Universita degli Studi di Trieste
Archivio della ricerca — postprint

ar'T

A prospective, randomized, open-label trial of
6-month versus 12-month dual antiplatelet
therapy after drug-eluting stent implantation
in ST-elevation myocardial infarction:
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Bdegl‘OUhd The optimal duration of dual antiplatelet therapy (DAPT) after percutaneous coronary infervention with
second-generation drug eluting stents (DESs) is unclear. Because prolonged DAPT is associated with higher bleeding risk and
health care costs, establishing optimal DAPT duration is of paramount importance. No other randomized controlled trials have
evaluated the safety of shorter DAPT duration in ST-elevation myocardial infarction (STEMI) patients treated with second-
generation DESs and latest P2Y12 platelet receptor inhibitors.

Hypothesis Six months of DAPT after Resolute Integrity stent implantation in STEMI patients is not inferior to 12 months of
DAPT in clinical outcomes.

Si‘Udy design The Dual Antiplatelet Therapy After Drug-Eluting Stent Implantation In ST-elevation Myocardial Infarction
(DAPT-STEMI) trial is a randomized, multicenter, international, open-label trial designed to examine the safety (noninferiority) of
6-month DAPT after Resolute Integrity stent implantation in STEMI patients compared with 12-month DAPT. Eventfree patients
on DAPT at émonth will be randomized (1:1 fashion) between single (aspirin only) versus DAPT for an additional 6 months and
followed until 2 years after primary percutaneous coronary intervention. The primary end point is a patient-oriented composite
endpoint of all-cause mortality, any myocardial infarction, any revascularization, stroke, and major bleeding (net adverse
clinical events [NACE]) at 18 months after randomization. To achieve a power of 85% for a noninferiority limit of 1.66, a total
of 1100 enrolled patients are required.

Summary The DAPT-STEM! frial aims to assess in STEMI patients treated with second-generation DESs whether discontinuation
of DAPT after 6 months of eventfree survival is noninferior to routine 12-month DAPT. (Am HeartJ 2017;188:11-17.)

The optimal duration of dual antiplatelet therapy
(DAPT) after percutaneous coronary intervention (PCI)
with second-generation drug eluting stents (DESs) is
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unclear.' Because prolonged DAPT is associated with
higher bleeding risk and health care costs,* establishing
optimal DAPT duration is of paramount importance. No
other randomized controlled trials have evaluated the
safety of shorter DAPT duration in ST-elevation
myocardial infarction (STEMI) patients treated with
second-generation DESs and latest P2Y12 platelet recep-
tor inhibitors. Therefore, we have designed a prospec-
tive, randomized, open-label trial of 6 months versus
12 months of Dual Antiplatelet Therapy After Drug-
Eluting Stent Implantation In ST-elevation Myocardial
Infarction: the “DAPT-STEMI” trial to evaluate whether
6 months of DAPT after Resolute Integrity stent implanta-
tion in STEMI patients is not inferior to 12 months of DAPT
in clinical outcomes.
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Study design

The DAPT-STEMI trial is a prospective, randomized,
multicenter, international open-label trial testing the
hypothesis that 6 months of DAPT after second-
generation DES implantation in the setting of primary
PCI for STEMI is not inferior to 12 months of DAPT
(noninferiority hypothesis).

The trial will also incorporate 2 prospective registries
studying:

1. the clinical outcomes after primary PCI with the
Resolute Integrity (Medtronic, Santa Rosa, CA) stent
at 30 days and 6 months (Resolute Integrity in STEMI
Prospective Registry)

2. the safety outcomes of bivalirudin and ticagrelor or
bivalirudin and prasugrel combination at 2 and 30
days (Bivalirudin Registry).

Study population, randomization, and follow-up

The trial population will consist of patients who received
a second-generation DES during primary PCI. The study
flowchart is shown in Figure 1. The inclusion and exclusion
criteria are shown in Table I. Patients that fulfill the
inclusion and exclusion criteria will be enrolled after the
primary PCI procedure. All patients will be followed during
6 months. At 6 months, patients that fulfill the randomiza-
tion criteria (Table I) will be randomized in a 1:1 fashion to
either stop or continue DAPT for an additional 6 months (to
a total of 12 months after primary PCI). All randomized
patients will be followed for 18 months (or 2 years after
primary PCI), whereas patients that do not fulfill the
randomization criteria will be excluded from the trial. The

randomization will be delivered via sealed envelopes
containing a computer-generated sequence produced by
the coordinating Contract Research Organization (CRO).

