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IMPORTANCE Data on P2Y12 inhibitor monotherapy after short-duration dual antiplatelet

therapy (DAPT) in patients undergoing percutaneous coronary intervention are limited.

OBJECTIVE To determine whether P2Y12 inhibitor monotherapy after 3 months of DAPT

is noninferior to 12 months of DAPT in patients undergoing PCI.

DESIGN, SETTING, AND PARTICIPANTS The SMART-CHOICE trial was an open-label,

noninferiority, randomized study that was conducted in 33 hospitals in Korea and included

2993 patients undergoing PCI with drug-eluting stents. Enrollment beganMarch 18, 2014,

and follow-up was completed July 19, 2018.

INTERVENTIONS Patients were randomly assigned to receive aspirin plus a P2Y12 inhibitor for

3 months and thereafter P2Y12 inhibitor alone (n = 1495) or DAPT for 12 months (n = 1498).

MAIN OUTCOMES ANDMEASURES The primary end point wasmajor adverse cardiac and

cerebrovascular events (a composite of all-cause death, myocardial infarction, or stroke)

at 12 months after the index procedure. Secondary end points included the components of

the primary end point and bleeding defined as Bleeding Academic Research Consortium

type 2 to 5. The noninferiority margin was 1.8%.

RESULTS Among 2993 patients who were randomized (mean age, 64 years; 795 women

[26.6%]), 2912 (97.3%) completed the trial. Adherence to the study protocol was 79.3% of

the P2Y12 inhibitor monotherapy group and 95.2% of the DAPT group. At 12 months, major

adverse cardiac and cerebrovascular events occurred in 42 patients in the P2Y12 inhibitor

monotherapy group and in 36 patients in the DAPT group (2.9% vs 2.5%; difference, 0.4%

[1-sided 95% CI, –�% to 1.3%]; P = .007 for noninferiority). There were no significant

differences in all-cause death (21 [1.4%] vs 18 [1.2%]; hazard ratio [HR], 1.18; 95% CI,

0.63-2.21; P = .61), myocardial infarction (11 [0.8%] vs 17 [1.2%]; HR, 0.66; 95% CI, 0.31-1.40;

P = .28), or stroke (11 [0.8%] vs 5 [0.3%]; HR, 2.23; 95% CI, 0.78-6.43; P = .14) between

the 2 groups. The rate of bleeding was significantly lower in the P2Y12 inhibitor monotherapy

group than in the DAPT group (2.0% vs 3.4%; HR, 0.58; 95% CI, 0.36-0.92; P = .02).

CONCLUSIONS AND RELEVANCE Among patients undergoing percutaneous coronary

intervention, P2Y12 inhibitor monotherapy after 3 months of DAPT compared with prolonged

DAPT resulted in noninferior rates of major adverse cardiac and cerebrovascular events.

Because of limitations in the study population and adherence, further research is needed in

other populations.
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C
urrent standard antiplatelet therapy after percutane-

ous coronary intervention (PCI) with drug-eluting

stents is dual antiplatelet therapy (DAPT) with aspirin

plus a P2Y12 inhibitor followed by aspirin monotherapy.1,2

However, the optimal duration of DAPT after PCI remains

controversial. Although 3 or 6 months of DAPT followed by

aspirin monotherapy was comparable to 12 months of DAPT

in several randomized studies, such as the OPTIMIZE and

EXCELLENT trials,3,4 a short duration of DAPT was associ-

ated with an increased risk of myocardial infarction and

stent thrombosis in meta-analyses.5,6 Conversely, prolonged

DAPT increases the risk of bleeding, which offsets the ben-

efit from reducing recurrent ischemic events.5,7,8 Therefore,

neither prolonged DAPT nor short-duration DAPT followed

by aspirin monotherapy is fully satisfactory. To develop

novel antiplatelet strategies that maintain efficacy for ische-

mic events while reducing the bleeding risk after PCI is of

paramount importance.

P2Y12 inhibitor monotherapy has recently been sug-

gestedasanewalternativeantiplatelet strategy inpatientswith

atherosclerotic cardiovascular disease.9 Clopidogrel reduced

the risk of subsequent ischemic events with a similar risk of

bleeding compared with aspirin in patients with atheroscle-

rotic cardiovasculardiseaseor thoseundergoingPCI.10,11Com-

pared with DAPT, clopidogrel monotherapy was not associ-

ated with an increased thrombotic risk in high-risk patients

with recent ischemic stroke or transient ischemic attack.12

Moreover, several studies reported that clopidogrel mono-

therapyconferreda lower riskofbleeding thanDAPT.12,13These

results suggest thatP2Y12 inhibitormonotherapymaybecom-

parable to DAPT for the prevention of recurrent ischemic

events,witha lower riskofbleeding inpatientsundergoingPCI.

