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IMPORTANCE The current recommendation is for at least 12 months of dual antiplatelet
therapy after implantation of a drug-eluting stent. However, the optimal duration of dual
antiplatelet therapy with specific types of drug-eluting stents remains unknown.

OBJECTIVE To assess the clinical noninferiority of 3 months (short-term) vs 12 months
(long-term) of dual antiplatelet therapy in patients undergoing percutaneous coronary
intervention (PCI) with zotarolimus-eluting stents.

DESIGN, SETTING, AND PATIENTS The OPTIMIZE trial was an open-label, active-controlled, 1:1
randomized noninferiority study including 3119 patients in 33 sites in Brazil between April
2010 and March 2012. Clinical follow-up was performed at 1, 3, 6, and 12 months. Eligible
patients were those with stable coronary artery disease or history of low-risk acute coronary
syndrome (ACS) undergoing PCI with zotarolimus-eluting stents.

INTERVENTIONS After PCI with zotarolimus-eluting stents, patients were prescribed aspirin
(100-200 mg daily) and clopidogrel (75 mg daily) for 3 months (n = 1563) or 12 months
(n = 1556), unless contraindicated because of occurrence of an end point.

MAIN OUTCOMES AND MEASURES The primary end point was net adverse clinical and cerebral
events (NACCE; a composite of all-cause death, myocardial infarction [MI], stroke, or major
bleeding); the expected event rate at 1 year was 9%, with a noninferiority margin of 2.7%.
Secondary end points were major adverse cardiac events (MACE; a composite of all-cause
death, MI, emergent coronary artery bypass graft surgery, or target lesion revascularization)
and Academic Research Consortium definite or probable stent thrombosis.

RESULTS NACCE occurred in 93 patients receiving short-term and 90 patients receiving
long-term therapy (6.0% vs 5.8%, respectively; risk difference, 0.17 [95% CI, −1.52 to 1.86];
P = .002 for noninferiority). Kaplan-Meier estimates demonstrated MACE rates at 1 year of
8.3% (128) in the short-term group and 7.4% (114) in the long-term group (HR, 1.12 [95% CI,
0.87-1.45]). Between 91 and 360 days, no statistically significant association was observed for
NACCE (39 [2.6%] vs 38 [2.6%] for the short- and long-term groups, respectively; HR, 1.03
[95% CI, 0.66-1.60]), MACE (78 [5.3%] vs 64 [4.3%]; HR, 1.22 [95% CI, 0.88-1.70]), or stent
thrombosis (4 [0.3%] vs 1 [0.1%]; HR, 3.97 [95% CI, 0.44-35.49]).

CONCLUSIONS AND RELEVANCE In patients with stable coronary artery disease or low-risk ACS
treated with zotarolimus-eluting stents, 3 months of dual antiplatelet therapy was noninferior
to 12 months for NACCE, without significantly increasing the risk of stent thrombosis.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01113372

JAMA. 2013;310(23):2510-2522. doi:10.1001/jama.2013.282183
Published online October 31, 2013.

Author Video Interview at
jama.com

Supplemental content at
jama.com

Author Affiliations: Author
affiliations are listed at the end of this
article.

Group Information: The OPTIMIZE
Trial Investigators are listed at the
end of this article.

Corresponding Author: Fausto
Feres, MD, PhD, Instituto Dante
Pazzanese de Cardiologia, Ave Dante
Pazzanense, 500, Ibirapuera, São
Paulo, São Paulo, Brazil 04012-180
(fferes@lee.dante.br).

Research

Original Investigation

2510 jama.com

Copyright 2013 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by Imperial College London, John Vogel on 07/30/2016

iAnnotate User
Highlight

iAnnotate User
Highlight



Copyright 2013 American Medical Association. All rights reserved.

O riginal recommendations for patients receiving first-
generation drug-eluting stents (sirolimus- and pacli-
taxel-eluting stents) specified that these patients also

receive 3 to 6 months of dual antiplatelet therapy with aspirin
and a thienopyridine.1 However, limited trial data and retro-
spective analyses from real-world registries documented the
occurrence of late and very late stent thrombosis and sug-
gested that long-term (≥12 months) dual antiplatelet therapy
might be beneficial.2,3 Such outcomes, along with previous
evidence obtained from studies of bare-metal stents, led to cur-
rent guideline recommendations for prolonged dual antiplate-
let therapy for all patients undergoing implantation of a drug-
eluting stent.2-6

Several observational studies showed a significant asso-
ciation between discontinuation of dual antiplatelet therapy
and the occurrence of thrombotic events in the first 6 or 12
months after implantation of a drug-eluting stent, but not
afterward.7-10 Most recently, a few randomized trials of mod-
est size tested different durations of dual antiplatelet therapy
(3 or 6 months vs 12 or 24 months) with multiple drug-eluting
stents, and results did not show benefits favoring prolonged
therapy.11-13 Moreover, many shortcomings have been identi-
fied with prolonged dual antiplatelet therapy, including bleed-
ing and cost issues.14 At this point, even though recent trials
comparing first- and second-generation drug-eluting stents
have demonstrated superior safety profiles with newer de-
vices (zotarolimus- and everolimus-eluting stents),15-19 the op-
timal duration of dual antiplatelet therapy with specific types
of drug-eluting stents remains unknown.20

The zotarolimus-eluting stent with a phosphorylcholine
durable polymer is a second-generation drug-eluting stent that
has demonstrated safety and efficacy in previous reports, de-
spite use of dual antiplatelet therapy of relatively short dura-
tion (3 to 6 months) in most trials.21 In the OPTIMIZE (Opti-
mized Duration of Clopidogrel Therapy Following Treatment
With the Zotarolimus-Eluting Stent in Real-World Clinical Prac-
tice) trial, we sought to investigate the clinical implications of
short-term (3 months) vs standard long-term (12 months) dual
antiplatelet therapy in patients with coronary artery disease
undergoing percutaneous coronary intervention (PCI) solely
with a zotarolimus-eluting stent in daily clinical practice and
to determine whether short-term dual antiplatelet therapy
would be noninferior to long-term dual antiplatelet therapy.22

