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Abstract

Aims Dual-antiplatelet therapy (DAPT) with aspirin and a potent P2Y12 inhibitor is the standard treatment for patients with acute
coronary syndrome (ACS) undergoing percutaneous coronary intervention (PCI). De-escalation of the potent P2Y12 inhib-
tor is an appealing concept to balance the ischaemic and bleeding risks after PCI. An individual patient data meta-analysis was
performed to compare de-escalation versus standard DAPT in patients with ACS.

Methods and
results

Electronic databases, including PubMed, Embase, and the Cochrane database, were searched to identify randomised clinical trials
(RCTs) comparing the de-escalation strategy with the standard DAPT after PCI in patients with ACS. Individual patient-level data
were collected from the relevant trials. The co-primary endpoints of interest were the ischaemic composite endpoint (a composite
of cardiac death, myocardial infarction, and cerebrovascular events) and bleeding endpoint (any bleeding) at 1-year post-PCI. Four
RCTs (the TROPICAL-ACS, POPular Genetics, HOST-REDUCE-POLYTECH-ACS, and TALOS-AMI trials) including 10 133 pa-
tients were analysed. The ischaemic endpoint was significantly lower in the patients assigned to the de-escalation strategy than in
those assigned to the standard strategy (2.3% vs. 3.0%, hazard ratio [HR] 0.761, 95% confidence interval [CI] 0.597-0.972, log
rank P= 0.029). Bleeding was also significantly lower in the de-escalation strategy group (6.5% vs. 9.1%, HR 0.701, 95% CI 0.606-
0.811, log rank P< 0.001). No significant intergroup differenceswere observed in terms of all-cause death andmajor bleeding events.
Subgroup analyses revealed that compared to guided de-escalation, unguided de-escalation had a significantly larger impact on bleed-
ing endpoint reduction (P for interaction= 0.007); no intergroup differences were observed for the ischaemic endpoints.

Conclusion In this individual patient data meta-analysis, DAPT-based de-escalation was associated with both decreased ischaemic and bleed-
ing endpoints. Reduction in bleeding endpoints was more prominent for the unguided than the guided de-escalation strategy.

Study
registration
number

This study was registered in the PROSPERO (ID: CRD42021245477).
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Structured Graphical Abstract

What is the impact of dual antiplatelet therapy-based de-escalation strategy on ischaemic and bleeding risks, in patients with acute
coronary syndrome?

lower in the de-escalation antiplatelet strategy group compared to the standard antiplatelet strategy group.

De-escalation of dual antiplatelet therapy compared with standard strategy may be a safe method which reduced both ischaemic and 
bleeding endpoints in patients with acute coronary syndrome who receive percutaneous coronary intervention.

Key Question

Key Finding

Take Home Message

Individual patient-level data from 4 randomized clinical trials
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A total of 10 133 patients from four randomized clinical trials were analysed. During the first year after percutaneous coronary intervention, the
de-escalation strategy was associated with a lower risk of the ischaemic and bleeding endpoints. The absolute risk difference of endpoints between
the two astrategies was 0.69% for the ischaemic endpoint and 2.48% for the bleeding endpoint. CI, confidence interval; DAPT, dual antiplatelet
therapy; HR, hazard ratio.

Keywords De-escalation • Antiplatelet therapy • Acute coronary syndrome • Ischemic outcome • Bleeding outcome

Introduction
Dual antiplatelet therapy (DAPT), consisting of aspirin and a potent
P2Y12 inhibitor, is the standard treatment strategy after percutaneous
coronary intervention (PCI) for patients with acute coronary syndrome
(ACS).1 Platelet inhibition for reducing thrombotic complications is es-
sential within the first year after PCI, especially in those with high
thrombotic risk such as ACS. Although potent P2Y12 inhibitors have

proven beneficial for reducing the ischaemic outcomes, they are inher-
ently associated with an increased risk of bleeding. Bleeding complica-
tions in these patients are not benign, because they have been
associated with higher mortality andmorbidity.2 The increased bleeding
risk can particularly outweigh the thrombotic risk after the acute phase
when thrombotic risk significantly decreases.3

Various antiplatelet strategies have been studied to reduce adverse
outcomes by taking into account the change over time in the
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thrombotic and bleeding risks and balance the relative trade-off.3

