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Abstract

Background Dual antiplatelet therapy (DAPT) remains the cornerstone therapy in the prevention of ischaemic events
following drug-eluting stent (DES) implantation. Mandatory duration of DAPT after DES however, is a matter of debate.
We aimed to evaluate safety and efficacy of short-term (up to 6 months) versus long-term (12 months) DAPT after DES
implantation.

Methods We searched PubMed, EMBASE, Cochrane databases, and international meetings for randomised clinical trials
(RCTs) comparing short with long DAPT. We performed a systematic review and meta-analysis of major trials with primary
outcomes: all-cause death, myocardial infarction, definite or probable stent thrombosis, stroke, and major bleeding event.
Results Nine RCTs with a total number of 19,099 patients were pooled in the present meta-analysis. When compared
with long DAPT, short DAPT was associated with a significant reduction in major bleeding events (0.62% vs. 1.10%,
risk ratio (RR) 0.58, 95% confidence interval (CI) 0.39 to 0.86, p<0.007, I>’=21%), whereas all-cause death (1.65% vs.
1.84%, RR 0.90, 95% CI 0.73 to 1.11, p=0.34, 12=0%), myocardial infarction (1.91% vs. 1.68%, RR 1.14, 95% CI 0.92
to 1.40, p=0.23, 12=0%), definite or probable stent thrombosis (0.62% vs. 0.47%, RR 1.25, 95% CI 0.84 to 1.86, p=0.27,
12=0%), and stroke (0.60% vs. 0.67%, RR 0.91, 95% CI 0.63 to 1.31, p=0.61, 12=0%) were similar.

Conclusions Short DAPT following DES implantation results in a significant reduction of major bleeding events with
no apparent increase in all-cause death, myocardial infarction, stent thrombosis, or stroke. Future dedicated trials should
investigate the optimal strategies for patient-tailored DAPT in various subgroups.

Keywords Coronary artery disease - Drug-eluting stent - Stent thrombosis - Major bleeding events

Introduction duration of DAPT may be considered in patients with a high

bleeding risk, and a longer duration may be considered for

Dual antiplatelet therapy (DAPT) with aspirin and a P2Y 12
inhibitor remains the cornerstone treatment in the preven-
tion of recurrent ischaemic events following drug-eluting
stents (DES) implantation. Current guidelines [1, 2] rec-
ommend a standard duration of 6 months following new-
generation DES for stable coronary artery disease. A shorter
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patients with a high ischaemic risk. New-generation DES
represent devices with an improved safety profile, and are
associated with lower rates of early or late stent thrombo-
sis [3]. This raises the question what the optimal period of
DAPT would be following implantation of new-generation
DES.

Importantly, several randomised clinical trials have in-
vestigated optimal duration of DAPT following DES im-
plantation. However, none of these studies were adequately
powered, and some recent trials suffer from event rates that
are lower than expected. Hence, we aimed to systemat-
ically review current evidence by a meta-analysis of the
available randomised controlled trials (RCTs) that com-
pared clinical outcome of short DAPT (<6 months) with
long (=12 months) DAPT following DES implantation.
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Methods
Search strategy and trial selection

This study was conducted according to the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [4]. We searched PubMed, EMBASE,
Cochrane, international websites and meetings for RCTs
that compared short (up to 6 months) with long (12 months)
DAPT after DES implantation. Our systematic search on
the topic of DAPT following PCI which was not limited by
language, date or publication status restrictions. Detailed
information regarding the full search strategy are shown
in supplementary appendix 1.1, together with the PRISMA
flow-chart in supplementary appendix 1.2.

Quality assessment and risk of bias

Two individual investigators (RR and MV) independently
carried out the systematic review of evidence and identi-
fied studies to be included for analysis. Three authors (RR,
MYV, and PS) reassessed eligibility of trials and evaluated
the trials’ quality and risk of bias using the Cochrane col-
laboration’s tool for assessing risk of bias [5], as shown in
supplementary appendix 1.3.