Methods
Study Design
The OPTIMIZE trial was a multicenter, open-label, active-
controlled, 1:1 randomized clinical trial (Figure 1) including pa-
tients from daily clinical practice undergoing PCI with the En-
deavor zotarolimus-eluting stent (Medtronic Inc). The full
description of the methods has been published.22

Inclusion criteria were symptoms of stable angina or of si-
lent ischemia or low-risk acute coronary syndrome (ACS) as de-
fined by unstable angina or recent (but not acute) myocardial
infarction (MI) (<30 days)—there was a formal recommenda-
tion not to enroll patients with elevated biomarker levels at the

time of the index procedure and at least 1 lesion with stenosis
greater than 50% (multivessel disease was allowed) located in
a native vessel at least 2.5 mm in diameter with indication for
PCI with stent implantation.

Exclusion criteria were ST-segment elevation MI present-
ing for primary or rescue PCI; PCI with bare-metal stent(s) in
nontarget lesions less than 6 months prior to the index pro-
cedure; previous treatment with any drug-eluting stent; sched-
uled elective surgery within 12 months after the index proce-
dure; contraindication, intolerance, or known hypersensitivity
to aspirin, clopidogrel, or both; lesion located in a saphenous
vein graft; or in-stent restenosis of a drug-eluting stent. Ran-
domization was conducted in a 1:1 ratio with the use of a block
size of 8 for the 2 study groups and was stratified by the pres-
ence of diabetes mellitus.

Procedure and Clinical Follow-up
The clinical investigational protocol and informed consent form
for this study were reviewed and approved by an appropri-
ately constituted independent ethics committee or institu-
tional review board at each clinical site before the study ini-
tiation and by the Brazilian Regulatory Agency for Clinical
Trials. The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki, International Organiza-
tion for Standardization guidelines, and Good Clinical Prac-

Figure 1. Study Flow

1563 Included in primary analysis
38 Censored at time of loss

to follow-up

1556 Included in primary analysis
38 Censored at time of loss

to follow-up

1605 Randomized to receive 3-mo
therapy

42 Did not receive 3-mo therapy
(refused PCI)

1563 Received 3-mo therapy
as randomized

652 Received >1  zotarolimus-
eluting stent

4 Received zotarolimus-eluting
stent and nonstudy stents

1606 Randomized to receive 12-mo
therapy

50 Did not receive 12-mo therapy
(refused PCI)

1556 Received 12-mo therapy
as randomized

678 Received >1  zotarolimus-
eluting stent

3 Received zotarolimus-eluting
stent and nonstudy stents

1-y follow-up
1525 Follow-up for primary composite

end point available
38 Lost to follow-up before 1 y

(censored)
0 Refused follow-up

1520 Alive
43 Died

1-y follow-up
1518 Follow-up for primary composite

end point available
37 Lost to follow-up before 1 y

(censored)
1 Refused follow-up

1511 Alive
45 Died

3-mo follow-up
1557 Follow-up for primary composite

end point available
6 Lost to follow-up

1548 Alive
15 Died

3-mo follow-up
1550 Follow-up for primary composite

end point available
6 Lost to follow-up

1537 Alive
19 Died

3211 Patients randomized

No reliable data for number of patients assessed for eligibility are available.
PCI indicates percutaneous coronary intervention.
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tices guidelines. All patients provided written informed consent
prior to enrollment.

Aspirin (100-200 mg daily) was recommended for pa-
tients with chronic (>7 days) aspirin use prior to PCI; other-
wise, a loading dose of 300 to 500 mg was given at least 24 hours
prior to the procedure. Postprocedure use of aspirin (100-200
mg daily) was prescribed indefinitely.

A loading dose of clopidogrel (300 mg) was given at least
24 hours prior to the procedure, if not already taken (75 mg
daily); if less than 24 hours remained prior to PCI, a loading
dose of 600 mg was given at least 2 hours prior to the proce-
dure. Postprocedural clopidogrel use (75 mg daily) was main-
tained according to the randomization scheme (3 vs 12 months).
Overall, generic clopidogrel (Medley Pharmaceutics Industry
Ltd) was given to patients in an open-label fashion at 2 dis-
tinct study points. At hospital discharge, all patients received
clopidogrel tablets for the first 90 days of treatment after the
index procedure. Patients randomized to receive 12 months of
dual antiplatelet therapy were given an additional amount of
clopidogrel for the remaining 270 days at a mandatory medi-
cal visit at 3 months.

An independent clinical research organization (Cardio-
vascular Research Center, São Paulo, São Paulo, Brazil), was
responsible for all data collection via electronic case report
forms, source document verification for all reported events,
and electronic and on-site monitoring. All end points were in-
dependently adjudicated by a Clinical Events Committee
blinded to randomization groups. In addition, interim analy-
ses at enrollment of each 500 patients were evaluated by an
independent data and safety monitoring board blinded to study
allocation.

