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Background: The role of transitioning from short dual
antiplatelet therapy (DAPT) to potent P2Y12 inhibitor
monotherapy in patients with acute coronary syn-
drome (ACS) undergoing drug-eluting stent (DES)
implantation remains inconclusive.

Purpose: To compare the effects of de-escalating
DAPT to ticagrelor monotherapy versus standard
DAPT from randomized clinical trials in patients
with ACS.

Data Sources: PubMed, EMBASE, Scopus, and
ClinicalTrials.gov from inception to 12 December 2024.

Study Selection: Randomized clinical trials comparing
de-escalating DAPT to ticagrelor monotherapy ver-
sus ticagrelor-based standard DAPT for 12 months,
specifically in patients with ACS undergoing DES
implantation.

Data Extraction: The coprimary end points were an
ischemic end point (composite of death, nonproce-
dural [spontaneous] myocardial infarction, or stroke)
and a bleeding end point (Bleeding Academic
Research Consortium types 3 or 5 bleeding).

Data Synthesis: Individual patient data were obtained
from 3 trials (TICO [Ticagrelor Monotherapy After
3 Months in the Patients Treated With New Generation
Sirolimus-Eluting Stent for Acute Coronary Syndrome],
T-PASS [Ticagrelor Monotherapy in Patients Treated
With New-Generation Drug-Eluting Stents for Acute
Coronary Syndrome], and ULTIMATE-DAPT [Ticagrelor

alone versus ticagrelor plus aspirin from month 1 to
month 12 after percutaneous coronary intervention
in patients with acute coronary syndromes]), includ-
ing 9130 randomized patients with ACS; 3132 had
ST-segment elevation myocardial infarction (STEMI),
3023 had non-STEMI (NSTEMI), and 2975 had unsta-
ble angina. The rate of the primary ischemic end
point was not different between the ticagrelor mono-
therapy and standard DAPT groups (1.7% vs. 2.1%;
hazard ratio [HR], 0.85 [95% CI, 0.63 to 1.16]). The
rate of the primary bleeding end point was lower in
the ticagrelor monotherapy group (0.8% vs. 2.5%;
HR, 0.30 [CI, 0.21 to 0.45]). These findings were con-
sistent in patients with STEMI, NSTEMI, and unstable
angina.

Limitation: Other de-escalation strategies for modu-
lating antiplatelet therapy were not included.

Conclusion: In patients with ACS undergoing DES
implantation, de-escalating DAPT to ticagrelor mono-
therapy was associated with a lower risk for major
bleeding compared with standard DAPT, without an
increase in ischemic events, regardless of the type of
ACS.
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Despite advances in revascularization strategies,
antiplatelet therapy remains the cornerstone of

pharmacologic treatment for preventing ischemic
events in patients with acute coronary syndrome
(ACS) undergoing percutaneous coronary intervention
(PCI) (1–3). The current standard of care for these
patients is dual antiplatelet therapy (DAPT) consisting
of aspirin and a P2Y12 inhibitor for 12 months after
drug-eluting stent (DES) implantation (1, 2). Moreover,
potent P2Y12 inhibitors, such as ticagrelor and prasu-
grel, are preferred over clopidogrel in patients with
ACS, as randomized trials have shown that these
agents are more effective at preventing ischemic and
thrombotic events (1, 2, 4, 5). However, prolonged use

of DAPT, particularly with potent P2Y12 inhibitors,
comes at the expense of an increased risk for bleeding
complications (4–8). To balance the risk for major
bleeding and ischemic events, several de-escalation
strategies for modulating antiplatelet therapy have
been proposed (6–8). One approach that has gained
popularity is transitioning after an obligate period of
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short DAPT to P2Y12 inhibitor monotherapy, which
aims to reduce aspirin-associated bleeding while pre-
serving the anti-ischemic benefits of antiplatelet ther-
apy (6–15). Several meta-analyses have reaffirmed the
effects of P2Y12 inhibitor monotherapy after DAPT
de-escalation; however, these studies were limited by
patient heterogeneity in clinical presentation, varia-
tions in P2Y12 inhibitor choice, differences in clinical
end points of interest, and a lack of patient-level data
(16, 17). The availability of individual patient data from
a large cohort of randomized patients with ACS who
had DES implantation and were treated with standard
DAPT, including potent P2Y12 inhibitors as recom-
mended by current guidelines, compared with de-
escalation to potent P2Y12 inhibitor monotherapy,
would allow for the use of uniform definitions for clini-
cal end points and facilitate the assessment of the
effects of potent P2Y12 inhibitor monotherapy across
various subgroups, particularly those defined by the
type of ACS (1, 2).

Toward this end, we aimed to conduct a systematic
review and individual patient data meta-analysis of
randomized clinical trials that compared the efficacy
and safety of de-escalating DAPT to ticagrelor mono-
therapy versus ticagrelor-based standard DAPT in
patients with ACS who had DES implantation. In addi-
tion, we sought to assess the consistency of these
effects across different types of ACS.

