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Abstract

Evidence from studies published more than 10 years ago suggested that patients receiving first-generation
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« dual antiplatelet drug-eluting stents (DES) needed dual antiplatelet therapy (DAPT) for at least 12 months. Current evidence
therapy

® percutaneous
coronary
intervention

¢ randomised trials

from randomised controlled trials (RCT) reported within the past five years suggests that patients with
stable ischaemic heart disease who receive newer-generation DES need DAPT for a minimum of three to
six months. Patients who undergo stenting for an acute coronary syndrome benefit from DAPT for at least
12 months, but a Bayesian network meta-analysis confirms that extending DAPT beyond 12 months con-
fers a trade-off between reduced ischaemic events and increased bleeding. However, the network meta-ana-
lysis finds no credible increase in all-cause mortality if DAPT is lengthened from three to six months to
12 months (posterior median odds ratio [OR] 0.98; 95% Bayesian credible interval [BCI]: 0.73-1.43), from
12 months to 18-48 months (OR 0.87; 95% BCI: 0.64-1.17), or from three to six months to 18-48 months
(OR 0.86; 95% BCI: 0.63-1.21). Future investigation should focus on identifying scoring systems that have
excellent discrimination and calibration. Although predictive models should be incorporated into systems
of care, most decisions about DAPT duration will be based on clinical judgement and patient preference.
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Abbreviations

ACS acute coronary syndrome
ARCTIC-
Interruption

Assessment by a double Randomisation of

a Conventional antiplatelet strategy versus

a monitoring-guided strategy for drug-eluting
stent implantation and, of Treatment Interruption

versus Continuation 1 year after stenting

BES biolimus-eluting stent

BMS bare metal stent(s)

CAD coronary artery disease

CAPRIE a randomised, blinded, trial of Clopidogrel versus

Aspirin in Patients at Risk of Ischaemic Events

CHARISMA  Clopidogrel for High Atherothrombotic Risk
and Ischemic Stabilization, Management, and
Avoidance

CLASSICS Clopidogrel Aspirin Stent International
Cooperative Study

CREDO Clopidogrel for the Reduction of Events During
Observation

CURE Clopidogrel in Unstable angina to prevent
Recurrent Events

DAPT dual antiplatelet therapy

DES drug-eluting stent(s)

DES-LATE Optimal Duration of Clopidogrel Therapy
with DES to Reduce Late Coronary Arterial
Thrombotic Events

EXCELLENT  Efficacy of Xience/Promus Versus Cypher in
rEducing Late Loss After stENTing

FANTASTIC  Full Anticoagulation Versus Aspirin and
Ticlopidine

I-LOVE-IT 2 Evaluate Safety and Effectiveness of the Tivoli®
DES and the Firebird DES for Treatment of
Coronary Revascularization

ISAR Intracoronary Stenting and Antithrombotic
Regimen study

ISAR-SAFE Intracoronary Stenting and Antithrombotic
Regimen: Safety And EFficacy of 6 Months Dual
Antiplatelet Therapy After Drug-Eluting Stenting

ITALIC Is There A Llfe for DES after discontinuation of
Clopidogrel

IVUS-XPL Impact of Intravascular Ultrasound Guidance

on Outcomes of Xience Prime Stents in Long
Lesions

LEADERS-FREE Prospective Randomised Comparison of the
BioFreedom Biolimus A9 Drug-Coated Stent
Versus the Gazelle Bare-Metal Stent in Patients at
High Bleeding Risk

MACCE major adverse cardiac and cerebrovascular events

MATTIS Multicentre Aspirin and Ticlopidine Trial after
Intracoronary Stenting

Mi myocardial infarction

NIPPON Nobori Dual Antiplatelet Therapy as Appropriate

Duration

OPTIDUAL OPTImal DUAL antiplatelet therapy after drug-
eluting stent implantation

OPTIMIZE Optimised Duration of Clopidogrel Therapy
Following Treatment with the Endeavor
Zotarolimus-Eluting Stent in Real-World Clinical
Practice

PCI percutaneous coronary intervention

PRODIGY PROlonging Dual-antiplatelet treatment after
Grading stent-induced Intimal hyperplasia studY

RCT randomised controlled trial(s)

RESET REal Safety and Efficacy of 3-month dual anti-
platelet Therapy following Endeavor zotarolimus-
eluting stent implantation

SECURITY Second-generation Drug-eluting Stent
Implantation Followed by 6- versus 12-month
dual antiplatelet therapy

ST stent thrombosis

STARS Stent Anticoagulation Restenosis Study

ZEUS Zotarolimus-eluting Endeavor sprint stent in

Uncertain DES candidates

Introduction

In its 40" anniversary, percutaneous coronary intervention (PCI)
has achieved excellent early and late outcomes thanks to advances
in technologies, operator expertise, and antithrombotic therapy.
Although the advent of drug-eluting stents (DES) has been crucial
for the overall success of PCI, stent thrombosis (ST) and myocar-
dial infarction may occur unless patients adhere to a strict regimen
of dual antiplatelet therapy (DAPT), which consists of concurrent
use of aspirin and a P2Y , platelet receptor blocker. The use of
DAPT, however, confers an increased risk of major bleeding that
in some instances is fatal.

The purpose of the current report is to review the early develop-
ments that have led to replacement of anticoagulation therapy with
DAPT after stent implantation, current recognition of the prognos-
tic significance of major bleeding, and ultimate awareness that the
duration of DAPT after DES implantation must be prescribed on
an individual basis.

The past

On 16 September 1977, Andreas Griintzig performed the first
coronary balloon angioplasty in a 37-year-old man with a proxi-
mal stenosis in the left anterior descending artery. The result was
successful and durable'?. However, in the series of 624 patients
undergoing coronary angioplasty between 1977 and 1981 in Zurich
and Atlanta, emergency operations due to sudden closure or spasm
of the artery occurred in 5% and Q-wave myocardial infarction
(MI) in 3%, but no in-hospital deaths occurred'. At that time, the
optimal pharmacotherapy to prevent failure and complications
remained uncertain®. Early investigators recommended the use
of warfarin as long-term adjunctive therapy after femoropopliteal
transluminal angioplasty and its use was also adopted for the treat-
ment of acute MI, whereas other studies demonstrated benefit



from the administration of aspirin after MI*. In a randomised com-
parison of aspirin and coumadin in 248 PCI patients, aspirin did
not reduce recurrent stenoses as compared with coumadin at nine
months of follow-up (27% vs. 36%; p=not significant)*.

