MI, and stroke) exerted the most significant
impact on the model outcomes. Furthermore, the findings from
probabilistic sensitivity analysis (PSA), depicted in a cost-effectiv eness
plane ( Figure 3 ), indicated that treatment with clopidogrel was cost
saving in 96% of the 10 000 Monte Carlo simulation iterations,
whereas it increased QALYs in 87% of the iterations. In 95% of
the iterations, the NMB was higher in the genotype-guided group
compared to the standard DAPT group, indicating cost- efficac y. 

Scena rio a na lyses 
Table 2 shows the results of the different scenario analyses. In scenario
1, adjusting the time horizon did not alter the conclusions regarding
the cost-effectiveness of the intervention. After 1 year, implementing a
de-escalation strategy led to a net cost reduction of −€460 924. This
reduction was primarily driven by decreased medication expenses
( −€261 723) compared to standard care, despite the costs associated
with performing the genetic tests ( + €140 965) in the genotype-
guided cohort. The intervention remained cost-saving in scenario 2,
where prices for all P2Y12-inhibitors were equalized, primarily due
to the increased costs associated with higher bleeding rates in the
standard care cohort. In addition, when applying this scenario over
a 1-year time horizon, the genotype-guided strategy was cost-saving
( −€199 202). In Figure 4 , we illustrated the potential impact of de-
creasing prices for ticagrelor on cost-savings. Under varying scenarios
and time horizons, the genotype-guided strategy was cost-saving
compared to standard care with ticagrelor prices ranging from €0
to €3/day. In scenario 3, where ischaemic events rates were identical,
costs remained lower in the genotype-guided group. In this scenario,
the increase in QALYs (0.20) is attributable to the decrease of bleeding
in the intervention group. In the fourth scenario, the period of the
disutility of bleeding was extended. This increased QALYs associated
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Figure 4 Impact of reducing ticagrelor prices on costs in different scenarios. Results of a scenario analysis demonstrating the impact of reducing 
ticagrelor prices on total costs in the genotype-guided and standard care cohorts. ( A ) Total costs based on the base-case analysis and a lifetime 
horizon. ( B ) Total costs based on the base-case analysis and a 1-year horizon. ( C ) Costs based on the scenario with equal distribution over health 
states and a 1-year horizon. 
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ith the guided strategy from 57.53 (base case) to 61.76 (182 days)
nd 66.22 (365 days). 

iscussion 

his is the first CEA evaluating the economic benefits of a genotype-
uided de-escalation strategy using dat a from its implement ation in
linical care. These cost-efficacy data suggest that implementing a
enotype -guided de -escalation strategy in clinical practice is associ-
ted with an increase in QALYs and a reduction in costs compared to
tandard DAPT in patients with ACS. Multiple sensitivity and scenario
nalyses consistently replicated the findings of the base-case analysis,
onfirming that a genotype-guided strategy dominated standard care,
s it was both cost-saving and yielded higher QALYs. 
In recent years, numerous strategies have been explored to reduce
leeding risk without compromising ischaemic outcomes in patients
ndergoing DAPT. Considering the growing body of evidence, the
reference may shift toward ticagrelor monotherapy after a brief
eriod of DAPT in the coming years.23 However, with the ever-
ising costs of healthcare, one should not neglect the impact of
onger or more frequent prescription of costly drugs like ticagrelor or
rasugrel.24 While ticagrelor and prasugrel are the most effectiv e at
educing platelet reactivity in patients with a CYP2C19 loss-of-function
llele compared to standard dose clopidogrel, high-dose clopidogrel
lso lowers platelet reactivity in these patients and may serve as
 low-cost option in clinical settings where ticagrelor or prasugrel
re unavailable.25 However, this approach is not recommended by
linical guidelines, such as those from CPIC, as clopidogrel doses
s high as 300 mg may not fully overcome genotype effects in cer-
ain intermediate metabolizers (e.g. those with diabetes) or poor
et abolizers .5 

The POPular Genetics trial was the first large RCT to demonstrate
hat a genotype-guided de-escalation strategy can reduce bleeding
vents.4 Although there were no significant differences in the com-
ined thrombotic outcome between the two groups, a limitation of
his study is that it was not powered to detect non-inferiority for
schaemic events. Nevertheless, similar findings have been reported in
ther observational studies and a meta-analysis, suggesting that clopi-
ogrel has comparable efficacy to ticagrelor or prasugrel in patients
ithout a loss-of-function allele, but reduced efficacy in intermediate
r poor metabolizers and those with a high ABCD-GENE (age, body
ass index, chronic kidney disease, diabetes, and CYP2C19 genetic
ariants) score.26 , 27 These results are reinforced by a network meta-
nalysis indicating that guided selection of P2Y12-inhibitor therapy in
CS patients offers a better balance of safety and efficacy than routine
otent P2Y12-inhibitor therapy.28 

