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Abstract

Purpose of review The optimal duration of dual antiplatelet therapy (DAPT) has been a
topic of considerable interest in recent years, as the risk of stent thrombosis has decreased
with newer generation stents and the impact of significant bleeding events on clinical
outcomes is increasingly apparent. The purpose of this review is to highlight the landmark
studies examining short-duration (6 months or less) and extended-duration (greater than
12 months) DAPT as well as provide information about prediction tools to help guide
individualized patient treatment decisions.

Recent findings Short-duration DAPT is acceptably safe when clinically necessary, though
recent trials demonstrate non-significant trends towards increased risk of ischemic events
with shorter durations. Extended-duration DAPT clearly confers a reduced risk of subse-
quent ischemic events but at an increased risk of bleeding.

Summary Understanding the perceived ischemic and bleeding risks for each individual
patient is paramount in deciding targeted DAPT duration. For patients at a higher bleeding
risk with a low ischemic risk, short-duration DAPT (6 months) is acceptable. For patients
with continued ischemic risk factors and a low bleeding risk, extended-duration DAPT (up
to 30 months) is recommended. The PRECISE DAPT and DAPT prediction tools are helpful
in making this determination.
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Introduction

Dual antiplatelet therapy (DAPT) is essential after acute
coronary syndrome (ACS) and after percutaneous coro-
nary intervention (PCI). DAPT has been shown to re-
duce the risk of recurrent ischemic events, including
cardiac death, myocardial infarction (MI) both related
and unrelated to the stent, and stroke. However, this
comes at the expense of an increased risk of clinically
significant bleeding. The question of how long a patient
should remain on DAPT is one that clinicians encounter
on a daily basis. The objective is to choose a length of
treatment that maximizes the benefit of reducing recur-
rent ischemic events while minimizing the risk of bleed.
However, this is not easily determined.

Current guidelines stratify the recommendations for
DAPT duration according to type of coronary artery dis-
ease (CAD) and type of therapy received [1, 2]. According
to the ACC/AHA guidelines, for patients with stable CAD
who receive PCI, a minimum of 6 months of DAPT is
recommended for drug-eluting stents (DES) and a mini-
mum of 1 month of DAPT is recommended for bare
metal stents (BMS). The P2Y12 inhibitor recommended
in stable CAD is clopidogrel. For patients with acute
coronary syndrome (ACS; non-ST or ST elevation MI), a
minimum of 12 months of DAPT is recommended

regardless of PCI with DES, PCI with BMS, or medical
therapy only. Clopidogrel, ticagrelor, and prasugrel are
acceptable P2Y12 inhibitors after PCI in ACS, although
ticagrelor and prasugrel are preferred. Only clopidogrel or
ticagrelor are recommended for medically managed ACS.
The current ESC guidelines, while similar, endorse the
consideration of shortened DAPT duration after PCI with
either DES or BMS for patients deemed to possess high
bleeding risk (1-3 months in stable CAD and 6 months
in ACS). The ESC guidelines also recommend 12 months
of DAPT for bioresorbable stents (third- and fourth-
generation stents).

The general consensus has been to prescribe 6 to
12 months of DAPT, unless an interim bleeding event
or urgent surgery warrants earlier cessation or a recurrent
ischemic event warrants prolongation. However, there
has been great interest in determining whether shorter or
longer DAPT duration in the absence of an inciting event
is clinically beneficial. This review is comprehensive of
the major studies on this topic but will specifically high-
light the studies since 2016 that have addressed both
short and extended-duration DAPT as well as review the
prediction tools available to personalize targeted DAPT
duration to individual patients.

Evidence for short-duration DAPT
-

Five non-inferiority studies compared shorter term DAPT to the standard 12-
month treatment: RESET (2012) and OPTIMIZE (2013) evaluated 3 months of
DAPT and EXCELLENT (2012), SECURITY (2014), and ISAR SAFE (2015)
evaluated 6 months of DAPT [3-7] (Table 1). PRODIGY (2012) and ITALIC
(2015) compared 6 months of DAPT to an extended duration of 24 months of
DAPT [8, 9]. Each study demonstrated non-inferiority with composite primary
endpoints of either ischemic-only or combined ischemic and bleeding events,
although they were not adequately powered to detect statistically significant
differences in the individual endpoints or in some instances even in the primary
composite endpoints. Subsequent meta-analyses concluded that rates of ische-
mic events with shorter term DAPT were comparable to those seen with longer
DAPT duration but with reduced bleeding risk [10-12].