Primary endpoints

DAPT-STEMI primary endpoint. The primary end-
point is a composite of all-cause mortality, any myocardial
infarction (MI), any revascularization, stroke, and Throm-
bolysis in Myocardial Infarction (TIMI) major bleeding’
(net adverse clinical events [NACE]) at 18 months after
randomization. Definitions of the individual endpoint
components are provided in Appendix A.

Resolute Integrity Registry primary endpoint. The
primary end point will be the same as the primary end
point of DAPT-STEMI at 30 days and 6 months.

Bivalirudin Registry primary end point. The
primary end point will be a composite end point of
all-cause mortality, MI, stroke, stent thrombosis (ST), and
bleeding (following Bleeding Academic Research Con-
sortium [BARC] deﬁnition(’) at 2 and 30 days (see
appendix A for definitions).

Secondary end points

DAPT-STEMI secondary end points. The major
secondary end point will be a composite of all-cause
mortality, any MI, stroke, ST, and TIMI major bleeding5 at
9 and 18 months after randomization.

Other secondary end points are ST definite/probable
(following ARC definition”), all-cause mortality, cardiac
mortality, any MI, bleeding, and stroke, as well as target
vessel MI, target vessel revascularization (TVR), target
lesion revascularization (TLR), target vessel failure (TVF),



Table . Inclusion and exclusion criteria

Inclusion criteria enrolment

STEMI patients between 18 and 85 years who underwent primary PCl with a second-generation DES implantation

Exclusion criteria enrolment

Intolerance to aspirin, prasugrel, ticagrelor, clopidogrel, heparin, bivalirudin, zotarolimus or everolimus

Known bleeding diathesis or known coagulopathy

Planned elective surgical procedure necessitating interruption of dual antiplatelet therapy during the first 6 months after randomization.

History of stent thrombosis

DES in main left coronary artery

Active bleeding, known bleeding diathesis, or known coagulopathy
Oral anticoagulant therapy with coumadin derivates

Malignancies or other comorbidity with a life expectancy of <1 year or that may result in protocol noncompliance
Pregnancy (present, suspected, or planned) or positive pregnancy test result (in women with childbearing potential, a negative pregnancy test results is

mandatory)
Inclusion criteria randomization
Patients that are event-free and on DAPT at 6 months
Exclusion criteria randomization

Occurrence of death, MI, ST, and target vessel or any unscheduled revascularization during the first 6 months after inclusion, with the exception of (scheduled)
revascularizations in nonculprit lesions performed within 45 days from the primary PCl
Stroke or bleeding or surgical procedure requiring discontinuation of DAPT during the first 6 months after inclusion

Oral anticoagulant therapy

and target lesion failure (TLF), evaluated at 9 and 18
months after randomization.

Resolute Integrity Registry secondary end points.
The secondary end points will be identical to those of the
secondary end points of DAPT-STEMI trial but measured
at 30 days and 6 months.

Bivalirudin Registry secondary end points. The
secondary end points will be ST (following ARC
definition”), all-cause mortality, cardiac mortality, all MI
and target vessel MI evaluated at 2 and 30 days, bleeding
(following BARC definitions®) at 2 days, and stroke at
2 days.

Procedures and investigational treatment. At
inclusion, all STEMI patients will be treated according
to standard clinical practice. Artery puncture site is left to
the discretion of the operator, although radial approach
is strongly recommended to avoid bleeding complica-
tions at the puncture site. Thrombosuction and predila-
tion of the lesion are left to the discretion of the operator.
If clinically indicated and feasible, a PCI with stent
implantation will be performed. The recommended stent
device will be the Resolute Integrity (Medtronic, Santa
Rosa, CA). Use of bivalirudin during primary PCI is
strongly recommended. In accordance with revascular-
ization guidcf:lines,8 DAPT, consisting of aspirin (ASA)
150-300 mg per os or 250-500 mg bolus intravenously
followed by 75-100 mg daily, and prasugrel 60-mg
loading dose followed by 10 mg daily or ticagrelor
180-mg loading dose followed by 90 mg twice daily will
be initiated and continued for 6 months. Patients >75
years old and with a body weight of <60 kg will be treated
with prasugrel 60-mg loading dose but followed by 5 mg
prasugrel daily. Patient treated with clopidogrel will

receive a 600-mg loading dose followed by 75 mg daily
for 6 months.