Our results are in line with the CEA of the POPular Genetics,
hich demonstrated the cost-efficacy of a CYP2C19 genotype-guided
trategy based on data from a randomized trial.29 Despite higher
verall costs in both groups, which can be attributed to inflation and
ncreased rates of ischaemic events, the incremental cost-savings from
oth base-case analyses were comparable (FORCE-ACS: −€698,286
s. POPular Genetics: −€725 551). The increase in incremental QALYs
as more pronounced in our analysis (FORCE-ACS: 57.73 vs. POP-
lar Genetics: 8.98), which may be due to the larger disparity in
vent rates used in the base case. In the PSA cost-effectiv eness
lane, the POPular Genetics study shows more iterations skewed
oward the southeast quadrant, indicating greater cost-effectiveness.
nlike our study, their CEA lacked specified probability ranges for
ecision tree variables, which may explain the differences. Since our
tudy was not powered to detect event differences, we took a more
onservative approach by incorporating uncertainty around the event
ates in our model. The tornado plot in Figure 2 shows that changes
n the probabilities used in the decision tree during the initial cycle
xert the largest impact on the lifetime outcome of the model.
espite this conservative approach, the genotype-guided strategy
aved costs and was associated with more QALYs gained in 84% of the
terations. 
Several studies have explored the cost-effectiveness of CYP2C19

enotype -guided strategies . However, none have used data from
 study where a de-escalation strategy was implemented.30 –32 In
 secondary analysis, Limdi et al. assessed the cost-efficacy of a
enotype -guided de -escalation applied 30 days post-PCI. They found
t was not cost-effectiv e (ICER of $188 680/QALY), but resulted in
 higher NMB than universal use of ticagrelor. An important con-
traint is that this analysis relied on data from an escalation strategy,
ather than a de-escalation strategy, making it challenging to assess
ost-effectiveness for a de-escalation approach. A CEA based on the
eterans Health Administration showed that a combined approach of
enotype-guided escalation and de-escalation strategies can improve
ardiovascular outcomes and reduce costs within 12 months.33 How-
ver, the analysis relied on RCT data for treatment effects rather than
eal-world data, which may limit the generalizability of the findings.
otably, the study emphasized that health systems should prioritize
igh adherence to the de-escalation strategy, as it was the primary
river of cost-effectiveness. 
Our analysis benefits from using prospectively registered real-world
ata, allowing us to account for adherence to the de-escalation proto-
ol and P2Y12-inhibitor therapy in the first year after ACS. Instead of
ssuming universal de-escalation to clopidogrel, we considered that
nly 89% did so, aligning with prior data.14 We also adjusted the
tandard care cohort to reflect that only 64% received ticagrelor.
hese considerations lead to more conservative results, but ones that
re closer to clinical practice. 
With the anticipated expiration of the patent for ticagrelor, prices

re expected to gradually decrease in the coming years. We demon-
trated that even with decreasing ticagrelor prices, a genotype-guided
e-escalation strategy remains cost-effective, as the beneficial effect
n bleeding can offset these lower prices. 
Our findings, alongside results from RCTs and consensus recom-
endations, should prompt guideline committees to provide stronger
ecommendations on the use of genetic testing in clinical practice,
s current guidelines either omit this strategy or offer only weak
uidance.34 –36 

imitations 
ur analysis is subject to several limit ations . First, as the FORCE-ACS
egistry could only provide data regarding treatment and outcomes
uring the first year, we had to make assumptions based on other
ata to estimate long-term cost-effectiv eness. However, the majority
f these assumptions are based on data from comparable populations
nd similar clinical settings. Second, the probabilities in the decision
ree were derived from observational data comparing two cohorts
nrolled during different time periods. Since this analysis was not
owered to detect differences in ischaemic and bleeding rates, further
esearch with a larger sample size is required for more conclusive
esults. Third, as less than 1% of patients were treated with prasugrel,
ur findings are mainly relevant to treatment with clopidogrel and
icagrelor. Four th, while conver ting SF-12 data to EQ-5D responses is
ragmatic given the data constraints, it introduces some uncertainty in
he precision of QALY calculations. Fifth, our analysis used a healthcare
erspective, though a societal perspective is preferable. This would in-
lude non-healthcare costs and productivity loss, which we could not
ccount for, as we did not register this data. Finally, while our results
dvocate for the cost-effectiveness of genotype -guided de -escalation,
he routine implementation of CYP2C19 genotyping may vary based
n local infrastructure and associated costs, which can differ across
ealthcare settings in different countries. 
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Conclusion 

A genotype -guided de -escalation strategy in patients with ACS dom-
inated standard DAPT consisting of aspirin plus ticagrelor/prasugrel
by being cost-saving and yielding higher QALYs. These findings un-
derscore the cost-effectiv eness of implementing a genotype-guided
de-escalation strategy into clinical practice. 