Clinical outcomes

Main outcomes were all-cause death, myocardial infarction,
stroke, and definite or probable stent thrombosis defined
by the Academic Research Consortium (ARC) [6]. Major
bleeding events were defined by trial definitions. We defined
endpoints according to the ARC and adjudicated by an in-
dependent clinical event committee for each of the individ-
ual studies. Primary and secondary endpoints together with
definitions of composite endpoints for each trial are shown
in the supplementary appendix 1.4. Four of the included tri-
als (EXCELLENT, RESET, ITALIC, IVUS-XPL) reported
bleeding events using the TIMI criteria [7], two (SECU-
RITY, I-LOVE-IT 2) reported bleeding events using the
Bleeding ARC (BARC) criteria [8], two reported both TIMI
and BARC criteria (PRODIGY, ISAR-SAFE), and one trial
(OPTIMIZE) was based on the GUSTO/REPLACE-2 cri-
teria.

Statistical analysis

All analyses are reported by intention to treat and based on
random treatment allocation. For each outcome we calcu-
lated risk ratios (RR) and pooled estimates by the Mantel-
Haenszel method [9]. Heterogeneity was estimated using
the I? statistic [10], with value <25% being low, a value
of 25 to 50% being moderate, and a value of >75% being

high. Taking into consideration the substantial differences
between trials, we used random-effect models in our anal-
ysis.

Additional analyses were carried out to assess a possi-
ble impact of ST-elevation myocardial infarction (STEMI)
(210%), acute coronary syndrome (ACS) (=50%), first-gen-
eration DES implants (=25%) or B2/C lesion complexity
(260%) on clinical outcomes in short and long DAPT. To
predict the true value of the RR given the fact that an addi-
tional study is published comparing short with long DAPT,
we calculated the prediction interval [11]. All analyses were
performed using Review Manager (RevMan) version 5.3,
Copenhagen, The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014.

Results

Nine RCTs (n=19,099) are included in the present meta-
analysis: EXCELLENT [12], RESET [13], PRODIGY
[14], OPTIMIZE [15], SECURITY [16], ISAR-SAFE [17],
ITALIC [18], I-LOVE-IT 2 [19], and IVUS-XPL [20] with
main characteristics shown in Tab. 1. Individual patient
characteristics of trials were evenly distributed with a mean
age of 64 years, 30% of patients had diabetes mellitus, and
roughly 43% of patients presented with stable coronary
artery disease, whereas 30% presented as low-risk ACS, as
shown in supplementary appendix 1.5. Detailed procedural
characteristics were also comparable with >90% of the
device implants being new-generation as shown in supple-
mentary appendix 1.6. In our analysis short DAPT ranged
from 3 to 6 months with a mean duration of 5.1 months,
whereas long DAPT ranged from 12 to 24 months with
a mean duration of 14.6 months.

Main outcomes of the individual trials are shown in
Tab. 2. Two studies (RESET, OPTIMIZE) compared 3
with 12 months of DAPT, five studies (EXCELLENT,
SECURITY, ISAR-SAFE, I-LOVE-IT 2, and IVUS-XPL)
compared 6 with 12 months of DAPT, and two stud-
ies (PRODIGY, ITALIC) compared 6 with 24 months of
DAPT. Potential risk of bias was considered to be generally
low, albeit most of the trials were open-label (except for
ISAR-SAFE), and three trials (SECURITY, ISAR-SAFE,
and ITALIC) were prematurely terminated due to recruit-
ment problems. A total of 19,099 patients were randomised
and 9526 were assigned to a short regimen of DAPT (up
to 6 months), and 9573 patients to long DAPT (at least
12 months).
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Primary analysis of short versus long DAPT
after DES implantation

The primary outcome for each individual major clinical
trial comparing short versus long DAPT are summarised
in Fig. 1. This figure shows that short DAPT in patients
with low ischaemic risk leads to a significant reduction in
major bleeding events, whereas all-cause mortality, myocar-
dial infarction, stent thrombosis, and stroke were similar.

stroke, or TIMI major

All-cause death, MI,
bleeding event

MACE endpoint
stroke, major BARC
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Death rate due to all-causes in patients who underwent PCI
with DES implantation was not statistically different for
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The overall rate of definite or probable stent thrombosis was
0.56%. Differences among the rate of stent thrombosis in
short versus long DAPT did not reach the level of statistical
significance (Fig. 1c).

