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IMPORTANCE Clopidogrel monotherapy after short dual antiplatelet therapy (DAPT) after
percutaneous coronary intervention (PCI) has not yet been fully investigated in patients with
acute coronary syndrome (ACS).

OBJECTIVE To test the hypothesis of noninferiority of 1 to 2 months of DAPT compared with
12 months of DAPT for a composite end point of cardiovascular and bleeding events in
patients with ACS.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, open-label, randomized clinical trial
enrolled 4169 patients with ACS who underwent successful PCI using cobalt-chromium
everolimus-eluting stents at 96 centers in Japan from December 2015 through June 2020.
These data were analyzed from June to July 2021.

INTERVENTIONS Patients were randomized either to 1 to 2 months of DAPT followed by
clopidogrel monotherapy (n = 2078) or to 12 months of DAPT with aspirin and clopidogrel
(n = 2091).

MAIN OUTCOMES AND MEASURES The primary end point was a composite of cardiovascular
(cardiovascular death, myocardial infarction [MI], any stroke, or definite stent thrombosis) or
bleeding (Thrombolysis in MI major or minor bleeding) events at 12 months, with a
noninferiority margin of 50% on the hazard ratio (HR) scale. The major secondary end points
were cardiovascular and bleeding components of the primary end point.

RESULTS Among 4169 randomized patients, 33 withdrew consent. Of the 4136 included
patients, the mean (SD) age was 66.8 (11.9) years, and 856 (21%) were women, 2324 (56%) had
ST-segment elevation MI, and 826 (20%) had non–ST-segment elevation MI. A total of 4107
patients (99.3%) completed the 1-year follow-up in June 2021. One to 2 months of DAPT was
not noninferior to 12 months of DAPT for the primary end point, which occurred in 65 of 2058
patients (3.2%) in the 1- to 2-month DAPT group and in 58 of 2057 patients (2.8%) in the
12-month DAPT group (absolute difference, 0.37% [95% CI, −0.68% to 1.42%]; HR, 1.14 [95%
CI, 0.80-1.62]; P for noninferiority = .06). The major secondary cardiovascular end point
occurred in 56 patients (2.8%) in the 1- to 2-month DAPT group and in 38 patients (1.9%) in the
12-month DAPT group (absolute difference, 0.90% [95% CI, −0.02% to 1.82%]; HR, 1.50 [95%
CI, 0.99-2.26]). The major secondary bleeding end point occurred in 11 patients (0.5%) in the 1-
to 2-month DAPT group and 24 patients (1.2%) in the 12-month DAPT group (absolute
difference, −0.63% [95% CI, −1.20% to −0.06%]; HR, 0.46 [95% CI, 0.23-0.94]).

CONCLUSIONS AND RELEVANCE In patients with ACS with successful PCI, clopidogrel
monotherapy after 1 to 2 months of DAPT failed to attest noninferiority to standard 12
months of DAPT for the net clinical benefit with a numerical increase in cardiovascular events
despite reduction in bleeding events. The directionally different efficacy and safety outcomes
indicate the need for further clinical trials.
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P atients with acute coronary syndrome (ACS) have been
regarded as having higher long-term risk of cardiovas-
cular events after percutaneous coronary intervention

(PCI) compared with patients with chronic coronary syn-
drome (CCS). Therefore, the recommended duration of dual an-
tiplatelet therapy (DAPT) after PCI was longer in patients with
ACS than in patients with CCS. In the latest US and European
guidelines, the recommended duration of DAPT after PCI is ba-
sically 12 months in patients with ACS, while it is 6 months in
patients with CCS.1,2 The rationale for the specific DAPT dura-
tion of 12 months in patients with ACS was derived from a trial
conducted in the late 1990s.3,4 However, more and more con-
cerns have been raised on the increase in bleeding events as-
sociated with prolonged DAPT. Abbreviated DAPT durations
have been already recommended, even in patients with ACS, if
they have high bleeding risk.5-7 Recently, 5 clinical trials8-12 en-
rolling a total of more than 30 000 patients have suggested ben-
efit of very short (1 to 3 months) DAPT with subsequent P2Y12
inhibitor monotherapy after PCI in reducing bleeding events
without increasing cardiovascular events compared with pro-
longed DAPT (12 to 15 months) both in patients with ACS and
CCS.8-14 In these trials, most patients with ACS were treated with
ticagrelor monotherapy after stopping DAPT at 1 to 3 months.
However, despite trials showing the superiority of ticagrelor and
prasugrel over clopidogrel in the ACS setting,15,16 use of clopi-
dogrel remains high across the globe, while clopidogrel mono-
therapy after very short DAPT has not yet been fully investi-
gated in patients with ACS.9,10 Therefore, we sought to explore
the safety and efficacy of clopidogrel monotherapy after DAPT
for 1 to 2 months compared with continued DAPT with aspirin
and clopidogrel in the ACS population.

Methods
Study Design and Population
We previously reported the STOPDAPT-2 (Short and Optimal
Duration of Dual Antiplatelet Therapy After Everolimus-
Eluting Cobalt-Chromium Stent-2) trial, which compared
1-month DAPT with 12-month DAPT in 3009 patients (CCS, 1861
patients; ACS, 1148 patients) who underwent PCI using cobalt-
chromium everolimus-eluting stents (CoCr-EES; Abbott
Laboratories).9 Before the end of follow-up for the STOPDAPT-2
trial in December 2017, the steering committee decided to en-
roll additional patients with ACS as the STOPDAPT-2 ACS trial
in an attempt to have a powered analytic population of pa-
tients with ACS pooled with the patients with ACS in the
STOPDAPT-2 trial. The study protocol for the STOPDAPT-2 ACS
trial was identical to that of the STOPDAPT-2 trial except for
the exclusive enrollment of patients with ACS and can be found
in Supplement 1.9 ACS was defined as ST-segment elevation
myocardial infarction (STEMI), non-STEMI, or unstable an-
gina based on the previous guidelines.17 Key exclusion crite-
ria are limited to continued use of oral anticoagulants and pre-
vious history of hemorrhagic stroke. We screened all the
patients with ACS who were eligible for the study and com-
pared the baseline characteristics between the enrolled and
nonenrolled patients. The enrolled patients were randomly

assigned to either the 1- to 2-month DAPT group or 12-month
DAPT group in a 1-to-1 fashion, stratified only by centers be-
fore discharge from the index hospitalization. If scheduled
staged PCI was needed after the initial PCI for ACS, we recom-
mended the staged PCI to be performed during the same in-
dex hospitalization. Randomization was performed after the
final PCI (index PCI) during the index hospitalization for ACS.
Consolidated Standards of Reporting Trials (CONSORT)
reporting guidelines were used.