Therefore, the Smart Angioplasty Research Team: Compari-

son Between P2Y12 Antagonist Monotherapy vs Dual Anti-

platelet Therapy in Patients Undergoing Implantation of

Coronary Drug-Eluting Stents (SMART-CHOICE) trial sought

to compare P2Y12 inhibitor monotherapy after 3 months of

DAPT with 12 months of DAPT in patients receiving current-

generation drug-eluting stents.

Methods

Study Design

This trial was an investigator-initiated, multicenter, open-

label, noninferiority, randomized study performed at 33 sites

inKorea.The trialwasdesignedby the steering committeeand

was coordinated by the Academic Clinical Research Organi-

zation of Samsung Medical Center (Seoul, Korea). The open-

label design was selected because of limited funding; there-

fore, we took several precautions to minimize the possibility

of bias. First, to prevent crossovers from the allocated treat-

ment to the alternative treatment,we emphasized the impor-

tance of adherence to the protocol to the investigators during

trial preparation and throughout thedurationof the studyvia

newsletters and telephonecommunications. Second,we regu-

larly monitored adherence to the protocol of study partici-

pants and investigators. Third, an independent clinical event

adjudicationcommittee,whosememberswereunawareof the

study-group assignments, adjudicated all the clinical out-

comes. The institutional review board at each participating

center approved the trial protocol. All participants provided

written informed consent. The independent data and safety

monitoring board oversaw the safety of the trial. The full pro-

tocol and statistical analysis plan for this trial are available in

Supplement 1.The rationaleanddesignof this studyhavebeen

previously published.14

Eligible patients were aged 20 years or older and had 1 or

more coronary artery stenoses of 50% or greater in a native

coronary arterywith visually estimated diameter of 2.25mm

or greater and 4.25mm or smaller amenable to stent implan-

tation, and underwent PCI. Patients with known hypersensi-

tivity or contraindication to aspirin, clopidogrel, prasugrel,

ticagrelor, everolimus, or sirolimus were excluded. Addi-

tional exclusion criteria includedhemodynamic instability or

cardiogenic shock; active pathologic bleeding, including gas-

trointestinal or genitourinarybleeding; drug-eluting stent im-

plantation within 12 months before the index procedure;

women of childbearing potential; noncardiac comorbid con-

ditions with a life expectancy less than 2 years; or conditions

that may result in protocol nonadherence. A complete list of

the inclusion and exclusion criteria is provided in eTable 1 in

Supplement 2.

Randomization and Study Procedures

Patientswere randomlyassigned to theP2Y12 inhibitormono-

therapygroup (aspirinplus aP2Y12 inhibitor for 3months and

thereafteraP2Y12 inhibitoralone)or to theDAPTgroup(aspirin

plus a P2Y12 inhibitor for at least 12 months) in a 1:1 ratio.

Enrollment and randomassignmentwere conductedat the in-

dexprocedure or at a follow-upvisitwithin 3months after the

index procedure. Randomizationwas performedwith aweb-

based response system (http://www.ecrf.kr/smartchoice) in

blocks of 4 and was stratified by clinical presentation (stable

ischemicheart diseaseor acute coronary syndrome), enrolling

center, type of P2Y12 inhibitor (clopidogrel, prasugrel, or

ticagrelor), and type of stent used. Tominimize the bias from

different stent devices, the stents usedwere limited to cobalt-

chromium everolimus-eluting stents (Xience Prime, Xience

Key Points

Question Is P2Y12 inhibitor monotherapy for 9months after

3 months of dual antiplatelet therapy (DAPT) noninferior

to 12 months of DAPT in patients undergoing percutaneous

coronary intervention?

Findings In this randomized clinical trial including 2993 patients,

the rate of all-cause death, myocardial infarction, or stroke at 12

months was 2.9%with P2Y12 inhibitor monotherapy and 2.5% for

patients receiving DAPT. The 1-sided confidence limit of this

difference was within the noninferiority margin of 1.8%.