METHODS

The study protocol was prospectively regis-
tered in PROSPERO (www.crd.york.ac.uk/prospero,
CRD42024565855), and this meta-analysis was reported
in accordance with the guidelines of the PRISMA-IPD
(Preferred Reporting Items for Systematic reviews
and Meta-Analyses of Individual Participant Data)
(Supplement 1, available at Annals.org) (18).

Data Sources and Searches
We searched PubMed, EMBASE, Scopus, and

ClinicalTrials.gov from inception to 12 December
2024, without language restrictions. The detailed
search strategy is provided in Table 1 of Supplement 2
(available at Annals.org). Two investigators (Y.-J.L. and
S.-H.L.) independently determined whether the studies
met the prespecified eligibility criteria, with a third in-
vestigator (M.-K.H.) involved in cases of disagree-
ment. Only full-text published studies were included,
and reference lists of retrieved articles were manually
searched to identify additional relevant studies not
captured in the initial search.

Study Selection
A systematic review and individual patient data

meta-analysis of randomized clinical trials comparing
de-escalating DAPT to ticagrelor monotherapy versus
ticagrelor-based standard DAPT, specifically focusing
on patients with ACS undergoing DES implantation

and no restrictions on the type of ACS, was conducted.
The inclusion criteria for this analysis were randomized
clinical trial; enrollment of patients presenting with
ACS and undergoing contemporary DES implanta-
tion; comparison between ticagrelor monotherapy
after short (≤3 months) DAPT as the experimental
group and ticagrelor-based standard (12 months)
DAPT as the control group; follow-up period of at least
12 months after DES implantation; and central adjudi-
cation of clinical end points. The exclusion criteria were
nonrandomized studies; any restrictions on the type of
ACS (that is, ST-segment elevation myocardial infarc-
tion [STEMI], non-STEMI [NSTEMI], or unstable angina)
for patient enrollment; inclusion of patients presenting
with chronic coronary syndrome; inclusion of patients
requiring concurrent oral anticoagulation; comparisons
involving P2Y12 inhibitors other than ticagrelor; and
ongoing trials.

Data Extraction and Quality Assessment
The principal investigators of the eligible trials

were contacted to request individual patient data pro-
vided in an anonymized electronic data set. The
collected data were thoroughly reviewed for complete-
ness and consistency and cross-referenced with the
results of the original publications. Any missing data or
discrepancies identified during the integrity checks
were addressed by reaching out to the principal investi-
gators for clarification or additional information. Two
investigators (Y.-J.L. and S.-H.L.) independently assessed
the quality of the included trials using the Cochrane Risk
of Bias 2 Tool (19). Any disagreements were initially
resolved through discussion, with unresolved issues
referred to a third investigator (M.-K.H) for arbitration.
Each trial was approved by an ethics committee, and
all patients provided written informed consent.

Study End Points
The prespecified coprimary end points were is-

chemic and bleeding end points. The primary ischemic
end point was a composite of death, nonprocedural
(spontaneous) myocardial infarction (MI), or stroke. The
primary bleeding end point was Bleeding Academic
Research Consortium (BARC) types 3 or 5 bleeding
(20). The secondary end points were net adverse clini-
cal events, defined as the composite of the primary is-
chemic or bleeding end point (death, nonprocedural
MI, stroke, or BARC types 3 or 5 bleeding); composite
of death, nonprocedural MI, stroke, stent thrombosis,
or target vessel revascularization; composite of death
from cardiac cause, nonprocedural MI, or stroke; death;
death from cardiac cause; nonprocedural MI; stent
thrombosis; stroke; target vessel revascularization; and
BARC types 3 and 5 bleeding separately. We adhered
to the definitions used in the original trials for all clinical
end points (Table 2 of Supplement 2, available at
Annals.org) (13–15). All clinical end points were cen-
trally adjudicated in each trial by an independent
clinical end point committee, and any case of death
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in which a cardiac cause could not be clearly excluded
was judged as potentially due to a cardiac cause in all
trials (13–15). Procedural MIs were not included in the
analysis because most occurred within 48 hours of
the index PCI, during which DAPT was administered
to all patients, and were moreover only included in
1 trial (15).