Study End Points
The primary end point of net adverse clinical and cerebral
events (NACCE) was a composite of death from any cause, MI,
stroke, or major bleeding. Myocardial infarction was defined
according to the historical extended World Health Organiza-
tion definition as previously reported.23 Based on evolving defi-
nitions for MI since the design of the OPTIMIZE protocol, the
previously considered definition22,24 was changed to the World
Health Organization definition23 by the steering committee
while still blinded to group allocation and results. Protocol-
defined major bleeding was based on a combination of 2 dif-
ferent bleeding criteria,25,26 as previously reported.22 Specifi-
cally, major bleeding incorporated modified major REPLACE-2
(Randomized Evaluation of PCI Linking Angiomax to Re-
duced Clinical Events) and severe or life-threatening GUSTO
(Global Utilization of Streptokinase and Tissue Plasminogen
Activator for Occluded Coronary Arteries) criteria (intracra-
nial, intraocular, or retroperitoneal hemorrhage; clinically overt
blood loss resulting in a decrease in hemoglobin of more than
3 g/dL, any decrease in hemoglobin level of more than 4 g/dL,
or transfusion of 1 or more units of packed red blood cells or
whole blood; or either intracranial hemorrhage or bleeding that
caused hemodynamic compromise and required interven-
tion).

Key secondary end points included stent thrombosis ac-
cording to the Academic Research Consortium (ARC),24 target-

lesion and target-vessel revascularization, major adverse car-
diac events (MACE, including death from any cause, MI,
emergent coronary artery bypass graft surgery, or target-
lesion revascularization), and any bleeding, which included
major bleeding plus bleeding events that did not meet crite-
ria for either major or severe or life-threatening bleeding ac-
cording to modified major REPLACE-2 and severe or life-
threatening GUSTO criteria.

Statistical Analysis
The trial was powered for noninferiority testing of the pri-
mary end point between patients enrolled in the short-term
group (n = 1560; 3 months of dual antiplatelet therapy) vs the
control long-term group (n = 1560; 12 months of dual antiplate-
let therapy). The primary analysis was based on the principle
of intention-to-treat. Analysis of the primary end points was
also performed for the per-protocol population. The per-
protocol population was defined as intention-to-treat pa-
tients with (1) successful procedure outcome, (2) treatment
solely with the zotarolimus-eluting stent, (3) dual antiplate-
let therapy according to randomization, and (4) complete clini-
cal follow-up information.

Based on previous data involving a similar patient popu-
lation profile,27 a primary end point rate (NACCE at 12 months)
of 9% was assumed for both groups. Therefore, with 80%
power and a 1-sided type I error of 5%, a sample size of 1404
patients in each group would be able to demonstrate nonin-
feriority between both groups for the primary end point with
a noninferiority fixed margin of 2.7%, which is in accordance
with noninferiority margins used in contemporary trials of
drug-eluting stents.15,28-30 If the upper bound of the 95% CI of
the difference in treatment (short- vs long-term dual antiplate-
let therapy) was less than 2.7%, the null hypothesis would be
rejected, which would signify that the short-term group was
noninferior to the long-term group with regard to 12-month
NACCE. Assuming up to 10% loss to follow-up, a minimum of
1544 patients in each group was deemed necessary.

All analyses were performed according to the intention-
to-treat principle, with inclusion of all randomized patients ac-
cording to original group allocation and without imputation.
Descriptive statistics for the baseline characteristics and sec-
ondary clinical end points were provided. Categorical vari-
ables were reported as counts and percentages, and differ-
ences were assessed using the χ2 test or the Fisher exact test
in the case of low counts. Continuous variables were pre-
sented as mean (SD) and were compared using the 2-sample t
test. Post hoc superiority analysis was conducted for clinical
end points. Time to the primary end point and its compo-
nents, including landmark analysis at 90 days, was also evalu-
ated using the Kaplan-Meier method, and the log-rank test was
used to compare differences. Hazard ratios were calculated
using Cox proportional hazards regression.

Ninety days was selected as the time point for the land-
mark analysis because it was the prespecified time for discon-
tinuation of clopidogrel in the short-term group. Thus, groups
were analyzed under 2 situations: (1) considering all patients
by intention-to-treat, including end point events or censored
events up to 90 days, and (2) considering only those with end
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point events or censored events from 91 days up to 1 year. For
both scenarios, patients without events were censored at 360
days for the analysis up to 1-year follow-up.

We prespecified analyses of the primary end point at 1 year
according to sex, history of diabetes, clinical presentation, bi-
furcation, lesion complexity, extent of disease, vessel size, le-
sion length, lesion type, intervention center, and number of
stents implanted. All analyses were accompanied by tests for
interaction between dual antiplatelet therapy treatment allo-
cation and subgroup.

P < .05 (2-sided) was considered significant unless other-
wise specified. All statistical analyses were performed using
R version 2.13.0 (R Foundation for Statistical Computing).

Results
A total of 3119 patients were randomly assigned to 3 months
of dual antiplatelet therapy (1563 patients) vs 12 months of dual
antiplatelet therapy (1556 patients). Seventy-six patients re-
fused follow-up or were lost to follow-up, and the majority of
patients were treated solely with zotarolimus-eluting stents
(Figure 1). Baseline and procedural characteristics were well
matched between both groups (Table 1 and Table 2). A radial
approach was used in 40% of cases, 4120 coronary lesions were
treated, 42% of patients received multiple stents, and mean
total stent length was 32.7 (SD, 20) mm per patient. Adher-
ence rates for aspirin and clopidogrel at 90 days were 99.3%
and 99.7%, respectively, for the short-term group vs 99.5% and
99.8% for the long-term group. At 1-year clinical follow-up, the
rates of aspirin and clopidogrel use were 98.9% and 6.2%, re-
spectively, in the short-term group and 98.8% and 97.9% in the
long-term group.

Primary Outcome
The primary outcome (NACCE) at 1 year occurred in 93 pa-
tients in the short-term group vs 90 patients in the long-term
group (6.0% vs 5.8% based on cumulative incidence of events;
risk difference, 0.17 [95% CI, −1.52 to 1.86]; P = .002 for non-
inferiority). From 91 to 360 days, there were also comparable
NACCE rates between the groups (Figure 2). NACCE rates for
the per-protocol population were 5.1% (71 events) in the short-
term group and 4.9% (70 events) in the long-term group (risk
difference, 0.22 [95% CI, −1.38 to 1.81]; P = .001 for noninferi-
ority).