The study-group assignments were blinded to the statisti-
cian, members of the independent clinical event committee,
steering committee, and the sponsor (Abbott Medical). Com-
plete lists of the study organization, participating centers, and
investigators are available in eAppendix 1 and 2 in Supple-
ment 2. The study protocol was approved by the central re-
view board, Kyoto University Certified Review Board, based on
the enforcement of the Clinical Trials Act in Japan.18 Written in-
formed consent was provided from all enrolled patients.

Antiplatelet Regimen
Within the first month after the index PCI, patients in both
groups were to receive DAPT with aspirin (doses determined
by sites) and a P2Y12 inhibitor (clopidogrel, 75 mg per day, or
prasugrel, 3.75 mg per day, at the discretion of the attending
physicians). At 30 to 59 days after the index PCI, patients in
the 1- to 2-month DAPT group were to stop aspirin and to re-
ceive clopidogrel monotherapy, while patients in the 12-
month DAPT group were to receive DAPT with aspirin and
clopidogrel for up to 12 months. In patients who had received
prasugrel, it was switched to clopidogrel at 1 to 2 months in
both groups. We collected data for discontinuation, change,
or restart of antithrombotic therapy, including anticoagula-
tion, on a daily basis. Persistent DAPT discontinuation was de-
fined as stopping of either aspirin or P2Y12 inhibitor by the
study protocol or stopping treatment for more than 60 days
for any reason.

End Points
The end points were the same as those in the STOPDAPT-2 trial.
The primary end point was a composite of cardiovascular out-
comes (cardiovascular death, myocardial infarction, definite

Key Points
Question Is 1 to 2 months of dual antiplatelet therapy (DAPT)
followed by clopidogrel monotherapy noninferior to 12 months of
DAPT with aspirin and clopidogrel for patients with acute coronary
syndromes?

Findings In this randomized clinical trial enrolling 4136 patients,
the 1-year incidence rate of the primary end point comprising
cardiovascular and bleeding events was 3.2% in those in the 1- to
2-month DAPT group and 2.8% in the 12-month DAPT group,
which did not meet the noninferiority of the 1- to 2-month DAPT
group.

Meaning The effectiveness of clopidogrel monotherapy after 1 to
2 months of DAPT is inconclusive, and further investigation is
needed to define the optimal therapy for patients with acute
coronary syndromes.
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stent thrombosis, or any stroke) or bleeding outcomes de-
fined as Thrombolysis in Myocardial Infarction (TIMI) major
or minor criteria.19 We chose a noninferiority design because
12-month DAPT was the standard of care in patients with ACS.
The major secondary end points were the cardiovascular and
bleeding components of the primary end point. Other second-
ary end points were exploratory and described in eAppendix
3 in Supplement 2. Follow-up was commenced at randomiza-
tion, while the time interval was indicated from the index PCI.
All the end points were assessed at 12 months (335 to 394 days),
but were censored at 366 days. All the clinical events compris-
ing the primary end point were adjudicated in the indepen-
dent clinical event committee in a blinded fashion to the as-
signed groups (eAppendix 1 in the Supplement 2).

Statistical Analysis
The study hypothesis was that the experimental arm (1- to
2-month DAPT group) is noninferior to the control arm (12-
month DAPT group) in terms of the primary end point at 12
months. The initial trial design calculated a sample size of 2676
patients including 1148 patients in the STOPDAPT-2 trial, as-
suming a 5.5% estimated event rate based on the previous stud-
ies and setting a relative noninferiority margin of 50% on the
hazard ratio (HR) scale with power of 80% and 1-sided α of
.025.20,21 The relative noninferiority margin of 50% was cho-
sen considering the feasibility of patient enrollment and the
margins adopted in previous major trials and the STOPDAPT-2
trial.22,23 However, the actual rate of the primary end point in
patients with ACS in the STOPDAPT-2 trial was lower than an-
ticipated (4.0% at 12 months). Therefore, we amended the pro-
tocol in August 2019 and recalculated a sample size of 4036
patients, assuming a 4.0% event rate with power of 90% and
1-sided α of .025. For the major secondary end points, the es-
timated sample size would provide 80% power for noninferi-
ority on the cardiovascular end point (3.0% assumed event rate)
and 81% power for superiority on the bleeding end point (1.5%
assumed event rate and 60% relative risk reduction). For the
primary and major secondary end points, hierarchical testing
was predefined in the following order: (1) noninferiority test
on the primary end point; (2) noninferiority test for the major
secondary cardiovascular composite end point; (3) superior-
ity test for the major secondary bleeding end point; and
(4) superiority test for the primary end point. The main re-
sults were described in the intention-to-treat population.
Sensitivity analyses for the primary end point were also per-
formed in the per-protocol population, as-treated popula-
tion, worst-case scenario, and landmark analyses at 30 and 60
days as defined in the statistical analysis plan (Supple-
ment 1). We also conducted the post hoc landmark analysis at
the day of modifying the antiplatelet regimen at 1 to 2 months
because of the considerable variation of the day of modifica-
tion. Moreover, we estimated the cumulative incidence of the
primary end point in the 1- to 2-month DAPT group compar-
ing between the 2 groups of patients who discontinued aspi-
rin within and beyond the median days after index PCI. For the
prespecified subgroups, the interaction tests were made to con-
firm the consistency of the treatment effect on the primary end
point (eMethods in Supplement 2). As the exploratory analyses,

we compared the effects of 1 to 2 months of DAPT with 12
months of DAPT for the primary and major secondary end
points between patients enrolled in the STOPDAPT-2 trial and
patients enrolled in the STOPDAPT-2 ACS trial.