Meaning Although in this study P2Y12 inhibitor monotherapy

after a short duration of DAPT resulted in a noninferior rate of

major cardiovascular events compared with prolonged DAPT,

further research is needed in other populations.
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Expedition, or Xience Alpine; Abbott Vascular), platinum-

chromiumeverolimus-elutingstents (PromusElement,Promus

Premier, or SYNERGY; Boston Scientific), or sirolimus-

eluting stentswithbiodegradablepolymer (Orsiro; Biotronik).

For eachpatient, all lesionshad tobe treatedwith the identical

type of stent; however, other stents were allowed in case of

device failure or situations in which the operators decided

otherwise, considering the best interests of the patient.

Percutaneous coronary intervention was conducted ac-

cording to standard techniques. The length and diameter of

the stent were not restricted. Intravascular imaging or frac-

tional flow reserve was also conducted according to the op-

erators’ discretion.All patients received300mgof aspirin and

a 300- or 600-mg clopidogrel loading dose orally at least 12

hours before PCI, unless they had previously received these

antiplateletmedications.However, if administrationof a load-

ingdosewasnot possible 12hours in advance, a 600-mg load-

ing dose of clopidogrel was given as early as possible before

intervention. For patients with acute coronary syndrome,

60mgprasugrel or 180mgticagrelor aswell as clopidogrelwas

used. After the procedure, patients received DAPTwith aspi-

rin 100mgoncedaily plus clopidogrel 75mgoncedaily or pra-

sugrel 10 mg once daily or ticagrelor 90 mg twice daily for 3

months in both groups. The administration of aspirin was

stoppedat 3months after the indexprocedure in theP2Y12 in-

hibitormonotherapy group butwas continued indefinitely in

the DAPT group. A P2Y12 inhibitor was prescribed continu-

ously in both groups.

Itwas recommendedthatall patients receiveoptimalphar-

macologic therapy, including statins, β-blockers, or renin-

angiotensin system blockade, if indicated, following clinical

guidelines.15,16 Clinical follow-up was performed at 3, 6, and

12 months after index PCI. At follow-up, data about patients’

clinical status, all interventions received, outcomeevents, and

adverseeventswere recorded. Inparticular, informationonthe

useof aspirin or a P2Y12 inhibitorwas assessed at each follow-

up. Patientswhodiscontinued antiplatelet therapy as a result

of clinically significant active bleeding or for other proce-

dures weremonitored carefully for cardiac events, and, once

they were stabilized, their allocated antiplatelet therapy was

restarted as soon as possible.

Study End Points

The primary end point was major adverse cardiac and cere-

brovascular events, defined as a composite of all-cause

death, myocardial infarction, or stroke at 12 months after the

index procedure. Secondary end points included the compo-

nents of the primary end point, cardiac death, target lesion

revascularization, target vessel revascularization, any revas-

cularization, stent thrombosis, Bleeding Academic Research

Consortium bleeding type of at least 2 or 3, and a composite

of death, myocardial infarction, cerebrovascular event, or

any revascularization at 12 months after the index procedure,

and each component of primary and secondary end points at

2 and 3 years.

All deaths were considered cardiac unless a definite non-

cardiac cause could be established.Myocardial infarctionwas

defined as elevated cardiac enzyme levels (cardiac troponin

ormyocardial band fraction of creatine kinase) above the up-

per reference limitwith ischemic symptomsor electrocardio-

graphic findings indicative of ischemia. However, periproce-

dural enzyme-level elevationwithin 48 hours after the index

procedure without concomitant ischemic symptoms or elec-

trocardiographic findings indicative of ischemia was ex-

cluded in the assessment of end points.17 Stroke was defined

asanynonconvulsive focalorglobalneurologicdeficitofabrupt

onset lasting formore than24hoursor leading todeath,which

was causedby ischemiaorhemorrhagewithin thebrain. Stent

thrombosis was defined as definite or probable stent throm-

bosis according to the Academic Research Consortium

classification.17BleedingwasdefinedasBleedingAcademicRe-

search Consortium type 2 to 5 bleeding.18Major bleedingwas

defined asBleedingAcademicResearchConsortium type 3, 4,

and5bleeding.For aposthocanalysis, net adverse clinical and

cerebral eventsweredefinedasmajoradversecardiacandcere-

brovascular events plusBleedingAcademicResearchConsor-

tium type 2 to 5 bleeding.

Statistical Analysis

The sample size was calculated for noninferiority compari-

son between P2Y12 inhibitor monotherapy and DAPT in re-

gard to theprimaryoutcomeofmajoradversecardiacandcere-

brovascular events (statistical analysis plan in Supplement 1).