It is important to highlight that the majority of patients in the aforemen-
tioned studies received PCI for stable CAD, thereby driving the guideline
recommendations for a minimum of 6 months in this population. These
studies also predominantly utilized second-generation DES. More recent stud-
ies have narrowed their focus to patients with ACS who therefore possess higher
ischemic risk (DAPT STEMI, SMART-DATE, and REDUCE) or to patients with
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third- and fourth-generation bioresorbable polymer-coated stents (I-LOVE-IT 2
and REDUCE) [13, 14, 15, 16].

The DAPT STEMI trial (2017) studied patients who received DES for STEMI
[15e]. Patients who were free from ischemic or bleeding events at 6 months
post-DES were randomized to cessation of DAPT (total 6 months) vs. con-
tinuing DAPT for a total of 12 months. At 24 months post-PCI, there was no
significant difference in the primary composite endpoint of combined ischemic
and bleeding events (all-cause mortality, MI, revascularization, stroke, and TIMI
major bleeding; 4.8% vs. 6.6%, p for non-inferiority = 0.004). The SMART-
DATE trial (2018) had a similar objective; however, it was open label, included
all ACS events, and randomized patients at the time of PCI rather than after an
event-free period [13]. Short-duration DAPT (6 months) was found to be non-
inferior to 12 months of DAPT for the composite primary endpoint of
ischemic-only events (4.7% vs. 4.2%, p for non-inferiority = 0.027). However,
the study noted a trend towards higher risk of repeat MI with 6 months of DAPT
(MI, 1.8% vs. 0.8%, p = 0.02; non-target vessel MI, 0.8% vs. 0.2%, p =0.07).
There was no difference in bleeding, although there was a trend towards
decreased bleeding in the 6-month group (2.7% vs. 3.9%, p = 0.09).

Both REDUCE (2017) and I-LOVE-IT 2 (2016) evaluated even shorter
duration DAPT in patients who received bioresorbable polymer-coated stents,
comparing 3 and 6 months of DAPT, respectively, to 12 months [14, 16]. Both
studies found that shorter duration DAPT was non-inferior with respect to the
composite endpoint of ischemic and bleeding events. However, the REDUCE
trial, which exclusively included ACS patients, demonstrated non-significant
trends suggesting an increased risk of all-cause mortality and stent thrombosis
in the 3-month group (1.9% vs. 0.8%, p=0.07; 1.2% vs. 0.4%, p = 0.08;
respectively).

IVUS-XPL (2017) evaluated DAPT duration in a population receiving long
coronary stents given the association of longer stents with increased ischemic
events [17]. The primary focus of this study was to evaluate intravascular
ultrasound-guided vs. angiography-guided PCI for patients who have long
coronary lesions, but patients were also randomized at the time of PCI to 6 vs.
12 months of DAPT. Approximately half the patients had ACS. There was no
significant difference in the composite endpoint of ischemic and bleeding
events (cardiac death, MI, stroke, or major bleeding; 2.2% for 6 month DAPT
vs. 2.1%, p=0.85).

The GLOBAL LEADERS trial (2018) investigated short-duration DAPT
followed by monotherapy with ticagrelor rather than aspirin. Specifically, pa-
tients received ticagrelor and aspirin for 1 month followed by 23 months of
ticagrelor monotherapy vs. standard 12 months DAPT (with clopidogrel for
stable CAD or ticagrelor for ACS) followed by aspirin monotherapy for
12 months [18]. Ticagrelor monotherapy failed to show superiority to the
conventional approach in the primary composite endpoint of all-cause mor-
tality or non-fatal Q-wave MI (3.81% vs. 4.37%, ratio 0.87 [95% CI 0.75-1.01];
p=0.073). In terms of safety, there was no difference in major or fatal bleeding
(Bleeding Academic Research Consortium criteria grade 3 or 5, 2.04% vs.
2.12%; rate ratio 0.97 [95% CI 0.78-1.20]; p = 0.77). The ongoing TWILIGHT
study is also evaluating the benefit of ticagrelor monotherapy compared to
DAPT [18]. The study specifically enrolls patients at high risk for either ischemic
or bleeding events (must meet at least one clinical and one angiographic criteria
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that increases risk, such as female gender, chronic kidney disease, long target
lesion, and bifurcation target lesion), with the hypothesis that ticagrelor
monotherapy will associate with reduced bleeding risk while maintaining non-
inferiority in preventing ischemic events [19].