Categorical variables were presented as numbers and per-
centages and continuous variables as mean with SDs or me-
dians with IQR. The cumulative incidence of event was esti-
mated by the Kaplan-Meier method. The treatment effects were
presented as HR and 95% CIs calculated from the Wald statis-
tics by the Cox proportional hazard model.

A physician (Hirotoshi Watanabe) and a statistician (T. M.)
performed all statistical analyses with the use of JMP version
15.2.0 (SAS Institute) and SAS version 9.4 (SAS Institute). In
the noninferiority testing, a 1-sided P value <.025 was consid-
ered statistically significant.

Results
Patients Recruitment and Assignment
In the STOPDAPT-2 ACS trial, we randomized 3008 patients
at 74 centers in Japan from March 2018 to June 2020. Includ-
ing 1161 patients with ACS enrolled in the STOPDAPT-2 trial at
75 centers in Japan from December 2015 to December 2020,
4169 patients with ACS from 96 centers were randomized to
either the 1- to 2-month DAPT group or 12-month DAPT group
in the present pooled study population. Excluding 33 pa-
tients who withdrew consent, there were 4136 patients in the
intention-to-treat population (mean [SD], age 66.8 years [11.9];
856 women [21%]), 2058 in the 1- to 2-month DAPT group, and
2078 in the 12-month DAPT group (Figure 1). Randomization
was performed at a median (IQR) of 5 (2-9) days after the in-
dex PCI. Among those patients who were eligible for the study,
the enrolled patients were younger and less often had comor-
bidities than the nonenrolled patients (eTable 1 in Supple-
ment 2).

Baseline Characteristics and Medications
The clinical presentations of ACS were STEMI in 2324 of 4136
patients (56%), non-STEMI in 826 of 4136 patients (20%), and
unstable angina in 986 patients (24%). Most patients had low/
intermediate thrombotic and bleeding risk based on both
CREDO-Kyoto (Coronary Revascularization Demonstrating
Outcome Study in Kyoto) and PARIS (Patterns of Non-
Adherence to Anti-Platelet Regimen in Stented Patients) risk
scores.24,25 Radial approach was used in 3695 patients (89%),
and intracoronary imaging guidance was performed in 4023
patients (97%). Statins were prescribed in 3989 patients (96%)
and high-intensity statins were prescribed in 1407 patients
(34%). Proton pump inhibitors were prescribed in 3808 pa-
tients (92%) (Table 1; eTable 2 in Supplement 2). Compared with
patients in the STOPDAPT-2 trial, patients in the STOPDAPT-2
ACS trial more often had clinical presentation of acute myo-
cardial infarction, heart failure, emergent procedure, radial
approach, left main coronary artery target, and treatment with
guideline-directed medications, high-intensity statins in par-
ticular (eTable 3 in Supplement 2). The baseline characteris-
tics and medications were well balanced between the 1- to
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2-month and 12-month DAPT groups (Table 1; eTable 2 in
Supplement 2).

Antiplatelet Therapy
During DAPT treatment within 1 to 2 months, the selected
P2Y12 inhibitor was clopidogrel in 2170 of 4136 patients (52%)
and prasugrel in 1962 of 4136 patients (47%). The rates of DAPT
discontinuation were 96.1% at 60 days and 98.7% at 335 days
in the 1- to 2-month DAPT group and 1.6% at 60 days and 8.8%
at 335 days in the 12-month DAPT group (eFigure 1 in Supple-

ment 2). In the 1- to 2-month DAPT group, aspirin was actu-
ally discontinued at a median (IQR) of 39 (34-46) days after PCI.

One-Year Clinical Outcomes
Final 1-year clinical follow-up was completed in June 2021.
Complete 1-year clinical follow-up was achieved in 4107 of 4136
patients (99.3%) (Figure 1). The primary end point occurred
in 65 patients (3.2%) in the 1- to 2-month DAPT group and in
58 patients (2.8%) in the 12-month DAPT group. One to 2
months of DAPT group did not meet criteria for noninferiority

Figure 1. Study Flowchart

572 Were assigned in the 1- to
2-mo DAPT group

589 Were assigned in the 12-mo
DAPT group

565 Patients with ACS in the 1- to
2-mo DAPT group included in
the intention-to-treat analysis

583 Patients with ACS in the 12-mo
DAPT group included in
the intention-to-treat analysis

1161 Patients with ACS underwent randomization
in the STOPDAPT-2 trial

1506 Were assigned in the 1- to
2-mo DAPT group

1502 Were assigned in the 12-mo
DAPT group

1493 Patients with ACS in the 1- to
2-mo DAPT group included in
the intention-to-treat analysis

1495 Patients with ACS in the 12-mo
DAPT group included in
the intention-to-treat analysis

3008 Patients with ACS underwent randomization
in the STOPDAPT-2 ACS trial

December 25, 2015, to December 8, 2017
 2807 Patients with ACS with CoCr-EES implantation among

10 001 patients screened in the STOPDAPT-2 trial

Analytic population
4136 Patients with ACS pooled from the STOPDAPT-2 and STOPDAPT-2 ACS trials

March 30, 2018, to June 8, 2020
5574 Patients with ACS with CoCr-EES implantation

were screened in the STOPDAPT-2 ACS trial

2566 Were excluded
1505 Were not eligible

568 Met other exclusion
criteria

813 Were planned for
staged PCI procedure

122 Also received DES
other than CoCr-EES

2 Were already
enrolled (duplicate)

371 Were not invited by
the judgment of the
attending physician

1048 Were eligible but did
not participate
573 Refused participation

104 Had other reasons
13 Had no information

about eligibility

1646 Were excluded
370 Were not eligible

1276 Were eligible but did
not participate

369 Met exclusion criteria
1 Was already enrolled

(duplicate)

