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Historically, aspirin has been the primary treatment for the prevention of ischaemic events in patients with coronary artery disease. For
patients undergoing percutaneous coronary intervention (PCI) standard treatment has been 12 months of dual antiplatelet therapy
(DAPT) with aspirin and clopidogrel, followed by aspirin monotherapy; however, DAPT is undeniably associated with an increased risk of
bleeding. For over a decade novel P2Y12 inhibitors, which have increased specificity, potency, and efficacy have been available, prompting
studies which have tested whether these newer agents can be used in aspirin-free antiplatelet regimens to augment clinical benefits
in patients post-PCI. Among these studies, the GLOBAL LEADERS trial is the largest by cohort size, and so far has provided a wealth of
evidence in a variety of clinical settings and patient groups. This article summarizes the state-of-the-art evidence obtained from the
GLOBAL LEADERS and other trials of aspirin-free strategies.
...................................................................................................................................................................................................
Keywords Aspirin-free therapy • P2Y12 inhibitor • GLOBAL LEADERS • Randomized clinical trials • Percutaneous coronary

intervention

Introduction

The reduced risk of stent thrombosis (ST) with the combined use of
aspirin and a P2Y12 inhibitor firmly established dual antiplatelet ther-
apy (DAPT) as mandatory treatment following percutaneous coron-
ary intervention (PCI).1 However, the duration and make-up of
DAPT is now being questioned as ST rates have fallen significantly
with contemporary PCI techniques and usage of current generation
drug-eluting stents (DESs), whereas bleeding events whilst taking
DAPT, continue to be an important predictor of adverse clinical

outcomes.2–6 Furthermore, increasing use of more potent P2Y12

inhibitors has challenged the dominant position of aspirin in antiplate-
let regimens.

Shortening DAPT post-PCI through early cessation of aspirin has
been proposed to mitigate the risk of bleeding without increasing is-
chaemic events.7 Over the last decade, this strategy has been
assessed in several randomized controlled trials with the GLOBAL
LEADERS (GL) trial being the largest.8–14 Notably, whilst randomized
trials have consistently demonstrated the safety and efficacy of P2Y12

inhibitor monotherapy compared to DAPT, it has been unclear
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..which patients or lesion types benefit the most. Herein, we summar-
ize the extensive wealth of evidence established from GL in a variety
of clinical settings and patient groups, and highlight recent findings
from other aspirin-free randomized trials.

Section 1: The design and main
findings of the GLOBAL
LEADERS trial

Ticagrelor, a potent and selective antiplatelet drug, has been pro-
posed as being superior to DAPT regimens using aspirin post-PCI,
and/or aspirin monotherapy for the prevention of ischaemic events.
Consequently, the GL investigators hypothesized that ticagrelor, in
combination with aspirin for 1 month, followed by ticagrelor alone,
would improve outcomes after PCI compared with standard 12-
month DAPT followed by 12-month aspirin monotherapy. This all-
comer’s trial was therefore designed to answer: (i) Can ticagrelor
monotherapy avoid the higher risk of bleeding potentially associated
with adding aspirin? (ii) Can ticagrelor monotherapy maintain the clin-
ical benefits of platelet inhibition after PCI, beyond the crucial initial
30 days when the risk of ST is highest? In the experimental group,
patients received 1-month aspirin plus ticagrelor 90 mg b.i.d. followed
by 23 months of ticagrelor 90 mg b.i.d. monotherapy. Patients in the
control group were treated with standard 12-month DAPT [aspirin
plus clopidogrel in chronic coronary syndrome (CCS), aspirin plus
ticagrelor in acute coronary syndrome (ACS)] followed by 12-month
aspirin monotherapy (Figure 1). The primary endpoint was a compos-
ite of all-cause mortality or non-fatal centrally adjudicated new
Q-wave myocardial infarction (MI) at 2 years. The key secondary
safety endpoint was site-reported bleeding assessed according to the
Bleeding Academic Research Consortium (BARC) criteria grade 3 or
5 (BARC 3/5).15 Sub-studies were planned and executed to enhance
understanding of the treatment effects (Figure 2).