In subsequent studies, evidence supported benefits of aspirin
therapy after MI or PCI, but at the same time balloon angioplasty
seemed to be limited by a high incidence of abrupt vessel clo-
sure after dilatation and requirement for reintervention for reste-
nosis. The implantation of an expandable metal stent to maintain
vessel patency after balloon dilatation emerged as the solution to
these problems®’. Nevertheless, the inherent thrombogenicity of
metal stents that were in contact with circulating blood resulted in
thrombotic stent occlusion despite aggressive anticoagulant ther-
apy. In a pivotal trial, angiographic follow-up after placement of
a self-expanding coronary artery stent showed that early occlusion
occurred in approximately 20% of cases®. Additionally, haemor-
rhagic and peripheral vascular complications due to the intensive
anticoagulation adopted for the first few weeks after the procedure
seriously limited the benefits of PCI.

Two studies in 1995 were the first to suggest that the combi-
nation of aspirin and ticlopidine was a safe replacement for anti-
coagulant therapy after coronary stent implantation®!®. In 1996,
ISAR suggested advantages of DAPT over anticoagulation by
showing that combined antiplatelet therapy (aspirin plus ticlopi-
dine) after the placement of coronary stents reduced the incidence
of both cardiac events and haemorrhagic and vascular compli-
cations compared with conventional anticoagulation-based ther-
apy (intravenous heparin, phenprocoumon, and aspirin)''. Later,
STARS demonstrated that DAPT was superior to anticoagulant
therapy after implantation of bare metal stents (BMS) and reduced
ST by 85% as compared with aspirin alone'?. In the FANTASTIC
study, which studied both elective and unplanned coronary stent-
ing, DAPT with aspirin and ticlopidine significantly reduced rates
of bleeding and subacute stent occlusion compared with conven-
tional anticoagulation'®. In the MATTIS study, high-risk patients
receiving aspirin and ticlopidine after coronary stenting had
significantly reduced bleeding and vascular complications and
there was a marked trend towards decreased cardiac events com-
pared with aspirin and anticoagulation'*. At the same time, clopi-
dogrel appeared, which was a new thienopyridine derivative that
had fewer side effects than ticlopidine. The CAPRIE trial sug-
gested that clopidogrel could be used in place of aspirin to pre-
vent ischaemic stroke, MI or vascular death in patients at risk of
ischaemic events". Then the CLASSICS study supported replace-
ment of ticlopidine by clopidogrel after coronary stenting due its
safer profile'. The CURE study confirmed the efficacy and safety
of clopidogrel added to aspirin in patients with ACS and in those
undergoing PCI'7"18,

Evidence from early studies thus suggested that a strategy based
on aspirin and a thienopyridine was substantially more effective
and better tolerated than anticoagulation, thus facilitating a wide-
spread adoption of stenting in clinical practice. Indeed, the last two
decades have established the pivotal role of DAPT in preventing

History of DAPT

both stent- and non-stent-related ischaemic events after PCI com-
pared with single antiplatelet therapy or anticoagulation. Recently,
new hypotheses have been studied or are still under evaluation
(i.e., very short DAPT regimens and aspirin interruption during
follow-up)’. However, the optimal duration of DAPT after stent
implantation has been a matter of contention for years. Indeed, in
parallel with the evolution of the DAPT regimens, stent techno-
logy has evolved from BMS to first-generation DES, a change
that has implications for DAPT regimens. When clopidogrel was
approved in 1997 by the U.S. Food and Drug Administration
(FDA), it was recommended for two weeks after BMS implan-
tation' and then later for four weeks'®. When sirolimus-eluting
stents were approved in 2003, the labelling recommended three
months of clopidogrel because that is how the agent had been used
in clinical trials*®. When paclitaxel-eluting stents were approved in
2004, the labelling recommended six months of clopidogrel, again
based on how it had been used in trials?'. Later, this DAPT dura-
tion was seriously questioned due to increasing safety concerns
that were initially related to late and very late ST in first-genera-
tion DES, but also to an increase in death and MI. Indeed, 2006
was a critical year for evidence on first-generation DES, but an
expert FDA panel concluded that DES appeared to increase the
risk of late stent thrombosis, but not the risk of death or MI?2. At
that time, the concerns about DES led to the empirical recommen-
dation of 12 months of DAPT. The panel also agreed on the urgent
need for studies on ST and the duration of DAPT?.

The recommendation of 12 months of DAPT was maintained
in the following few years with the sole exception of patients in
whom the risk of bleeding outweighed the anticipated benefit.
Based on previous findings from the PCI-CURE (stenting com-
prised 80% of the PCI cases, but all stents were BMS and the
mean duration of DAPT was nine months) and CREDO studies
(all BMS; only 63% of patients assigned to clopidogrel finished
one year of therapy)'®?, and observational studies reporting a per-
sistent risk of ST beyond six months after stenting, particularly in
the context of DAPT cessation®*?, the 2011 American guideline
recommended a minimum DAPT duration of at least 12 months
after DES implantation*’. The European guidelines in 2010 recom-
mended one month of DAPT after BMS in stable patients, but six
to 12 months after DES, and 12 months in the case of ACS*. An
additional relevant milestone of DAPT history was the introduc-
tion of the new P2Y _ inhibitors, prasugrel in 2007* and ticagre-
lor in 2009, which further improved outcomes of ACS patients
undergoing PCI and receiving DAPT.

Figure 1 shows the main steps in the advent and evolution of
DAPT, and Figure 2 shows the mechanism of action of DAPT.

The present

GUIDELINES, TRIALS AND META-ANALYSES OF DAPT
DURATION

The guidelines from the European Society of Cardiology recom-
mend at least one month of DAPT for stable ischaemic heart
disease (SIHD) treated with BMS and at least six months if
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Figure 1. History of DAPT in PCIL.

treated with DES, while in ACS patients a 12-month DAPT was
recommended, suggesting that shorter courses in patients with
SIHD or longer courses in patients with a history of ACS may
be considered®*2. A 2016 focused update on DAPT from the
American College of Cardiology/American Heart Association®
recommended a minimal mandatory duration of DAPT of six

months after implantation of newer-generation DES in patients
with SIHD and replaced the 2011 guideline recommendation
of at least 12 months?’. The abbreviated course of therapy for
patients with SIHD seemed reasonable, because the risk of ST
with newer-generation DES was lower than it was with first-gen-
eration DES**.