ACS acute coronary syndrome, BARC bleeding academic research consortium, BMS bare-metal stent, CAD coronary artery disease, CTO chronic total occlusion, DAPT dual antiplatelet therapy,
DES drug-eluting stent, FU follow-up, LVEF left ventricle ejection fraction, LM left main (coronary artery), MACE major adverse cardiac events, MI myocardial infarction, N-I non-inferiority,
NSTEMI non-ST-elevation myocardial infarction, OAC oral anticoagulation therapy, PCI percutaneous coronary intervention, PAD peripheral artery disease, S Superiority, ST stent thrombosis,

é
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Ale © % to 0.86, p<0.007, 2=21%, see Fig. le).
—~ =]
- =
g g i :
EI £ Sensitivity analysis
S| |5 s :
b N ff) S The results obtained with sensitivity analyses were highly
g ‘é % é é’ é E consistent, and did not modify any of our main findings.

2



246

Neth Heart J (2018) 26:242-251

Table2 Clinical outcomes of clinical trials evaluating short versus long duration of dual antiplatelet therapy following DES implantation

Trial Short vs. long MACE/MACCE p-value Major bleeding p-value Definite or proba- p-value
DAPT endpoint event ble ST

short vs. long short vs. long short vs. long

EXCELLENT 6vs. 12 8.0% vs. 8.5%' 0.72 0.3% vs. 0.6% 0.42 0.9% vs. 0.1% 0.10
HR 0.94 (0.65 to HR 0.50 (0.09 to HR 6.02 (0.72 to
1.35) 2.73) 50)

PRODIGY 6 vs. 24 10.0% vs 10.1%3 0.91 1.9% vs. 3.4%* 0.037 1.5% vs. 1.3% 0.70
HR 0.98 (0.74 to HR 0.56 (0.32 to HR 1.15 (0.55 to
1.29) 0.98) 2.44)

RESET 3vs. 12 4.7% vs. 4.7%’ 0.84 0.2% vs. 0.6%° 0.16 0.2% vs. 0.3% 0.65
RD 0.0% [-2.5 to RD -0.4% [-0.9 to RD -0.1% [-0.5
2.5] 0.1] to 0.3]

OPTIMIZE 3vs. 12 6.0% vs. 5.8% 0.84 0.6% vs. 0.9%*% 0.41 0.8% vs. 0.8% 0.86
HR 1.03 (0.77 to HR 0.71 (0.32 to HR 1.08 (0.49 to
1.38) 1.60) 2.36)

SECURITY 6vs. 12 4.5% vs. 3.7%° 0.47 0.6% vs. 1.1%"° 0.28 0.3% vs. 0.4% 0.69
RD 0.8% [-2.4 to RD -0.5% [-1.4 to RD -0.1% [-0.7
1.7] 0.4] to 0.4]

ISAR-SAFE 6vs. 12 1.5vs. 1.6 0.70 1.0% vs. 2.0%"? 0.01 0.3% vs. 0.2% 0.74
HR 0.91 (0.55 to HR 0.50 (0.29 to HR 1.25 (0.33 to
1.50) 0.85) 4.65)

ITALIC 6vs. 24 1.6% vs. 1.5%"3 0.85 0.0% vs. 3.0%' - 3.0% vs. 0.0% -
HR 1.07 (0.51 to NA N/A
2.22)