Among these, DAPT de-escalation, which is defined as switching be-
tween oral P2Y12 inhibitors from a more potent to a less potent
agent, may be a promising method and has been evaluated in various
trials.4 Such de-escalation strategies, including both guided and un-
guided, have been included in the recent guidelines.1,5 Previous study-
level meta-analyses of randomized clinical trials (RCTs) have reported
the outcomes of de-escalation strategies. However, these analyses fo-
cused on vastly heterogeneous strategies, wherein obtaining meaning-
ful insights into the individual strategies was prohibitive.6–8 Because of
the inherent limitation of study-level analyses, investigators could not
account for the time-dependent risk of de-escalation nor could they
assess heterogeneity among studies for various outcomes. The ab-
sence of patient-level data prohibits the assessment of various charac-
teristics that are related to safety and efficacy outcomes, including the
individual ischaemic and bleeding risk profile.9,10 The availability of in-
dividual data would allow the investigation of the association of these
factors with de-escalation on adverse events and identification of
those who could benefit the most from de-escalation.11 A patient-
level analysis based on a large cohort is needed to provide more in-
sights into the impact of de-escalation strategies on thrombotic and
bleeding risks. Given the clinical importance of understanding the po-
tential benefits and safety of de-escalation strategies in patients with
ACS, we aimed to conduct an individual patient meta-analysis of
RCTs evaluating a DAPT de-escalation strategy in patients with
ACS. We also performed landmark analyses of the de-escalation
time points and subgroup analyses to compare different de-escalation
methods, including guided and unguided de-escalation.

Methods
Search strategy and selection criteria
This individual patient data meta-analysis was performed in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines. The protocol was prospectively registered in the PROSPERO
registry (ID: CRD42021245477). We searched the PubMed, Embase, and
Cochrane databases to identify RCTs that evaluated the efficacy and safety
of de-escalation strategies which were published before 31 December
2021. We used the following search terms: (‘acute coronary syndrome’
OR ‘ACS’ OR ‘myocardial infarction’) AND (‘primary’ OR ‘percutaneous
coronary intervention’ OR ‘PCI’) AND (‘de-escalation’ OR ‘guided’ OR
‘guide’) AND (‘antiplatelet’OR ‘P2Y12 inhibitor’OR ‘P2Y12’OR ‘dual anti-
platelet therapy’ OR ‘DAPT’). Multicentre RCTs that included more than
1000 patients were included, while there were no language restrictions.
Two authors (J.K. and J.C.) independently identified the studies that met
the search criteria. Only published studies were included in the analysis; ab-
stracts or conference presentations were not included. Conflicts over inclu-
sion were resolved by consensus with a third author (K.W.P.). All studies
were reviewed to identify any irrelevant duplicated studies. Four trials
met the search criteria, and individual patient-level data were obtained
from them. The search strategy is provided in the Supplementary
Appendix. These data were reviewed by each trial investigator and com-
pared with the data from previously published trials.

Study endpoints
The co-primary endpoints for this analysis were ischaemic and bleeding
endpoints at 12 months post-PCI. The ischaemic endpoint was a composite
of cardiovascular death, non-fatal myocardial infarction, and cerebrovascu-
lar events. The bleeding endpoint comprised type 2 or higher bleeding
events (according to the Bleeding Academic Research Consortium
[BARC] criteria) or major or minor bleeding events (according to the

Platelet Inhibition and Patient Outcomes [PLATO] criteria). The secondary
endpoints were the individual components of the primary endpoints, such
as all-cause death, myocardial infarction, stent thrombosis, repeat revascu-
larization, stroke, major bleeding (type 3 or 5 [according to the BARC cri-
teria] or major [according to the PLATO criteria]). The endpoints in each
trial were defined according to the definitions used in the original trials and
are provided in Supplementary Appendix.

Landmark analyses were pre-specified and performed to consider the
potential impact of specific de-escalation timepoints on the clinical end-
points. Subgroup analyses of the primary endpoint were performed for
key pre-specified clinical subgroups, which included those classified by
age, sex, renal function, diabetes status, and angiographic vessel disease.
The interactions between the subgroup status and the treatment effect
were tested.