662 Were not invited by
the judgment of the
attending physician

474 Refused participation
140 Had other reasons

7 Withdrew consent

2043 Completed 1-y follow-up (99.3%) 2064 Completed 1-y follow-up (99.3%)

2058 Patients with ACS in the 1- to 2-mo DAPT group
were included in the intention-to-treat analysis

2078 Patients with ACS in the 12-mo DAPT group were
included in the intention-to-treat analysis

15 Lost to follow-up 14 Lost to follow-up

6 Withdrew consent 13 Withdrew consent 7 Withdrew consent

In the Short and Optimal Duration of Dual Antiplatelet Therapy After
Everolimus-Eluting Cobalt-Chromium Stent-2 (STOPDAPT-2) trial, 1161 patients
with acute coronary syndrome (ACS) were enrolled and randomized at 75
centers in Japan from December 2015 to December 2017, while in the
STOPDAPT-2 ACS trial, 3008 patients with ACS were enrolled and randomized
at 74 centers in Japan from March 2018 to June 2020. Substantial proportions
of the eligible patients were not enrolled in the study mainly by the judgment of

the attending physicians or by the patients’ refusal. Excluding 33 patients who
withdrew consent, 4136 patients were included in the intention-to-treat
population, 2058 patients in the 1- to 2-month dual antiplatelet therapy group
(DAPT) and 2078 patients in the 12-month DAPT group. Randomization was
performed at a median (IQR) of 5 (2-9) days after the index percutaneous
coronary intervention. CoCr-EES indicates cobalt-chromium everolimus-eluting
stent and DES indicates drug-eluting stent.
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Table 1. Patient, Lesion, and Procedural Characteristics and Medicationsa

Characteristic

No. (%)
1- to 2-mo DAPT
(n = 2058)

12-mo DAPT
(n = 2078)

Demographic characteristics

Age, y

Mean, (SD) 67.0 (11.9) 66.6 (11.9)

≥75 585 (28.4) 598 (28.8)

Men 1631 (79.3) 1649 (79.4)

Women 427 (20.8) 429 (20.6)

Body mass indexb 24.1 (3.7) 24.2 (3.5)

Mean, (SD)

<25 1301 (63.2) 1298 (62.5)

Clinical presentation

Acute myocardial infarction 1578 (76.7) 1572 (75.7)

STEMI 1179 (74.7) 1145 (72.8)

Non-STEMI 399 (25.3) 427 (27.2)

Treated ≤24 h 1386 (87.8) 1348 (85.8)

>24 h 192 (12.2) 224 (14.3)

Onset to arrival time at
hospital, median (IQR), h

3.0 (1.3-9.4) 3.0 (1.3-10.1)

Door to wire crossing time in
patients with STEMI within
24 h, median (IQR), min

60 (44-81) 60 (44-77)

Killip class

1 1351 (85.6) 1366 (87.1)

2 140 (8.9) 123 (7.8)

3 34 (2.2) 32 (2.0)

4 53 (3.4) 48 (3.1)

Location of STEMIc

Anterior 628 (53.3) 613 (53.6)

Inferior 466 (39.6) 459 (40.2)

Posterolateral 154 (13.1) 132 (11.6)

Peak CK/ULN, median (IQR) 6.5 (2.4-13.2) 6.3 (2.2-13.4)

Peak CK-MB/ULN,
median (IQR)

8.6 (2.3-22.1) 8.2 (2.2-21.3)

Unstable anginad 480 (23.3) 506 (24.4)

Braunwald class

I 206 (42.9) 205 (40.5)

II 75 (15.6) 62 (12.3)

III 199 (41.5) 239 (47.2)

Culprit vessels, No./total No. (%)e

Left anterior descending
coronary artery

1108/2052 (54.0) 1100/2068 (53.2)

Left circumflex coronary artery 284/2052 (13.8) 270/2068 (13.1)

Right coronary artery 632/2052 (30.8) 677/2068 (32.7)

Left main coronary artery 27/2052 (1.3) 19/2068 (0.9)

Saphenous vein graft 1/2052 (0.1) 2/2068 (0.1)

CPAOA 22 (1.1) 18 (0.9)

ECMO use 7 (0.3) 6 (0.3)

Impella use 2 (0.1) 1 (0.1)

IABP use 84 (4.1) 64 (3.1)

History and comorbidities

Prior percutaneous coronary
intervention

225 (10.9) 202 (9.7)

Prior first-generation DES 43 (2.1) 32 (1.5)

Prior CABG 9 (0.4) 18 (0.9)

Prior myocardial infarction 135 (6.6) 109 (5.3)

Prior stroke 98 (4.8) 95 (4.6)

Prior bleeding events 18 (0.9) 14 (0.7)

Heart failure 157 (7.6) 151 (7.3)

(continued)

Table 1. Patient, Lesion, and Procedural Characteristics and Medicationsa

(continued)

Characteristic

No. (%)
1- to 2-mo DAPT
(n = 2058)

12-mo DAPT
(n = 2078)

Atrial fibrillation 35 (1.7) 16 (0.8)

Anemiaf 117 (5.7) 130 (6.3)

Thrombocytopeniag 9 (0.4) 12 (0.6)

Chronic obstructive pulmonary
disease

34 (1.7) 53 (2.6)

Cirrhosis 5 (0.2) 5 (0.2)

Cancer 135 (6.6) 137 (6.6)

Peripheral artery disease 40 (1.9) 42 (2.0)

Severe chronic kidney diseaseh 68 (3.3) 70 (3.4)

eGFR <30 mL/min/1.73 m2

not receiving dialysis
42 (2.0) 47 (2.3)

Dialysis 26 (1.3) 23 (1.1)

Hypertension 1396 (67.8) 1414 (68.1)

Hyperlipidemia 1373 (66.7) 1391 (66.9)

Diabetes 608 (29.5) 621 (29.9)

Diabetes with insulin 51 (2.5) 74 (3.6)

Current smoker 718 (34.9) 702 (33.8)

Left ventricular ejection
fraction, %i

Mean (SD) 56.7 (10.6) 56.9 (10.5)

<40%, No./total No. (%) 95/1903 (5.0) 76/1921 (4.0)

Risk scores

PARIS thrombotic risk score,
median (IQR)