Data Synthesis and Analysis
A 1-stage approach was prespecified to model

the data from all trials simultaneously in the intention-
to-treat population. Categorical variables are presented
as number (percentage) and compared using x2 test or
Fisher exact test. Continuous variables are presented as
mean (SD) or median (IQR) and compared using t test
or Mann–Whitney U test, depending on their distribu-
tion. Time-to-event outcomes of the primary and
secondary end points were estimated using the
Kaplan–Meier method. All primary analyses were
done with censoring of events that occurred during
the initial DAPT phase after DES implantation, which
was identical in both the experimental and control
groups. Consequently, only events that occurred af-
ter the time point at which each trial mandated transi-
tion from DAPT to ticagrelor monotherapy in the
experimental group were included. Data were ana-
lyzed up to the longest time point available, with tica-
grelor monotherapy according to the protocol in the
experimental group and DAPT in the control group.
Treatment effects were derived as hazard ratios (HRs)
along with their corresponding 95% CIs using a mixed-
effects Cox proportional hazards regression model, with
trial as random effect. Prespecified sensitivity analyses,
including the initial DAPT phase after DES implantation
in 2 trials where randomization was performed at the
time of index PCI, were done. Subgroup analyses for
the primary end points were done for prespecified sub-
groups based on trial, age, sex, hypertension, diabetes,
chronic kidney disease, current smoking, type of ACS,
multivessel disease, use of intravascular imaging, and
total stent length.

Confirmatory sensitivity analyses for the primary
end points, based on a 2-stage approach (study-level
meta-analyses) using an inverse-variance fixed-effect
model, were prespecified to combine trial-level esti-
mates. Heterogeneity between trials was assessed
using the I2 statistic. No imputation was done to infer
missing values. All statistical analyses were done using
SPSS, version 25.0 (IBM Corporation), and R, version
4.2.2 (R Foundation for Statistical Computing).

Role of the Funding Source
This study has no funding source.

RESULTS

Study Selection and Included Patients
Our initial search strategy identified 3015 unique cita-

tions. After screening of titles and abstracts, 16 studies

were considered potentially eligible. Of these, 13 were
excluded after full-text review: 2 involved patients pre-
senting with not only ACS but also chronic coronary syn-
drome (9, 10), 7 were subgroup analyses or ancillary
substudies of a randomized clinical trial (21–27), and 4
were reports on the study design of a randomized clinical
trial (28–31). Consequently, 3 randomized clinical trials
(TICO [Ticagrelor Monotherapy After 3 Months in the
Patients Treated With New Generation Sirolimus-Eluting
Stent for Acute Coronary Syndrome], T-PASS [Ticagrelor
Monotherapy in Patients Treated With New-Generation
Drug-Eluting Stents for Acute Coronary Syndrome], and
ULTIMATE-DAPT [Ticagrelor alone versus ticagrelor plus
aspirin frommonth 1 tomonth 12 after percutaneous cor-
onary intervention in patients with acute coronary syn-
dromes]) were deemed eligible, and individual patient
data were requested and obtained from each (Appendix
Figure 1, available at Annals.org) (13–15). Details regard-
ing the study population, stratification criteria for ran-
domization, randomized treatments, follow-up duration,
primary end point, and the risk of bias for each trial are
provided in Table 3 of Supplement 2 and Figure 1 of
Supplement 2 (available at Annals.org). All trials specifi-
cally enrolled patients with ACS who had DES im-
plantation, with no restrictions on the type of ACS.
Clinical follow-up was done up to 12 months after
PCI, with a mean follow-up duration of 358.7 (SD, 35.9)
days. Clinical outcomes were compared between tica-
grelor monotherapy after short (≤3months) DAPT in the
experimental group and ticagrelor-based standard
(12 months) DAPT in the control group. The TICO and
T-PASS trials were open-label, whereas the ULTIMATE-
DAPT trial was double-blind and placebo-controlled. A
total of 9306 patients were initially identified for the anal-
ysis; 38 (0.4%) were excluded due to premature study
termination and 138 (1.5%) due to adverse events
during the initial DAPT phase after DES implantation.
Ultimately, 9130 patients were included in the pri-
mary analysis, with 4562 (50.0%) assigned to de-esca-
lating DAPT to ticagrelor monotherapy (hereafter,
ticagrelor monotherapy) and 4568 (50.0%) to ticagre-
lor-based standard DAPT (hereafter, standard DAPT)
(Appendix Figure 2, available at Annals.org).

Patient Characteristics
The baseline characteristics of patients in the tica-

grelor monotherapy and standard DAPT groups were
not different (Table 1). The mean age of the patients
was 60.9 (SD, 10.5) years, 1925 (21.1%) patients were
women, 2679 (29.3%) had a history of diabetes, and
1027 (11.2%) had chronic kidney disease. At presen-
tation, 3132 (34.3%) patients were diagnosed with
STEMI, 3023 (33.1%) with NSTEMI, and 2975 (32.6%)
with unstable angina. Transfemoral access was used
in 2308 (25.3%) patients. Multivessel coronary artery
disease was present in 4113 (45.0%) patients, and
intravascular imaging was used in 2701 (29.6%) patients.
Multilesion andmultivessel interventions were performed

De-escalating DAPT to Ticagrelor Monotherapy in ACS REVIEW

Annals.org Annals of Internal Medicine 3

Downloaded from https://annals.org by 119.237.242.4 on 02/18/2025.

http://www.annals.org
http://www.annals.org
http://www.annals.org
http://www.annals.org


in 2039 (22.3%) and 1713 (18.8%) patients, respec-
tively, with a mean total stent length of 36.7 (SD, 20.9)
mm. Angiographic and procedural characteristics of
treated lesions at index PCI are presented in Table 4
of Supplement 2 (available at Annals.org), with no differ-
ences between the 2 groups. The baseline characteristics

according to individual trials are provided in Table 5 of
Supplement 2 (available at Annals.org).