I-LOVE-IT 2 6vs. 12 7.2% vs. 6.4%" 0.53 0.7% vs 1.2%"° 0.21 1.1% vs. 0.8% 0.33
NA NA N/A

IVUS-XPL 6vs. 12 2.2% vs. 2.1%"7 0.85 0.7% vs. 1.0%'8 0.56 0.3% vs. 0.3% 0.99
HR 1.07 (0.52 to HR 0.71 (0.23 to HR 1.00 (0.14 to
2.22) 2.25) 7.11)

IMACCE (1-year): any death, MI, stroke, or any revascularisation; 2TIMI major bleeding event; "MACCE (2-year): any death, MI, stroke; “BARC
3/5 major bleeding event; SMACE (1-year): cardiovascular death, MI, ST (def. or prob.), ischaemia-driven TVR, or TIMI bleeding; OTIMI major
bleeding event; "MACCE (1-year): any death, MI, stroke, or major bleeding; *REPLACE-GUSTO; "MACCE (1-year): cardiac death, MI, stroke,
ST (def. or prob.), or BARC 3/5; 10BARC 3/5 major bleeding event; I'MACCE (15-months): any death, MI, ST (def. or prob.), stroke, or TIMI
major bleeding; 2 BARC 2/3/5 bleeding event; SMACCE (1-year): any death, MI, stroke, TVR, or TIMI major bleeding; "“TIMI major bleeding
event; "MACCE (1-year): any death, MI, stroke, major bleeding BARC >3; 'SBARC 3/4/5 major bleeding event; '"MACCE (1-year): cardiac

death, M, stroke, TIMI major bleeding; '¥TIMI major bleeding event

BARC bleeding academic research consortium, DAPT dual antiplatelet therapy, HR hazard ratio, MACE major adverse cardiac events,
MACCE major adverse cardiac and cerebrovascular events, MI myocardial infarction, N/A not available, RD risk difference, ST stent thrombosis,
TIMI thrombolysis in myocardial infarction, TVR target vessel revascularisation

We carried out additional analyses to investigate the impact
of studies with a relatively high number of STEMI (=10%),
ACS (=50%), first-generation DES (=25%), and complex
lesions (=60%).

Prediction interval

Regarding the primary analysis comparing short with long
DAPT, the likely values of the true RR were calculated con-
sidering that a new study will be published. Most endpoints
(all-cause mortality, myocardial infarction, stent thrombo-
sis, and stroke) did not show considerable heterogeneity and
therefore the 95% CI could be interpreted as a prediction in-
terval. Regarding major bleeding events, however, the 95%
prediction interval is considered to range from 0.31 to 1.06.

2

Discussion

In this meta-analysis, which included more than nineteen
thousand randomised patients scheduled for PCI with DES
implantation, we evaluated clinical outcomes of short versus
long DAPT. Several trials have been conducted to evaluate
DAPT following stent implantation. However, the optimal
duration of DAPT remains controversial, and none of these
trials [12—-19] were adequately powered.