Time-to-event estimates for the composite and indi-
vidual end points are reported in Table 3. Figure 3 and Figure 4
show the time-to-event curves for the individual compo-
nents of NACCE. Overall MACE rates at 1 year were 8.3% with
short-term dual antiplatelet therapy vs 7.4% with long-term
therapy (hazard ratio [HR], 1.12 [95% CI, 0.87 to 1.45]). More-
over, after 90 days, there was no statistically significant asso-
ciation between duration of dual antiplatelet therapy and the
occurrence of death, MI, or stroke (HR, 1.19 [95% CI, 0.74 to
1.90]), cardiac death (HR, 1.00 [95% CI, 0.54 to 1.85]), and car-
diac death or MI (HR, 1.13 [95% CI, 0.65 to 1.95]). At 1 year, tar-
get lesion revascularization occurred in 53 patients (3.5%) in
the short-term group and in 49 patients (3.2%) in the long-

term group (HR, 1.08 [95% CI, 0.73 to 1.59]). Any new revas-
cularization after the procedure occurred in 167 patients (5.5%
of the total study population) and accounted for all cases of
prolonged clopidogrel use in the short-term group (94 pa-
tients [6.2%]).

Stent Thrombosis and Subgroup Analysis
Definite or probable stent thrombosis up to 90 days occurred
in 9 patients in the short-term group (0.6%) and in 11 patients
in the long-term group (0.7%) (HR, 0.81 [95% CI, 0.34 to 1.96]).
From 91 to 360 days, rates were 0.3% (4 events) and 0.1% (1
event) for the short- vs long-term groups, respectively (HR, 3.97
[95% CI, 0.44-35.49]) (Table 3).

Results of the prespecified subgroup analysis for the pri-
mary end point are shown in Figure 5. There was no statisti-
cally significant association between duration of dual anti-
platelet therapy and the occurrence of NACCE in several
subgroups, including history of ACS (risk difference, 1.04 [95%
CI, 0.67-1.61]) or diabetes (risk difference, 0.90 [95% CI, 0.58-
1.41]).

Bleeding
Any bleeding complications occurred in 80 patients up to 1 year,
but only 23 cases were classified as major bleeding according
to the study criteria, which represented 29% of all bleeding
events (a list of all bleeding events are reported in the eAp-
pendix in Supplement). Between 91 and 360 days postproce-
dure, major bleeding event rates were 0.2% in the short-term
group vs 0.4% in the long-term group (HR, 0.50 [95% CI, 0.12-
1.99]) (Table 3 and Figure 4). Considering any bleeding occur-
ring after 90 days, patients in the long-term group had more
events than those in the short-term group, but there was no
statistically significant association (HR, 0.43 [95% CI, 0.16-
1.11]). Furthermore, premature discontinuation of dual anti-
platelet therapy according to the study protocol was experi-
enced by 32 patients (9 in the short-term group and 23 in the
long-term group); reasons for discontinuation were cardiac sur-
gery (10 patients), hemorrhagic stroke (2 patients), noncar-
diac surgery (3 patients), and nonadherence or unknown cause
(17 patients). Premature interruption of dual antiplatelet
therapy was associated with the occurrence of stent throm-
bosis in 5 patients in the short-term group and in 4 patients in
the long-term group.

Discussion
In this study comparing 3 months vs 12 months of dual anti-
platelet therapy among patients with coronary artery disease
treated with zotarolimus-eluting stents in daily practice, re-
sults demonstrated noninferiority for short- vs long-term dual
antiplatelet therapy. This result was similar in several key sub-
groups, including patients with diabetes, history of low-risk
ACS, multivessel disease, or bifurcation lesions.

These findings build on those from other randomized non-
inferiority trials with relatively smaller sample sizes, which sug-
gested safety and efficacy of short-term dual antiplatelet
therapy in patients treated with second-generation drug-
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eluting stents. In the EXCELLENT (Efficacy of Xience/
Promus Versus Cypher to Reduce Late Loss After Stenting) trial,
1443 patients were randomized to 6 vs 12 months of dual an-
tiplatelet therapy after implantation of first- and second-

generation drug-eluting stents, and the primary outcome of
target-vessel failure (cardiac death, MI, or ischemia-driven tar-
get-vessel revascularization) was similar; in addition, land-
mark analysis at 6 months showed comparable event rates with

Table 1. Baseline Clinical and Lesion Characteristics of Patients Receiving Short- and Long-term Dual
Antiplatelet Therapya

Characteristic

No. (%)
Short-term
(n = 1563)

Long-term
(n = 1556)

Patients

Age, mean (SD), y 61.3 (10.4) 61.9 (10.6)

Women 571 (36.5) 574 (36.9)

Cardiovascular risk factors

Diabetes mellitus 554 (35.4) 549 (35.3)

Insulin dependent 160 (10.2) 161 (10.4)

Hypertension 1350 (86.4) 1371 (88.2)

Dyslipidemia 953 (63.2) 952 (63.7)

Current smoking 290 (18.6) 269 (17.3)

Family history of CAD 564 (41.3) 583 (42.8)

Renal insufficiencyb 114 (7.4) 89 (5.8)

Peripheral vascular disease 43 (2.8) 46 (3.0)

Cardiac heart failure 67 (4.3) 64 (4.2)

Previous myocardial infarction 541 (34.6) 542 (34.8)

>30 d 382 (24.4) 359 (23.1)

≤30 d 159 (10.2) 183 (11.8)

Previous PCI 327 (20.9) 297 (19.1)

Previous CABG surgery 111 (7.1) 128 (8.2)