Clinical End Points
The rate of the primary ischemic end point did not

differ between the ticagrelor monotherapy and stand-
ard DAPT groups (1.7% vs. 2.1%; HR, 0.85 [95% CI, 0.63
to 1.16]) (Table 2 and Figure 1, left). The prespecified
sensitivity analyses based on a 2-stage approach
showed consistent results for the primary ischemic
end point, with low between-trial heterogeneity (I2¼
6%) (Figure 2A of Supplement 2, available at Annals.
org). The rate of the primary bleeding end point was
lower in the ticagrelor monotherapy group com-
pared with the standard DAPT group (0.8% vs. 2.5%;
HR, 0.30 [CI, 0.21 to 0.45]) (Table 2 and Figure 1,
right). The 2-stage approach for the primary bleeding
end point showed consistent results with no between-
trial heterogeneity (I2¼ 0%) (Figure 2B of Supplement
2, available at Annals.org).

The rate of net adverse clinical events was lower in
the ticagrelor monotherapy group compared with the
standard DAPT group (2.3% vs. 4.2%; HR, 0.56 [CI,
0.44 to 0.72]) (Table 2). The rates of the composite of
death, nonprocedural MI, stroke, stent thrombosis, or
target vessel revascularization (2.8% vs. 3.5%; HR,
0.80 [CI, 0.63 to 1.03]) and of the composite of death
from cardiac cause, nonprocedural MI, or stroke (1.5%
vs. 1.8%; HR, 0.87 [CI, 0.62 to 1.21]) did not differ
between the groups. The rates of death (0.7% vs.
0.8%; HR, 0.88 [CI, 0.53 to 1.45]) and death from car-
diac cause (0.4% vs. 0.4%; HR, 0.94 [CI, 0.46 to 1.90])
did not differ between the groups. The rates of other
individual clinical end points, including nonproce-
dural MI, stent thrombosis, stroke, target vessel re-
vascularization, and BARC type 5 bleeding were not
different between the groups. However, the rate of
BARC type 3 bleeding was lower in the ticagrelor
monotherapy group compared with the standard
DAPT group (0.7% vs. 2.4%; HR, 0.29 [CI, 0.19 to
0.43]). Prespecified sensitivity analyses, including the
initial DAPT phase after DES implantation in the
TICO and T-PASS trials, yielded consistent results for
the primary and secondary end points (Table 6 of
Supplement 2, available at Annals.org).

Subgroup Analyses
The effects of ticagrelor monotherapy versus stand-

ard DAPT for the primary end points were consistent
across all prespecified subgroups, including the type of
ACS (Figure 2). In the subgroup of patients with STEMI
(a prespecified, stratified subgroup in all trials), the rate
of the primary ischemic end point did not differ between
the ticagrelor monotherapy and standard DAPT groups
(2.1% vs. 1.8%; HR, 1.17 [CI, 0.70 to 1.97]), but ticagrelor
monotherapy was associated with lower rate of the pri-
mary bleeding end point (0.6% vs. 2.2%; HR, 0.32 [CI,
0.16 to 0.65]) (Figure 3 of Supplement 2, available at
Annals.org). Similarly, no difference in the rate of the

Table 1. Baseline Characteristics

Characteristics Ticagrelor
Monotherapy
(n¼ 4562)

Standard
DAPT
(n¼ 4568)

Trial, n (%)
TICO 1453 (31.9) 1462 (32.0)
T-PASS 1409 (30.9) 1406 (30.8)
ULTIMATE-DAPT 1700 (37.3) 1700 (37.2)

Mean age (SD), y 60.9 (10.6) 60.9 (10.4)
Women, n (%) 966 (21.2) 959 (21.0)
Country of enrollment, n (%)
Korea 2862 (62.7) 2868 (62.8)
China 1476 (32.4) 1519 (33.3)
Pakistan 202 (4.4) 159 (3.5)
United Kingdom 12 (0.3) 11 (0.2)
Italy 10 (0.2) 11 (0.2)

Mean body mass index (SD), kg/m2 25.1 (3.4) 25.1 (3.5)
Hypertension, n (%) 2436 (53.4) 2475 (54.2)
Diabetes, n (%) 1342 (29.4) 1337 (29.3)
Insulin-treated diabetes, n (%) 215 (4.7) 211 (4.6)
Chronic kidney disease, n (%)* 498 (10.9) 529 (11.6)
End-stage kidney disease on dialysis,

n (%)
20 (0.4) 31 (0.7)

