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Abstract

Aims

The Dual Antiplatelet Therapy (DAPT) study demonstrated that DAPT beyond 1-year after
drug-eluting stent (DES) implantation, as compared with aspirin therapy alone, significantly
reduced the risk of major cardiovascular and cerebrovascular events, which was mainly
driven by the large risk reduction for myocardial infarction (Ml). We sought to compare the
largest DAPT study with other trials evaluating DAPT durations after DES implantation.

Methods and results

By a systematic literature search, we identified 9 trials comparing prolonged- versus short-
DAPT in addition to the DAPT study. The result from the DAPT study (N = 9961) with pub-
lic—private collaboration was different from the pooled result of the 9 other investigator-
driven trials (N = 22174) in terms of the effect of prolonged-DAPT on MI (odds ratio [OR]
0.48 [95%Cl 0.38-0.62] versus pooled OR 0.88 [95%CI 0.67—1.15]: P = 0.001 for differ-
ence), while the trends for excess risk of prolonged-DAPT relative to short-DAPT for all-
cause death (OR 1.31[95%CI 0.97-1.78] versus pooled OR 1.16 [95%CI 0.92—1.45]:

P = 0.53 for difference), and bleeding (OR 1.62 [95%CI 1.21-2.17] versus pooled OR 2.08
[95%CI 1.51-2.84]: P = 0.25 for difference) were consistently seen in both the DAPT and
other trials. The annual rate of Ml during aspirin mono-therapy in the DAPT study was much
higher than that those in the other trials (2.7% versus 0.6—1.6%).

Conclusions

Given the difference between the DAPT study and other trials, future studies should focus
on certain subgroups of patients that are more or less likely to benefit from longer duration
DAPT.
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Introduction

The 2011 ACC/AHA/SCAI Guideline for Percutaneous Coronary Intervention recommended
dual antiplatelet therapy (DAPT) consisting of aspirin and P2Y,-receptor inhibitor for at least
12 months after drug-eluting stent (DES) implantation.[1] However, a recent meta-analysis of
trials comparing short- (< = 6-month) versus prolonged-DAPT (12-month or longer) dura-
tion suggested that extension of DAPT beyond 6-month increased the risk of bleeding without
reducing ischemic events.[2] Based on these recent trial results, 2014 ESC/EACTS Guidelines
on myocardial revascularization recommended DAPT for 6 months after new generation DES
in stable coronary artery disease.[3] Recently, however, the Dual Antiplatelet Therapy (DAPT)
study, a large international, multicenter, randomized, placebo-controlled trial, demonstrated
that DAPT beyond 1-year after placement of a DES, as compared with aspirin therapy alone,
significantly reduced the risks of stent thrombosis (ST) and major cardiovascular and cerebro-
vascular events.[4] The observation from the DAPT study was different from the findings in
the previously reported trials comparing short- versus prolonged-DAPT duration, and has
produced controversy regarding the optimal duration of DAPT after coronary stent implanta-
tion.[2]

Therefore, we conducted a systematic review of the trials comparing short- versus pro-
longed-DAPT duration after coronary stent implantation in an attempt to address the poten-
tial reasons for the discrepancy between the DAPT study and other trials.

Materials and methods

We first conducted a systematic review and meta-analyses to obtain pooled odds ratio (OR) of
prolonged-DAPT versus short-DAPT for clinically relevant outcomes among studies other
than DAPT study. We then compared the pooled ORs between those of the DAPT study and
the other trials.