History of cerebral vascular accident 38 (2.5) 38 (2.5)

History of bleeding 10 (0.6) 9 (0.6)

Clinical presentation

Silent ischemia 134 (8.6) 143 (9.2)

Stable angina 935 (59.8) 911 (58.6)

Recent acute coronary syndrome, ≤30 d 494 (31.6) 502 (32.3)

NSTEMI 84 (5.4) 84 (5.4)

Lesions

Treated in target artery 2058 2062

Left anterior descending 986 (47.9) 960 (46.6)

Left circumflex 481 (23.4) 501 (24.3)

Right coronary 567 (27.6) 571 (27.7)

Left main coronary 24 (1.2) 30 (1.5)

Lesion complexity

Bifurcation 302 (14.7) 308 (14.9)

Total occlusion 87 (4.2) 74 (3.6)

Lesion class type Cc 760 (37.0) 766 (37.4)

Pre-TIMI flow grade <3 153 (7.4) 143 (6.9)

Baseline quantitative coronary angiography

Lesion length, mean (SD), mm 18.28 (10.76) 18.46 (10.89)

Median (IQR) 15.73 (10.64-22.91) 15.78 (10.68-23.33)

Reference diameter, mean (SD), mm 2.76 (0.48) 2.76 (0.47)

Median (IQR) 2.71 (2.41-3.04) 2.72 (2.42-3.04)

Minimal lumen diameter, mean (SD), mm 0.87 (0.41) 0.88 (0.41)

Median (IQR) 0.86 (0.57-1.15) 0.88 (0.60-1.15)

Diameter stenosis, mean (SD), % 68.6 (13.4) 68.2 (13.5)

Median (IQR) 67.2 (58.2-78.3) 66.9 (58.2-77.6)

LVEF <50%d 446 (36.1) 446 (35.4)

Abbreviations: CABG, coronary artery
bypass graft; CAD, coronary artery
disease; IQR, interquartile range;
LVEF, left ventricular ejection
fraction; NSTEMI, non–ST-segment
elevation myocardial infarction; PCI,
percutaneous coronary intervention;
TIMI, Thrombolysis in Myocardial
Infarction.
a Two-sided P values calculated with

χ2 or Fisher exact tests or t test (all P
�.08).

b Baseline serum creatinine level of
1.5 mg/dL (132.6 μmol/L) or greater.

c According to the American College
of Cardiology/American Heart
Association lesion classification.
Type C includes lesion length >20
mm, severe tortuosity of the
proximal segment, angulation >90°,
bifurcation with inability to protect
a major side branch, or total
occlusion >3 mo (or degenerated
saphenous vein graft—not
applicable for this study).

d Assessed by angiography or by
echocardiography (n = 1234
patients in the short-term group
and n = 1259 patients in the
long-term group).
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6 vs 12 months of dual antiplatelet therapy.11 In the PRODIGY
(Prolonging Dual Antiplatelet Treatment After Grading Stent-
Induced Intima Hyperplasia Study), 2013 patients were first ran-

domized to receive bare-metal stents vs zotarolimus-eluting
stents vs paclitaxel-eluting stents vs everolimus-eluting stents
and 30 days after the procedure underwent a second random-

Figure 2. Time to Event for the Primary Composite End Point (NACCE) Among Patients Receiving Short- and Long-term Dual Antiplatelet
Therapy—0-360 Days, 0-90 Days, and 91-360 Days
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adverse clinical and cerebral events (a composite of all-cause death, myocardial
infarction, stroke, or major bleeding).

Table 2. Procedural Outcomes Among Patients Receiving Short- and Long-term Dual Antiplatelet Therapya

Characteristic

No. (%)
Short-term
(n = 1563)

Long-term
(n = 1556)

No. of lesions 2058 2062

Multivessel PCI 396 (25.34) 413 (26.54)

Staged procedure 105 (6.7) 114 (7.3)

Lesions treated per patient, mean (SD) 1.3 (0.6) 1.3 (0.6)

Stents implanted, mean (SD)

Per patient 1.6 (0.8) 1.6 (0.8)

Per lesion 1.2 (0.5) 1.2 (0.5)

Balloon predilatation 826 (40.1) 782 (37.9)

Stent implanted 2056 (99.9) 2060 (99.9)

Additional stent implanted per lesion 294 (14.3) 327 (15.9)

Stent deployment pressure, mean (SD), atm 11.0 (3.4) 11.0 (3.5)

Balloon postdilatation 932 (45.3) 986 (47.8)

Maximum inflation pressure, mean (SD), atm 16.8 (4.1) 17.0 (3.9)

Nominal stent length per patient, mean (SD), mm 32.75 (19.84) 32.73 (20.01)

Angiographic successb 1957 (98.1) 1968 (98.7)

Procedure successc 1364 (97.3) 1356 (98.2)

Duration of hospital stay, mean (SD), d 1.6 (2.2) 1.5 (1.3)

Median (IQR) 1.0 (1.0-2.0) 1.0 (1.0-2.0)

Baseline antithrombotic medication

Aspirin, mean (SD), mg 127.38 (51.77) 128.59 (53.09)

Median (IQR) 100.0 (100.0-100.0) 100.0 (100.0-200.0)

Clopidogrel,mean (SD), mg 237.38 (172.11) 233.01 (171.59)

Median (IQR) 300.0 (75.0-300.0) 300 (75.0-300.0)

75 mg (chronic use)d 689 (44.1) 711 (45.7)

300 mg (loading dose) 679 (43.4) 658 (42.3)

600 mg (loading dose) 193 (12.3) 186 (12.0)

Abbreviations: IQR, interquartile
range; PCI, percutaneous coronary
intervention.
a Two-sided P values calculated using

χ2 or Fisher exact tests or t tests (all
P �.07).