A total of 15 968 participants were randomly assigned to the
experimental (n = 7980) and control group (n = 7988). At 2 years,
the primary endpoint occurred in 304 (3.81%) patients in the

experimental group and 349 (4.37%) in the control group [rate
ratio (RR): 0.87, 95% confidence interval (CI): 0.75–1.01,
P = 0.073]. The bleeding risk was comparable, with 163 and 169
BARC 3/5 bleeding events in the experimental and control group,
respectively (2.04% vs. 2.12%; RR: 0.97, 95% CI: 0.78–1.20,
P = 0.77) (Figure 3). The study concluded that ticagrelor mono-
therapy following 1 month combination with aspirin was not su-
perior to standard DAPT.8

Section 2: Pre-specified and
exploratory analyses from
GLOBAL LEADERS

In the light of the size of the study and its all-comer’s design, with min-
imal exclusion, the cohort offers amply opportunity, despite the
negative results of the primary analysis, to try and identify a popula-
tion who have most to gain from the experimental antiplatelet
strategy tested in the study. Below is a summary of the results from
pre-specified analyses from GL,9,16–23 whilst the Supplementary ma-
terial online summarizes the post hoc analyses24–49 (Figure 2).

Pre-specified analyses
Two of the nine pre-specified analyses investigated outcomes with-
out differentiating between clinical or procedural characteristics.

GLOBAL LEADERS adjudication sub-study (GLASSY)

GLASSY was conducted prospectively at the 20 highest recruiting
GL sites, and assessed whether the experimental therapy was non-in-
ferior to standard therapy for the co-primary efficacy composite end-
point of all-cause death, non-fatal MI, non-fatal stroke, or urgent
revascularization, and superior for the co-primary safety endpoint of
preventing BARC 3/5 bleeding at 2 years.9 For financial reasons, all
events in GL were investigator reported, whilst in GLASSY, a blinded
independent adjudication process was used for reported and unre-
ported potential endpoints, using standardized clinical event commit-
tee procedures. The 2 years co-primary efficacy endpoint occurred

Figure 1 GLOBAL LEADERS trial design.
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in 271 (7.14%) and 319 (8.41%) patients in the experimental and con-
ventional groups, respectively (RR: 0.85, 95% CI: 0.72–0.99), meeting
the pre-specified criteria for non-inferiority (Pnon-inferiority < 0.001),

but not superiority (Psuperiority = 0.0465). The rates of BARC 3/5
bleeding did not differ (RR: 1.00, 95% CI: 0.75–1.33, P = 0.986). At
1-year landmark, the experimental treatment lowered the risk of MI

Figure 2 Central illustration for sub-studies in GLOBAL LEADERS trial.

Figure 3 Kaplan–Meier estimate of mortality and safety outcome at 2 years of GLOBAL LEADERS trial.
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.(RR: 0.54, 95% CI: 0.33–0.88, Pinteraction = 0.062) and definite ST (RR:
0.14, 95% CI: 0.03–0.63, Pinteraction = 0.007) (Figure 4).

Impact of geography

Study recruitment took place across 5 continents and 18 countries,
and analysis confirmed that the primary endpoint varied significantly
according to country (Pinteraction = 0.027). Amongst measurable fac-
tors, differences in the rate of complex PCI were seen as the major
contributor to this geographical variation.16

Clinical conditions
Five pre-specified analyses were performed on the basis of patient’s
clinical characteristics.

Gender

At 2 years post-PCI, gender had no impact on the risk of all-cause
mortality or new Q-wave MI; however, rates of BARC 3/5 bleeding
and haemorrhagic stroke were higher in women.17 At 1 year, ticagre-
lor monotherapy lowered the risk of bleeding in men but not women
when compared with standard DAPT (Pinteraction = 0.045); however,
at 2 years, there was no between-sex difference in efficacy or safety
with either antiplatelet strategy.

Age

Similarly, no differential treatment effect on the primary endpoint
was observed among 2565 elderly patients, defined as those aged
>75.18 Compared with standard DAPT, ticagrelor monotherapy
resulted in lower rates of definite or probable ST amongst the elderly
patients, however, tempered with this, were the higher rates of
BARC 3/5 bleeding seen with elderly patients receiving ticagrelor
monotherapy for CCS [hazard ratio (HR): 2.05, 95% CI: 1.18–3.55,
Pinteraction = 0.02].

Body mass index

In line with previous studies, the ‘obesity paradox’ was again
observed with a reverse J-shape association between mortality risk
and body mass index (BMI).19 There was no treatment effect on the
primary endpoint in patients with low (<27 kg/m2) or high (>_27 kg/
m2) BMI. In patients with ACS, however, the primary endpoint was
significantly reduced with the experimental strategy in patients with a
BMI <27 kg/m2, which was not observed in those with a BMI >_27 kg/
m2. In patients with CCS, there was no risk difference between the
two antiplatelet strategies in either BMI group.