Ticlopidine
Clopidogrel |
Prasugrel

Ticagrelor

receptor

Glycoprotein
receptor

Collagen

Low-dose
Aspirin

Thrombin
receptor

Thro:'nbin

=~~a
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Figure 2. Sites of action of DAPT. DAPT includes aspirin, a cyclooxygenase-1 (COX-1) inhibitor, and a P2Y , receptor inhibitor (ticlopidine,
clopidogrel, prasugrel, or ticagrelor). ADP: adenosine diphosphate; PAR-1: protease-activated receptor-1



Since publication of the DAPT update, new evidence regard-
ing DAPT duration has emerged. Data from 14 RCT (Figure 3)
of patients undergoing implantation of DES, with more than two
thirds of subjects receiving newer-generation stents (Table 1), and
randomised to either prolonged or short-course DAPT, have been
published***°. The largest RCT of DAPT duration, the DAPT trial®,
randomly assigned 9,961 patients to prolonged DAPT of 2.5 years
or to short-course DAPT of 12 months after DES implantation.
Prolonged DAPT was associated with a reduced rate of ST (0.4%
vs. 1.4%; HR 0.29, 95% CI: 0.17-0.48, p<0.001), MACCE (4.3%
vs. 5.9%; HR 0.71, 95% CI: 0.59-0.85, p<0.001) and reduced MI
(2.1% vs. 4.1%, HR 0.47, p<0.001) but was associated with a bor-
derline increased risk of death from any cause (2.0% vs. 1.5%,
HR 1.36, 95% CI: 1.00-1.85, p=0.05) and increased moderate or
severe bleeding (2.5% vs. 1.6%, p=0.001).

When aggregate data from the 14 RCT including the DAPT
trial are pooled (Appendix), short compared with prolonged DAPT
is associated with no significant difference in mortality (odds
ratio [OR] 0.85; 95% CI: 0.72-1.01) and reduced major bleeding
(OR 0.68, 95% CI: 0.55-0.82). On the other hand, as shown in

History of DAPT

Figure 4, shorter courses of DAPT are associated with more cases
of MI (OR 1.37, 95% CI: 1.12-1.67) and ST (OR 1.69, 95% CI:
1.13-2.54).

The absence of a mortality benefit from prolonged DAPT may
seem counterintuitive given the reductions in MI and ST, but these
findings may reflect a temporal attenuation in mortality risk attrib-
utable to ST. While acute and subacute ST are associated with
mortality rates approaching 50%, late and very late ST are associ-
ated with mortality rates of about 10%>!. As a result, it is possible
that extension of DAPT beyond 12 months may simultaneously
reduce both MI and ST without influencing mortality. On the
other hand, major bleeding may be more dangerous than non-fatal
MI*>%7. Taken together, the reductions in mortality from lowering
thrombosis with prolonging DAPT may be counterbalanced by an
increase in mortality from bleeding complications®®.

Although a large number of meta-analyses of the DAPT RCT
have been published”**%, they have produced mixed results.
Apparent discrepancies may have arisen because traditional
meta-analyses comparing outcomes use a binary short-versus-
long definition of DAPT duration. This poses a problem, even for
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Trials of DAPT duration after PCI

14 studies, ~40,000 patients randomised

Hypothesis

Trials of long-term DAPT

Figure 3. Trials of DAPT after PCI. Trial result is reported according to whether the hypothesis was demonstrated (B, green colour) or not
&, red colour). Five trials are reported with yellow colour due to premature interruption of planned enrolment.

m
S
=
=
=3
(1]
=
<
(1]
=
=
o
=
N
@
—
>
—
w
~
—_
3
~
w
w




m
=
=
=
=
=3
(1]
=
<
(1]
=
=
o
=
N
o
—
=
—
@
~
—
o
~
w
w

Table 1. RCT summaries.

. . Expected Observed
Study . Proportion | Proportion . .
. Diabetes |Follow-up| genera- . . o . event rate in | event rate in
duration (%) tion stents| completion AT LU LG control group | control grou
(comparison) ° P ML) | MI(%) JiEpy ol group
(%) (%)
DES-LATE (36 2010 62 28 24 30.0 Enrolment Cardiac death, Ml or 39 23.3 2. 2.6
vs. 12 mo)*® completed stroke <24 hrs
PRODIGY (24 2012 68 24 24 50.0 Enrolment  |Death, Ml or stroke 21.3 55.7 8.0 10.1
vs. 6 mo) %7 completed
EXCELLENT (12 | 2012 63 38 12 75.0 Enrolment  |Cardiac death, MI, or 5.1 21.4 10.0 4.5
vs. 6 mo)* completed |ischaemia-driven TVR
RESET (12vs. 3| 2012 62 29 12 85.0 Enrolment  |Cardiac death, MI, ST, 1.7 14.3 10.5 4.7
mo)* completed revasc, or bleeding
OPTIMIZE (12 2013 62 35 12 100.0 Enrolment  |NACCE - death, MI, 238 11.0 9.0 6.0
vs. 3 mo)¥ completed stroke, or bleed
ARCTIC (17 vs. | 2014 64 33 12 63.0 Enrolment Death, MI, ST, stroke, 30.4 0.0 6.0 4.0
12 mo)*! completed or urgent TVR
SECURITY (12 2014 65 31 12 100.0 Stopped after |Cardiac death, MI, ST, 20.7 0.0 6.0 45
vs. 6 mo)* 1,399 of 2,740 |or stroke
planned
DAPT (30vs. 12| 2014 62 31 18 59.0 Enrolment  |Coprimary: ST and 213 26.0 0.5/2.9 0.5/2.4
mo)* completed MACCE
[TALIC (24 vs. 6 | 2015 62 37 12 100.0 Stopped after |Death, MI, urgent TVR, 15.1 7.5 3.0 1.5
mo)*# 2,031 of 2,475 |stroke, or major
planned bleeding
ISAR-SAFE (12 | 2015 67 25 12 72.0  |Stopped after |Death, MI, ST, stroke, 25.2 18.4 10.0 15
vs. 6 mo)* 4,005 of 6,000 or TIMI major bleed
planned
OPTIDUAL (48 2016 64 31 36 65.0 Stopped after |Death, MI, stroke, or 174 26.9 7.0 1.5
vs. 12 mo)*’ 1,385 of 1,966 |major bleeding
planned
[-LOVE-IT2 (12 | 2016 60 23 18 100.0 Enrolment  [Cardiac death, TVMI or 16.9 24.5 8.3 5.9
vs. 6 mo)* completed  |TVR
IVUS-XPL (12 2016 64 37 12 100.0 Enrolment  |Cardiac death, MI, 5.0 15.6 7.0 2.2
vs. 6 mo)* completed stroke, or TIMI major
bleeding
NIPPON (18 vs. | 2017 67 38 12 100.0 Stopped after |All-cause mortality, 12 13.7 45 2.1
6 mo)*° 3,307 of 4,598|MI, stroke, and major
planned bleeding