At 6 months, patients will be randomized to either
discontinue DAPT or continue DAPT for a further 6
months after randomization (12 months post-primary
PCI) (Figure 1). Aspirin 80-100 mg daily will be continued
indefinitely in all patients. DAPT compliance, medication
use, and adverse events will be registered at 6 months
(randomization) and at 24 months after primary PCIL. Any
interruption or termination, as well as the reason for this,
will be documented. Noncompliance will be considered
whether the patients voluntarily or involuntarily stopped
the medication without any medical reason. Additional
(scheduled) revascularizations in nonculprit lesions,
when needed, should be performed within 45 days
from the primary PCI; however, even in this case, the
6-month follow-up time point is based on the date of the
primary PCI.

Ethics and informed consent. This study will be
conducted according to the principles of the Declaration of
Helsinki and in accordance with the Medical Research
Involving Human Subjects Act. The patient will be informed
of the possible participation in this trial before or during the
PCI procedure, but enrollment will only take place after the
PCI procedure is completed. Informed consent will be
obtained after the PCI procedure in accordance with the
Good Clinical Practice guidelines.

Statistical analysis

The trial is powered only for the primary end point.
Analyses will be performed for both the intention-to-treat
population and per-protocol. The primary end point will
be based on intention-to-treat analysis.



The main analysis in this study will be Cox propor-
tional hazards model. The hazards ratio (HR) and the
upper limit of the 2-sided 95% CI for the HR for the
period 0-18 months will be calculated by the Cox model.
The HR over the follow-up period will be closely
analyzed. If the proportional hazards assumption is
violated, a Poisson model will be used in a secondary
analysis.

The upper limit of the 2-sided 95% CI for the HR of
6-months DAPT after STEMI versus the standard of
12-months DAPT will be compared with the noninferior-
ity limit. If the upper limit of the 95% CI for the HR is less
than 1.66, “noninferiority” is declared.

Sample size calculation

The sample size was calculated under the assumption
that the a value was .05 for a 2-sided test (.025 for a
1-sided test) with a power of 85% and a noninferiority
limit of 1.66. The noninferiority limit is chosen to be
1.66 in this study; this limit is similar to or slightly larger
than what was chosen in other recent trials comparing
drugs or devices.”'® However, we have on purpose
chosen a noninferiority margin based on HR plus the
upper 95% CI and not a noninferiority margin based on
an absolute percentage of a prespecified expected event
rate because this implies that this prespecified event rate
should be first reached before noninferiority can be
claimed. Using a noninferiority margin based on HR of
the observed events avoids this bias. Although 1.66
noninferiority margin might look large, it should be
noted that this is only the upper limit of the 95%CI of the
HR, and if the proportions in both arms were
hypothetically exactly equal, the upper 95% CI of the
relative risk (or HR) would be 1.33 and the upper 95% CI
for risk difference would be close to 4%. This illustrates
the impact of random fluctuation in a study like
DAPT-STEMI.

The end point rate at 18 months postrandomization
was assumed to be 15%. This assumption was based on
2year result of the Resolute All-Comers trial'” and
Resolute All-Comers STEMI subgroup results'® after
excluding the event rates of the first 6 months. The
sample size needed for these assumptions is 1,000. To
compensate for the mortality and noncompliance to dual
therapy in the first 6 months (before randomization),
1,100 patients should be enrolled after the PCI
procedure.

Data analysis and reporting

Categorical variables will be assessed with the use of x 2
or Fisher exact tests, whereas continuous variables will
be expressed as mean + standard deviation or median
with range, and differences in outcome data will be
statistically analyzed using parametric (Student ftest) or
nonparametric (Wilcoxon ranksum) tests as appropriate.
For the DAPT-STEMI, occurrence of the primary end

point at 18 months after randomization will be used for
the main statistical analysis. The results in both groups for
the primary end point as well as for the secondary end
points will be presented as time to event curves
(Kaplan-Meier).