According to data from previous trials, the event rate of ma-

jor adverse cardiac and cerebrovascular events in the DAPT

group at 12 months after the index procedure was estimated

to be 4.0%.3,19 Selection of the noninferiority margin (ie, the

limit below which the upper limit of a 1-sided 95% CI would

consider monotherapy to be noninferior to DAPT) was com-

plicatedbythe limited informationavailable fromexisting trials

at study design.We chose the noninferioritymargin in accor-

dancewith clinical judgment and other relevant studies with

anoninferioritydesign.Therewasconsensusamong the steer-

ing committee that the noninferiority margin should be less

than a 50% increase compared with the expected event rate

of the standard treatment group, and the noninferioritymar-

gin of 2 trials that were available up to that time was equiva-

lent to a 40% increase in the expected event rate.3,20 It is gen-

erallydesirable to choosea smaller value for thenoninferiority

margin, but the feasibility of study recruitment was another

important consideration. Therefore, we chose the noninferi-

ority margin of 1.8% that was equivalent to a 45% increase in

the expected event rate. With a sampling ratio of 1:1 allowing

for2%attrition ineachgroupduring 12months, a total of 3000

patients (1500pergroup)wouldprovide80%powerata 1-sided

type I error of 5%. If the upper limit of the 1-sided 95% CI of

the difference were less than the prespecified noninferiority

margin, P2Y12 inhibitor monotherapy would be considered

noninferior to DAPT.

The analysis of the primary end point followed the

intention-to-treat principle, with inclusion of all randomized

patients according to original group allocation. A per-

protocol analysis excludedpatientswhodidnot receive theas-

signed treatment, according to regular assessments of study

participants every 3monthswith time-to-eventmethods. Cu-

mulative event rates were estimated with the Kaplan-Meier
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method and compared with log-rank tests. Analyses of sec-

ondary end points and subgroup analyses were performed

with 2-tailed superiority hypothesis testing, with α = .05

and with 2-sided 95% CIs. A post hoc landmark analysis was

performed with a landmark of aspirin discontinuation at 3

months. As a post hoc sensitivity analysis, repeated analysis

using adherence as a time-varying exposure anda frailty term

for site differences was performed. The proportion of pa-

tients with at least 1missing datumwas 1.7%, and no imputa-

tionmethodswere used to infermissing data of baseline vari-

ables. Patients who were lost to follow-up were censored at

the time of the last known contact. Prespecified subgroups

included acute coronary syndrome; diabetes mellitus; im-

planted stent type; type of P2Y12 inhibitor (clopidogrel, pra-

sugrel, or ticagrelor); chronic kidney disease, defined as esti-

mated glomerular filtration rate less than60mL/min/m2; and

multivessel PCI. Prespecified subgroup analyses of the pri-

mary end point were performed to evaluate the consistency

of treatment effects of P2Y12 inhibitor monotherapy com-

pared with DAPT, using Cox regression models with tests for

interaction. Because of thepotential for type I error causedby

multiple comparisons, findings for analyses of secondary end

points should be interpreted as exploratory.

Categoric variables arepresentedasnumbers andpercent-

ages and compared with the χ2 test or Fisher exact test. Con-

tinuous variables are presented as mean (SD) and compared

with the t test. P values and CIswere 2-tailed except those for

noninferiority testing of the primary end point. All analyses

were performed with SAS version 9.2.

Results

FromMarch 18, 2014, to July 7, 2017, a total of 2993 patients

were enrolled. Of these, 1495 patients were randomly as-

signed to receiveP2Y12 inhibitormonotherapy and 1498were

randomlyassigned to receive 12-monthDAPT (Figure 1). Study

participantswere followeduntil thedevelopmentof anevent,

death, or July 19, 2018,whichever came first. Themedian time

from the index event to randomization was 1 day (interquar-

tile range, 0 to 13) in the P2Y12 inhibitor monotherapy group

and 1 day (interquartile range, 0 to 11) in the DAPT group. All

baseline demographic, clinical, angiographic, andprocedural

characteristicswerewell balanced in the2groups (Table 1).The

mean age was 64 years, 26.6% of all patients were women,

37.5%haddiabetesmellitus, 58.2%presentedwithacute coro-

nary syndrome, and 49.5% hadmultivessel disease. Medica-

tions at discharge from the index PCI were similar in both

groups (eTable 2 in Supplement 2).