Data analysis
An individual participant data meta-analysis was planned with comparisons
performed on an intention-to-treat basis. All patients received PCI for the
treatment of ACS, and the time point 0 for the analysis was the point of ran-
domization (after index PCI but before discharge), except for the
TALOS-AMI trial in which randomization occurred 30± 7 days post-PCI.
For the TALOS-AMI trial, we used the time of PCI as time point 0 because
the trial reported all events that occurred after PCI but before randomiza-
tion. Continuous variables are presented as mean± standard deviation,
while categorical variables are expressed as counts and percentages.
Continuous variables were compared using Student’s t-test, while categor-
ical variables were compared using the χ2 test. Adjustment for multiple hy-
pothesis testing was not performed. Event rates were calculated using the
Kaplan–Meier method, and a Cox proportional hazard regression model was
used to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs).
The HRs, 95%CIs and P-values were calculated by the competing risk analysis
based on the Fine and Gray method. The 95% CIs for secondary endpoints
were not adjusted for multiple testing. The primary analysis was based on a
one-stage approach, which simultaneously included all data from the trials
using a fixed-effect and random-effect Cox regression model stratified by
each trial. Subsequently, a two-stage analysis of the primary endpoints was
performed through a trial-level approach with an inverse-variance method,
based on the DerSimonian–Laird estimator for combining the trial-level esti-
mates. A heterogeneity analysis was performed across the included trials by
testing for an interaction between the trial and the treatment effect of the
primary endpoint; this analysis was performed using the two-stage
fixed-effects model with the I2 statistic and Cochran’s Q test.

A Bayesian analysis of the co-primary endpoints at the timepoint of
12 months after randomization was also performed, assuming a non-
informative prior with a uniform distribution of 0 to 1. The probabilities
of absolute risk differences of 0.0%, at least 1.0%, and 2.5% in the primary
endpoints between the two treatment arms were determined through
Bayesian analysis. A two-sided P-value of <0.05 was considered significant
for all tests. All analyses were performed using CRAN R version 4.0.1 (R
Foundation for Statistical Computing, Vienna, Austria).

Results
Our initial search yielded 1143 results; after applying the selection cri-
teria, four RCTs (the TROPICAL-ACS, POPular Genetics,
HOST-REDUCE-POLYTECH-ACS, and TALOS-AMI trials) were final-
ly included in our meta-analysis (Figure 1). The detailed data for each
trial are provided in Supplementary Appendix. Individual patient-level
data were collected from all four RCTs. Among these RCTs, two eval-
uated guided de-escalation (the TROPICAL-ACS and POPular
Genetics trials), while two evaluated unguided de-escalation (the
HOST-REDUCE-POLYTECH-ACS and TALOS-AMI trials). All studies
were considered to have a low bias risk (Supplementary Appendix).
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The baseline characteristics of the pooled total population are pre-
sented in Table 1. A total of 10 133 patients were analysed, among
which 5065 and 5068 patients were included in the de-escalation group
(de-escalation DAPT strategy implemented) and the standard group
(standard DAPT strategy implemented), respectively. During the
1-year follow-up period, 140 patients (2.8%) and 146 patients (2.9%)
were lost to follow-up in the de-escalation group and the standard
group, respectively. Adherence to the allocated medication was mar-
ginally higher in the de-escalation group (93.1% vs. 92.1%, P= 0.049).
The median age of the total population was 57.8 years, and 86.0%

were diagnosed with acute myocardial infarction, 25.1% had diabetes
mellitus, and 15.4% had a three-vessel disease. At the index PCI, the
left anterior descending artery was treated in 45.8% of the patients,
and 1.4± 0.8 stents were implanted per patient.

Clinical endpoints
During the median follow-up duration of 365 days (interquartile range
[IQR]: 351–365 days), the cumulative incidence of the ischaemic end-
point was 2.3% (95% CI 1.9%–2.8%) in the de-escalation group and