the traditional meta-analysis presented here (Figure 4), because
12 months of DAPT was defined as “short” in four trials®14347
and as “long” in seven trials®#04246484°  Comparing outcomes at
12 months with outcomes at 12 months in a meta-analysis may
unintentionally introduce noise in the statistical models. An alterna-
tive approach is to avoid 12-month versus 12-month comparisons,
as was done by Navarese and colleagues in a stratified meta-ana-
lysis®, but a Bayesian network meta-analysis may take advantage
of the complete evidence base and provide an optimal approach to
compare outcomes after short (three to six months), intermediate
(12 months), and prolonged (18-48 months) durations of DAPT.
The use of network meta-analysis clarifies the differences
in outcomes after short durations of three to six months, the
standard comparator of 12 months, and prolonged durations of
18-48 months of DAPT (Figure 5) and reveals no credible reduc-
tions in mortality when DAPT was used for three to six months

as compared with 12 months (posterior OR 0.98; 95% Bayesian
credible interval [BCI]: 0.73-1.43), when DAPT was used for
12 months as compared with 18-48 months (OR 0.87; 95% BCI:
0.64-1.17), or when DAPT was used for three to six months as
compared with 18-48 months (OR 0.86, 95% BCI: 0.63-1.21).
Moreover, no difference in any major outcome was seen between
three to six months and 12 months of DAPT, but bleeding was
lower when DAPT was used for three to six months as compared
with 18-48 months (OR 0.53, 95% BCI: 0.33-0.81), a finding that
is counterbalanced by increased MI (OR 1.72, 95% BCI: 1.18-
2.42) and ST (OR 2.56, 95% BCI: 1.23-5.03).

ISCHAEMIC AND BLEEDING RISKS OF DAPT AND DECISION
MAKING ON DAPT DURATION

DAPT with aspirin and a P2Y , inhibitor reduces ischaemic recur-
rences but increases bleeding risk, which is related to the treatment



All-cause mortality
Short Prolonged

Study Events Total Events Total OR 95% CI

DES-LATE (12 vs. 36 mo) 32 2514 46 2531 b 0.70 [0.44;1.10]
PRODIGY (6 vs. 24 mo) 45 751 49 750 — 0.91 [0.60; 1.38]
EXCELLENT (6 vs. 12 mo) 4 722 7 721 0.57 [0.17;1.95]
RESET (3 vs. 12 mo) 5 1,059 8 1,058 0.62 [0.20; 1.91]
OPTIMIZE (3 vs. 12 mo) 43 1563 45 1,556 —— 0.95 [0.62;1.45]
ARCTIC (12 vs. 18 mo) 9 624 7 635 1.31 [0.49; 3.55]
SECURITY (6 vs. 12 mo) 8 682 8 77 1.05 [0.39;2.82]
DAPT (12 vs. 30 mo) 74 4941 98 5020 -.' 0.76 [0.56; 1.04]
ITALIC (6 vs. 24 mo) 11 926 20 924 0.54 [0.26; 1.14]
ISAR-SAFE (6 vs. 12 mo) 8 1997 12 2003 0.67 [0.27; 1.64]

OPTIDUAL (12 vs. 48 mo) 24 690 16 695
I-LOVE-IT 2 (6 vs. 12 mo) " 909 14 920

1.53 [0.81;2.90]
0.79 [0.36; 1.76]

IVUS-XPL (6 vs. 12 mo) 5 699 10 701 0.50 [0.17;1.46]

NIPPON (6 vs. 18 mo) 16 1654 7 1653 — 2.30 [0.94;5.60]

Fixed effect model 295 19731 347 19884 <@ 0.85 [0.73; 1.00]

Random effects model < 0.85 [0.72; 1.01]
I 2%, 1 0066, p=0.3836

T T T T 1
0102 05 1 2 5 10

3-12 mo better 12-48 mo better

Major bleeding
Short Prolonged

Study Events Total Events Total OR 95% CI

DES-LATE (12 vs. 36 mo) 24 2514 34 2531 — 0.71 [0.42;1.20]
PRODIGY (6 vs. 24 mo) 5 751 13 750 0.38 [0.13;1.07]
EXCELLENT (6 vs. 12 mo) 2 722 4 721 0.50 [0.09;2.73]
RESET (3 vs. 12 mo) 2 1,059 6 1,058 0.33 [0.07;1.65]
OPTIMIZE (3 vs. 12 mo) 10 1,563 14 1556 0.71 [0.31;1.60]
ARCTIC (12 vs. 18 mo) 1 624 7 635 0.14 [0.02;1.17]
SECURITY (6 vs. 12 mo) 4 682 8 77 0.52 [0.16; 1.74]
DAPT (12 vs. 30 mo) 73 4941 119 5020 -.— 0.62 [0.46; 0.83]
ITALIC (6 vs. 24 mo) 0 926 4 924 0.11 [0.01;2.05]
ISAR-SAFE (6 vs. 12 mo) 4 1997 5 2003 0.80 [0.22;2.99]
OPTIDUAL (12 vs. 48 mo) 14 690 14 695 1.01 [0.48;2.13]
I-LOVE-IT 2 (6 vs. 12 mo) 12 909 6 920 - 2.04 [0.76; 5.45]
IVUS-XPL (6 vs. 12 mo) 5 699 7 701 0.71 [0.23;2.26]
NIPPON (6 vs. 18 mo) 11 1654 12 1,653 0.92 [0.40; 2.08]
Fixed effect model 167 19731 253 19884 > 0.66 [0.55; 0.81]
Random effects model <> 0.68 [0.55; 0.82]