b Defined as attainment of <30%
diameter stenosis in the segment
treated with the study device at
final procedure.

c Defined as angiographic success
plus absence of major adverse
cardiac events during index
hospitalization.

d Clopidogrel use for at least 7 days
prior to index procedure.
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Table 3. Clinical Outcomes of Patients with Short- vs Long-term Dual Antiplatelet Therapya

Clinical Outcomes

Patients, No. (%)

HR (95% CI) Risk Difference (95% CI)
Log-Rank

P ValueShort-term (n = 1563) Long-term (n = 1556)
Events up to 1 y

NACCEb 93 (6.0)c 90 (5.8)c 1.03 (0.77 to 1.38) 0.17 (−1.52 to 1.86) .84

All-cause death 43 (2.8) 45 (2.9) 0.95 (0.63 to 1.45) −0.14 (−1.34 to 1.05) .82

MI 49 (3.2) 42 (2.7) 1.17 (0.77 to 1.76) 0.45 (−0.76 to 1.66) .47

Stroke 5 (0.3) 5 (0.3) 0.99 (0.29 to 3.44) 0.00 (−0.41 to 0.41) .99

Major bleedingd 10 (0.6) 14 (0.9) 0.71 (0.32 to 1.60) −0.27 (−0.90 to 0.36) .41

Stent thrombosis, definite or probable 13 (0.8) 12 (0.8) 1.08 (0.49 to 2.36) 0.06 (−0.58 to 0.70) .86

Cardiac death 29 (1.9) 32 (2.1) 0.90 (0.55 to 1.49) −0.21 (−1.20 to 0.79) .69

Cardiac death or MI 70 (4.5) 62 (4.0) 1.13 (0.80 to 1.59) 0.51 (−0.94 to 1.95) .49

Cardiac death, MI, or stent thrombosis 72 (4.7) 65 (4.2) 1.11 (0.79 to 1.55) 0.44 (−1.03 to 1.91) .56

Death, MI, or stroke 87 (5.6) 78 (5.1) 1.14 (0.82 to 1.51) 0.57 (−1.04 to 2.18) .49

Major adverse cardiac eventse 128 (8.3) 114 (7.4) 1.12 (0.87 to 1.45) 0.88 (−1.04 to 2.81) .36

Target-lesion revascularization 53 (3.5) 49 (3.2) 1.08 (0.73 to 1.59) 0.25 (−1.03 to 1.53) .70

Target-vessel revascularization 70 (4.6) 57 (3.8) 1.23 (0.87 to 1.75) 0.84 (−0.59 to 2.26) .25

Any bleedingf 35 (2.3) 45 (2.9) 0.77 (0.50 to 1.20) 0.67 (−1.81 to 0.47) .25

0 to 90 d

NACCEb 54 (3.5) 52 (3.3) 1.03 (0.71 to 1.51) 0.11 (−1.16 to 1.39) .86

All-cause death 15 (1.0) 19 (1.2) 0.79 (0.40 to 1.55) −0.26 (−0.99 to 0.47) .48

MI 37 (2.4) 33 (2.1) 1.12 (0.70 to 1.79) 0.25 (−0.80 to 1.29) .64

Stroke 1 (0.1) 3 (0.2) 0.33 (0.03 to 3.19) −0.13 (−0.38 to 0.12) .31

Major bleedingd 7 (0.5) 8 (0.5) 0.87 (0.32 to 2.40) −0.07 (−0.55 to 0.42) .79

Stent thrombosis, definite or probable 9 (0.6) 11 (0.7) 0.81 (0.34 to 1.96) −0.13 (−0.69 to 0.43) .64

Cardiac death 9 (0.6) 12 (0.8) 0.75 (0.31 to 1.77) −0.20 (−0.77 to 0.38) .50

Cardiac death or MI 43 (2.8) 38 (2.4) 1.13 (0.73 to 1.75) 0.31 (−0.81 to 1.43) .59

Cardiac death, MI, or stent thrombosis 44 (2.8) 41 (2.6) 1.07 (0.70 to 1.64) 0.18 (−0.97 to 1.33) .76

Death, MI, or stroke 49 (3.1) 46 (3.0) 1.06 (0.71 to 1.64) 0.18 (−1.03 to 1.39) .77

Major adverse cardiac eventse 50 (3.2) 50 (3.2) 1.00 (0.67 to 1.48) −0.01 (−1.26 to 1.23) .99

Target-lesion revascularization 3 (0.2) 9 (0.6) 0.33 (0.09 to 1.22) −0.39 (−0.82 to 0.05) .08

Target-vessel revascularization 7 (0.4) 10 (0.6) 0.69 (0.27 to 1.83) −0.20 (−0.71 to 0.32) .46

Any bleedingf 29 (1.9) 31 (2.0) 0.93 (0.56 to 1.54) −0.14 (−1.11 to 0.83) .78

91 d to 1 y

NACCEb 39 (2.6) 38 (2.6) 1.03 (0.66 to 1.60) 0.05 (−1.06 to 1.17) .91

All-cause death 28 (1.9) 26 (1.7) 1.07 (0.63 to 1.83) 0.12 (−0.81 to 1.06) .79

MI 12 (0.8) 9 (0.6) 1.34 (0.56 to 3.18) 0.19 (−0.39 to 0.78) .51

Stroke 4 (0.3) 2 (0.1) 1.99 (0.37 to 10.88) 0.13 (−0.18 to 0.45) .42

Major bleedingd 3 (0.2) 6 (0.4) 0.50 (0.12 to 1.99) −0.20 (−0.58 to 0.19) .31

Stent thrombosis, definite or probable 4 (0.3) 1 (0.1) 3.97 (0.44 to 35.49) 0.20 (−0.09 to 0.48) .18