We have not prespecified an economic analysis as part
of the trial, mainly because this is an international trial and
healtheconomics as well as reimbursement strategies are
different in different countries. However, on the basis of
the trial result, a post hoc analysis of the potential
estimation of the cost-benefit of a shorter DAPT duration
will be considered.

Discussion
Rationale for shorter DAPT duration after DES

Following concerns of a greater risk of stent thrombosis
attributed to delayed stent endothelialization encoun-
tered with first-generation DES, DAPT was extended to 12
months after DES implantation on the basis of broad
expert consensus, >?° irrespective of DES type and
despite the absence of evidence-based randomized
control trial (RCT) results. However, in the light of
significant reduction in thrombotic events achieved from
the novel second-generation DESs as compared with the
first-generation DESs,?" a shorter duration of DAPT can be
contemplated.

Recent RCTs testing short DAPT duration (<6
months) after implantation of first- and second-
generation DESs showed that a short-DAPT strategy
versus long-DAPT strategy (=12 months) was non-
inferior in terms of composite primary clinical end
point.9'“’22'24 Interestingly, in the short-DAPT arms of
these trials, the ischemic and/or thrombotic events
were similar to the longer-DAPT regiment arms,
therefore challenging the notion that 1-year of DAPT
is necessary after DES implantation. Finally, recently,
several RCTs failed to show survival advantage of
prolonging (=12 months) DAPT.?>*” When consider-
ing these trials together, long-term DAPT showed a
reduction of stent- and non-stent-related thrombotic
events but an increase of major bleeding and a trend
toward higher risk of all-cause mortality compared
with standard regimen.'

DAPT duration after acute coronary syndrome

The recommendation of 12-month DAPT in patients
with acute coronary syndrome (ACS) is based on the
CURE?®*#*° and CREDO?" studies; however, the value of
long-term treatment with clopidogrel post-PCI isolated
from pretreatment was impossible to determine, and
there was no significant advantage of clopidogrel over
placebo after the first weeks following PCI in terms of
death or ML.>!' Moreover, short-term (<12 months) DAPT
compared with longer DAPT regimen reduced bleeding
without increasing ischemic complications in studies



including patients with high-risk ACS,*? or non-STEMI
and STEML.>> However, the actual clinical evidence is
limited and confounded mainly because those RCTs that
enrolled a larger number of ACS patients (range
40%-75%) did not systematically use a second-
generation DES,'*%3:243% \hereas those that used
exclusively second-generation DES enrolled only a
small proportion of patients with ACS (range 24%-
38%).%'?2 Furthermore, the percentage of the STEMI
patients enrolled was very low. As STEMI was often an
exclusion criterion.”'° Finally, none of these trials used
the latest-generation P2Y12 inhibitors prasugrel (Effient)
or ticagrelor (Brilinta).

Therefore the DAPT-STEMI trial results will provide
important new information.

DAPT regimen

As already mentioned, the recommended DAPT in
the study consists of ASA plus prasugrel or ticagrelor as
suggested by the guidelines. However, the choice of
the P2Y12 inhibitor is left to the physicians to reflect
the current real-world practice in which still a portion
of patients receive clopidogrel for economic and
clinical (age, bleeding risk, etc) reasons. Considering
the above-mentioned protocol’s strong recommenda-
tion as well as the current guidelines for STEMI
treatment, we expect that only a small proportion of
patients will be treated with clopidogrel compared with
the new P2Y12 inhibitors. Moreover, considering the
large size of this trial, we expect that the percentage of
patients receiving different P2Y12 inhibitors in the 2
arms of the study (short vs 12months of DAPT) would be
well balanced. The potential different outcomes be-
tween the newer antiplatelet agents are not within the
scope of this trial, and the trial is not powered for it;
however, we would correct for differences between
subgroups, might these be observed, in a multivariate
analysis.

Finally, as DAPT will be stopped at 12 months even
in the longer arm as per current guidelines, this
study should not be considered as a long-term DAPT
study.

Anticoagulation

As previously reported, the use of bivalirudin
during primary PCI is strongly recommended as
suggested by the guidelines.’®> Bivalirudin has
proven safer in reducing bleeding and mortality in
STEMI treatment when compared with heparin and
GP IIb/IIIa inhibit0r556’57; however, studies testing
combination treatment of bivalirudin (Angiomax)
with prasugrel or ticagrelor showed nonuniform
results,ss'40 and therefore, additional data from the
2 prospective registers encompassed within the
DAPT-STEMI trial will enrich the actual knowledge
in this setting.