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
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3.0% (95% CI 2.6%–3.5%) in the standard group (HR 0.761, 95% CI
0.597–0.972; log-rank P= 0.029; Figure 2A). Two-stage approaches
yielded very similar results with no inter-trial heterogeneity observed
(I2= 0%, τ2= 0%, Cochran’s Q= 0.30, and P= 0.959; Supplementary
Appendix). The cumulative incidence of the bleeding endpoint was
6.5% (95% CI 5.8%–7.1%) in the de-escalation group and 9.1% (95%
CI 8.3%–9.9%) in the standard group (HR 0.701, 95% CI 0.606–
0.811; log-rank P< 0.001; Figure 2B). There was a trend for inter-trial
heterogeneity, which did not reach the level of statistical significance
(I2 = 56.6%, Cochran’s Q= 6.91, and P= 0.075; Supplementary
Appendix). The absolute risk differences at 12 months were 0.7%
(95% CI 0.3%–1.1%) for the ischaemic endpoint and 2.6% (95% CI
1.9%–3.3%) for the bleeding endpoint. The cumulative incidences of
the secondary endpoints are shown in Table 2, along with the competing
risk for all endpoints except for mortality. The 1-year mortality rate was
similar between the de-escalation and standard groups (1.0% [51/5065]
vs. 1.1% [55/5068]; HR 0.925, 95% CI 0.632–1.354, log-rank P= 0.687).
The incidence of ischaemic endpoints, including non-fatal myocardial in-
farction, cerebrovascular events, repeat revascularisation and stent throm-
bosis, were also similar between the de-escalation and standard groups.
For major bleeding events, the incidence was numerically lower in the de-
escalation group, but the difference did not reach statistical significance.
No significant inter-trial heterogeneity was observed for the secondary
endpoints in a two-staged approach (Supplementary Appendix).

As a sensitivity analysis, a landmark analysis was performed at the
specific time point of de-escalation, which was unique for each study.
Overall, the results were consistent with the original analysis. The risks

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

Table 1 Baseline characteristics of the total population

De-escalation
(n= 5065)

Standard
(N= 5068)

Demographics and comorbidities

Age, years 59.9± 10.5 59.7± 10.7

Male sex 4136 (81.7%) 4108 (81.1%)

Ethnicity

Caucasian 2486 (49.1%) 2488 (49.1%)

African 4 (0.1%) 3 (0.1%)

Arabian 14 (0.3%) 7 (0.1%)

Asian 2531 (50.0%) 2530 (49.9%)

Latin 11 (0.2%) 14 (0.3%)

Others 19 (0.4%) 26 (0.5%)

Height, cm 172± 9 172± 9

Body weight, kg 80.7± 14.9 80.6± 15.1

Body surface area, m2 1.96± 0.21 1.96± 0.21

Diabetes mellitus 1264 (25.0%) 1272 (25.1%)

Hypertension 2702 (53.4%) 2723 (53.7%)

Dyslipidaemia 2351 (46.4%) 2356 (46.5%)

Current smoking 1168 (23.1%) 1155 (22.9%)

Chronic kidney disease 857 (16.9%) 818 (16.2%)

Previous PCI 440 (8.7%) 480 (9.5%)

Previous CABG 65 (1.3%) 79 (1.6%)

Clinical indication of PCI

Unstable angina 689 (13.6%) 732 (14.4%)

NSTEMI 1496 (29.5%) 1494 (29.5%)

STEMI 2880 (56.9%) 5722 (56.1%)

Laboratory results

Haemoglobin, g/dl 13.1± 2.8 13.0± 2.8

Creatinine, mg/dl 0.95± 0.52 0.95± 0.48

Antiplatelet agent at discharge

Aspirin 5010 (99.2%) 5012 (99.2%)

P2Y12 inhibitor

Clopidogrel 718 (14.2%) 114 (2.2%)

Prasugrel 2449 (48.4%) 2467 (48.7%)

Ticagrelor 1888 (37.3%) 2477 (48.9%)

Antiplatelet agent at the de-escalation period

Aspirin 4980 (98.3%) 5010 (98.9%)

P2Y12 inhibitor

Clopidogrel 2835 (56.0%) 205 (4.0%)

Prasugrel 1611 (31.8%) 2345 (46.3%)

Ticagrelor 542 (10.7%) 2486 (49.1%)

Continued

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

Table 1 Continued

De-escalation
(n= 5065)

Standard
(N= 5068)

Angiographic data per patient

Extent of CAD

1-vessel disease 2222 (58.4%) 2220 (58.2%)

2-vessel disease 1013 (26.5%) 1004 (26.3%)

3-vessel disease 582 (15.2%) 591 (15.5%)

Left main disease 121 (2.4%) 108 (2.1%)

Total number of
implanted stents

1.0 [IQR 1.0–2.0] 1.0 [1.0–2.0]

Total number of
implanted stents ≥3

1545 (30.5%) 1571 (31.0%)

PCI-treated coronary artery

Left main 90 (1.8%) 83 (1.8%)

Left anterior descending
artery

2341 (46.2%) 2297 (45.3%)

Left circumflex artery 887 (17.5%) 965 (19.0%)