Dyslipidemia, n (%) 3097 (67.9) 3098 (67.8)
Current smoker, n (%) 1568 (34.4) 1576 (34.5)
Prior myocardial infarction, n (%) 230 (5.0) 228 (5.0)
Prior percutaneous coronary interven-

tion, n (%)
394 (8.6) 388 (8.5)

Prior coronary bypass graft surgery,
n (%)

13 (0.3) 16 (0.4)

Prior stroke, n (%) 254 (5.6) 258 (5.6)
Type of ACS at presentation, n (%)
ST-segment elevation MI 1572 (34.5) 1560 (34.2)
Non–ST-segment elevation MI 1554 (34.1) 1469 (32.2)
Unstable angina 1436 (31.5) 1539 (33.7)

Transfemoral access, n (%) 1161 (25.4) 1147 (25.1)
Multivessel coronary artery disease,

n (%)
2036 (44.6) 2077 (45.5)

Use of intravascular imaging, n (%) 1343 (29.4) 1358 (29. 7)
Use of intra-aortic balloon pump,

n (%)
39 (0.9) 42 (0.9)

Use of percutaneous cardiopulmonary
support, n (%)

9 (0.2) 11 (0.2)

Multilesion intervention, n (%) 1003 (22.0) 1036 (22.7)
Multivessel intervention, n (%) 837 (18.3) 876 (19.2)
Mean treated lesions per patient

(SD), n
1.3 (0.5) 1.3 (0.5)

Mean total number of stents per
patient (SD), n

1.4 (0.7) 1.4 (0.7)

Mean total stent length per patient
(SD), mm

36.9 (21.0) 36.5 (21.0)

ACS¼ acute coronary syndrome; DAPT¼ dual antiplatelet therapy; MI¼
myocardial infarction; TICO¼ Ticagrelor Monotherapy After 3 Months in
the Patients Treated With New Generation Sirolimus-Eluting Stent for
Acute Coronary Syndrome; T-PASS¼ Ticagrelor Monotherapy in Patients
Treated With New-Generation Drug-Eluting Stents for Acute Coronary
Syndrome; ULTIMATE-DAPT¼ Ticagrelor alone versus ticagrelor plus as-
pirin from month 1 to month 12 after percutaneous coronary intervention
in patients with acute coronary syndromes.
* Chronic kidney disease was defined as an estimated glomerular fil-
tration rate of <60 mL/min/1.73 m2 of body surface area.
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primary ischemic end point was observed between
the 2 groups among patients with NSTEMI (1.8% vs.
2.3%; HR, 0.80 [CI, 0.47 to 1.34]) (Figure 4A of
Supplement 2, available at Annals.org) and among
those with unstable angina (1.3% vs. 2.2%; HR, 0.62
[CI, 0.35 to 1.11]) (Figure 5A of Supplement 2, avail-
able at Annals.org). However, ticagrelor monother-
apy was associated with a lower rate of the primary
bleeding end point among patients with NSTEMI
(0.7% vs. 3.6%; HR, 0.19 [CI, 0.10 to 0.37]) (Figure 4B
of Supplement 2, available at Annals.org) and unstable
angina (0.9% vs. 1.9%; HR, 0.52 [CI, 0.27 to 0.99])
(Figure 5B of Supplement 2, available at Annals.org).

DISCUSSION

In this meta-analysis, we analyzed individual patient
data from 3 randomized clinical trials that specifically
enrolled patients with ACS undergoing DES implanta-
tion, with no restrictions on the type of ACS. The analy-
sis included 9130 patients presenting with an ACS, with
approximately 3000 patients each having STEMI, NSTEMI,
and unstable angina. All patients were randomly
assigned to either standard DAPT for 12 months or
de-escalation to ticagrelor monotherapy starting at a
few weeks to up to 3 months after PCI. Compared with
standard DAPT, ticagrelor monotherapy was associated
with a lower risk for major bleeding without increasing
the risk for ischemic events. Notably, these treatment
effects were consistent across various subgroups, includ-
ing the type of ACS, and persisted in sensitivity analyses
using the 2-stage approach. Overall, our findings sug-
gest that de-escalating DAPT to ticagrelor monotherapy
will reduce aspirin-associated major bleeding while pre-
serving the anti-ischemic benefits of antiplatelet therapy
for patients with ACS of all types undergoing DES
implantation.

Current guidelines recommend 12 months of DAPT
with aspirin and a potent P2Y12 inhibitor for patients
with ACS undergoing DES implantation (1, 2). However,
prolonged DAPT increases the risk for bleeding com-
plications, which has led to the development of various
strategies for de-escalating antiplatelet therapy (6–8).
Among these, de-escalation by discontinuation (that is,
transitioning from a short period of DAPT to single anti-
platelet therapy [either aspirin or a P2Y12 inhibitor]) has
been investigated in previous randomized clinical trials
(6, 7, 9–15, 32, 33). However, de-escalation to aspirin
monotherapy in the SMART-DATE (Safety of 6-Month
Duration of Dual Antiplatelet Therapy After Percutaneous
Coronary Intervention in Patients With Acute Coronary
Syndromes) trial and clopidogrel monotherapy in the
STOPDAPT-2 ACS (Short and Optimal Duration of Dual
Antiplatelet Therapy After Everolimus-Eluting Cobalt-
Chromium Stent-2) trial was associated with a higher
risk for ischemic events compared with 12 months of
standard DAPT in patients with ACS (32, 33).