! h peo4668 T | —

T
0102 05 1 2 5 10
3-12 mo better 12-48 mo better

History of DAPT

Myocardial infarction
Short Prolonged

Study Events Total Events Total ! OR 95% CI

DES-LATE (12 vs. 36 mo) 27 2514 19 2531 I - 1.44 [0.80; 2.59]
PRODIGY (6 vs. 24 mo) 26 751 25 750 —— 1.04 [0.59; 1.82]
EXCELLENT (6 vs. 12 mo) 13 722 7 721 1.87 [0.74; 4.72]
RESET (3 vs. 12 mo) 2 1,059 4 1058 0 0.50 [0.09; 2.73]
OPTIMIZE (3 vs. 12 mo) 49 1563 42 1556 i 117 [0.77; 1.77]
ARCTIC (12 vs. 18 mo) 9 624 9 635 3 1.02 [0.40; 2.58]
SECURITY (6 vs. 12 mo) 16 682 15 77 T 1.12 [0.55; 2.29]
DAPT (12 vs. 30 mo) 198 4941 99 5020 . 2.08 [1.62; 2.65]
ITALIC (6 vs. 24 mo) 12 926 9 924 0 1.33 [0.56; 3.18]
ISAR-SAFE (6 vs. 12 mo) 13 1997 14 2003 0.93 [0.44; 1.99]
OPTIDUAL (12 vs. 48 mo) 16 690 1 695 . 1.48 [0.68; 3.20]
I-LOVE-IT 2 (6 vs. 12 mo) 41 909 36 920 —— 1.16 [0.73; 1.83]
IVUS-XPL (6 vs. 12 mo) 1 699 0 701 - 3.01 [0.12; 74.09]
NIPPON (6 vs. 18 mo) 4 1654 1 1653 4.00 [0.45; 35.87)
Fixed effect model 427 19731 291 19884 > 1.50 [1.29; 1.74]
Random effects model < 1.37 [1.12; 1.67]

I 2%, ta 0281, p=0.2129 '
T T T L

0102 05 1 2 5 10
3-12 mo better 12-48 mo better

Stent thrombosis
Short Prolonged
Study Events Total Events Total ' OR 95% CI

DES-LATE (12 vs. 36 mo) 1 2514 7 2531 1.58 [0.61; 4.09]

PRODIGY (6 vs. 24 mo) 10 751 8 750 L 1.25 [0.49; 3.19]
EXCELLENT (6 vs. 12 mo) 6 722 1 721 6.03 [0.72; 50.24]
RESET (3 vs. 12 mo) 2 1,059 1,058 0.67 [0.11; 3.99]

3 -

OPTIMIZE (3 vs. 12 mo) 13 1563 12 1556 — = 1.08 [0.49; 2.37)
ARCTIC (12 vs. 18 mo) 3 624 0 635 - 7.16 [0.37; 138.86]
SECURITY (6 vs. 12 mo) 2 682 3 717 . 0.70 [0.12; 4.20]
DAPT (12 vs. 30 mo) 5 4941 19 5020 —Ml— 351 [210; 5.86]
ITALIC (6 vs. 24 mo) 3 926 0 924 . 7.01 [0.36; 135.85]
ISAR-SAFE (6 vs. 12 mo) 5 1997 4 2003 - 1.25 [0.34; 4.68]
OPTIDUAL (12 vs. 48 mo) 1 690 3 695 7 0.33 [0.03; 3.23]
1-LOVE-IT 2 (6 vs. 12 mo) 5 909 2 920 : 254 [0.49; 13.12]
IVUS-XPL (6 vs. 12 mo) 2 69 2 701 - 1.00 [0.14; 7.14]
NIPPON (6 vs. 18 mo) 2 1654 1 1653 + 2.00 [0.18; 22.08]

Fixed effect model 130 19731 65 19884 - 2.01 [1.49; 2.70]
-
T

Random effects model - 1.69 [1.13; 2.54]

7%, 1196, p=0.2073

T T 1
0102 05 1 2 5 10

3-12 mo better 12-48 mo better

Figure 4. Forest plot of event rates after prolonged or short course of DAPT after drug-eluting stent implantation. Original figures created
with the open-source statistical program [R] 3.0.3 ¥ and library package “meta’ 3.8-0%. Note: OPTIMA-C trial (6 vs. 12-month DAPT) was
completed in 2015, presented orally in 2015 but not yet published, recently registered on clinicaltrials.gov (NCT03056118), and therefore not

included here. Adapted with permission from the American Heart Association®”’. CI: confidence interval; OR: odds ratio

duration. It is now clear that both ischaemic and bleeding risks can
negatively impact on prognosis®?*. Therefore, the decision as to
whether DAPT should be continued beyond one year after PCI
requires preliminary clarification of the relative weight of ischae-
mic and bleeding events on mortality. Choosing between these two
negative outcomes with similar frequencies and prognostic impli-
cations remains a great challenge. Tailored treatment algorithms
maximising benefits over risks represent the only sensible way
forward.

Some subgroups of patients undergoing DES implantation may
benefit from extending DAPT, such as patients with prior M,
ACS at presentation®®’, complex PCI® or peripheral arterial dis-
ease®’. On the other hand, other patient characteristics may not
benefit from extending DAPT, such as diabetes’”, chronic kidney
disease”, or advanced age”. In patients with high bleeding risk,
a course of DAPT as short as one month has been found to be
feasible™™.