Supplement a ry materia l 
Supplementary material is available at European Heart Journal—
Cardiovascular Pharmacotherapy online. 
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L, Stojkovic S, Studenčan M, Radšel P, Ferreiro JL, Ravn-Fischer A, Räber L, Marjeh
MYB, Hassine M, Yildirir A, Parkhomenko A, Banning AP, Prescott E, James S, Arbelo
E, Baigent C, Borger MA, Buccheri S, Ibanez B, Køber L, Koskinas KC, Mcevoy JW,
Mihaylova B, Mindham R, Neubeck L, Nielsen JC, Pasquet AA, Rakisheva A, Rocca B,
Rossello X, Vaartjes I, Vrints C, Witkowski A, Zeppenfeld K. 2023 ESC guidelines for
the management of acute coronary syndromes. Eur Heart J 2023. 

2. Capodanno D, Mehran R, Krucoff MW, Baber U, Bhatt DL, Capranzano P, Collet
J-P, Cuisset T, De Luca G, De Luca L, Farb A, Franchi F, Gibson CM, Hahn J-Y, Hong
M-K, James S, Kastrati A, Kimura T, Lemos PA, Lopes RD, Magee A, Matsumura R,
Mochizuki S, O’donoghue ML, Pereira NL, Rao SV, Rollini F, Shirai Y, Sibbing D, Smits
PC, Steg PG, Storey RF, Ten Berg J, Valgimigli M, Vranckx P, Watanabe H, Windecker S,
Serruys PW, Yeh RW, Morice M-C, Angiolillo DJ. Defining strategies of modulation of
 

antiplatelet therapy in patients with coronary artery disease: a consensus document
from the Academic Research Consortium. Circulation 2023; 147 :1933–1944. 

3. Gorog DA, Ferreiro JL, Ahrens I, Ako J, Geisler T, Halvorsen S, Huber K, Jeong Y-
H, Navarese EP, Rubboli A, Sibbing D, Siller-Matula JM, Storey RF, Tan JWC, Ten
Berg JM, Valgimigli M, Vandenbriele C, Lip GYH. De-escalation or abbreviation of
dual antiplatelet therapy in acute coronary syndromes and percutaneous coronary
intervention: a Consensus Statement from an international expert panel on coronary
thrombosis. Nat Rev Cardiol 2023; 20 :830–844. 

4. Claassens DMF, Vos GJA, Bergmeijer TO, Hermanides RS, Van ’T Hof AWJ, Van Der
Harst P, Barbato E, Morisco C, Tjon Joe Gin RM, Asselbergs FW, Mosterd A, Herrman
J-PR, Dewilde WJM, Janssen PWA, Kelder JC, Postma MJ, De Boer A, Boersma C,
Deneer VHM, Ten Berg JM. A genotype-guided strategy for oral P2Y 12 inhibitors in
primary PCI. N Engl J Med 2019; 381 :1621–1631. 

5. Lee CR, Luzum JA, Sangkuhl K, Gammal RS, Sabatine MS, Stein CM, Kisor DF, Limdi
NA, Lee YM, Scott SA, Hulot J-S, Roden DM, Gaedigk A, Caudle KE, Klein TE, Johnson
JA, Shuldiner AR. Clinical Pharmacogenetics Implementation Consortium Guideline
for CYP2C19 genotype and clopidogrel therapy: 2022 update. Clin Pharmacol Ther
2022; 112 :959–967. 

6. van den Broek WWA, van Paassen JG, Gimbel ME, Deneer VHM, ten Berg JM,
Vreman RA. Cost-effectiv eness of clopidogrel v ersus ticagrelor in patients of 70 years
or older with non-ST-elevation acute coronary syndrome. Eur Hear J—Cardiovasc
Pharmacother 2022; 9 :76–84. 

7. Claassens DMF, van Dorst PWM, Vos GJA, Bergmeijer TO, Hermanides RS, van ’t Hof
AWJ, van der Harst P, Barbato E, Morisco C, Tjon Joe Gin RM, Asselbergs FW, Mos-
terd A, Herrman JR, Dewilde WJM, Postma MJ, Deneer VHM, Ten Berg JM, Boersma
C. Cost effectiv eness of a CYP2C19 genotype-guided strategy in patients with acute
myocardial infarction: results from the POPular Genetics trial. Am J Cardiovasc Drugs
2021; 22 :195–206. 