Right coronary artery 1740 (34.4%) 1695 (33.4%)

CABG, coronary artery bypass graft surgery; CAD, coronary artery disease; NSTEMI,
non-ST-elevation myocardial infarction; PCI, percutaneous coronary intervention;
STEMI, ST-elevation myocardial infarction.
Data are presented as mean± standard deviation, n (%), or median [interquartile
range].
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of the ischaemic endpoint (HR 0.768, 95%CI 0.595–0.991; log-rank P=
0.041) and the bleeding endpoint (HR 0.693, 95% CI 0.596–0.807; log-
rank P< 0.001) were significantly lower in the de-escalation group than
in the standard group (Supplementary Appendix).

Bayesian analysis revealed that the absolute risk difference for the
bleeding events between the two groups was 2.48% (95% credible
interval: 1.47%–3.51%). The probability that the bleeding events were
more common in the standard group was 99.9%. More specifically,

there was a 99.8% probability that the absolute risk difference in the
bleeding events was at least 1.0%, and a 48.3% probability that the ab-
solute risk difference for the bleeding events was at least 2.5%.
Furthermore, the absolute risk difference for the ischaemic events be-
tween the two groups was 0.69% (95% credible interval: 0.07%–1.31%).
The probability that the ischaemic events were more common in the
standard group was 98.5%, with a 16.2% probability that the absolute
risk difference was at least 1.0% (Figure 3).

Figure 2 Cumulative analysis of the ischaemic endpoint and bleeding endpoint. The Kaplan–Meier analysis curves of patients who received de-
escalation strategy and standard strategy are shown for the ischaemic endpoint (A) and bleeding endpoint (B).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 2 Clinical outcomes of the intention-to-treat population

De-escalation (N= 5065) Standard (N= 5068) P-valuea Hazard ratiob

(95% confidence interval)
P-valueb

% (No. of patients)*

Primary endpoints

Ischaemic endpointc 2.3% (114) 3.0% (149) 0.029 0.76 (0.60–0.97) 0.029

Bleeding endpointd 6.5% (312) 9.1% (438) <0.001 0.70 (0.61–0.81) <0.001

All-cause death 1.0% (51) 1.1% (55) 0.698 0.92 (0.63–1.35) 0.687

Cardiovascular death 0.5% (26) 0.7% (38) 0.133 0.68 (0.41–1.12) 0.132

Non-cardiovascular death 0.5% (25) 0.3% (17) 0.215 1.46 (0.79–2.71) 0.222

Non-fatal myocardial infarction 1.2% (62) 1.6% (82) 0.094 0.75 (0.54–1.05) 0.089

Cerebrovascular events 0.6% (30) 0.8% (39) 0.278 0.77 (0.48–1.24) 0.273

Major bleedinge 1.2% (60) 1.4% (71) 0.335 0.84 (0.60–1.19) 0.314

Any revascularization 2.4% (121) 2.3% (119) 0.892 1.01 (0.79–1.31) 0.914

Stent thrombosis 0.2% (8) 0.2% (11) 0.492 0.73 (0.29–1.80) 0.486

aThe P value in the fourth column are the values form the χ2 test.
bThe hazard ratio and P-values in the sixth column were calculated by the competing risk analysis based on the Fine and Gray method. The 95% confidence intervals for secondary end
points have not been adjusted for multiple testing.
cPrimary ischaemic endpoint is defined as a composite of cardiac death, non-fatal myocardial infarction, cerebrovascular events, and major bleeding events (BARC type ≥3).
dPrimary bleeding endpoint was defined as type 2, 3, or 5 bleeding events according to the BARC criteria or minor and major bleeding according to the PLATO criteria.
eMajor bleeding was defined as bleeding events defined as type 3 or 5 according to the BARC criteria or major bleeding according to the PLATO criteria.
*Clinical endpoints were evaluated in the intention-to-treat population at 12 months after index PCI. The percentages shown are Kaplan–Meier estimates.