Against this background, recently proposed tools derived from
randomised studies, namely the DAPT and PRECISE-DAPT
scores”®”’, may help to guide the decision making. The DAPT
score was proposed for patients who tolerated 12 months of DAPT
to select those eligible for treatment prolongation’. It was derived
from 11,648 patients randomised in the entire DAPT database

and is based on ischaemic and bleeding risk factors to help iden-
tify patients with greater expected benefit versus greater expected
harm from prolonging DAPT over one year after stenting. It
assigns 1 point each for MI at presentation, prior MI or PCI, dia-
betes, stent diameter less than 3 mm, smoking, and paclitaxel-elut-
ing stent; 2 points each for history of congestive heart failure/low
ejection fraction and vein graft intervention; —1 point for age 65 to
74 years; and —2 points for age >75 years. In patients with clinical
predictive scores of 2 or higher, continued thienopyridine therapy
was associated with an absolute risk reduction in MI or ST that
was 8.2 times greater than the absolute risk increase in moderate
or severe bleeding. On the other hand, among patients with scores
lower than 2, DAPT prolongation was associated with an absolute
increase in bleeding that was 2.4 times the absolute reduction in
MI or ST”. Of note, the DAPT score is only applicable to patients
who have completed one year of DAPT after coronary stent treat-
ment without a major ischaemic or bleeding event and cannot be
applied earlier, at the time of PCI, to select less than 12 months of
treatment in patients at high bleeding risk.

More recently, a novel risk score (PRECISE-DAPT) has been
proposed for the prediction of out-of-hospital bleeding in patients
treated with DAPT using age, creatinine clearance, white blood cell
count, haemoglobin, and history of bleeding”’. High bleeding risk
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Figure 5. Caterpillar plot of event rates and duration of DAPT. In a network meta-analysis, the number of events after each duration of DAPT
was modelled using a binomial distribution, and the logit of each rate had a non-informative prior distribution to ensure that the posterior

inference would be dominated by the likelihood of the data. Data presented as posterior mean odds ratio and 95% Bayesian credible intervals.
Original figures were created with OpenBUGS (Bayesian inference using Gibbs sampling) and Markov chain Monte Carlo modelling, starting
with non-informative priors centred at 0.000 with precision of 0.0001 and using 10,000 draws of the Gibbs chain, to ensure that the posterior
distribution would be dominated by the likelihood, using described methods (Figure 7) ¥ Adapted with permission from the American

Heart Association®”

patients (score >25) can be easily detected and might benefit from
a shortened (i.e., <12 months) DAPT duration. Conversely, patients
not at high bleeding risk (score <25) might receive a standard (i.e.,
12 months) or prolonged (i.e., >12 months) treatment without being
exposed to significant bleeding liability. The PRECISE-DAPT score
is a simple bedside risk assessment tool, which can be easily imple-
mented in everyday clinical practice and might be useful at the time
of treatment initiation. A suggested algorithm for decision making
based on these two scores is shown in Figure 6.

Authors’ perspectives

We believe that, in low-risk patients who have undergone newer-
generation DES implantation, a minimum DAPT duration of
three to six months is sufficient to prevent stent-related throm-
botic events. On the other hand, patients at high risk of throm-
botic events™ and low risk of bleeding”” may derive a benefit from

extension of DAPT beyond six to 12 months. Several scoring sys-
tems have appeared, but additional prospective investigation will
be required to define their utility in everyday practice®®. Future
studies will need to identify optimal DAPT duration in patients
who receive bioresorbable scaffolds®!.

In accordance with a personalised approach, patients at high
bleeding risk on DAPT need special attention. The multicentre
randomised open-label MASTER-DAPT trial (NCT03023020) is
currently enrolling 4,300 high bleeding risk patients in >100 inter-
national centres to compare one-month DAPT with a more pro-
longed regimen consisting of at least three or six months of DAPT
depending on whether the patient has or has not a concomitant
indication to oral anticoagulation.

The future role of aspirin is also a matter of ongoing inves-
tigation®. Historical evidence comparing aspirin with placebo
showed a great reduction in thrombotic risk and supports current
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(score <25)  (score >25) U Cr.eatlnlne clearance (10 mL/ 0to 25
min decrease)
l l * Prior bleeding Oor 26
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STANDARD SHORT
DAPT#* DAPT#*
l Re-assess the risks and benefits for DAPT
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Months Age
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DAPT DAPT ° <65 0
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* Paclitaxel-eluting stent 1
e Stent diameter <3 mm 1
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DAPT DAPT * Vein graft stenting 2
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Figure 6. Decision making on DAPT duration based on PRECISE-DAPT and DAPT scores. Variables included in the scores are associated
with increased bleeding risk (red dot), increased ischaemic risk (blue dot) or neutral effect (black dot). *In the validation study, short-term
DAPT consisted of three to six months of therapy and standard DAPT consisted of at least 12 months of DAPT.

recommendations. However, P2Y , inhibitors have mostly been
studied as adjuncts to aspirin; the comparison of single antiplate-
let therapy with new P2Y , inhibitors alone versus DAPT after
ACS or PCI for secondary prevention of atherothrombotic events
is a new field of research. While up-to-date research has focused
on DAPT and its duration, an alternative and original approach
is the “less is more” paradigm exploring the role of monotherapy
with new P2Y . inhibitors for efficacy and also for the reduction in
risk of bleeding. The GLOBAL LEADERS (NCT01813435) trial
is designed to assess the role of ticagrelor as a single antiplatelet
agent after a short course of DAPT for the long-term prevention
of adverse cardiac events, across a wide spectrum of patients, fol-
lowing BES implantation®>.

The subject of several ongoing trials is the comparison of treat-
ment regimens combining an oral anticoagulant (warfarin or novel
oral anticoagulants) with single or dual antiplatelet therapy for
patients with atrial fibrillation and ACS or coronary stents>53%,
The role of long-term secondary prevention with novel oral anti-
coagulant (NOAC)-based regimens (i.e., NOAC alone or in com-
bination with aspirin) will be re-assessed and will probably impact
on our future practice. The routine use of platelet function testing

or genotyping to guide clinical decisions is not currently recom-
mended, but future evidence may eventually provide new insights
on this topic.

Finally, only selected DES have received CE mark approval for
one-month DAPT for patients in need; however, this was based on
limited data. Whether DAPT should be stent-specific or whether
the newer-generation DES have different DAPT requirements

remains a matter of ongoing investigation.