8. Chan Pin Yin DRPP, Vos G-JA, Van Der Sangen NMR, Walhout R, Tjon Joe Gin
RM, Nicastia DM, Langerveld J, Claassens DMF, Gimbel ME, Azzahhafi J, Bor WL,
Oirbans T, Dekker J, Vlachojannis GJ, Van Bommel RJ, Appelman Y, Henriques JPS,
Kikkert WJ, Ten Berg JM. Rationale and design of the future optimal research and care
evaluation in patients with acute coronary Syndrome (FORCE-ACS) registry: towards
“personalized medicine” in Daily Clinical practice. J Clin Med 2020; 9 :3173. 

9. Azzahhafi J, Van Den Broek WWA, Chan Pin Yin DRPP, Van Der Sangen NMR,
Sivanesan S, Bofarid S, Peper J, Claassens DMF, Janssen PWA, Harmsze AM, Walhout
RJ, Tjon Joe Gin M, Nicastia DM, Langerveld J, Vlachojannis GJ, Van Bommel RJ,
Appelman Y, Van Schaik RHN, Henriques JPS, Kikkert WJ, Ten Berg JM. Real-world
implementation of a genotype-guided P2Y12 inhibitor de-escalation strategy in acute
coronary syndrome patients. JACC Cardiovasc Interv 2024; 17 :1996–2007. 

10. Nikolic E, Janzon M, Hauch O, Wallentin L, Henriksson M. Cost-effectiv eness of
treating acute coronary syndrome patients with ticagrelor for 12 months: results
from the PLATO study. Eur Heart J 2013; 34 :220–228. 

11. Wang Y, Yan BP, Liew D, Lee VWY. Cost-effectiveness of cytochrome P450 2C19
∗2 genotype-guided selection of clopidogrel or ticagrelor in Chinese patients with
acute coronary syndrome. Pharmacogenomics J 2018; 18 :113–120. 

12. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C, Prescott
E, Storey RF, Deaton C, Cuisset T, Agewall S, Dickstein K, Edvardsen T, Escaned J,
Gersh BJ, Svitil P, Gilard M, Hasdai D, Hatala R, Mahfoud F, Masip J, Muneretto C,
Valgimigli M, Achenbach S, Bax JJ, Neumann F-J, Sechtem U, Banning AP, Bonaros
N, Bueno H, Bugiardini R, Chieffo A, Crea F, Czerny M, Delgado V, Dendale P,
Flachskampf FA, Gohlke H, Grove EL, James S, Katritsis D, Landmesser U, Lettino
M, Matter CM, Nathoe H, Niessner A, Patrono C, Petronio AS, Pettersen SE, Piccolo
R, Piepoli MF, Popescu BA, Räber L, Richter DJ, Roffi M, Roithinger FX, Shlyakhto
E, Sibbing D, Silber S, Simpson IA, Sousa-Uva M, Vardas P, Witkowski A, Zamorano
JL, Achenbach S, Agewall S, Barbato E, Bax JJ, Capodanno D, Cuisset T, Deaton C,
Dickstein K, Edvardsen T, Escaned J, Funck-Brentano C, Gersh BJ, Gilard M, Hasdai
D, Hatala R, Mahfoud F, Masip J, Muneretto C, Prescott E, Saraste A, Storey RF, Svitil
P, Valgimigli M, Windecker S, Aboyans V, Baigent C, Collet J-P, Dean V, Delgado
V, Fitzsimons D, Gale CP, Grobbee D, Halvorsen S, Hindricks G, Iung B, Jüni P,
Katus HA, Landmesser U, Leclercq C, Lettino M, Lewis BS, Merkely B, Mueller C,
Petersen S, Petronio AS, Richter DJ, Roffi M, Shlyakhto E, Simpson IA, Sousa-Uva
M, Touyz RM, Benkhedda S, Metzler B, Sujayeva V, Cosyns B, Kusljugic Z, Velchev
V, Panayi G, Kala P, Haahr-Pedersen SA, Kabil H, Ainla T, Kaukonen T, Cayla G,
Pagava Z, Woehrle J, Kanakakis J, Tóth K, Gudnason T, Peace A, Aronson D, Riccio
C, Elezi S, Mirrakhimov E, Hansone S, Sarkis A, Babarskiene R, Beissel J, Maempel
AJC, Revenco V, De Grooth GJ, Pejkov H, Juliebø V, Lipiec P, Santos J, Chioncel O,
Duplyakov D, Bertelli L, Dikic AD, Studenčan M, Bunc M, Alfonso F, Bäck M, Zellweger
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