Our findings demonstrate that (1) short DAPT, when
compared with long DAPT, was associated with a reduc-
tion of roughly 50% in major bleeding events, and (2) short
DAPT was not associated with an apparent increase of all-
cause death, myocardial infarction, stent thrombosis, or
stroke. Our findings support the use of short DAPT in
stable patients, as we believe that prolongation of DAPT
regimens will result in a detrimental increase in bleeding
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a Short DAPT Long DAPT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
EXCELLENT 2012 4 722 7 721 3.0% 0.57 [0.17, 1.94]
PRODIGY 2012 65 983 65 987 40.8% 1.00 [0.72, 1.40]
RESET 2012 5 1059 8 1058 3.6% 0.62 [0.20, 1.90] - 1
OPTIMIZE 2013 43 1563 45 1556 26.5% 0.95[0.63, 1.44] -
SECURITY 2014 8 682 8 717 47% 1.05[0.40, 2.79] -
ISAR-SAFE 2015 8 1997 12 2003 5.7% 0.67 [0.27, 1.63] 1
ITALIC 2015 8 912 7 910 4.4% 1.14[0.42, 3.13] -
I-LOVE-IT 2 2016 11 909 14 920 7.3% 0.80[0.36, 1.74] T
IVUS-XPL 2016 5 699 10 701 3.9% 0.50[0.17, 1.46] I
Total (95% ClI) 9526 9573 100.0% 0.90 [0.73, 1.11] ‘
Total events 157 176
Heterogeneity: Tau? = 0.00; Chi? = 3.42, df = 8 (P = 0.91); 2 = 0% ’ ’ ’ ’
0.01 0.1 1 10 100
Test for overall effect: 2 = 0.96 (P = 0.34) Favours Short DAPT Favours Long DAPT
b
Short DAPT Long DAPT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
EXCELLENT 2012 13 722 7 721 5.3% 1.85[0.74, 4.62] I
PRODIGY 2012 41 983 39 987 23.8% 1.06 [0.69, 1.62] -
RESET 2012 2 1059 4 1058 1.5% 0.50 [0.09, 2.72] - 1
OPTIMIZE 2013 49 1563 42 1556 26.6% 1.16 [0.77, 1.74] Bl
SECURITY 2014 16 682 15 717 9.0% 1.12[0.56, 2.25] -
ISAR-SAFE 2015 13 1997 14 2003 7.7% 0.93 [0.44, 1.98] -1
ITALIC 2015 6 912 4 910 2.8% 1.50[0.42, 5.29] -
I-LOVE-IT 2 2016 41 909 36 920 22.8% 1.15[0.74, 1.79] o
IVUS-XPL 2016 1 699 0 701 0.4% 3.01[0.12, 73.73]
Total (95% ClI) 9526 9573 100.0% 1.14[0.92, 1.40] ’
Total events 182 161
Heterogeneity: Tau? = 0.00; Chi = 2.95, df = 8 (P = 0.94); 2 = 0% ’ ’ ’ ’
0.01 0.1 1 10 100

Test for overall effect: Z=1.20 (P = 0.23)

Fig. 1

Favours Short DAPT Favours Long DAPT

Forest plots reporting of pooled risk ratios with 95% confidence intervals of a all-cause mortality; b myocardial infarction; ¢ probable or

definite stent thrombosis; d stroke; e BARC =3 major bleeding event. Horizontal lines represent the 95% confidence interval, the square repre-
sents the risk ratio of each individual study, the diamond represents the pooled risk ratios and the overall effect. DAPT dual antiplatelet therapy,

CI confidence interval, M-H Mantel-Haenszel

events. High-risk patients on the other hand, may benefit
from a longer duration of DAPT and are beyond the scope
of this analysis as our primary analysis is not powered for
this particular subgroup.

Several meta-analyses evaluated short versus long DAPT.
The findings of our meta-analysis differ from the previous
meta-analyses that were carried out with fewer patients in
the short DAPT regimen [21-23] or with higher hetero-
geneity [21, 24-26]. Consistent with our findings, previous
meta-analyses have shown that short DAPT is associated
with lower rates of major bleeding events when compared
with long DAPT [22, 23]. We should emphasise that bleed-
ing events due to DAPT are time-independent, meaning that

the overall risk of bleeding will continue to rise with longer
durations of DAPT. In contrast to previous meta-analyses
[22, 27], short DAPT did not lead to an increased rate of
ischaemic events in our analysis, which may be due to the
fact that our analysis contains a considerable number of
stable patients and may not be valid for high-risk patients.
For instance, a subgroup that may particularly benefit from
longer durations of DAPT are stable patients with a history
of myocardial infarction, as demonstrated by a recent meta-
analysis [28].