In summary, several studies suggest that shorter duration (6 months, and in
one instance 3 months) DAPT results in comparable rates of composite ische-
mic events and comparable rates of bleeding when compared to 12 to
24 months of DAPT. However, it is important to highlight that SMART-DATE
and REDUCE demonstrated trends suggesting increased risk of ischemic events
in ACS patients receiving shortened courses of DAPT. Additional studies are
needed to further evaluate these individual endpoints before shorter term DAPT
can be consistently endorsed. However, these studies suggest acceptable safety
in discontinuing DAPT after 3-6 months when the clinical scenario necessitates
doing so.

Additional trials are underway that evaluate the safety of very short-duration
DAPT (1-3 months). The XIENCE 28, Onyx One, EVOLVE Short DAPT, and
XIENCE 90 trials [18-21] are fundamentally based on the observation that the
majority of stent thrombosis occurs within the first 30 days post-PCI [22].
These single-arm studies target patients possessing high bleeding risk. Going
even further, the COBRA-REDUCE trial is evaluating 14 days of DAPT in
patients who also require chronic oral anticoagulation and are receiving a
nanocoated coronary stent, which have demonstrated evidence of reduced
inflammation, neointimal hyperplasia, and thrombogenicity in preclinical
studies [23, 24]. In our opinion, these studies will inform decisions for patients
who have bleeding events or are in need of surgery with high risk of bleeding
complication, rather than serving as a standard approach for DAPT duration
after PCL

Evidence for extended-duration DAPT

For patients that successfully complete 12 months of DAPT without a signifi-
cant ischemic or bleeding event, several studies have investigated the safety and
efficacy of continuing DAPT beyond 12 months. Table 2 summarizes 7 notable
randomized clinical trials evaluating extended-duration DAPT: PRODIGY,
ITALIC, DES LATE, ARTIC-Interruption, DAPT, and in recent years, OPTIDUAL,
and PEGASUS-TIMI 54 [8, 9, 25, 26].

The PRODIGY (2012) and ITALIC (2015) trials compared 24 months of
DAPT to 6 months of therapy, with randomization performed at the time of
PCI [8, 9]. DES LATE (2014) and ARCTIC-Interruption (2014), on the other
hand, randomized patients 12 months after DES implantation to either cessa-
tion of DAPT at that time point or continued DAPT for an additional
24 months in DES LATE or 6 to 18 months in ARTIC-Interruption [25, 26].
Each of these studies demonstrated comparable rates of ischemic events or of
composites of ischemic and bleeding events. The PRODIGY and ARTIC-
Interruption trials also demonstrated increased risk of bleeding with extended
therapy.

The DAPT study (2014) evaluated extended-duration DAPT (30 months)
vs. 12 months of therapy using a randomized, double-blinded, placebo-
controlled study design and was the only trial statistically powered to
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specifically study the impact of DAPT duration on rates of stent thrombosis
[27]. The study randomized patients who were free from ischemic or bleeding
events at 12 months post-PCI (majority DES) and had been compliant with
DAPT to placebo or continuation of P2Y12 inhibitor for an additional

18 months (total 30 months of DAPT). Continuation of P2Y12 inhibitor was
associated with significantly lower incidence of major adverse cardiovascular
and cerebrovascular events (HR, 0.71; 95% CI, 0.59-0.85; P<0.001) as well as
a significantly lower incidence of the co-primary endpoint of stent thrombosis
(HR, 0.29; 95% CI, 0.17-0.48; P<0.001). There was a lower incidence of MI
(HR, 0.47; 95% CI, 0.37-0.61; P<0.001) and many of the prevented MI were
non-ST-related MI (1.8 vs. 2.9%; HR, 0.59; P<0.001). This comes at the
expense of higher rates of moderate or severe GUSTO bleeding (HR, 1.61; 95%
CI, 1.21-2.16; P=0.001) but no significant difference in severe or fatal bleeds.
In subgroup analysis, the study results were found to be consistent regardless of
whether the initial presentation was ACS or stable CAD, although the reduction
in major adverse cardiovascular and cerebrovascular events was greater for those
whose initial presentation was ACS [28].