Search strategy and study identification

We searched all reported trials comparing DAPT duration in patients after coronary stent
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implantation, using the term "dual antiplatelet therapy", "DAPT", "aspirin", "clopidogrel", "pra-
sugrel”, "ticagrelor”, "coronary intervention", "PCI", "stent", and "angioplasty". We searched the
Pubmed, the United States National Institutes of Health clinical trials registry, and the
Cochrane Central Register of Controlled trials. Additional search was performed using confer-
ence proceedings from the American College of Cardiology, the American Heart Association,
the European Society of Cardiology, the Trans-catheter Cardiovascular Therapeutics, and
Euro PCR meetings. Current analysis was limited to those studies including the participants
with DES implantation. From the gathered studies, randomized controlled trials (RCT) com-
paring the effect of DAPT duration were extracted, and if there were several articles from the
same RCT, we selected the article providing the longest follow-up data for the trial. The last
search was performed in December 2014. Each trial was evaluated by referring to the Cochrane
Collaboration’s tool for the adequacy of sequence generation, allocation concealment, blind
assessment of participants and personnel, data reporting, and the other sources of bias.[5]
Because this study used only published paper without individual patient information, the pro-
cedure of informed consent and institutional review board approval was not applicable.

Statistical analysis

We collected baseline characteristics from each reported RCT. The risk estimates for each
event of interest from individual reported RCT were gathered. The endpoints included, all-
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cause death, cardiac death, non-cardiac death, myocardial infarction (MI), ST, stroke, and
bleeding. We used the outcome data after the landmark point, when patients started to be
treated on each randomized regimen (aspirin mono-therapy, or DAPT). For the trials in
which the risk estimates beyond the landmark point were not available, we substituted the
reported risk estimates during the entire follow-up period. We used reported absolute number
of patients with at least 1 event to calculate the risk estimates for each trial, and in case the
absolute numbers were not reported, we estimated the number of patients from the reported
cumulative incidence and the number of patients assigned to each group. We used the
reported Kaplan-Meier curve to count or to read the cumulative incidence of outcome, if nei-
ther the absolute number nor the cumulative incidence for the outcome of interest were
reported. We excluded the trials in which the event of interest was not observed in either study
group, from the analysis for that event.

To assess the heterogeneity among the trials, we used the Cochrane test and calculated the
I-square statistic for quantification, with values <25% indicating low, 25% to 50% indicating
moderate, and >50% indicating high heterogeneity.[6] We used the Mantel-Haenszel method
for the fixed-effect model for the calculations of pooled OR, unless heterogeneity exceeded
moderate in each outcome. Publication bias was assessed by Egger’s test and Begg’s funnel
plot.

We then compared ORs from the DAPT study and pooled ORs from meta-analyses of the
trials other than the DAPT study by using the logarithmic transformed ORs and their standard
errors, and obtaining the p-values for the null hypothesis that Ln (ORs of the DAPT study)-Ln
(pooled ORs) was equal to zero. We also evaluated the annual rates of endpoint events on each
randomized regimen if the definitions for the endpoint events were comparable.

The results were regarded as statistically significant at 2-sided P<0.05. Statistical analysis
was performed using Stata software, version 13.1 (Stata Corp, College Station, TX).

Results
Search results

From the database search, we identified the DAPT study and 1018 records for the comparison
of DAPT duration, and after the detailed evaluation including additional conference search, 10
RCTs were selected for the current analysis (S1 Table). All trials were evaluated along with the
meta-analysis method and judged to have enough quality for the current analysis (S2 Table).
The selection of studies was conducted according to the PRISMA (Preferred Reporting Items
for Systematic reviews and Meta-Analysis) statement (S1 Fig).

Characteristics of included trials

Among the 10 trials included in the current analysis, the DAPT study was designed in response
to a request from the Food and Drug Administration (FDA) to manufacturers of coronary
stents and was conducted under an investigational-device exemption through a public-private
collaboration involving the FDA, eight stent and pharmaceutical manufacturers who funded
the study, and the Harvard Clinical Research Institute (HCRI). Collection of data for the 5 sep-
arate studies that contributed to the DAPT study, was conducted by HCRI and 4 stent manu-
facturers (Abbott Vascular, Boston Scientific Corporation, Cordis Corporation, and
Medtronic, Inc.). All the other 9 trials included in the current analysis were the investigator-
driven trials. The DAPT study and ISAR-SAFE trial adopted double blind placebo-controlled
design, while the other 8 trials took open-label design.