Antiplatelet Therapy

Overall adherence to the study protocol was 79.3% in the

P2Y12 inhibitor monotherapy group and 95.2% in the DAPT

group. The rates of P2Y12 inhibitor use were similar in both

groups: 96.4% at 6 months and 95.0% at 12 months in the

P2Y12 inhibitor monotherapy group and 98.1% at 6 months

and 96.6% at 12 months in the DAPT group. The median

duration of aspirin was 96 days (interquartile range, 88-118

days) in the P2Y12 inhibitor monotherapy group and 365 days

(interquartile range, 363-365) in the DAPT group. The propor-

tion of patients receiving aspirin beyond 3 months in the

P2Y12 inhibitor monotherapy group was 14.4% at 6 months

and 8.9% at 12 months. Clopidogrel was used as the P2Y12

inhibitor in 1149 patients (76.9%) in the P2Y12 inhibitor

monotherapy group and 1163 (77.6%) in the DAPT group.

Potent P2Y12 inhibitors, prasugrel or ticagrelor, were used in

346 patients (23.1%) in the P2Y12 inhibitor monotherapy

group and 335 (22.4%) in the DAPT group.

End Points

Follow-up for the primary end point was complete for 1451

(97.1%) of patients in the P2Y12 inhibitormonotherapy group

Figure 1. Randomization and Patient Flow in the Study Comparing P2Y12 InhibitorMonotherapy

vs Dual Antiplatelet Therapy in Patients Undergoing Percutaneous Coronary Intervention

2993 Randomized

1495 Randomized to receive P2Y12
inhibitor monotherapy

1185 Received P2Y12 inhibitor
monotherapy as randomized

310 Did not receive P2Y12 inhibitor
monotherapy

244 Had been taking aspirin
>150 d

38 Had been taking a P2Y12
inhibitor <300 d

28 Had been taking aspirin
<60 d

1495 Included in primary analysis

44 Lost to follow-up

30 Withdrew consent

14 Lost contact or moved

1498 Randomized to receive dual
antiplatelet therapy

1426 Received dual antiplatelet
therapy as randomized

72 Did not receive dual antiplatelet
therapy

45 Had been taking a P2Y12
inhibitor <300 d

27 Had been taking aspirin
<300 d

1498 Included in primary analysis

37 Lost to follow-up

24 Withdrew consent

13 Lost contact or moved

Sites were not required to provide

screening logs during the recruitment

phase. Thus, the number of patients

approached for participation is not

available. Outcomes of patients who

were lost to follow-up were included

to the point of final contact. Their

time-to-event measure was censored

at the last contact date. There was no

imputation of outcome events.
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Table 1. Characteristics of Patients at Baseline

Characteristic

No. (%)

P2Y12 Inhibitor Monotherapy
(n = 1495)

Dual Antiplatelet Therapy
(n = 1498)

Age, mean (SD), y 64.6 (10.7) 64.4 (10.7)

Men 1087 (72.7) 1111 (74.2)

Women 408 (27.3) 387 (25.8)

Body mass index, mean (SD)a 24.5 (3.1) 24.7 (3.2)

Comorbidities

Hypertension 921 (61.6) 919 (61.3)

Dyslipidemia 673 (45.1) 679 (45.5)

Diabetes mellitus 570 (38.2) 552 (36.8)

Current smoking 424 (28.4) 367 (24.5)

Previous revascularization 172 (11.5) 177 (11.8)

Previous stroke 99 (6.6) 102 (6.8)

Previous myocardial infarction 62 (4.1) 65 (4.3)

Chronic renal failure 44 (2.9) 53 (3.5)

Left ventricular ejection fraction, mean (SD), % 60.0 (10.9) 59.9 (10.7)

Clinical presentation

Stable angina 625 (41.8) 625 (41.8)

Unstable angina 467 (31.2) 491 (32.8)

Non–ST-segment elevation myocardial infarction 239 (16.0) 230 (15.4)

ST-segment elevation myocardial infarction 164 (11.0) 150 (10.0)

Transradial approach 1091 (73.0) 1091 (72.8)

Multiple vessels disease 749 (50.1) 734 (49.0)

No. of lesion treated 1849 1885

Location of lesions

Left main 23 (1.2) 35 (1.9)

Left anterior descending artery 903 (48.8) 950 (50.4)

Left circumflex 399 (21.6) 376 (19.9)

Right coronary artery 524 (28.3) 524 (27.8)

Lesion complexity

Calcified 235 (15.7) 229 (15.3)

Bifurcation 199 (13.3) 181 (12.1)