DAPT-STEMI primary end point

We chose to followup the patients for at least 1 year (18
months in the shorter DAPT arm) after the discontinua-
tion of the DAPT taking into consideration not only
stent-related thrombotic events due to the rebound
phenomenon after P2Y12 discontinuation but also
those events originating from non-infarct-related arteries
which might also benefit from a longer DAPT. We opted
to have a patient-oriented primary end point, and
therefore, we chose to incorporate also any revascular-
ization as one of the composites of the primary end point.
Indeed, progression of coronary disease has been shown
to progress by a repetitive process of atherosclerotic
plaque rupture and hof:alling41 which may manifest as ACS
or simply as progression of angina requiring revascular-
ization, a process that is influenced by multiple factors,
including DAPT.

In this sense, we could evaluate whether a longer DAPT
compared with a short regimen may be able to influence
the occurrence of events post-DAPT therapy having
influenced a possible plaque progression during a
prolonged DAPT regimen. On the contrary, if this is not
true, a similar event rate during the follow-up period
without DAPT regimen in both arms should be expected.

Resolute Integrity stent

We chose as the recommended stent the Resolute
Integrity stent (Medtronic Vascular, Santa Rosa, CA), a
second-generation thin strut cobalt-chromium stent that
elutes zotarolimus from a 3-blend composed biocompat-
ible permanent polymer coating with an improved stent
frame design. Two large randomized studies have shown
noninferiority for this stent against the criterion standard
second-generation DES, the everolimus-eluting
cobalt-chromium stent (EES).“AS Recent data from
RCTs and RCT subanalyses have shown that the EES has
an excellent safety profile, including in patients with
STEMI, and shows improved outcomes as compared with
bare metal stents as well as first-generation DESs. 415
Importantly, these studies have shown that STEMI
patients treated with EES do not have a higher incidence
of ST as compared with the rest of all-comer patients as
previously believed. Only few data regarding clinical
outcomes of STEMI patients treated with this
second-generation stent are available; however, data
from the Resolute All-Comers STEMI population show
that this stent is at least as good as EES.'® In this
perspective, the prospective register of Resolute Integrity
stent for use in STEMI would bring new insights on the
outcomes of this new-generation DES in STEMI patient
population.

Funding and trial registration

The DAPT-STEMI trial is registered on ClinicalTrials.gov
(NCT01459627) and is approved by the local ethics
committee. The trial is ongoing at investigative sites in the


http://ClinicalTrials.gov

Netherlands, Norway, Poland, and Switzerland. The trial
has completed enrollment. August 2017 is the estimated
data for final data collection and for primary outcome
measure. The trial is funded by Maasstad Cardiovascular
Research, Maasstad Hospital, Rotterdam, the Netherlands.
The primary investigators and steering committee are
solely responsible for the conduct of this study, all study
analyses, the drafting and editing of the manuscript, and
its final contents. More details on study organization are
shown in appendix B.

Summary

The DAPT-STEMI trial is a prospective, randomized,
multicenter, international-open label trial which aims to enroll
1,100 patients to assess whether restriction of DAPT therapy
to 6 months post-primary PCI with second-generation DES is
noninferior to the routine prolongation of such therapy to 12
months after intervention.

Acknowledgements
The trial is funded by Maasstad Cardiovascular
Research, Maasstad Hospital, Rotterdam, the Netherlands.

References

1. Montalescot G, Brieger D, Dalby AJ, et al. Duration of dual
antiplatelet therapy after coronary stenting: a review of the evidence. J
Am Coll Cardiol 2015;66:832-47.

2. Giustino G, Baber U, Sartori S, et al. Duration of dual antiplatelet
therapy after drug-eluting stent implantation: a systematic review and
meta-analysis of randomized controlled trials. J Am Coll Cardiol
2015;65:1298-310.

3. Palmerini T, Sangiorgi D, Valgimigli M, et al. Short- versus long-term
dual antiplatelet therapy after drug-eluting stent implantation: An
individual patient data pairwise and network meta-analysis. J Am Coll
Cardiol 2015;65:1092-102.