Age, gender, and prevalence of diabetes were comparable across the trials. Patients with
acute coronary syndrome presentation at the index stent implantation ranged from 23% to

PLOS ONE | https://doi.org/10.1371/journal.pone.0174502 September 20, 2017 3/13


https://doi.org/10.1371/journal.pone.0174502

@° PLOS | ONE

Comparison of randomized controlled studies evaluating DAPT duration

74%. Types of stents used were variable across the trials. In the DAPT study, 35% of patients
received prasugrel as the P2Y,-receptor inhibitor, while clopdogrel was almost exclusively
used in the other 9 trials. Number of treated lesions and total stent length were comparable
across the trials (Table 1).

Definition of endpoints among included trials

All the trials adopted the composite endpoints as the primary endpoint. However, the compo-
nents of the composite endpoints were variable across studies. Net clinical benefit including
bleeding events was evaluated as the primary endpoint in 5 studies. The definitions of bleeding
were also variable across studies (Table 2).

In all the trials, ST was classified by the Academic Research Consortium (ARC) definition.
MI was variably defined by the ARC definition in 5 trials, the universal definition in 2 trials,
the world health organization (WHO) definition in 1 trial, Thrombolysis in Myocardial Infarc-
tion (TIMI) study group definition in 1 trial, and original definition in 1 trial.

Effect of prolonged-DAPT on clinical outcomes: Comparison between
DAPT trial and other trials

The results from the DAPT study (N = 9961) were different from the pooled results of the 9
other trials (N = 22174). Details of the pooled analysis of the 9 other trials including the forest
plots with OR of prolonged-DAPT relative to short-DAPT for each clinical outcomes and the
Cochrane Q test and I-square statistics were shown in Supplemental Figures (S2-S6 Figs).
There was no evidence of significant publication bias among 9 trials (S7 Fig). In the DAPT
study, prolonged-DAPT as compared with short-DAPT was associated with marked risk
reduction for ST and MI, while in the other trials, there was a trend favoring prolonged-DAPT
over short-DAPT in terms of ST and MI, but the extent of risk reduction was much smaller
than that in the DAPT study (ST: OR 0.29 [95%CI 0.17-0.48] versus pooled OR 0.63 [95%CI
0.38-1.03]: P = 0.03 for difference, and MI: OR 0.48 [95%CI 0.38-0.62] versus pooled OR 0.88
[95%CI 0.67-1.15]: P = 0.001 for difference) (Fig 1). On the other hands, the trends for excess
risk of prolonged-DAPT relative to short-DAPT for all-cause death (OR 1.31 [95%CI 0.97-
1.78] versus pooled OR 1.16 [95%CI 0.92-1.45]: P = 0.53 for difference), and bleeding (OR
1.62 [95%CI 1.21-2.17] versus pooled OR 2.08 [95%CI 1.51-2.84]: P = 0.25 for difference)
were consistently seen in both the DAPT and other trials (Fig 1). However, the excess non-
cardiac mortality risk with prolonged DAPT in the DAPT study was not clearly seen in the
other trials (OR 2.16 [95%CI 1.3-3.58] versus pooled OR 1.20 [95%CI 0.76-1.89]: P = 0.09 for
difference) (Fig 1).

Annual rates of endpoint events during aspirin monotherapy:
Comparison between DAPT trial and other trials

The annual rates of MI and ST during aspirin mono-therapy were higher in the DAPT study
than in the other trials (2.7% versus 0.6-1.6%, and 0.9% versus 0-0.7%, respectively) (Table 3,
and Fig 2). The annual rate of major bleeding was also higher in the DAPT study than in the
other studies. The corresponding rates for all-cause death, and stroke were comparable
between the DAPT study and the other trials (Table 3).