Conclusions

No single DAPT recommendation applies to every patient. In low-
risk patients who receive a newer-generation DES, a minimum
DAPT duration of three to six months may be sufficient to pre-
vent early and largely stent-related thrombotic events. Patients who
undergo stenting for acute coronary syndrome may benefit from
DAPT for at least 12 months. Extension of DAPT beyond 12 months
entails a trade-off between increased bleeding and reduced ischae-
mic events. Because RCT can only elucidate broad principles and
scoring systems only consider a small number of risk factors for
bleeding or ischaemic risk, the fine details of DAPT duration must
be defined by clinicians for each patient on an individual basis.
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Appendix. Methods BAYESIAN NETWORK META-ANALYSIS

Aggregate data from 14 randomised controlled trials (RCT) of = Because each RCT performed two-way DAPT comparisons of
patients undergoing implantation of predominantly newer-gener- ~ DAPT durations that varied widely, an indirect three-way com-
ation drug-eluting stents (DES) and randomised to either shorter ~ parison of outcomes after short, medium or long durations of
or longer courses of dual antiplatelet therapy (DAPT)** com- DAPT was carried out using Bayesian network meta-analysis.
prise the evidence base for the analysis of DAPT duration after ~ As described in detail, we modelled the number of deaths after
DES implantation. As described previously®®, data from each  short courses of DAPT in the seven studies that had both three-
trial had been abstracted in duplicate by two reviewers (J.A. Bittl  to six-month and 12-month arms*-404246484 by ysing a binomial
and U. Baber). The present review uses the previously abstracted  distribution. We assumed that the difference of log odds between
data to create the original forest plots and caterpillar plots using  a short (S) duration of DAPT and a 12-month duration (M) of
procedures and data shown here (Table 2 and Figure 7). DAPT from each study J ,, followed a normal random effects dis-

Table 2. Data on mortality.

DES-LATE (36 vs. 12 mo) 1 2 32 2,514 1
DES-LATE (36 vs. 12 mo) 1 3 46 2,631 1
PRODIGY (24 vs. 6 mo) 2 1 45 751 1
PRODIGY (24 vs. 6 mo) 2 5 49 750 1
EXCELLENT (12 vs. 6 mo) 3 1 4 722 1
EXCELLENT (12 vs. 6 mo) 3 2 721 1
RESET (12 vs. 3 mo) 4 1 1,059 1
RESET (12 vs. 3 mo) 4 2 1,058 1
OPTIMIZE (12 vs. 3 mo) b 1 43 1,563 1
OPTIMIZE (12 vs. 3 mo) 5 2 45 1,556 1
ARCTIC (18 vs. 12 mo) 6 2 624 1
ARCTIC (18 vs. 12 mo) 6 g 635 1
SECURITY (12 vs. 6 mo) 7 1 8 682 1
SECURITY (12 vs. 6 mo) 7 2 8 717 1
DAPT (30 vs. 12 mo) 8 2 74 4,941 1
DAPT (30 vs. 12 mo) 8 3 98 5,020 1
ITALIC (24 vs. 6 mo) 9 1 912 1
ITALIC (24 vs. 6 mo) 9 8 7 910 1
ISAR-SAFE (12 vs. 6 mo) 10 1 8 1,997 1
ISAR-SAFE (12 vs. 6 mo) 10 2 12 2,003 1
OPTIDUAL (48 vs. 12 mo) 11 2 24 690 1
OPTIDUAL (48 vs. 12 mo) 11 3 16 695 1
|-LOVE-IT 2 (12 vs. 6 mo) 12 1 11 909 1
|-LOVE-IT 2 (12 vs. 6 mo) 12 2 14 920 1
IVUS-XPL (12 vs. 6 mo) 13 1 5 699 1
IVUS-XPL (12 vs. 6 mo) 13 2 10 701 1
NIPPON (18 vs. 6 mo) 14 1 16 1,654 1
NIPPON (18 vs. 6 mo) 14 5 7 1,653 1
ARCTIC*!: assessment by a double randomisation of a conventional antiplatelet strategy versus a monitoring-guided strategy for drug-eluting stent
implantation and of treatment interruption versus continuation 1 year after stenting; Cl: confidence interval; DAPT#3: dual antiplatelet therapy;
DES-LATE®®: Optimal Duration of Clopidogrel Therapy with DES to Reduce Late Coronary Arterial Thrombotic Events; EXCELLENT®®: Efficacy of Xience/
Promus Versus Cypher in rEducing Late Loss After stENTing; I-LOVE-IT 2%8; Evaluate Safety and Effectiveness of the Tivoli® DES and the Firebird DES
for Treatment of Coronary Revascularization; ISAR-SAFE*¢: Intracoronary Stenting and Antithrombotic Regimen: Safety And EFficacy of 6 Months Dual
Antiplatelet Therapy After Drug-Eluting Stenting; ITALIC*“5: Is There A LlIfe for DES after discontinuation of Clopidogrel; IVUS-XPL: Impact of
Intravascular Ultrasound Guidance on Outcomes of Xience Prime Stents in Long Lesions; NIPPON®°: Nobori Dual Antiplatelet Therapy as Appropriate
Duration; OPTIDUAL*”: OPTImal DUAL antiplatelet therapy after drug-eluting stent implantation; OPTIMIZE: Optimized Duration of Clopidogrel Therapy
Following Treatment with the Endeavor Zotarolimus-Eluting Stent in Real-World Clinical Practice; OR: odds ratio; PRODIGY®¢37; PROlonging Dual-
antiplatelet treatment after Grading stent-induced Intimal hyperplasia studY; RESET®: REal Safety and Efficacy of 3-month dual antiplatelet Therapy
following Endeavor zotarolimus-eluting stent implantation; SECURITY3840.4246,4849. Second-generation Drug-eluting Stent Implantation Followed by

6- versus 12-month dual antiplatelet therapy
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DDdat<-read.csv("Z:/Users/johnbittl/Dropbox/EuroInterventionDAPT/NetworkDAPTDeath.csv", as.is=TRUE,
header=T)

str(DDdat)

s<-c(DDdat$s)

t<-c(Dbdatst)
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—
r<-c(DDdatsr) w
nn<-c (Dbdat$nn) ]
b<-c (DDdat$b) —_
# t} jel i 2ge, but it t in [R ~
modelString N
model w
{ # i counts the two arms of all 14 studies w
for (i in 1:28)

[i1 [s[i) [i]1*(1-equals(t[i],bli]));
~ dnorm(md[i ec);

the CABG arm

mu(j] ~ dnorm(0, .001);