3 (2-4) 3 (2-4)

High (≥5) 347 (16.9) 338 (16.3)

Intermediate (3-4) 1076 (52.3) 1051 (50.6)

Low (0-2) 635 (30.9) 689 (33.2)

PARIS bleeding risk score,
median (IQR)

5 (3-7) 5 (3-7)

High (≥8) 380 (18.5) 367 (17.7)

Intermediate (4-7) 1071 (52.0) 1067 (51.4)

Low (0-3) 607 (29.5) 644 (31.0)

CREDO-Kyoto thrombotic risk
score, median (IQR)

1 (0-1) 1 (0-1)

High (≥4) 78 (3.8) 93 (4.5)

Intermediate (2-3) 355 (17.3) 339 (16.3)

Low (0-1) 1625 (79.0) 1646 (79.2)

CREDO-Kyoto bleeding risk
score, median (IQR)

0 (0-0) 0 (0-0)

High (≥3) 71 (3.5) 61 (2.9)

Intermediate (1-2) 402 (19.5) 398 (19.2)

Low (0) 1585 (77.0) 1619 (77.9)

Procedural characteristics

Radial approach 1832 (89.0) 1863 (89.7)

Invasive fractional flow reserve 60 (2.9) 77 (3.7)

Staged procedurej 280 (13.6) 317 (15.3)

No. of procedures, mean (SD) 1.15 (0.39) 1.17 (0.41)

No. of target lesions,
mean (SD)j

1.27 (0.60) 1.28 (0.59)

Target lesion location

Left main coronary artery 52 (2.5) 58 (2.8)

Left anterior descending
coronary artery

1242 (60.4) 1255 (60.4)

Left circumflex coronary artery 408 (19.8) 417 (20.1)

Right coronary artery 719 (34.9) 767 (36.9)

Bypass graft 1 (0.1) 2 (0.1)

Chronic total occlusion 66 (3.2) 62 (3.0)

(continued)
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compared with 12 months of DAPT for the primary end point
(absolute difference, 0.37% [95% CI, −0.68% to 1.42%]; HR,
1.14 [95% CI, 0.80-1.62]; P= .06 for noninferiority) (Figure 2A;
Table 2). Results for the primary end point were consistent in
the per-protocol and as-treated populations as well as in the
worst-case scenario and the landmark analyses (eTable 4 and
eFigures 2-7 in Supplement 2). The cumulative 1-year inci-
dence of the primary and major secondary cardiovascular and
bleeding end points in the 1- to 2-month DAPT group was not
different between the 2 groups of patients who discontinued
aspirin within and beyond the median of 39 days after index
PCI (eFigure 8 in Supplement 2).

The incidence of the major secondary cardiovascular end
point was numerically higher in the 1- to 2-month DAPT group
than in the 12-month DAPT group (2.76% vs 1.86%; absolute
difference, 0.90% [95% CI, −0.02% to 1.82%]; HR, 1.50 [95%
CI, 0.99-2.26]) (Figure 2B; Table 2). The incidence of the ma-
jor secondary bleeding end point was lower in the 1- to 2-month
DAPT group than in the 12-month DAPT group (0.54% vs 1.17%;
absolute difference, −0.63% [95% CI, −1.20% to −0.06%]; HR,
0.46 [95% CI, 0.23-0.94]) (Figure 2C; Table 2). There was no
difference in mortality between the 2 groups (1.4% and 0.90%).
The incidence of myocardial infarction was higher in the 1- to
2-month DAPT group than in the 12-month DAPT group (1.59%
vs 0.85%; absolute difference, 0.74% [95% CI, 0.07%-1.41%];
HR, 1.91; [95% CI, 1.06-3.44]), while the incidence of large myo-
cardial infarction with creatine kinase–MB fraction more than
10 times the upper limit of normal was very low in both groups
(0.31% vs 0.20%). The incidence of definite or probable stent
thrombosis was very low, but was numerically higher in the
1- to 2-month DAPT group than in the 12-month DAPT group.
For the 1- to 2 month DAPT group, throughout 1 year, 10 pa-
tients (0.5%) and 4 patients (0.2%) experienced stent throm-
bosis; and beyond the day of modifying the antiplatelet regi-
men: 7 patients (0.4%) and 3 patients (0.2%) experienced stent
thrombosis for the 12-month DAPT group (Figure 2D; Table 2;
eTable 5 in Supplement 2).

Subgroup Analyses
In the subgroup analyses, there was no treatment by sub-
group interaction for the primary end point and major sec-
ondary end points in all the subgroups except for the sub-
groups stratified by the PARIS bleeding risk score on primary

Table 1. Patient, Lesion, and Procedural Characteristics and Medicationsa

(continued)

Characteristic

No. (%)
1- to 2-mo DAPT
(n = 2058)

12-mo DAPT
(n = 2078)

Bifurcation lesion 552 (26.8) 549 (26.4)

Target of 2 vessels or more 344 (16.7) 390 (18.8)

Use of intravascular imaging 2916 (97.6) 1107 (96.4)

Use of intravascular
ultrasonography

1796 (87.3) 1792 (86.2)

Use of optical coherence
tomography

279 (13.6) 310 (14.9)

No. of implanted stents,
mean (SD)

1.40 (0.77) 1.41 (0.79)

Minimal stent diameter, mm

Mean (SD) 3.01 (0.51) 3.02 (0.50)

<3.0 817 (39.7) 782 (37.6)

Total stent length, mm

Mean (SD) 34.3 (22.6) 34.6 (23.5)

≥28 1111 (54.0) 1127 (54.2)

Length of hospital stay,
median (IQR), d

Admission to discharge 9 (6-12) 9 (5-12)

Index PCI to discharge 8 (3-11) 7 (3-11)

Admission to staged PCI 7 (4-11) 7 (3-11)

Medication at discharge

Aspirin 2055 (99.9) 2076 (99.9)

200 mg/d 1 (0.1) 1 (0.1)

100 mg/d 2027 (98.6) 2043 (98.4)

81 mg/d 27 (1.3) 32 (1.5)