Cardiac death 20 (1.3) 20 (1.3) 1.00 (0.54 to 1.85) −0.01 (−0.82 to 0.80) .99

Cardiac death or MI 27 (1.8) 24 (1.7) 1.13 (0.65 to 1.95) 0.19 (−0.72 to 1.10) .67

Cardiac death, MI, or stent thrombosis 28 (1.9) 24 (1.6) 1.17 (0.68 to 2.02) 0.26 (−0.67 to 1.18) .58

Death, MI, or stroke 38 (2.6) 32 (2.2) 1.19 (0.74 to 1.90) 0.38 (−0.68 to 1.45) .47

Major adverse cardiac eventse 78 (5.3) 64 (4.3) 1.22 (0.88 to 1.70) 0.90 (−0.60 to 2.40) .23

Target-lesion revascularization 50 (3.3) 40 (2.7) 1.25 (0.82 to 1.89) 0.64 (−0.56 to 1.85) .30

Target-vessel revascularization 63 (4.2) 47 (3.2) 1.34 (0.92 to 1.96) 1.03 (−0.29 to 2.36) .12

Any bleedingf 6 (0.4) 14 (1.0) 0.43 (0.16 to 1.11) −0.53 (−1.10 to 0.05) .07

Abbreviations: HR, hazard ratio; MI, myocardial infarction; NACCE, net adverse
clinical and cerebral events.
a Event rates based on Kaplan-Meier estimates; HRs are derived from Cox

proportional hazard regression models.
b Composite of death from all causes, MI, stroke, or major bleeding.

Noninferiority P=.002 for primary end point.
c Event rates were 6.1% in the short-term group and 5.9% in the long-term

group if based on proportional risk.

d Defined as intracranial, intraocular, or retroperitoneal hemorrhage; clinically
overt blood loss resulting hemoglobin decrease >3 g/dL, any hemoglobin
decrease >4 g/dL, or transfusion of �1 units of packed red blood cells or whole
blood; or intracranial hemorrhage or bleeding causing hemodynamic
compromise and requiring intervention.

e Death from all causes, MI, urgent coronary artery bypass graft surgery, or
target lesion revascularization.

f Any bleeding event (combined modified REPLACE-2 and GUSTO criteria).
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ization for allocation to 6 vs 24 months of dual antiplatelet
therapy. At 24 months’ follow-up, the primary outcome (death
from any cause, MI, or stroke) was also similar with 6 vs 24
months of dual antiplatelet therapy.12

In the RESET (Real Safety and Efficacy of 3-Month Dual An-
tiplatelet Therapy Following Endeavor Zotarolimus-Eluting
Stent Implantation) trial, 2117 patients were randomized to
treatment with zotarolimus-eluting stents plus 3 months of
dual antiplatelet therapy vs first- or second-generation drug-
eluting stents plus 12 months of dual antiplatelet therapy. At
12 months’ follow-up, the primary outcome (cardiac death, MI,
stent thrombosis, or ischemia-driven target-vessel revascu-
larization) was equal in both groups.13 Although a treatment
scheme of 3 months of dual antiplatelet therapy was tested in
RESET, multiple types of stents were included.13 A subanaly-
sis from PRODIGY with landmark analysis at 6 months showed

lack of benefit for prolonged (24 months) vs shorter-term (6
months) dual antiplatelet therapy with bare-metal stents and
second-generation drug-eluting stents (zotarolimus-eluting
stents and everolimus-eluting stents); conversely, patients
treated solely with paclitaxel-eluting stents significantly ben-
efited from prolonged dual antiplatelet therapy.31

Recent analyses comparing first- and second-generation
drug-eluting stents have demonstrated lower rates of stent
thrombosis over time with second-generation stents.15,16,18,31,32

Therefore, it is not possible to determine whether all drug-
eluting stents could benefit from short-term regimens of dual
antiplatelet therapy based on the previous trials reported.11-13,31

To our knowledge, our study is the only trial to date of dual
antiplatelet therapy duration using a single second-
generation drug-eluting stent and in which 3 months of dual
antiplatelet therapy demonstrated noninferiority against 12

Figure 3. Time to Event for Individual Components of the Primary Composite End Point (All-Cause Death, Myocardial Infarction) Among Patients
Receiving Short- and Long-term Dual Antiplatelet Therapy at 0-360 Days, 0-90 Days, and 91-360 Days
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months of therapy with respect to hard end points associated
with duration of therapy.

Premature discontinuation of dual antiplatelet therapy has
been determined to be one of the most powerful predictors of
stent thrombosis following implantation of first-generation
drug-eluting stents, mainly within the 6 months after PCI.7-10

In our study, prespecified cessation of dual antiplatelet therapy
at 3 months did not significantly affect the occurrence of either
the primary outcome or stent thrombosis. Notably, time-to-
event analysis starting at 90 days demonstrated no signifi-
cant differences between 3 and 12 months. Even when con-
sidering the composite outcome of cardiac death, MI, or stent
thrombosis, the absolute difference of events occurring be-
tween 90 and 360 days was only 0.3%.