Thrombotic 110 (7.4) 112 (7.5)

Use of intravascular ultrasonography 372 (25.0) 406 (27.2)

Treated lesions per patient

1 1065 (71.2) 1041 (69.5)

2 329 (22.0) 351 (23.4)

3 86 (5.8) 91 (6.1)

≥4 15 (1.0) 15 (1.0)

Multilesion intervention 430 (28.8) 457 (30.5)

Multivessel intervention 337 (22.5) 368 (24.6)

No. of stents per patient

1 975 (65.2) 978 (65.3)

2 380 (25.4) 374 (25.0)

3 102 (6.8) 115 (7.7)

≥4 38 (2.6) 31 (2.0)

Stent length per patient, mean (SD), mm 38.0 (22.5) 37.8 (22.9)

Type of drug-eluting stents

Cobalt-chromium everolimus eluting 525 (35.1) 526 (35.1)

Platinum-chromium everolimus eluting 489 (32.7) 478 (31.9)

Sirolimus-eluting with biodegradable polymer 481 (32.2) 491 (32.8)

Zotarolimus eluting 0 1 (0.1)

Paclitaxel-cilostazol eluting 0 1 (0.1)

a Bodymass index is calculated as

weight in kilograms divided by

height in meters squared.
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and 1461 (97.5%) in the DAPT group. At 12 months, the pri-

mary end point ofmajor adverse cardiac and cerebrovascular

events occurred in 42 patients in the P2Y12 inhibitor mono-

therapy group and 36 in the DAPT group. Cumulative rates of

major adversecardiacandcerebrovascular eventsat 12months

were2.9%for theP2Y12 inhibitormonotherapygroupand2.5%

for the DAPT group (difference, 0.4% [1-sided 95%CI, –�% to

1.3%]; P = .007 for noninferiority), meeting criteria for non-

inferiority of P2Y12 inhibitor monotherapy to DAPT (Table 2,

Figure 2A; eFigure 1 in Supplement 2). In the per-protocol

analysis, major adverse cardiac and cerebrovascular events

occurred in 36 of 1185 patients in the P2Y12 inhibitor mono-

therapy group and 35 of 1426 in the DAPT group. Cumulative

rates of major adverse cardiac and cerebrovascular events

at 12 months were 3.1% for the P2Y12 inhibitor monotherapy

group and 2.5% for the DAPT group (difference, 0.6%

[1-sided 95% CI, –�% to 1.5%]; P = .02 for noninferiority)

(eTable 3 and eFigure 2 in Supplement 2), meeting criteria

fornoninferiorityP2Y12 inhibitormonotherapy toDAPT in the

per-protocol analysis.

Table 2. Outcomes at 12Months

Outcome

No. (%)

Estimate of Difference,
% (95% 1-Sided CI) P Value

P2Y12 Inhibitor
Monotherapy
(n = 1495)a

Dual Antiplatelet
Therapy
(n = 1498)a

Primary End Point

MACCEb 42 (2.9) 36 (2.5) 0.4 (−� to 1.3) .007 (noninferiority)

Secondary End Points Hazard Ratio (95% CI)

All-cause death 21 (1.4) 18 (1.2) 1.18 (0.63 to 2.21) .61

Myocardial infarction 11 (0.8) 17 (1.2) 0.66 (0.31 to 1.40) .28

Stroke 11 (0.8) 5 (0.3) 2.23 (0.78 to 6.43) .14

Cardiac death 11 (0.8) 13 (0.9) 0.86 (0.38 to 1.91) .70

Stent thrombosis 3 (0.2) 2 (0.1) 1.51 (0.25 to 9.02) .65

Bleeding BARC type 2-5 28 (2.0) 49 (3.4) 0.58 (0.36 to 0.92) .02

Major bleedingc 12 (0.8) 14 (1.0) 0.87 (0.40 to 1.88) .72

Post Hoc Analysis

Death or myocardial
infarction

31 (2.1) 32 (2.2) 0.98 (0.60 to 1.61) .94

Cardiac death
or myocardial infarction

21 (1.5) 27 (1.9) 0.79 (0.45 to 1.39) .50

Net adverse clinical
and cerebral eventsd

65 (4.5) 81 (5.6) 0.81 (0.58 to 1.12) .20

Abbreviations: BARC, Bleeding

Academic Research Consortium;

MACCE, major adverse cardiac and

cerebrovascular events.

a Data are presented for the

intention-to-treat population.