P2Y12 inhibitors 2055 (99.9) 2076 (99.9)

Clopidogrel 1062 (51.6) 1108 (53.3)

Prasugrel 994 (48.3) 968 (46.6)

Anticoagulantsk 10 (0.5) 13 (0.6)

ACE-I/ARB 1552 (75.4) 1573 (75.7)

β-Blockers 1246 (60.5) 1190 (57.3)

Statins 1981 (96.3) 2008 (96.6)

High-intensity statin
therapyl

710 (34.5) 697 (33.6)

Proton pump inhibitors 1875 (91.1) 1933 (93.0)

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor;
ARB, angiotensin-2 receptor blocker; CABG, coronary artery bypass grafting;
CK, creatine kinase; CK-MB, creatine kinase–MB fraction;
CPAOA, cardiopulmonary arrest on arrival; CREDO-Kyoto, Coronary
Revascularization Demonstrating Outcome Study in Kyoto; DAPT, dual
antiplatelet therapy; DES, drug-eluting stent; ECMO, extracorporeal membrane
oxygenation; eGFR, estimated glomerular filtration rate; IABP, intra-aortic
balloon pumping; PARIS, Patterns of Non-Adherence to Anti-Platelet Regimen
in Stented Patients trial; PCI, percutaneous coronary intervention;
STEMI, ST-segment elevation myocardial infarction; ULN, upper limit of normal.
a Acute coronary syndrome was defined as myocardial infarction within 7 days

or unstable angina.
b Calculated as weight in kilograms divided by height in meters squared.
c Some patients had 2 or more locations of myocardial infarction.
d Unstable angina was defined as Braunwald classification I to III, without

confirmation of any biomarker elevation.
e The culprit vessels are missing in 6 patients in 1- to 2-month DAPT group and

10 patients in 12-month DAPT group.
f Anemia was defined as hemoglobin less than 11 g/dL. Hemoglobin values were

missing in 3 patients, who were included in the no anemia group.
g Thrombocytopenia was defined as platelet counts less than 100×109/L.

Platelet counts were missing in 12 patients, who were included in the no
thrombocytopenia group.

h Severe chronic kidney disease is defined as eGFR less than 30 mL/min/1.73 m2

or maintenance dialysis therapy. Preprocedural creatinine values were missing
in 11 patients. One of these patients receiving dialysis was included in severe
chronic kidney disease, while the remaining 10 patients were regarded as not
having severe chronic kidney disease.

i Left ventricular ejection fraction was missing in 312 patients, who were
excluded for the calculation of left ventricular ejection fraction less than 40%.

j Lesions treated at the staged procedure(s) preceding the index PCI procedure
were included as the target lesions. Clinical diagnosis and baseline
characteristics were defined based on the findings at the time of first PCI for
the index acute coronary syndrome event.

k Concomitant oral anticoagulant use was one of the exclusion criteria, but some
patients started anticoagulation after enrollment (eg, new onset of atrial
fibrillation or venous thrombosis).

l High-intensity statin therapy was defined by the maximum approved dose of
strong statin in Japan (eg, rosuvastatin, 10 mg, atorvastatin, 20 mg, or
pitavastatin, 4 mg).
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end point (eFigure 9 in Supplement 2). In the exploratory analy-
ses stratified by the STOPDAPT-2 trial and STOPDAPT-2 ACS
trial, the excess risk of 1 to 2 months of DAPT relative to 12
months of DAPT was significant for the major secondary car-
diovascular end point in the STOPDAPT-2 ACS trial, but not in
the STOPDAPT-2 trial, although there were no interactions for
all the end points (Figure 3; eFigure 10 in Supplement 2).

Discussion
The main findings of the present study were the following: (1)
in patients with ACS who underwent PCI using CoCr-EES, clopi-
dogrel monotherapy after 1 to 2 months of DAPT failed to at-
test noninferiority to 12 months of DAPT with aspirin and clopi-

dogrel for a composite of cardiovascular or bleeding events;
(2) clopidogrel monotherapy after 1 to 2 months of DAPT com-
pared with 12 months of DAPT with aspirin and clopidogrel was
associated with a reduction in major bleeding events, but with
a numerical increase in cardiovascular events. Globally, the
standard regimen after PCI in patients with ACS is 12 months
of DAPT with aspirin and a newer P2Y12 inhibitor, such as
ticagrelor or prasugrel.1,2,15,16 However, thrombotic risk of pa-
tients with ACS is known to attenuate over time.26 Moreover,
the prevalence of patients with high bleeding risk is much
higher in real clinical practice than in clinical trials.27-29 There-
fore, de-escalation of antithrombotic therapy in parallel with
time-dependent attenuation of thrombotic risk might be a rea-
sonable approach in patients with ACS. Among 5 clinical trials
exploring very short DAPT duration after PCI, 3 trials12,30,31

Figure 2. Time-to-Event Curves for the Primary and Secondary End Points
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DAPT indicates dual antiplatelet therapy.
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enrolling nearly 15 000 patients with ACS have convincingly
demonstrated that ticagrelor monotherapy after 3 months or
shorter of DAPT was associated with substantial reduction in

bleeding events without increase in cardiovascular events
compared with 12 months of DAPT with aspirin and
ticagrelor.12,14,30,31 In a substudy of patients with ACS from the

Table 2. Clinical Outcomes at 1 Year

Outcomea

Patients with event, No. (%)b

Hazard ratio
(95% CI)

P value for
noninferiorityc

1- to 2-mo DAPT
(n = 2058)

12-mo DAPT
(n = 2078)

Primary end point

A composite of cardiovascular death,
myocardial infarction, definite stent
thrombosis, ischemic/hemorrhagic
stroke, or TIMI major/minor bleeding

65 (3.2) 58 (2.8) 1.14 (0.80-1.62) .06

Major secondary end points

Cardiovascular end point: a composite
of cardiovascular death, myocardial
infarction, definite stent thrombosis, or
ischemic/hemorrhagic stroke