De-escalation to potent P2Y12 inhibitor mono-
therapy (mostly with ticagrelor) has also been studied
in ACS (13–15). Ticagrelor is a reversible and direct-
acting oral antagonist of the P2Y12 receptor that
provides greater, faster, and more consistent platelet
inhibition than clopidogrel (34). Although ACS sub-
group analyses have been done in the TWILIGHT
(Ticagrelor With Aspirin or Alone in High-Risk
Patients After Coronary Intervention) and GLOBAL
LEADERS (GLOBAL LEADERS: A Clinical Study
Comparing Two Forms of Antiplatelet Therapy After
Stent Implantation) trials, which included patients with
ACS as well as chronic coronary syndrome, the safety
and efficacy of de-escalating DAPT to ticagrelor
monotherapy specifically in patients with ACS have
been examined in the previous TICO, T-PASS, and

Table 2. Clinical End Points*

Clinical End Points Ticagrelor
Monotherapy
(n¼ 4562),
n (%)

Standard
DAPT
(n¼ 4568),
n (%)

HR
(95% CI)

Primary end points
Ischemic end point (com-

posite of death, nonpro-
cedural MI, or stroke)

75 (1.7) 88 (2.1) 0.85 (0.63–
1.16)

Bleeding end point (BARC
types 3 or 5 bleeding)

33 (0.8) 108 (2.5) 0.30 (0.21–
0.45)

Secondary end points
Net adverse clinical events

(composite of death, non-
procedural MI, stroke, or
BARC types 3 or 5
bleeding)

100 (2.3) 178 (4.2) 0.56 (0.44–
0.72)

Death, nonprocedural MI,
stroke, stent thrombosis,
or target vessel
revascularization

115 (2.8) 143 (3.5) 0.80 (0.63–
1.03)

Death from cardiac cause,
nonprocedural MI, or
stroke

63 (1.5) 73 (1.8) 0.87 (0.62–
1.21)

Death 29 (0.7) 33 (0.8) 0.88 (0.53–
1.45)

Death from cardiac cause 15 (0.4) 16 (0.4) 0.94 (0.46–
1.90)

Nonprocedural MI 24 (0.6) 25 (0.6) 0.96 (0.55–
1.68)

Stent thrombosis 7 (0.2) 6 (0.1) 1.17 (0.39–
3.48)

Definite 4 5
Probable 3 1

Stroke 30 (0.7) 35 (0.8) 0.86 (0.53–
1.40)

Ischemic 18 24
Hemorrhagic 7 5
Uncertain 5 6

Target vessel
revascularization

50 (1.3) 61 (1.6) 0.82 (0.56–
1.19)

BARC type 3 bleeding 30 (0.7) 104 (2.4) 0.29 (0.19–
0.43)

Type 3a 19 48
Type 3b 6 51
Type 3c 5 5

BARC type 5 bleeding 3 (0.1) 4 (0.1) 0.74 (0.17–
3.33)

BARC¼ Bleeding Academic Research Consortium; DAPT¼ dual anti-
platelet therapy; HR¼ hazard ratio; MI¼ myocardial infarction.
* The listed percentages were estimated using the Kaplan–Meier
method, so values might not calculate mathematically.
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ULTIMATE-DAPT trials (13–15, 21, 22). These 3
randomized clinical trials were similar in enrolling
patients with ACS undergoing contemporary DES im-
plantation, had no restrictions on the type of ACS,
included a control group that received ticagrelor-based
12 months of standard DAPT after DES implantation,
and had all clinical end points centrally adjudicated by
an independent clinical end point committee (13–15).
However, the timing of randomization and primary end
point varied across these 3 trials (13–15). In the
ULTIMATE-DAPT trial, all eligible patients received
1 month of treatment with aspirin and ticagrelor after
the index PCI, and randomization was done at 1month
only in those free of major bleeding or ischemic events
(15). In contrast, randomization was done at the time of
the index PCI in the TICO and T-PASS trials, and the
data analysis included events that occurred during the
common early period of DAPT treatment, which might
have diluted both ischemic and bleeding events to the
null (13, 14). In addition, although the definitions of
the individual clinical end points were mostly consistent,
the trials used different primary composite end points
(13–15). To account for these differences, we conducted
an individual patient data meta-analysis from these 3 tri-
als and considered only events occurring after DAPT
was discontinued in the experimental group. We also
prespecified primary end points related to major bleed-
ing and ischemic events and performed subgroup anal-
yses on the basis of the type of ACS, offering insights
into the effects of de-escalating DAPT to ticagrelor
monotherapy across the spectrumof ACS presentations.
Our study has demonstrated that after DES implantation
in patients presenting with ACS, de-escalating DAPT with
aspirin and ticagrelor at several weeks to up to 3 months
post-PCI to ticagrelor alone will reduce major bleed-
ing without increasing adverse ischemic events. These
effects were consistent across all examined subgroups,
including the type of ACS (STEMI, NSTEMI, or unstable
angina).