4. Navarese EP, Andreotti F, Schulze V, et al. Optimal duration of dual
antiplatelet therapy after percutaneous coronary intervention with
drug eluting stents: meta-analysis of randomised controlled trials. BMJ
2015;350:h1618.

5. Chesebro JH, Knatterud G, Roberts R, et al. Thrombolysis in
Myocardial Infarction (TIMI) trial, phase I: a comparison between
intravenous tissue plasminogen activator and intravenous streptoki-
nase. Clinical findings through hospital discharge. Circulation
1987,76:142-54.

6. Mehran R, Rao SV, Bhatt DL, et al. Standardized bleeding definitions
for cardiovascular clinical trials: a consensus report from the Bleeding
Academic Research Consortium. Circulation 2011;123:2736-47.

20.

. Cutlip DE, Windecker S, Mehran R, et al. Clinical end points in

coronary sfent trials: a case for standardized definitions. Circulation
2007;115:2344-51.

. Windecker S, Kolh P, Alfonso F, et al. 2014 ESC/EACTS guidelines

on myocardial revascularization: the task force on myocardial
revascularization of the European Society of Cardiology (ESC) and
the European Association for Cardio-Thoracic Surgery (EACTS)
developed with the special contribution of the European Association of
Percutaneous Cardiovascular Interventions (EAPCI). Eur Heart J

2014,35:2541-619.

. Feres F, Costa RA, Abizaid A, et al. Three vs twelve months of dual

antiplatelet therapy affer zotarolimus-eluting stents: the OPTIMIZE
randomized trial. JAMA 2013;310:2510-22.

. Kim BK, Hong MK, Shin DH, et al. A new strategy for discontinuation

of dual antiplatelet therapy: the RESET trial (real safety and efficacy of
3-month dual antiplatelet therapy following endeavor
zotarolimus-eluting stent implantation). J Am Coll Cardiol 2012;60:
1340-8.

. Colombo A, Chieffo A, Frasheri A, et al. Second-generation

drug-eluting stent implantation followed by é- versus 12-month dual
antiplatelet therapy: the SECURITY randomized clinical trial. J Am
Coll Cardiol 2014;64:2086-97.

. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus

warfarin in patients with atrial fibrillation. N Engl J Med 2009;361:
1139-51.

. Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin

in nonvalvular atrial fibrillation. N Engl J Med 2011;365:883-91.

. Smits PC, Hofma S, Togni M, et al. Abluminal biodegradable polymer

biolimus-eluting stent versus durable polymer everolimus-eluting stent
(COMPARE Il): a randomised, controlled, non-inferiority trial. Lancet
2013;381:651-60.

. Stone GW, Teirstein PS, Meredith IT, et al. A prospective, randomized

evaluation of a novel everolimus-eluting coronary stent: the
PLATINUM (a prospective, randomized, multicenter trial fo assess an
everolimus-eluting coronary stent system [promus element] for the
treatment of up to two de novo coronary artery lesions) trial. J Am Coll
Cardiol 2011;57:1700-8.

. Ellis SG, Kereiakes DJ, Metzger DC, et al. Everolimus-eluting

bioresorbable scaffolds for coronary artery disease. N Engl J Med
2015;373:1905-15.

. Silber S, Windecker S, Vranckx P, et al. Unrestricted randomised use

of two new generation drug-eluting coronary stents: 2-year
patient-related versus stent-related outcomes from the Resolute Al
Comers trial. Lancet 2011;377:1241-7.

. Widimsky P, Motovska Z, Belardi J, et al. Long-term outcomes of patients

receiving zotarolimus-elufing stents in st elevation myocardial infarction,
non-st elevation acute coronary syndrome, and stable angina: data from
the Resolute program. Int J Cardiol 2013;168:3522-6.

. Levine GN, Bates ER, Blankenship JC, et al. 2011 ACCF/AHA/SCAI

guideline for percutaneous coronary intervention. a report of the
American College of Cardiology Foundation/American Heart
ASSOCIATION Task Force on Practice Guidelines and the Society for
Cardiovascular Angiography and Interventions. J Am Coll Cardiol
2011,58:€44-122.