6 J. Kang et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article/doi/10.1093/eurheartj/ehac829/7072382 by Seoul N
ational U

niversity Library user on 08 M
arch 2023



Subgroup analyses
Results of a comparison of the treatment effects between the de-
escalation strategy and the standard therapy for key subgroups are
presented in Figure 4. No statistically significant heterogeneity was ob-
served for the ischaemic and bleeding endpoints across the clinical sub-
groups, including those classified by age, diabetes, hypertension, renal
function, smoking, clinical presentation as ST-elevation myocardial in-
farction, angiographic vessel disease, stent number, and the initial
P2Y12 inhibitor usage. However, the impact of bleeding risk reduction
by de-escalation was numerically larger when de-escalation was per-
formed from ticagrelor to clopidogrel as compared to de-escalation
from prasugrel to clopidogrel. Also, a significant interaction was found
between the bleeding endpoints and the type of de-escalation strategy
used (i.e. guided or unguided; P for interaction= 0.007). Unguided
de-escalation and guided de-escalation reduced the bleeding events
by 50% (HR 0.50, 95% CI 0.38–0.67, P< 0.001) and 21% (HR 0.79,
95% CI 0.67–0.94, P= 0.008) of the patients, respectively.

Discussion
In this meta-analysis, we analysed individual patient-level data from four
RCTs. The analysis included 10 133 patients who were randomised to
either the de-escalation DAPT strategy or the standard DAPT strategy
after PCI for ACS. The main findings of the current study are as follows:
(i) de-escalation was associated with a significant reduction in both the
ischaemic and bleeding events, (ii) there was no significant difference in
mortality between the two strategies, (iii) in a landmark analysis per-
formed from the actual timepoint of de-escalation, which was unique
for each trial, the beneficial effect of de-escalation for the ischaemic
and bleeding events was consistent, and (iv) compared to guided
DAPT de-escalation, unguided universal DAPT de-escalation was asso-
ciated with a significantly larger reduction in bleeding (Structured
Graphical Abstract).

In patients with ACS receiving PCI, the combination of aspirin and a
potent P2Y12 receptor inhibitor is one of the key components of med-
ical therapy. Due to the heightened thrombotic risk in ACS, potent
P2Y12 inhibitors, such as prasugrel and ticagrelor, are recommended
due to their enhanced potency and decreased variability of platelet in-
hibition.12 Although the use of potent agents significantly reduced the
ischaemic events, this came at the cost of increased bleeding.
Moreover, previous studies have shown that the impact of major bleed-
ing on mortality after PCI is comparable to that of recurrent thrombot-
ic events, further supporting the clinical necessity to reduce both
ischaemic and bleeding risks.13,14 Therefore, there is a need for novel
antithrombotic strategies, where the combined risk of ischaemia
and bleeding can be minimized.15 In this regard, de-escalation of
the potent P2Y12 inhibitor may be a potential solution. The concept
of de-escalation is based on the hypothesis that there is a temporal
change in the risk of ischaemia and bleeding after PCI over time.
The risk of thrombosis is the greatest immediately after PCI.
However, it rapidly decreases along with the stabilization of the pa-
tient and the lesion.16 However, the bleeding risk is maintained or
does not decline at the rate that the ischaemic risk declines.
Therefore, the relative impact of the bleeding risk increases, justifying
a de-escalation strategy.17,18 The interindividual variability in the re-
sponse to clopidogrel also serves to justify the requirement of de-
escalation.17 Numerous modifiable and unmodifiable factors (includ-
ing the genetic polymorphisms of CYP2C19) may reduce the response
to clopidogrel, which is associated with an increased risk of ischaemic

events. These carriers of CYP2C19 loss-of-function alleles may be the
patients that need potent P2Y12 inhibitors. However, for patients
that may achieve sufficient platelet inhibition with clopidogrel, pre-
scribing a potent P2Y12 inhibitor may expose them to unnecessary
bleeding risk.

Multiple RCTs have shown promising results supporting de-
escalation and such a strategy is commonly adopted in clinical prac-
tice.19 Consequently, de-escalation is backed by recent guidelines,
which state that de-escalation may be considered as an alternative
DAPT strategy, especially for ACS patients deemed unsuitable for po-
tent platelet inhibition.1,5 A few study-level analyses have addressed the
outcomes of de-escalation but until now, there has been no individual
patient-level analysis of de-escalation. A well-designed patient-level ana-
lysis has several advantages, such as using common definitions and
time-to-event data for estimating the survival of multiple studies.20