The primary goal of de-escalating DAPT to tica-
grelor monotherapy is to reduce bleeding complica-
tions while not increasing adverse ischemic events,
thereby favorably affecting their offsetting effects (6–
8). This approach is grounded in the understanding
that the risk for ischemia or thrombosis is highest im-
mediately after PCI and decreases over time, whereas
the risk for bleeding is less time dependent (3, 6, 7,
35). In our meta-analysis using individual patient data
from 3 trials involving 9130 patients with ACS, the pre-
specified primary ischemic end point, the composite
of death, nonprocedural MI, or stroke during the period
of de-escalation to ticagrelor monotherapy versus con-
tinued DAPT, did not differ between the groups. This
finding supports the notion that aspirin is not necessary
to prevent future ischemic events in patients with ACS
undergoing DES implantation who are treated with tica-
grelor alone after a short initial period of DAPT. Notably,
the upper bound of the 95% CI for the hazard of the pri-
mary ischemic end point between the groups was 1.16,
meaning that it is unlikely that ticagrelor monotherapy
could increase relative ischemic event rates by more
than 16% (an absolute difference of approximately
0.3%, given the observed control arm event rate).
These results are consistent with the findings from a
pharmacodynamic substudy from the TWILIGHT trial,
which demonstrated that ticagrelor monotherapy has
a similar antithrombotic effect to that of ticagrelor
plus aspirin (36). Therefore, our findings support the
approach of transitioning from short DAPT to ticagrelor
monotherapy to reduce the risk for bleeding without
increasing ischemic risk in patients with ACS under-
going DES implantation. Meanwhile, differences in ad-
herence to ticagrelor between the randomized clinical
trial population and the general population should be
considered, particularly given its twice-daily dosing
requirement; nonetheless, even when accounting for

Figure 1. Time-to-event curves for the primary end points.
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Figure 2. Subgroup analyses for the primary end points.
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the most common dosing omissions of missing a single
dose, ticagrelor’s effect on platelet inhibition remained
acceptable (37, 38).

The current study overcomes the limitations of 3 prior
meta-analyses of DAPT de-escalation to P2Y12 inhibitor
monotherapy (16, 39, 40). Although these prior studies
included an ACS subcohort, they also included patients
with chronic coronary syndromes or those treated with
various P2Y12 inhibitors, making it difficult to assess out-
comes specifically in patients with ACS who require
potent P2Y12 inhibitors (1, 2, 16, 39, 40). Two recent
meta-analyses using individual patient data from
randomized clinical trials specifically focused on the
effects of ticagrelor monotherapy after short DAPT in
patients with ACS (41, 42). However, the meta-analysis
based on the TWILIGHT and TICO trials had a small pro-
portion (14%) of STEMI, whereas the meta-analysis
based on the TICO and T-PASS trials incorporated data
from the initial DAPT phase after DES implantation in
the primary analyses (41, 42). The current individual
patient data meta-analysis overcomes these limita-
tions by including only trials that exclusively enrolled
patients with ACS, thus encompassing more than one
third of those presenting with STEMI, and by only
considering clinical events that occurred after DAPT was
discontinued in the experimental group, thereby isolat-
ing the effect of de-escalation by discontinuation of aspi-
rin and transitioning to ticagrelor monotherapy. Of note,
although there has been a randomized clinical trial
investigating the effects of de-escalating DAPT by dis-
continuation exclusively in patients with STEMI, aspirin
was maintained instead of a P2Y12 inhibitor and failed
to demonstrate safety in reducing major bleeding (43).
In the current study, although not substantial, the rate
of the primary ischemic end point was numerically
higher in the ticagrelor monotherapy group compared
with the standard DAPT group among patients with
STEMI. Therefore, the current meta-analysis supporting
the de-escalating DAPT to ticagrelor monotherapy as a
viable antiplatelet therapy strategy in patients with ACS
undergoing DES implantation is expected to promote
further dedicated randomized clinical trials aimed at
exploring the efficacy and safety of ticagrelor mono-
therapy, especially in patients with STEMI.