Grines CL, Bonow RO, Casey Jr DE, et al. Prevention of premature
discontinuation of dual antiplatelet therapy in patients with coronary
artery stents: a science advisory from the American Heart Association,
American College of Cardiology, Society for Cardiovascular
Angiography and Interventions, American College of Surgeons, and
American Dental Association, with representation from the American
College of Physicians. Circulation 2007;115:813-8.


mailto:e.kedhi@isala.nl
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0005
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0005
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0005
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0010
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0010
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0010
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0010
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0015
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0015
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0015
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0015
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0020
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0020
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0020
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0020
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0025
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0025
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0025
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0025
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0025
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0030
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0030
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0030
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0035
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0035
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0035
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0040
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0040
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0040
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0040
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0040
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0040
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0040
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0045
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0045
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0045
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0050
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0050
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0050
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0050
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0050
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0055
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0055
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0055
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0055
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0060
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0060
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0060
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0065
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0065
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0070
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0070
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0070
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0070
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0075
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0075
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0075
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0075
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0075
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0075
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0080
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0080
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0080
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0085
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0085
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0085
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0085
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0090
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0090
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0090
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0090
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0095
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0095
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0095
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0095
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0095
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0095
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0100
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0100
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0100
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0100
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0100
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0100
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0100

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Palmerini T, Biondi-Zoccai G, Della Riva D, et al. Stent thrombosis with
drug-eluting and bare-metal stents: evidence from a comprehensive
network meta-analysis. Lancet 2012;379:1393-402.

Gilard M, Barragan P, Noryani AA, et al. 6- versus 24-month dual
antiplatelet therapy after implantation of drug-eluting stents in
patients nonresistant to aspirin: the randomized, multicenter ITALIC
trial. J Am Coll Cardiol 2015;65:777-86.

Gwon HC, Hahn JY, Park KW, et al. Six-month versus 12-month dual
antiplatelet therapy after implantation of drug-eluting stents: the
efficacy of Xience/Promus versus Cypher to reduce late loss after
stenting (EXCELLENT) randomized, multicenter study. Circulation
2012;125:505-13.

Schulz-Schupke S, Byrne RA, Ten Berg JM, et al. ISAR-SAFE: a
randomized, double-blind, placebo-controlled trial of 6 vs. 12 months
of clopidogrel therapy after drug-eluting stenting. Eur Heart J
2015;36:1252-63.

Park SJ, Park DW, Kim YH, et al. Duration of dual antiplatelet therapy
after implantation of drug-eluting stents. N Engl J Med 2010;362:
1374-82.

Collet JP, Silvain J, Barthelemy O, et al. Dual-antiplatelet treatment
beyond 1 year after drug-eluting stent implantation (ARCTIC-Infer-
ruption): a randomised trial. Lancet 2014;384:1577-85.

Mauri L, Kereiakes DJ, Yeh RW, et al. Twelve or 30 months of dual
antiplatelet therapy after drug-eluting stents. N Engl J Med 2014;371:
2155-66.

Yusuf S, Zhao F, Mehta SR, et al. Effects of clopidogrel in addition to
aspirin in patients with acute coronary syndromes without ST-segment
elevation. N Engl J Med 2001,345:494-502.

Mehta SR, Yusuf S, Peters RJ, et al. Effects of pretreatment with
clopidogrel and aspirin followed by long-term therapy in patients
undergoing percutaneous coronary intervention: the PCI-CURE study.
Lancet 2001;358:527-33.

Steinhubl SR, Berger PB, Mann 3rd JT, et al. Early and sustained dual
oral antiplatelet therapy following percutaneous coronary interven-
tion: a randomized controlled trial. JAMA 2002;288:2411-20.
Eriksson P, et al. Eur Heart J 2004;25:720-2.

Gilard M, Barragan P, Noryani AA, et al. 6- versus 24-month dual
antiplatelet therapy after implantation of drug-eluting stents in
patients nonresistant fo aspirin: the randomized, multicenter ITALIC
trial. J Am Coll Cardiol 2015;65:777-86.

Valgimigli M, Campo G, Monti M, et al. Prolonging Dual Antiplatelet
Treatment After Grading Stent-Induced Intimal Hyperplasia Study 1.
Short- versus long-term duration of dual-antiplatelet therapy after

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

coronary stenting: a randomized multicenter trial. Circulation
2012;125:2015-26.

Valgimigli M, Campo G, Monti M, et al. Short- versus long-term
duration of dual-antiplatelet therapy affer coronary stenting: @
randomized multicenter trial. Circulation 2012;125:2015-26.