In the current analysis, we obtained patient-level data from four
RCTs; each RCT compared a de-escalation DAPT strategy with a
standard DAPT strategy. The TROPICAL-ACS trial was the first study
to evaluate the safety and efficacy of guided de-escalation. In that study,
de-escalation was guided by platelet function testing (PFT); all patients
were started on prasugrel for 1 week and then switched to clopidogrel.
Prasugrel was re-prescribed only in those with a high platelet reactivity
to clopidogrel.21 The study showed that PFT-guided de-escalation of
P2Y12 inhibitor therapy was non-inferior to standard prasugrel therapy
for preventing thrombotic events, with a similar rate of bleeding. The
POPular Genetics trial evaluated a CYP2C19 genotype-guided de-
escalation strategy in patients with ST-elevation myocardial infarction.
In the genotype-guided strategy group, CYP2C19 genotyping was per-
formed; the carriers of the CYP2C19 loss-of-function allele were trea-
ted with ticagrelor or prasugrel, while non-carriers (CYP2C19*1/*1)
were treated with clopidogrel.22 No significant intergroup difference
was observed in the ischaemic outcome, while the bleeding outcome
was significantly decreased by 22% in the genotype-guided de-
escalation group. The HOST-REDUCE-POLYTECH-ACS trial evalu-
ated an unguided prasugrel-based dose de-escalation strategy.23 One
month after the index PCI, the de-escalation group received a prasugrel
daily dose de-escalated from 10 to 5 mg. The rate of ischaemic out-
comes was similar between the prasugrel-based de-escalation strategy
and standard strategy groups, while the de-escalation group experi-
enced a 52% bleeding risk reduction. Finally, the TALOS-AMI trial eval-
uated an unguided ticagrelor-based de-escalation strategy.24 At
1-month post-PCI, ticagrelor was switched to clopidogrel in the de-
escalation group. Between the de-escalation strategy group and the
standard strategy group, there was no significant difference in the
composite ischaemic outcome, while bleeding occurred less frequent-
ly in the de-escalation group (relative risk reduction of 48%).
Collectively, all trials showed no difference in ischaemic outcomes;
however, the bleeding complications were reduced by the de-
escalation strategy in three trials. Of note, the TOPIC trial also eval-
uated unguided de-escalation.25 The results in this trial were mostly in
line with the current analysis, reporting that switching a potent P2Y12
inhibitor to clopidogrel at 1 month after PCI reduced bleeding with-
out a significant increase in ischaemic outcomes in ACS patients.
However, the trial was a single centre study with only 646 patients en-
rolled and therefore was not included in the current analysis. Further,
the TOPIC trial lacked data regarding clinical events that occurred
within the first month after PCI.

According to the concept of de-escalation, it would seem appropri-
ate that de-escalation would only reduce the bleeding complications
and may have adverse effects on the ischaemic endpoints. However,
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previous RCTs did not show that the de-escalation strategy has a haz-
ardous effect on the ischaemic risk, while a comprehensive evaluation
of the true effect of de-escalation was difficult due to the distinct
definition of ischaemic endpoints. In the current analysis, to evaluate
the impact of platelet-centric ischaemic endpoints, we defined ischae-
mic endpoints as a composite of cardiac death, myocardial infarction,
and cerebrovascular events. Our analysis showed that de-escalation
was associated with a significantly reduced risk of platelet-centric is-
chaemic endpoints. A reduction in both the bleeding and ischaemic

endpoints, which seems counterintuitive theoretically, is a phenom-
enon that has been observed in other trials.26,27 This can be explained
in several ways. First, compliance with antiplatelet agents can be poor in
those who experience bleeding events, leading to increased ischaemic
endpoints. Second, various clinical factors (such as old age and chronic
kidney disease) are associated with increased ischaemic and bleeding
risks, therefore patients with these risk factors are at risk for various
adverse events. Meticulous medical treatment in these patients would
reduce both ischaemic and bleeding events. Third, cardiac death, by

Figure 3Density plot of the risk difference of ischaemic and bleeding endpoints. The absolute risk difference of (A) ischaemic risk and (B) bleeding risk
between the two strategies was calculated using the Bayesian analysis. The risk difference for endpoints were calculated at the timepoint of 12 months
post-randomization between the two treatment arms.
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Figure 4 Subgroup analysis. Comparison of the treatment effects for the ischaemic endpoint (A) and the bleeding endpoint (B) between the
de-escalation strategy and the standard therapy for the key subgroups.
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definition, is an ischaemic endpoint that may originate from a bleeding
complication. Therefore, reducing the risk of bleeding may be asso-
ciated with a reduction in cardiac death events.