56 (2.7) 38 (1.9) 1.50 (0.99-2.26) NA

Bleeding end point: TIMI major/minor
bleeding

11 (0.5) 24 (1.2) 0.46 (0.23-0.94) NA

Other secondary end points

Death 28 (1.4) 19 (0.9) 1.49 (0.83-2.67) NA

Death from cardiac causes 9 (0.4) 7 (0.3) 1.30 (0.48-3.49) NA

Death from cardiovascular causes 10 (0.5) 10 (0.5) 1.01 (0.42-2.43) NA

Sudden cardiac death 3 (0.2) 3 (0.2) 1.01 (0.20-5.02) NA

Death from noncardiovascular causes 18 (0.9) 9 (0.4) 2.02 (0.91-4.50) NA

Myocardial infarction 32 (1.6) 17 (0.9) 1.91 (1.06-3.44) NA

Large MI (CK-MB ≥ 10×ULN) 6 (0.3) 4 (0.2) 1.53 (0.43-5.43) NA

Small MI (CK-MB) < 10×ULN) 17 (0.8) 8 (0.4) 2.65 (0.93-5.00) NA

MI without CK-MB elevation 9 (0.5) 4 (0.2) 2.28 (0.70-7.41) NA

MI without measurement of CK-MB 0 1 (0.1) NA NA

Spontaneous MI 30 (1.5) 15 (0.8) 2.03 (1.09-3.78) NA

Procedural MI 2 (0.1) 2 (0.1) 1.01 (0.14-7.20) NA

MI related to the target lesion 13 (0.7) 10 (0.5) 1.32 (0.58-3.01) NA

Definite stent thrombosis 9 (0.5) 4 (0.2) 2.29 (0.70-7.42) NA

Definite or probable stent thrombosis 10 (0.5) 4 (0.2) 2.54 (0.80-8.10) NA

Stroke 15 (0.7) 11 (0.5) 1.38 (0.63-3.00) NA

Ischemic 13 (0.6) 10 (0.5) 1.32 (0.58-3.00) NA

Hemorrhagic 2 (0.1) 1 (0.1) 2.02 (0.18-22.28) NA

Bleeding

TIMI major 7 (0.3) 13 (0.6) 0.54 (0.22-1.36) NA

TIMI minor 4 (0.2) 13 (0.6) 0.31 (0.10-0.95) NA

BARC 3/5 11 (0.5) 27 (1.3) 0.41 (0.20-0.83) NA

BARC 5 1 (0.1) 0 NA NA

BARC 3 10 (0.5) 27 (1.3) 0.37 (0.18-0.77) NA

GUSTO moderate/severe 10 (0.5) 24 (1.2) 0.42 (0.20-0.88) NA

GUSTO severe 7 (0.3) 12 (0.6) 0.59 (0.23-1.50) NA

GUSTO moderate 3 (0.2) 13 (0.6) 0.23 (0.07-0.82) NA

Intracranial bleeding 5 (0.2) 3 (0.2) 1.68 (0.40-7.04) NA

Gastrointestinal bleeding 5 (0.2) 19 (0.9) 0.21 (0.07-0.62) NA

Any coronary revascularization 114 (5.7) 74 (3.7) 1.58 (1.18-2.13) NA

TLR 46 (2.3) 32 (1.6) 1.46 (0.93-2.30) NA

Clinically driven TLR 38 (1.9) 26 (1.3) 1.49 (0.90-2.45) NA

Non-TLR 81 (4.1) 50 (2.5) 1.67 (1.17-2.38) NA

CABG 7 (0.4) 3 (0.2) 2.36 (0.61-9.12) NA

Death or myocardial infarction 60 (3.0) 36 (1.8) 1.69 (1.12-2.56) NA

Cardiovascular death or myocardial
infarction

42 (2.1) 27 (1.3) 1.58 (0.97-2.56) NA

Major adverse cardiac eventsd 64 (3.1) 40 (2.0) 1.63 (1.10-2.42) NA

Abbreviations: BARC, Bleeding
Academic Research Consortium;
CABG, coronary artery bypass
grafting; CK-MB, creatine kinase–MB
fraction; DAPT, dual antiplatelet
therapy; GUSTO, Global Use of
Strategies to Open Occluded Arteries;
MI, myocardial infarction, NA, not
applicable; TIMI, Thrombolysis in
Myocardial Infarction;
TLR, target-lesion revascularization;
ULN, upper limit of normal.
a Definitions of the end points were

described in eAppendix 3 in
Supplement 2.

b Percentages are Kaplan-Meier
estimates at 365 days.

c P for noninferiority was derived
from Cox hazard model with
prespecified relative 50% margin of
noninferiority in the hazard ratio
scale.

d Major adverse cardiac events were
defined as composite of cardiac
death, myocardial infarction, and
clinically driven TLR.
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GLOBAL LEADERS trial, ticagrelor monotherapy even after 1
month of DAPT compared with 12 months of DAPT with aspi-
rin and ticagrelor was associated with a significant reduction
in major bleeding events without an increase in cardiovascu-
lar events.30 In the STOPDAPT-2 trial including patients with
both CCS and ACS, clopidogrel monotherapy after 1 to 2 months
of DAPT was superior in bleeding outcome and noninferior in
cardiovascular outcome to 12 months of DAPT with aspirin and
clopidogrel.9 In the present study analyzing a larger number
of patients with ACS, clopidogrel monotherapy after 1 to 2
months of DAPT failed to attest noninferiority to 12 months
of DAPT with aspirin and clopidogrel for the primary end point
evaluating the net clinical benefit, although it was associated
with reduction in major bleeding. The present study would be
inconclusive, given the failure of noninferiority testing for the
primary end point. One might argue that we should be cau-
tious in adopting clopidogrel monotherapy after 1 to 2 months
of DAPT in patients with ACS, because it was associated with
a numerical increase in cardiovascular events compared with
12 months of DAPT with aspirin and clopidogrel. Others might
argue that clopidogrel monotherapy after 1 to 2 months of DAPT
remains a viable option even in patients with ACS, because it
was associated with significant reduction in major bleeding
without meaningful difference in cardiovascular death, large
myocardial infarction, and stroke compared with 12 months
of DAPT with aspirin and clopidogrel. Clopidogrel mono-
therapy might not be the optimal antithrombotic regimen af-
ter very short DAPT in patients with ACS who underwent suc-
cessful PCI. Several previous studies suggested that aspirin
monotherapy was safe and effective after a 3-month course of
DAPT in patients with ACS or CCS, although the number of pa-
tients studied was limited, particularly in patients with
ACS.32-34 Which antiplatelet agent is optimal for mono-
therapy after very short DAPT is still the moving target.