The OPTIDUAL trial (2016) sought to evaluate the safety and efficacy of very
extended-duration DAPT of 48 months to 12 months of DAPT [29]. Similar to
the DES LATE, ARTIC-Interruption, and DAPT trial designs, patients who had
received a DES and were free from major ischemic or bleeding events after
12 months were randomized to continuation of DAPT (approximately
48 months DAPT) vs. aspirin alone (total 12 months of DAPT). Compared to
the DAPT trial, a higher percentage of the patients received DES for ACS
(approximately 70%). Because of slow enrollment, the study was stopped early
and was consequently underpowered to reach its primary outcome, which was a
composite endpoint of ischemic and bleeding events (all-cause death, MI,
stroke, major bleeding; 5.8% for 48 month DAPT vs. 7.5% for 12-month DAPT,
p=0.17). However, it did demonstrate a non-significant trend towards de-
creased composite endpoint of ischemic-only events with extended-duration
DAPT (death, MI, or stroke was 4.2% for 48 month DAPT vs. 6.4% for 12-
month DAPT, p = 0.06) without an increase in major bleeding (2.0% in both
groups, p=0.95).

The aforementioned studies on extended DAPT primarily utilized
clopidogrel or prasugrel as the P2Y12 inhibitor of choice and were all exclu-
sively in post-PCI patients. In PEGASUS-TIMI 54 (2015), patients with prior
ACS (qualifying event in the past 1-3 years) and at least one additional car-
diovascular risk factor (age 65 years or older, diabetes requiring medication, a
second MI, multivessel disease, or chronic kidney disease) were randomized to
ticagrelor (either 90 mg BID or 60 mgBID) or placebo [30]. Although not a PCI
trial, 83% of enrolled patients enrolled in PEGASUS-TIMI 54 had undergone
PCI at the time of the qualifying MI. Patients were enrolled an average of
1.7 years after the qualifying MI, and consequently, most patients had experi-
enced a cessation of the initial DAPT course post-PCI and were on aspirin
monotherapy. The primary outcome of a composite endpoint of ischemic
events (cardiovascular death, M1, or stroke) was lower in either of the ticagrelor
groups as compared to placebo (Kaplan-Meier rates at 3 years were 7.85% for
ticagrelor 90 mg BID, 7.77% for ticagrelor 60 mg BID, and 9.04% for placebo;
hazard ratio for ticagrelor 90 mg BID vs. placebo 0.85; 95% [95% CI 0.75 to
0.96], P =0.008; hazard ratio for ticagrelor 60 mg BID vs. placebo 0.84; [95% CI
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0.74 to 0.95], P=0.004). Both doses of ticagrelor also significantly reduced the
individual endpoints of MI as well as of death from coronary heart disease, MI,
or stroke. This came at the expense of higher rates of TIMI major bleeding
(Kaplan-Meier rates at 3 years were 2.60% for ticagrelor 90 mg BID, 2.30% for
ticagrelor 60 mg BID, and 1.06% for placebo; hazard ratio for ticagrelor 90 mg
BID vs. placebo, 2.69 [95% CI 1.96 to 3.70], P<0.001; hazard ratio for
ticagrelor 60 mg BID vs. placebo 2.32 [95% CI, 1.68 to 3.21], P<0.001).

Overall, recent trials provide compelling evidence that extended-duration
DAPT, defined as greater than 12 months, confers a lower risk of ischemic
events but higher bleeding risk. This is regardless of if DAPT is started post-PCI
for an ACS event or stable angina, though the benefit/risk ratio appears to be
higher in ACS or in those with additional cardiovascular risk factors. This is also
regardless of choice of P2Y12 inhibitor. The reduced ischemic risk is indepen-
dent of the stent, as evidenced by the patients without PCI in the TIMI-54 trial
and the reduction in non-stent-related MI in the DAPT study. However,
extended-duration DAPT also clearly reduces stent thrombosis as demonstrated
by the DAPT study. Nonetheless, it is important to recognize that extended-
duration DAPT also has a clear impact bleeding events, which also is associated
with a high risk of mortality [31].

Prediction scores for DAPT duration

So how does one apply these trial results clinically? DAPT clearly reduces
ischemic risk but at the cost of an increased risk of bleeding. The targeted DAPT
duration must be individualized to each patient and must be based on the
perceived risk of both ischemic and bleeding events. To this end, several
validated prediction scores have been developed to guide this decision (Fig. 1).