Task Force on the management of STseamiotESoC, Steg PG, James
SK, et al. Esc guidelines for the management of acute myocardial
infarction in patients presenting with ST-segment elevation. Eur Heart
J2012;33:2569-619.

Stone GW, Witzenbichler B, Guagliumi G, et l. Bivalirudin during primary
PCl in acute myocardial infarction. N Engl J Med 2008;358:2218-30.
Han Y, Guo J, Zheng Y, et al. Bivalirudin vs heparin with or without
tirofiban during primary percutaneous coronary intervention in acute
myocardial infarction: the BRIGHT randomized clinical trial. JAMA
2015;313:1336-46.

Shahzad A, Kemp |, Mars C, et al. Unfractionated heparin versus
bivalirudin in primary percutaneous coronary intervention
(HEAT-PPCI): an open-label, single centre, randomised controlled
trial. Lancet 2014;384:1849-58.

Valgimigli M, Frigoli E, Leonardi S, et al. Bivalirudin or unfractionated
heparin in acute coronary syndromes. N Engl J Med 2015;373:
997-1009.

Steg PG, van't Hof A, Hamm CW, et al. Bivalirudin started during
emergency transport for primary PCl. N Engl J Med 2013;369:
2207-17.

Burke AP, Kolodgie FD, Farb A, et al. Healed plaque ruptures and
sudden coronary death: evidence that subclinical rupture has a role in
plaque progression. Circulation 2001;103:934-40.

Serruys PW, Silber S, Garg S, et al. Comparison of
zotarolimus-eluting and everolimus-eluting coronary stents. N Engl J
Med 2010;363:136-46.

von Birgelen C, Sen H, Lam MK, et al. Third-generation
zotarolimus-eluting and everolimus-eluting stents in all-comer patients
requiring a percutaneous coronary intervention (DUTCH PEERS): a
randomised, single-blind, multicentre, non-inferiority frial. Lancet
2014,383:413-23.

Sabate M, Cequier A, Iniguez A, et al. Everolimus-eluting stent versus
bare-metal stent in ST-segment elevation myocardial infarction
(EXAMINATION): 1 year results of a randomised controlled trial.
Lancet 2012;380:1482-90.

Kedhi E, Joesoef KS, McFadden E, et al. Second-generation
everolimus-eluting and paclitaxel-eluting stents in real-life practice
(COMPARE): a randomised frial. Lancet 2010;375:201-9.


http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0105
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0105
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0105
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0110
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0110
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0110
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0110
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0115
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0115
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0115
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0115
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0115
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0120
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0120
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0120
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0120
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0125
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0125
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0125
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0130
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0130
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0130
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0135
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0135
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0135
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0140
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0140
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0140
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0145
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0145
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0145
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0145
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0150
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0150
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0150
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0155
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0160
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0160
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0160
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0160
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0165
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0165
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0165
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0165
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0165
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0170
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0170
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0170
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0175
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0175
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0175
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0175
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0180
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0180
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0185
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0185
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0185
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0185
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0190
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0190
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0190
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0190
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0195
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0195
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0195
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0200
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0200
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0200
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0205
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0205
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0205
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0210
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0210
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0210
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0215
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0215
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0215
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0215
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0215
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0220
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0220
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0220
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0220
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0225
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0225
http://refhub.elsevier.com/S0002-8703(17)30053-4/rf0225

	A prospective, randomized, open-label trial of 6-month versus 12-month dual antiplatelet therapy after drug-eluting stent i...
	Study design
	Study population, randomization, and follow-up
	Primary endpoints
	DAPT-STEMI primary endpoint
	Resolute Integrity Registry primary endpoint
	Bivalirudin Registry primary end point

	Secondary end points
	DAPT-STEMI secondary end points
	Resolute Integrity Registry secondary end points
	Bivalirudin Registry secondary end points
	Procedures and investigational treatment
	Ethics and informed consent

	Statistical analysis
	Sample size calculation
	Data analysis and reporting

	Discussion
	Rationale for shorter DAPT duration after DES
	DAPT duration after acute coronary syndrome
	DAPT regimen
	Anticoagulation
	DAPT-STEMI primary end point
	Resolute Integrity stent
	Funding and trial registration

	Summary
	Acknowledgements
	Appendix. Supplementary Data
	References