}

prec ~ dgamma(0.001, 0.001);

d[1] <- 0;

# K represents the relative treatment comparator: k1 = Short, k=2 is 12 mo, k=3 is Long
for (k in 2:3)

k] ~ dnorm(0, .001)

{

d(

}

for (c in 1:2)

{

for (k in (c+1):3)

{

lor[c,k] <- d[k]-d[c];
log(orlc,kl) <- lorlc,k

writeLines (modelString,co

model.txt")

modelCheck ("model.txt")

datalist = list(s=c(s),
t=c(t),
r=c(r),
nn=c(nn),
b=c (b)

modelData (bugsData (datalList))
nChain=1
modelCompile (numChains = nChain) #Co he model
initsList = list(d=c(NA,0,0), prec=1, mu=c(0,0,0,0,0,0,0,0,0,0,0,0,0,0))
modelInits (bugsData (initsList))

modelGenInits ()

chainLengthl 5000

gthl)

(chainLe!

et (c("lor"))

chainLength2
thinStep = 2
modelUpdate (chainLength2)

thetaSummaryObs = samplesStats (c("lor")); thetaSummaryObs

thetaSummaryObs<-thetaSummaryObs [order (thetaSummaryObss$mean), ]

expTheta<-exp (thetaSummaryObs)

print (thetaSummaryObs)

print (expTheta)
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#caterpillar plot

x<-seq (from=-0.8,to=0.6,by=0.01)

x<--thetaSummaryObs$mean

y<-c(3,2,1)

plot (x,y,xlim=c(-0.6,1.0),ylim=c(3.5,0),pch=23, cex=4, ylab="",
cex.axis=1.0, xlab="log(e)OR", cex. .6)

axis (4, pos=0.0, tck = 0, labels=FALSE, col="black")

text (0.73,3,"3-6 mos vs. 12 mos", cex= 1.4)

text (0.75,1," 8-48 mos",cex = 1.4)

text (0.75,2, c

text (0, 0,"Al1-C
text (0.4, 0.6, "Long DAPT Better
text (-0.4, 0.6, " " Better",
text (-thetaSummaryObsSmean[3], 1.2,
text (-thetaSummaryObs$val2.5pc[3], ,round (1/expThetasval2.5pc([3],2))
text (-thetaSummaryObs$val97.5pc(3], font=2,round (1/expTheta$val97.5pc(3],2))
text (-thetaSummaryObsSmean(1],3.2,font=2,round(1l/expThetasmean(1],2))

text (-thetaSummaryObs$val2.5pc(1], 3.2, font=2,round(l/expThetaSval2.5pc(1],2))
text (-thetaSummaryObs$val97.5pc([l], 3.2, font=2,round(l/expTheta$val97.5[1],2))
text (-thetaSummaryObsSmean(2], 2.2, fon ,round (1/expThetasmean(2],2))

text (-thetaSummaryObs$val2.5pc(2], 2.2, font=2,round(l/expThetasval2.5pc(2],2))
text (-thetaSummaryObs$val97.5pc[2], 2.2, font=2,round(l/expThetaSval97.5pc(2],2))
segments (-thetaSummaryObs$val2.5pc[3], 1, -thetaSummaryObs$mean[3]+0.027, 1, 1
segments (-thetaSummaryObs$val97.5pc(3], 1, -thetaSummaryObsSmean[3]-0.029, 1,
segments (-thetaSummaryObsSval2.5pc[1], 3, -thetaSummaryObsSmean([1]+0.027, 3, 1
segments (-thetaSummaryObs$val97.5pc[1], 3, -thetaSummaryObs$mean[1]-0.029, 3,
segments (-thetaSummaryObs$val2.5pc[2], 2, -thetaSummaryObsS$mean([2]+0.027, 2,
segments (-thetaSummaryObsSval97.5pc[2], 2, -thetaSummaryObsSmean(2]-0.029, 2,
mtext ("Posterior Odds Ratio (OR)",3, line =2, cex = 1.6)

axis (3, at=c(-0.91,-0.69, -0.51,-0.35, -0.22, -0.105,0.0, 0.095,0.182, 0.262,0.336,
0.405,0.47,0.531,0.588,0.693, 0.833, 0.956, 1.10,1.19, 1.281,1.386,1.46,1.53,1.61,1.67,1.72,1.79),
labels=c(0.4,0.5,0.6, 0.7, 0.8,0.9, "1.0", 1.1,1.2, 1.3,1.4,1.5, 1.6,1.7, 1.8, "2.0", 2.3, 2.6, "3.0",
3.3,3.6,"4.0",4.3,4.6,"5.0",5.3,5.6,"6.0"))

P B

="black", bg

purple",

use Mortality",ce

round (1/expThetaSmean(3],2))

lty=1,

create g R
mar.default <- c(5,4,4,2) + 0.0
par (mar = mar.default + c(0, 2, 0, 0))

dev.copy2eps (file="NetworkDAPTDeathMay20Caterpillar.eps")
dev.copy2pdf (file="NetworkDAPTDeathMay20Caterpillar.pdf")

Figure 7. R Code for Figure 5: network meta-analysis for DAPT mortality and caterpillar plot.
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tribution with mean dSM and variance r;w,

the comparative effectiveness between a short duration of DAPT

where d,, characterised

and 12 months of therapy. Similarly, we modelled the number of
deaths after prolonged DAPT in the four studies that had treatment
arms comparing 12 months (M) of DAPT with long (L) durations
of DAPT of 18-48 months**#34749 a5 a binomial distribution. We
assumed that the difference of log odds from each study 4, fol-
lowed a normal random effects distribution with mean d,, and
variance 7,
ness between prolonged DAPT and 12 months of therapy.

The difference between d,,, and d,,, can be denoted by d,, =d,, ~d,,,
to describe the comparative effectiveness between short and long

where d,, characterised the comparative effective-

durations of DAPT under the model. Finally, we completed the
model specification by imposing the following prior distributions
to the parameters:

d,, ~ N[0,10°]
dML ~ N[0,10°],
TéM ~ IG[1073,1073],
T, ~ IG [1073,107%],

where d is the mean difference in the log odds of an outcome after
S, M or L DAPT and 7? is the associated variance modelled using
a normal (N) or inverse gamma (IG) distribution, based on the
complete model described in other reports®’.
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