At the time of PCI and DAPT initiation, the PRECISE DAPT score can guide
consideration of a shorter DAPT duration for patients with high bleeding risk.
The PRECISE DAPT score focuses solely on prediction of out-of-hospital
bleeding in patients treated with DAPT [32]. This score was derived from a
cohort of 8 randomized clinical trials and validated using the PLATO trial and
Bern PCI Registry. The score uses 5 factors to estimate a patient’s bleeding risk:
age, creatinine clearance, hemoglobin, white blood cell count, and previous
spontaneous bleeding. A score > 25 is deemed high bleeding risk. When the
score was applied to patients randomized to short-duration (3-6 months) vs.
long-duration (12-24 months) DAPT, increased bleeding with prolonged
DAPT was observed in patients with a high score (= 25), but not in those with
lower risk scores (P interaction = 0-007). While ischemic benefits of prolonged
DAPT were only observed in the lower risk score group, the primary limitation
of this score is that the ischemic risk is not considered.

Patients should be re-evaluated clinically at subsequent follow-up visits for
the occurrence of an interim significant bleeding or ischemic event, need for
concurrent oral anticoagulation, compliance concerns, or cost considerations.
In the absence of compelling clinical rationale to continue or discontinue
thienopyridine therapy, the risks and benefits of each approach should be
discussed with patients to reach a shared decision. The DAPT score, a validated
prediction rule to evaluate the benefit and harm of DAPT at 1 year post-PCI, can
be helpful in guiding this discussion [33]. The DAPT score was derived using the
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Percutaneous coronary intervention with coronary stent

PRECISE DAPT Score (0-100)

age, previous spontaneous bleeding, creatinine clearance, hemoglobin, white

blood cell count

L

Short P2Y12 inhibitor Planned 6 to 12m P2Y12
(BMS: 1m; DES: 3m) inhibitor

v v

Clinical reassessment at 1 year after PCI
and yearly thereafter

!

|

v

age (-2 for 275, —1 for 65—75, 0 for <65), ACS event (+1), history of MI/PC(+1).
diabetes, (+1) congestive heart failure/EF<30%(+2), current smoker(+1), stent
diameter <3 mm (+1), stenting of vein graft(+1), paclitaxel, eluding stents(+1)

DAPT Score (-2 to 10)

Discontinue
P2Y12 inhibitor

Continue
P2Y12 inhibitor

Fig. 1. Percutaneous coronary intervention with coronary stent.

DAPT study population and was validated internally as well as externally using
the PROTECT trial. The score is unique in that it weighs ischemic risk against
bleeding risk in order to identify patients with greater than expected harm or
benefit with prolongation of DAPT beyond 1 year after PCI. From an initial 37
candidate variables, 9 variables were ultimately included in the score. Eight
variables in the calculator signify an increase in ischemic risk: ACS at the time of
index presentation, history of MI or PCI prior to the index presentation,
diabetes, congestive heart failure or ejection fraction < 30%, current smoker
(within last 2 years), paclitaxel-eluting stents, stent diameter <3 mm, or
stenting of a saphenous vein graft. The only factor found to contribute inde-
pendently to bleeding risk was age 65 or older. The score can range from - 2 to
10, with a score of + 2 or higher indicating a higher ischemic/bleeding event
ratio and therefore expected benefit from extended DAPT. It is important to
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note that the majority of the factors are patient-dependent rather than stent or
procedurally related, commensurate with the fact that the majority of the
benefit of prolonged DAPT is preventing non-stent-related MI with current
generation stents.

In summary, the decision about goal DAPT duration hinges on balancing
the risk of increased bleeding events and the benefit of reducing ischemic events
for each individual patient. We propose that, in agreement with the current
guidelines, the default goal DAPT treatment should be 6 to 12 months.

However, studies of both short-duration and extended-duration DAPT have
suggested benefit with acceptable safety of alternate durations in the appropri-
ate clinical settings. It is paramount that the goal DAPT duration be a moving
target that is constantly re-evaluated as a patient’s bleeding and ischemic risks
evolve. Validated prediction tools, specifically the PRECISE DAPT and the DAPT
scores, can help guide clinical decision-making.
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