Nearly two decades ago, DAPT was shown superior in
ACS in terms of efficacy when compared with aspirin alone
[29]. A landmark analysis of CURE revealed that the ma-

2
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¢ Short DAPT Long DAPT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
EXCELLENT 2012 6 722 1 721 3.5% 5.99[0.72, 49.64] I
PRODIGY 2012 15 983 13 987 28.7% 1.16 [0.55, 2.42]
RESET 2012 2 1059 3 1058 4.9% 0.67 [0.11, 3.98] - 1
OPTIMIZE 2013 13 1563 12 1556 25.6% 1.08 [0.49, 2.36] B
SECURITY 2014 2 682 3 717 4.9% 0.70[0.12, 4.18] - ]
ISAR-SAFE 2015 5 1997 4 2003 9.1% 1.25[0.34, 4.66] -
ITALIC 2015 3 912 0 910 1.8% 6.98 [0.36, 135.03] »
I-LOVE-IT 2 2016 11 909 7 920 17.5% 1.59[0.62, 4.08] A
IVUS-XPL 2016 2 699 2 701 4.1% 1.00 [0.14, 7.10]
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jority of ischaemic events are prevented within the first
3 months (20/1,000 patients treated). After this period, this
protective effect is substantially attenuated (2/1,000 patients
treated) and the rate of significant bleeding events may
become more important than the number of prevented is-
chaemic events. What is complicating our interpretation,
however, is that this pivotal study was conducted in the
BMS era and a considerable number of patients with ACS
were being treated conservatively. A recent meta-analysis
[30] demonstrated that a short duration of DAPT (3 months)
in ACS was associated with higher rates of myocardial
infarction and stent thrombosis. Some clinicians consider
major bleeding events less deleterious when compared with
acute ischaemic events. Noteworthy, post-discharge bleed-
ing events are still common and directly associated with
increased mortality. In fact, post-discharge major bleeding
events should not be underestimated as the effect size is
sometimes even greater than that of post-discharge my-
ocardial infarction [31]. Opposing this statement is a sub-
study of ADAPT-DES [32] that evaluated the impact of
stent thrombosis, myocardial infarction that is not stent-re-
lated, and clinically relevant bleeding events on mortality,
and found that the risk of mortality was increased in both
post-PCI ischaemic and bleeding events. Remarkably, early
stent thrombosis and very late spontaneous myocardial in-
farction were associated with the highest risk of mortality,
whereas clinically significant bleeding events and myocar-
dial infarction that is not stent-related were associated with
a similar but lower risk of mortality.

Limitations

Some limitations in the present meta-analysis should be
acknowledged. First, a meta-analysis of individual patient
data would allow us to directly analyse parameters influ-
encing outcomes following short or long DAPT. We be-
lieve, however, that we can reliably evaluate the topic of
interest with our approach. Second, the reported event rate
(death, myocardial infarction and stroke) in some trials was
>10% (PRODIGY), whereas the event rate (death, myocar-
dial infarction, target vessel revascularisation and bleeding)
of others was as low as 1.5% (ITALIC), and may therefore
be indicative for underreporting in some of the studies in
this meta-analysis. The accuracy of our results reflects the
quality of the included studies. Some variance was intro-
duced by clinical endpoint definitions, especially in bleed-
ing event endpoints. The conservative definitions for major
bleeding events that some trials used may have underes-
timated the rate of major bleeding events as we believe
should be evaluated by the BARC criteria. Even though
endpoint definitions were not uniform, we suppose this did
not modify our overall conclusion. Finally, in most trials

clopidogrel was used as a P2Y12 inhibitor. Considering the
frequent use of more potent P2Y12 inhibitors in routine
clinical practice, the incidence of major bleeding events in
our analysis may be underestimated.

Conclusions

A short regimen of DAPT after PCI using a DES implan-
tation seems to provide a significant reduction in major
bleeding events without compromising ischaemic events in
patients with stable coronary artery disease. To drive pa-
tient-tailored antiplatelet therapy, the delicate balance of
bleeding complications as opposed to the risk of ischaemic
events should be investigated in patient-specific subgroups.
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