Overall, ARC definite or probable stent thrombosis rates
up to 1 year were 0.8% with 3 months of dual antiplatelet

therapy and 0.8% with 12 months of dual antiplatelet therapy.
Similar rates were seen in the pooled analysis with zotarolimus-
eluting stents, including an ARC definite or probable stent
thrombosis rate of 0.8% up to 5 years follow-up, because most
stent thromboses occurred within the first year after the
procedure.21 In general, second-generation drug-eluting stents
have demonstrated a better safety profile compared with first-
generation devices,15,16 but because of the rarity of stent throm-
bosis, most studies are not adequately powered to demon-
strate significant differences in this outcome. In the PROTECT
(Patient-Related Outcomes With Endeavor Versus Cypher
Stenting Trial), significant differences were seen only in the
occurrence of very late stent thrombosis, with lower rates found
with zotarolimus-eluting stents compared with sirolimus-
eluting stents.33 A possible explanation may be the improved
biocompatibility of drug carriers found in newer drug-

Figure 4. Time to Event for Individual Components of the Primary Composite End Point (Stroke, Major Bleeding) Among Patients Receiving Short-
and Long-term Dual Antiplatelet Therapy at 0-360 Days, 0-90 Days, and 91-360 Days
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eluting stents. The main reasons for the selection of the zo-
tarolimus-eluting stent in our trial were that this stent has dem-
onstrated a good safety profile in several trials including a wide
range of patient and lesion subsets and that most of the prior
studies of zotarolimus-eluting stents used short-term dual
antiplatelet therapy.21 In fact, early vessel healing was the ba-
sis for the hypothesis tested in our study for short-term dura-
tion of dual antiplatelet therapy with zotarolimus-eluting
stents.34-36

Although not specifically studied, it is possible that the
results of our trial may be especially relevant for patients at
high risk of bleeding complications following PCI, such as the
elderly and patients with a history of hemorrhagic events.
Bleeding complications associated with prolonged dual anti-
platelet therapy are reported in 0.7% to 30% of patients un-
dergoing PCI with stent implantation and have ominous
consequences.14,37,38 Premature discontinuation of dual anti-
platelet therapy is a relatively common consequence of either
major or nuisance bleeding.37 In our study, no significant dif-
ferences were observed in the occurrence of major bleeding ac-

cording to the primary outcome definition. Even when consid-
ering any bleeding events, there was no statistically significant
association between duration of dual antiplatelet therapy and
bleeding occurring after 90 days, although patients assigned to
12 months of dual antiplatelet therapy had a 2.5-fold higher rate
compared with those assigned to 3 months of dual antiplatelet
therapy. Moreover, noncardiac surgery may occur in a rela-
tively high number of patients following implantation of drug-
eluting stents in daily practice.39,40 Thus, our findings may be
reassuring for patients with a high probability of undergoing
noncardiac surgery and other invasive procedures and may be
applicable to those with less risk for stent thrombosis.

Some limitations must be considered when interpreting
our results. First, based on the relatively low event rates ob-
served, our study might not have been powered to detect small
differences in ischemic and bleeding events after 90 days. A
study specifically designed to detect differences in such out-
comes (cardiac death, MI, stent thrombosis, or stroke) would
have to be approximately 5 to 10 times as large to exclude a sig-
nificant influence on these events.41,42 In OPTIMIZE, a fixed

Figure 5. Forest Plot for the Primary Composite End Point According to Subgroup and Duration of Antiplatelet Therapy
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.8033 0.06 35 0.06Women (n = 1146) 0.94 (0.59-1.49)

Sex

Primary outcome was a composite of all-cause death, myocardial infarction, stroke, or major bleeding.
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margin of 2.7% represented 30% of the expected rate for the
control group (9%), which we considered acceptable and even
conservative compared with other contemporary drug-
eluting stent trials with clinical end points; it also appeared to
be in accordance with current paradigms used in calculations
of noninferiority margin.15,28-30

Second, an important issue in our study was that the over-
all event rate for the primary composite end point (NACCE) was
lower than expected (6% vs 9%), even though the MACE rate
was approximately 8%. We recognize that when this occurs,
it may affect the statistical power to rule out a small degree of
excess risk.43 When this trial was designed, it was expected that
both groups would have a 9% composite event rate based on
historical data. A fixed 2.7% noninferiority margin was se-
lected, and the trial would have had 80% power to demon-
strate noninferiority. The observed event rates (approxi-
mately 6%) were less than expected. Considering a new trial
with a 6% expected primary end point event rate, with all other
assumptions unchanged, then with the same sample size, the
power would become 90%. Although the power to detect dif-
ferences in rates of stent thrombosis was somewhat limited,
these are likely the best randomized data available regarding
shorter durations of dual antiplatelet therapy.

Third, the patient population represented in our trial
mostly comprised patients with stable coronary artery dis-
ease or history of low-risk ACS. Nevertheless, 84 patients in
each group (5.4%) presented with non–ST-segment elevation
MI despite a formal recommendation not to enroll these pa-
tients. Even though there was no statistically significant dif-
ference in rates of NACCE by duration of dual antiplatelet

therapy in the subgroup with history of ACS, caution should
be used before generalizing our results to patients with mod-
erate or high risk of ACS. Several high-risk characteristics (dia-
betes, renal insufficiency, congestive heart failure, previous
MI, left ventricular ejection fraction <50%) were well repre-
sented in the study. Also, baseline angiographic characteris-
tics demonstrated relatively high lesion complexity, includ-
ing 15% bifurcations, one-third type C lesions, mean lesion
length of 18 mm, and mean vessel size of 2.76 mm. Addition-
ally, overall, mean total stent length was quite long (33 mm).

Fourth, combining efficacy and safety within a single com-
posite outcome may be problematic and may mask important
differences. However, analysis of MACE did not show any sig-
nificant differences between durations of dual antiplatelet
therapy. Fifth, randomization was performed at the time of the
index procedure and not at the 3-month landmark time point.
In clinical practice, sometimes physicians and patients need
to decide on the duration of dual antiplatelet therapy prior to
the decision to revascularize, because it may be a factor in de-
termining whether to place a drug-eluting stent.

Conclusion
Among patients undergoing PCI with implantation of zotaro-
limus-eluting stents, short-term (3 months) dual antiplatelet
therapy was noninferior to long-term (12 months) dual anti-
platelet therapy for the occurrence of death, MI, stroke, or ma-
jor bleeding, without significantly increasing the risk of stent
thrombosis.
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