Discussion

The main findings of the current analysis were the following; (1) The results from the DAPT
study were different from the pooled results of the 9 other trials in terms of the effect of
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Fig 1. Forest plot with OR of prolonged-DAPT relative to short-DAPT for each clinical outcome for the DAPT trial and the pooled
population excluding the DAPT trial. ORs are shown on a logarithmic scale. Cl = confidence interval, DAPT = dual anti-platelet therapy,
and OR = odds ratio.

https://doi.org/10.1371/journal.pone.0174502.g001
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Table 3. Annual event rate on each randomized regimen.

Trials DAPT  RESET OPTIMIZE PRODIGY EXCELLENT SECURITY | ITALIC/ ISAR-SAFE DES | ARCTIC-
ITALIC+ LATE | Interruption
Death Short DAPT 1 NA 2.5 NA NA 0.7 1.8 0.5 0.7 1
Prolonged DAPT | 1.3 | NA 2.3 NA NA 1 1.6 0.8 1 0.8
Myocardial Short DAPT | 27 | NA 1.1 1.6 NA 0.8 1.4 0.9 0.6 1
Infarction Prolonged DAPT | 1.4 | NA 0.8 1.8 NA 0.7 0.8 0.9 0.4 1
ST (definite/ | ShortDAPT | 0.9 0 0.4 0.7 0.2 0.1 0.6 0.4 0.3 0.4
probable) Prolonged DAPT| 0.3 | 0.3 0.1 0.6 0 0 0 0.3 0.2 0
Major Short DAPT | 1.1 | NA 0.3 NA NA 0.2 0 0.3 0.6 0.1
Bleeding Prolonged DAPT| 1.7 | NA 0.5 NA NA 0.2 0.6 0.4 0.7 0.8
Stroke Short DAPT | 0.6 | NA 0.4 0.3 NA 0.3 0 05 0.5 0.4
Prolonged DAPT | 0.5 | NA 0.1 1.1 NA 0.1 0.8 0.4 0.5 0.6

Data were presented by percent per year.
DAPT = Dual Anti-platelet Therapy, and NA = Not Available.

https://doi.org/10.1371/journal.pone.0174502.t003

prolonged-DAPT on MI, and definite or probable ST; (2) The annual rates of MI and ST dur-
ing aspirin mono-therapy were higher in the DAPT study than in the other trials.

The recently reported DAPT study, the largest trial evaluating the optimal duration of
DAPT after coronary stent implantation, demonstrated that prolonged-DAPT up to 30-month
as compared with short-DAPT up to 12-month was associated with marked risk reduction for
MI and ST, leading to significant risk reduction for the primary composite endpoint. However,
in the 9 trials other than DAPT study enrolling >20000 patients, prolonged-DAPT for 12- to
48-month as compared with short-DAPT for 3- to 12-month was not associated with signifi-
cant risk reduction for MI and ST. One of the reasons for the different results of the DAPT
study and the other studies might be that the DAPT study is heavily powered to detect differ-
ences in ST and MI while the other studies were only powered to detect differences in the com-
posite endpoints. However, the remarkable difference between the DAPT study and the other
trials was the higher annual rate of MI during aspirin mono-therapy in the DAPT study as
compared with those in the other trials, although we should be cautious in comparing the
event rates across different studies. The cardiovascular mortality was also similar between the
short- and prolonged-DAPT groups despite a large risk reduction for MI by prolonging DAPT
in the largest DAPT study, although this might be consistent with the contemporary studies
evaluating the effect of MI on cardiovascular mortality due to the improved interventional and
pharmacologic management of ML

The primary endpoints of the DAPT study were ST and a composite of death, MI, or stroke.
There was a signal suggesting increased mortality with prolonged DAPT in the DAPT study
and in the other 9 trials as well as in the recently published meta-analyses.[7-13] The positive
result of the DAPT study for the one of the co-primary endpoint was exclusively related to
marked reduction of MI. For the construction of the composite endpoint, we should assume
that each component should be of comparable clinical importance.[14] However, there is a
concern that a small MI defined by the slight increase of the cardiac biomarker criteria espe-
cially for troponins would not have clinical importance comparable to death.