This study has several limitations. First, among the
various possible de-escalation strategies, the current
study focused only on the discontinuation of aspirin and
maintenance of ticagrelor monotherapy. These results
do not apply to other de-escalation strategies for

modulating antiplatelet therapy, such as switching,
reducing dose, and monotherapy with aspirin, clopi-
dogrel, or prasugrel. Second, of the 3 trials included, 2
had open-label designs. Nonetheless, all trials imple-
mented blinded central adjudication for clinical end
points, and the results were consistent across the 3 trials,
with minimal or no heterogeneity. Third, owing to the
stringent eligibility criteria applied in the randomized
clinical trials, patients at high risk for bleeding were
excluded from the included trials, and thus might have
been at lower risk than those seen in general clinical
practice. Fourth, despite all trials being multicenter
studies, most of patients were from Korea and China,
which may reduce the generalizability of the results.
Fifth, although the experimental group in the included
trials consisted of ticagrelor monotherapy after 3 or less
months of DAPT, the duration of DAPT period varied.
Finally, the included trials had follow-up periods of
only up to 12 months after PCI, warranting additional
evidence to investigate longer-term effects. Therefore,
our findings should be approached with caution and
warrant further dedicated studies to determine the opti-
mal strategy for de-escalating antiplatelet therapy,
including the appropriate duration of DAPT and the
choice of P2Y12 inhibitor to continue, in patients with
ACS. Furthermore, additional research is needed to
extend our findings to non-Asian patients.

In conclusion, in patients with ACS undergoing DES
implantation, de-escalating DAPT to ticagrelor mono-
therapy was associated with a lower risk for major
bleeding without an increased risk for ischemic events
compared with continuing aspirin and ticagrelor,
regardless of the type of ACS.
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Figure 2–Continued.

Subgroup analyses for the (top) primary ischemic end point and (bottom) primary bleeding end point for the prespecified subgroups, including those
classified by the type of ACS. ACS¼ acute coronary syndrome; DAPT¼ dual antiplatelet therapy; HR¼ hazard ratio; NSTEMI¼ non–ST-segment eleva-
tion myocardial infarction; STEMI¼ ST-segment elevation myocardial infarction; TICO¼ Ticagrelor Monotherapy After 3 Months in the Patients
TreatedWith NewGeneration Sirolimus-Eluting Stent for Acute Coronary Syndrome; T-PASS¼ Ticagrelor Monotherapy in Patients TreatedWith New-
Generation Drug-Eluting Stents for Acute Coronary Syndrome; ULTIMATE-DAPT¼ Ticagrelor alone versus ticagrelor plus aspirin from month 1 to
month 12 after percutaneous coronary intervention in patients with acute coronary syndromes.
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Appendix Figure 1. PRISMA flow diagram.
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PRISMA¼ Preferred Reporting Items for Systematic reviews andMeta-Analyses.
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Appendix Figure 2. Study flow of participants.

TICO trial
(n = 3056)

T-PASS trial
(n = 2850)

ULTIMATE-DAPT trial
(n = 3400)

Premature study termination or
adverse events during the
initial DAPT phase (n = 141):
   Lost to follow-up: 14
   Withdrew consent: 16
   Adverse events: 111*
      Death: 22
      Ischemic events: 21
      Major bleeding events: 81

Premature study termination or
adverse events during the
initial DAPT phase (n = 35):
   Lost to follow-up: 3
   Withdrew consent: 5
   Adverse events: 27*
      Death: 3
      Ischemic events: 9
      Major bleeding events: 17

Randomly assigned patients with ACS who had DES implantation
(n = 9130)

De-escalating DAPT to
ticagrelor monotherapy

(n = 4562)

Ticagrelor-based
standard DAPT

(n = 4568)

In this individual patient data meta-analysis of the TICO, T-PASS, and ULTIMATE-DAPT trials, patients who neither prematurely terminated their partici-
pation nor experienced adverse events during the initial DAPT phase after DES implantation (before the time point at which each trial mandated transi-
tion from DAPT to ticagrelor monotherapy in the experimental group) were included. A total of 9130 patients were analyzed, among which 4562
(50.0%) and 4568 (50.0%) patients were included in the de-escalating DAPT to ticagrelor monotherapy group and the ticagrelor-based standard DAPT
group. ACS¼ acute coronary syndrome; BARC¼ Bleeding Academic Research Consortium; DAPT¼ dual antiplatelet therapy; DES¼ drug-eluting
stent; TICO¼ Ticagrelor Monotherapy After 3 Months in the Patients Treated With New Generation Sirolimus-Eluting Stent for Acute Coronary
Syndrome; T-PASS¼ Ticagrelor Monotherapy in Patients Treated With New-Generation Drug-Eluting Stents for Acute Coronary Syndrome; ULTIMATE-
DAPT¼ Ticagrelor alone versus ticagrelor plus aspirin from month 1 to month 12 after percutaneous coronary intervention in patients with acute coro-
nary syndromes.
* The events are not mutually exclusive. Ischemic events include non-procedural myocardial infarction, stroke, stent thrombosis, or target-vessel revas-
cularization, andmajor bleeding events include BARC types 3 or 5 bleeding.
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