The percentages are

Kaplan-Meier estimates.

bA composite of all-causemortality,

myocardial infarction, or stroke.

c BARC type 3 to 5 bleeding.

dMACCE plus BARC type 2

to 5 bleeding.

Figure 2. Time-to-Event Curves for theMajor Adverse Cardiovascular and Cerebrovascular Events and Landmark Analysis at 3Months
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A, Results of the analysis of the primary end point of major adverse

cardiovascular and cerebrovascular events (a composite of death, myocardial

infarction, or stroke) at 12 months. B, Results of the landmark analysis at 3

months (the point after which one group received P2Y12 inhibitor only and

the other received DAPT) for the primary end point. Event rates were based on

Kaplan-Meier estimates in time-to-first-event analyses. Hazard ratios are for

the patients in the P2Y12 inhibitor monotherapy group. DAPT indicates dual

antiplatelet therapy; HR, hazard ratio; MACCE, major adverse cardiac and

cerebrovascular events. MACCEwas defined as a composite of all-cause death,

myocardial infarction, or stroke. Themedian length of patient follow-up was

365 days (25th and 75th percentile, 365 and 365) in the P2Y12 inhibitor

monotherapy group and 365 days (25th and 75th percentile, 365 and 365)

in the DAPT group.
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There were no significant differences in the cumulative

rates of the components of theprimary endpoint at 12months

for all-causedeath,myocardial infarction, and stroke (Table 2;

eFigures3-5 inSupplement2).The riskof stent thrombosiswas

not significantly different between the2 groups (Table 2). The

results from the per-protocol analysis were similar to those

from the intention-to-treat analysis (eTable 3 in Supple-

ment 2). A post hoc landmark analysis showed that the risk of

major adverse cardiac and cerebrovascular events between 3

and 12 months was not significantly different between the

groups (hazardratio, 1.14;95%CI,0.67-1.93;P = .63) (Figure2B).

A post hoc analysis using adherence as a time-varying expo-

sure and a frailty term for site differences gave similar results

(hazard ratio, 1.26; 95% CI, 0.79-2.00; P = .33). The rate of

bleedingwas significantly lower in the P2Y12 inhibitormono-

therapy group than in the DAPT group (2.0% vs 3.4%; hazard

ratio,0.58; 95%CI,0.36-0.92;P = .02) (Table2andFigure 3A).

Therewas no significant difference in the risk of bleeding be-

tween the groups in the post hoc 3-month landmark analysis

(hazard ratio,0.59;95%CI,0.34-1.01;P = .053) (Figure3B).The

rate ofmajor bleedingdidnot differ significantly between the

2 groups (Table 2). In the per-protocol analysis, the risk of

bleedingwas significantly lower in the P2Y12 inhibitormono-

therapy group than in the DAPT group (1.8% vs 3.1%; hazard

ratio, 0.58; 95% CI, 0.34-0.97; P = .04) (eTable 3 and eFig-

ure 2 in Supplement 2).

The treatment effects of the P2Y12 inhibitor mono-

therapy compared with DAPTwere consistent across various

subgroups for themajor adverse cardiac and cerebrovascular

events, including the subgroups according to clinical presen-

tation (acute coronary syndromevs stable ischemic heart dis-

ease) and type of P2Y12 inhibitors (eFigure 6 in Supple-

ment 2). In post hoc subgroup analyses in regard to the risk of

bleeding, the results were consistent across various sub-

groups (eFigure 7 in Supplement 2).

Discussion

In this randomized trial, P2Y12 inhibitormonotherapy after 3

monthsofDAPTwasnoninferior to 12-monthDAPTfor thepri-

mary end point ofmajor adverse cardiac and cerebrovascular

events at 12months after the index procedure, andwas asso-

ciated with a lower rate of bleeding.

There are several plausible explanations for these re-

sults. First, aspirin might provide little additional inhibition

of platelet aggregation in the presence of a P2Y12 inhibitor.