In subgroup analysis, the treatment effect was consistent between
various subgroups, with no significant interaction. However, the impact
of bleeding risk reduction by unguided universal DAPT de-escalation
was significantly larger compared to guided DAPT de-escalation. This
may be due to the fact that in the guided studies, the bleeding reduction
benefit of patients that received guided de-escalation is offset by those
who are deemed to be poor clopidogrel responders and continue to
receive potent P2Y12 inhibitors. Also, because the two universal
de-escalation studies were both conducted in Asians, who have a lower
ischaemic risk, the better efficacy needs to be interpreted with caution
and cannot be extrapolated to other ethnicities or to those with high is-
chaemic risk. Additionally, the timing of de-escalation should be consid-
ered in interpreting the results. For guided de-escalation trials, the
de-escalation timing was 48 h post-PCI (POPular Genetics) and 2 weeks
post-PCI (TROPICAL-ACS), while that for unguided de-escalation trials
were both 1-month post-PCI (HOST-REDUCE-POLYTECH-ACS,
TALOS-AMI). Although subgroup analysis showed no significant inter-
action between guided vs. unguided de-escalation and the ischaemic
endpoint, an early unguided de-escalation may be harmful, especially in
the early period after ACS, when the high ischaemic risk persists.
Interestingly, bleeding risk reduction by de-escalation was numerically lar-
ger when de-escalation was performed from ticagrelor to clopidogrel as
compared to de-escalation from prasugrel to clopidogrel. Such observa-
tion is in line with results from a previous trial which showed that prasu-
grel was associated with a lower bleeding risk than ticagrelor.28

Although guided and unguided de-escalation were similar with re-
gard to ischaemic endpoints, significant improvements in the selection
of patients in the guided approach could lead to better clinical out-
comes. In particular, if early de-escalation is considered in patients at
higher ischaemic risk, unguided de-escalation has the potential risk of
increasing the risk of ischaemic adverse events. A previous study has
shown that integrating clinical risk factors with genotyping could predict
high on-treatment platelet reactivity, which may be used to increase the
precision of selecting patients for guided de-escalation.29

Collectively, our findings show that compared to the standard DAPT
strategy, de-escalation of the potent P2Y12 inhibitor provides clinical
benefit where both ischaemic and bleeding events are decreased.

Limitations
There are important limitations that should be noted in the current
study. First, our study only focused on DAPT de-escalation during
the first year after index PCI. Recently, some studies have focused on
potent P2Y12 inhibitor monotherapy after ultra-short-term DAPT
within the first year after PCI, the so-called ‘early P2Y12 monother-
apy’.26 The safety and efficacy of early P2Y12 monotherapy, with re-
spect to those of the DAPT de-escalation therapy, are beyond the
scope of the current study. Second, the definition of clinical outcomes
may differ between the trials; however, the endpoints that we analysed
were hard endpoints that were free from such bias. Periprocedural
myocardial infarction was excluded from the primary ischaemic end-
point, and we performed a landmark analysis as a sensitivity analysis
to confirm the consistency of our findings. Third, we could not analyse
the impact of the procedural complexity of PCI. It is well known that
patients who receive complex PCI might require a stronger antiplatelet
strategy. Our database lacked specific procedural information; there-
fore, we could not analyse the impact of the de-escalation DAPT

strategy in the complex PCI subgroup. Furthermore, we could not ob-
serve interactions between the complex PCI factors, including patients
who received left main stenting, those with three-vessel disease, or
those in whom more than two stents were implanted. Fourth, guided
de-escalation RCTs were performed in Europe, while unguided de-
escalation RCTs were performed in East Asia. Because the relative
ischaemia–bleeding trade-off may be slightly different according to eth-
nicity, such differences may have affected the results of the analysis. As
such, the generalizability of the current findings may be limited. Finally,
although the concepts of guided and unguided de-escalation could be
compared in the current study, a conclusion on which is the optimal de-
escalation strategy cannot be drawn from the current data. This is be-
cause the individual trials used different P2Y12 inhibitors, and the timing
of de-escalation was not the same. Guiding still seems to be potentially a
safer strategy, particularly if considering early de-escalation or even if
later in a population at higher ischaemic risk.

Conclusion
In conclusion, the de-escalation DAPT strategy compared with a stand-
ard DAPT strategy was associated with reductions in both the ischae-
mic and bleeding endpoints in patients with ACS who underwent PCI.
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