It is still controversial after the DAPT study presentation whether DAPT should be
extended beyond 1-year after coronary stent implantation. In the present study, we found con-
sistent increase of all-cause death and bleeding with prolonged-DAPT in both the DAPT study
and other trials. Furthermore, recent meta-analyses comparing short- versus prolonged-
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Fig 2. Estimated annual event rates for myocardial infarction and stent thrombosis in the short-DAPT group during aspirin mono-
therapy. The landmark data was not available for myocardial infarction in the RESET and EXCELLENT trials. NA = not available.

https://doi.org/10.1371/journal.pone.0174502.9002

DAPT reported a borderline increase of all-cause death, and highly significant increase of
non-cardiac death with prolonged-DAPT.[9-11] However, the DAPT study clearly demon-
strated that prolonged-DAPT substantially reduced ischemic events, particularly ST, beyond
1-year after coronary stent implantation. Also, the United States Food and Drug Administra-
tion released updated safety communication stating that the DAPT with clopidogrel does not
change the risk of death, using the meta-analysis of DAPT studies targeting large spectrum of
disease.[15] Therefore, balancing the risks and benefits of DAPT is needed in considering the
antithrombotic therapy for patients after coronary stenting. In the future it will be important
to clarify the patients who derive the most benefit from prolonged DAPT, by analyzing
patients stratified into several clinical situations; acute coronary syndromes, prior history of
bleeding/cancer, left main disease/bifurcation lesions, stent characteristics, and so on. Pro-
longed-DAPT could be an option in patients with high ischemic risk, but without high bleed-
ing risk.

Limitations

We did not conduct a formal meta-analysis including all the searched trials, because the result
of the largest DAPT study was so different from those of the other 9 trials. We considered that
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clarifying the differences and similarities between the DAPT study and other trials would be
more important than drawing a conclusion by simply pooling the results from all the trials.
There are some limitations in the current report. First and most importantly, it is challenging
to compare the results of different trials. However, considering the huge clinical impact of the
DAPT study result, we should address the reasons for the difference between the DAPT study
and the other trials. It is certain that the annual rate of MI on aspirin mono-therapy in the
DAPT study was much higher than those in other trials. However, we do not know the details
of MI events in the DAPT study. Therefore, it remains speculative to argue that a large propor-
tion of MI events reported in the DAPT study could be small MI that were not regarded as the
endpoint events in the investigator-driven trials. Second, another meta-analysis comparing
short- versus prolonged-DAPT that also included non-PCI trials did not suggest increased
mortality with prolonged-DAPT.[16] Also, in the present study, the excess non-cardiac mor-
tality risk with prolonged-DAPT in the DAPT study was not clearly seen in the other trials.
Therefore, the finding within the DAPT study mortality signal could be a chance finding.
Third, only 3 of the 9 trials included in the meta-analysis evaluated DAPT beyond 12-month
after coronary stent implantation. However, the risk for cardiovascular events including ST
beyond 30-day after DES implantation seemed to be constant from several long-term studies
of DES.[17,18] Forth, the timings of randomization were different across studies. In the DAPT
study, 14034 patients out of 25682 enrolled patients were not randomized at 12-month, sug-
gesting inclusion of those patients with relatively low risk for bleeding. However, it would be
difficult to explain the favorable ischemic outcome in the DAPT study by the inclusion of
patients with low bleeding risk, because significantly higher risk for bleeding was also seen in
the DAPT study as in the other trials. Finally, the DAPT study is the only study among the
listed trials in which patients were primarily enrolled within North America. The observed dif-
ferences in the event rates and the effects of prolonged-DAPT relative to short DAPT between
the DAPT study and other trials might be related to the differences in the practice pattern,
insurance systems, races, and the way to execute clinical trials between North America and
other geographic areas.

Conclusions

Given the difference between the DAPT study and other trials, future studies should focus on

certain subgroups of patients that are more or less likely to benefit from longer duration
DAPT.
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