Further studies are warranted to define the optimal antithrom-
botic regimen after PCI in patients with ACS.

Limitations
The present study has several important limitations. First, we
pooled the study patients from the 2 different trials (STOPDAPT-2
and STOPDAPT-2 ACS), which might confound the interpreta-
tion of data. The characteristics of the 2 subgroups of patients
were different in several aspects, such as clinical presentation
of acute myocardial infarction, heart failure, emergent proce-
dure, radial approach, left main coronary artery target, and treat-
ment with guideline-directed medications. Indeed, in the ex-
ploratory analyses stratified by the STOPDAPT-2 tria and
STOPDAPT-2 ACS trial, the excess risk of 1 to 2 months of DAPT
relative to 12 months of DAPT was significant for the major sec-
ondary cardiovascular end point in the STOPDAPT-2 ACS trial,
but not in the STOPDAPT-2 trial. A larger trial that included only
these patients as enrolled in STOPDAPT-2 ACS trial might show
significant harm of clopidogrel monotherapy after very short
DAPT in terms of cardiovascular end point. Second, we used a
composite end point for both cardiovascular and bleeding out-
comes as the primary end point to evaluate net clinical benefit.
However, the validity of evaluating net clinical benefit has not
yet been established, particularly when a given intervention af-
fects the components of the primary end point in opposite di-
rections. Nevertheless, net clinical benefit might be a clinically
relevant measure for comparing a given antithrombotic regi-
men with another. Third, open-label trial design might have re-
sulted in the differences in the ascertainment of outcomes, al-
though the components of the primary end points in the present
study might not so much be affected by the open-label trial de-
sign. Fourth, randomization was not performed at 1 to 2 months
when the antiplatelet regimen was actually modified accord-
ing to the protocol. Thus, the nonrandomized treatment

Figure 3. Subgroup Analysis by Study Cohorts for Primary and Major Secondary End Points

P value
1- to 2-mo

DAPT better
12-mo
DAPT better

0.01 1010.1
HR (95% CI)

No./total No. (%)

1- to 2-mo
DAPT
(n = 2058)

12-mo
DAPT
(n = 2078)Source

Primary end point

HR
(95% CI)

.3116/565 (2.88) 23/583 (4.02)STOPDAPT-2 0.72 (0.38-1.36)

.1249/1493 (3.32) 35/1495 (2.37)STOPDAPT-2 ACS 1.41 (0.91-2.18)

.48

P value
for
interaction

.09
65/2058 (3.20) 58/2078 (2.83)Overall 1.14 (0.80-1.62)

Major secondary CV end point
.6614/565 (2.52) 17/583 (2.98)STOPDAPT-2 0.85 (0.42-1.73)
.0142/1493 (2.85) 21/1495 (1.43)STOPDAPT-2 ACS 2.02 (1.19-3.41)
.054

.06
56/2058 (2.76) 38/2078 (1.86)Overall 1.50 (0.99-2.26)

Major secondary bleeding end point
.092/565 (0.36) 8/583 (1.40)STOPDAPT-2 0.26 (0.05-1.22)
.179/1493 (0.60) 16/1495 (1.08)STOPDAPT-2 ACS 0.56 (0.25-1.27)
.03

.38
11/2058 (0.54) 24/2078 (1.17)Overall 0.46 (0.23-0.94)

The subgroup analysis of the effect of 1 to 2 months of dual antiplatelet therapy
(DAPT) relative to 12 months of dual antiplatelet therapy for the primary and
major secondary end points in the 1148 patients with acute coronary syndrome
enrolled in the Short and Optimal Duration of Dual Antiplatelet Therapy After

Everolimus-Eluting Cobalt-Chromium Stent-2 (STOPDAPT-2) trial and the
additional 2988 patients enrolled in the Short and Optimal Duration of Dual
Antiplatelet Therapy After Everolimus-Eluting Cobalt-Chromium Stent-2 trial.
CV indicates cardiovascular; HR, hazard ratio.
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period for 1 to 2 month was included for comparison, rendering
the noninferiority comparison toward null. Fifth, as in the many
other short DAPT studies, randomization was performed after
successful PCI, and thus excluded those patients with cardio-
vascular and bleeding events after PCI. Also, among the eligible
patients for the study, enrolled patients were younger and less
often had comorbidities than nonenrolled patients. Therefore,
the current study patients would have represented a substan-
tially lower-risk population than the all-comers population with
ACS undergoing PCI in the real clinical practice. Sixth, in the 1-
to 2-month DAPT group, aspirin was discontinued not exactly
at 1 month, but at 30 to 59 days after index PCI. Seventh, the in-
cidence of the primary end point in the 12-month DAPT group
was remarkably lower than anticipated, rendering the present
study substantially underpowered. We could not deny the pos-
sibility of play of chance for the very low event rate in the 12-
month DAPT group. Eighth, we did not assess the influence of

clopidogrel resistance owing to CYP2C19 variations on clinical
outcomes. It is well known that the prevalence of clopidogrel re-
sistance is high in Japanese patients, which might be one of the
reasons for the numerically higher rate of cardiovascular events
in the 1- to 2-month DAPT group than in the 12-month DAPT
group in the present study.

Conclusions
In patients with ACS who underwent successful PCI using
CoCr-EES, clopidogrel monotherapy after 1 to 2 months of DAPT
failed to attest noninferiority to 12 months of DAPT with as-
pirin and clopidogrel for the net clinical benefit with a numeri-
cal increase in cardiovascular events despite reduction in ma-
jor bleeding events. The directionally different efficacy and
safety outcomes indicate the need for further clinical trials.
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