P2Y12 receptor activation is important to platelet throm-

boxaneA2production, andP2Y12 inhibitioncanresult inasub-

stantial degree of inhibition of thromboxane A2.21,22 It was

also reported that P2Y12 inhibitor monotherapy inhibited

hemostatic system activation to a similar extent compared

with DAPT.23 Second, the risk of bleeding was significantly

lower with P2Y12 inhibitor monotherapy than with DAPT in

the present study. Reduction of bleeding after PCI is of great

importance because it has a strong relationship with

subsequent all-causemortality andmajor adverse cardiovas-

cular events.24 In addition to bleeding-related death, inter-

ruptionof antiplatelet therapybecauseof bleedingmaybe as-

sociatedwithan increase in thrombotic events. Third, second-

generation drug-eluting stents with documented safety that

significantly reduced stent thrombosis andmyocardial infarc-

tion compared with the first-generation drug-eluting stents

were exclusively used.6 In the present study, the rate of stent

thrombosiswas lowand similar in both groups. Three-month

DAPT in the P2Y12 inhibitormonotherapy groupmight be ad-

equate to prevent stent thrombosis after implantation of

current-generation drug-eluting stents.

In the GLOBAL LEADERS trial, the researchers compared

ticagrelor plus aspirin for 1month followedby ticagrelor alone

for 23 months vs 12 months of standard DAPT followed by

Figure 3. Time-to-Event Curves for the Bleeding and Landmark Analysis at 3Months
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A, Results of the analysis of the bleeding at 12 months. B, Results of the

landmark analysis at 3 months (the point after which one group received P2Y12

inhibitor only and the other received DAPT) for bleeding. Event rates were

based on Kaplan-Meier estimates in time-to-first-event analyses. Hazard ratios

are for the patients in the P2Y12 inhibitor monotherapy group. DAPT indicates

dual antiplatelet therapy; HR, hazard ratio.
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12monthsofaspirinaloneinpatientsundergoingPCI.25Although

thetrialwas largeandwell conducted,generalizability is limited

by theexclusiveuseof ticagrelor even inpatientswith stable is-

chemicheartdisease.On thecontrary, in this trial, therewasno

restrictionontypeofP2Y12 inhibitorsandclinicalpresentation.

As a result, clopidogrelwas thepredominant P2Y12 inhibitor in

thepatients in the trial.Response toclopidogrel showswide in-

dividualvariability,andtheremightbeconcernsthatclopidogrel

monotherapyis inadequatetopreventrecurrent ischemicevents

in the substantial portion of patientswith high platelet reactiv-

itywithclopidogrel.26,27However, therewasnosignificant inter-

actionbetweentypeofP2Y12inhibitorsandthetreatmenteffects

of the 2 antiplatelet regimens on themajor adverse cardiac and

cerebrovascular events in the present study.

Limitations

This studyhasseveral limitations.First, thenoninferioritymar-

ginof 1.8%(corresponding toa45%increasewith respect to the

expected event rate and a 72% increasewith respect to the ob-

served event rate) was relatively wide and this studymight be

underpowered. However, the noninferiority margin of major

trials on duration of DAPT was equivalent to a 20% to 67%

increase in the expected event rate and a 47% to 133% increase

in the observed event rate of the standard treatment

group.3,4,20,28-32Therefore, thenoninferioritymarginof this trial

was not exceptionally wide, but was typical compared

with that of the previous trials on DAPT duration. Second, the

presentstudywasanopen-labeltrial,notplacebocontrolled,and

was conducted in a low risk-population. Although several pre-

cautionsweretakentomaximizeadherenceandminimizetreat-

mentcrossovers, thepossibilityofbiases towardnoninferiority

originating fromanopen-label interventionor from lowadher-

ence in the monotherapy group could not be excluded. How-

ever, intention-to-treatandper-protocolanalysesshowedsimi-

lar conclusions, suggesting that any potential biases caused by

differential adherenceandtreatmentcrossoverare likely small.

Third, not all consecutive patients were considered for enroll-

mentandthenumberofpatientsscreenedwasnotavailable.Se-

lectionbiasforenrollmentofpatientswithrelativelylowriskmay

limit application of the results of this study in other popula-

tions. In the SMART-DATE trial that compared 6-month DAPT

with the conventional 12-month or longer duration of DAPT in

patients with acute coronary syndrome,myocardial infarction

significantly increased with 6-month DAPT.31 Although more

than half of patients presented with acute coronary syndrome

in this trial, the safety of P2Y12 inhibitor monotherapy after a

shortdurationofDAPTinpatientswithahigh-riskprofileneeds

tobe confirmed ina future study, suchas theTWILIGHT trial.33

Conclusions

Amongpatients undergoingpercutaneous coronary interven-

tion, P2Y12 inhibitor monotherapy after 3 months of DAPT

comparedwith prolonged DAPT resulted in noninferior rates

of major adverse cardiac and cerebrovascular events. Be-

cause of limitations in the study population and adherence,

further research is needed in other populations.
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