Diabetes mellitus

Approximately a quarter of the study cohort were diabetic (4038/
15 957), and at 2 years, compared to non-diabetics, they had a signifi-
cantly higher risk of the primary endpoint, which was mainly driven
by a significantly higher risk of all-cause mortality, with comparable
rates of BARC 3/5 bleeding.20 There was no significant treatment ef-
fect on the 2-year primary efficacy or secondary safety endpoint,
among patients with or without diabetes.

Impaired renal function

The 2171 patients with impaired renal function (IRF), defined as an
estimated glomerular filtration rate <60 mL/min/1.73 m2, had signifi-
cantly higher rates of the primary endpoint, all-cause death, site-
reported MI, all revascularization, and BARC 3/5 bleeding, compared
to those patients without IRF.21 In the IRF cohort, rates of the pri-
mary efficacy endpoint and secondary safety endpoint were, how-
ever, similar for both treatment strategies.

Procedural factors
Two pre-specified analyses were performed on the basis of proced-
ural characteristics.

Figure 4 Kaplan–Meier graphs by landmark analysis for MI and definite ST in GLASSY study.
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In 2498 patients PCI was performed for at least one bifurcation le-
sion. The experimental therapy had no significant effect on the pri-
mary endpoint in patients irrespective of whether PCI was
performed for a bifurcation lesion or not (bifurcation: HR: 0.74, 95%
CI: 0.51–1.07; non-bifurcation: HR: 0.90, 95% CI: 0.76–1.07, Pinteraction

= 0.343).22 In patients having PCI for a bifurcation lesion the experi-
mental treatment was associated with less definite/probable ST
(Pinteraction = 0.027) and more stroke (Pinteraction = 0.021) compared
to standard treatment.

Impact of access route

Gao et al.23 analysed 30-day outcomes according to arterial access
site and reported no difference in the primary endpoint between ra-
dial and femoral artery access (HR: 0.70, 95% CI: 0.42–1.15), however
radial access resulted in significantly less BARC 3/5 bleeding (HR:
0.55, 95% CI: 0.36–0.84). In-depth analysis of the risk of bleeding
stratified by the PRECISE-DAPT score showed that the primary effi-
cacy endpoint and secondary safety endpoint were not significantly
different between radial and femoral access in patients at low risk of
bleeding (PRECISE-DAPT score < 16), however, they strongly fav-
oured radial access in patients at high bleeding risk (PRECISE-DAPT
score > 16).

In summary, no pre-specified subgroup analysis identified any pa-
tient or procedural characteristic where the experimental strategy
led to any significant treatment benefit, or patient harm.

Post hoc analyses
A summary of the results of numerous post hoc studies is contained in
the Supplementary material online.

Section 3: Evidence from aspirin-
free strategy trials

Although there have been several studies of short DAPT with aspirin
discontinuation, GL remains the largest antiplatelet therapy study to
date, and the first to test the strategy of P2Y12 inhibitor monotherapy
after stopping aspirin. Notably, the STOPDAPT-2, SMART-CHOICE,
TWILIGHT, TICO, and ASET studies were all conducted after GL
(Figure 5).

The STOPDAPT-2 trial12 evaluated 1 month of DAPT followed by
clopidogrel monotherapy (n = 1523) vs. 12 months of DAPT with as-
pirin and clopidogrel (n = 1522) among patients undergoing PCI. The
results showed significantly lower rates of the composite of cardio-
vascular death, MI, ischaemic or haemorrhagic stroke, definite ST, or
major or minor bleeding with 1-month DAPT (2.4% vs. 3.7%, HR:
0.64, 95% CI: 0.42–0.98), which met the criteria for both non-infer-
iority and superiority. Notably, whilst the reduction in secondary car-
diovascular (2.0% vs. 2.5%, HR: 0.79, 95% CI: 0.49–1.29) and bleeding
endpoints (0.4% vs. 1.5%, HR: 0.26, 95% CI: 0.11–0.64) with 1-month
DAPT were both non-inferior to 12-month DAPT, only the bleeding
reduction met the criteria for superiority.

The SMART-CHOICE trial11 compared the safety and efficacy of
3-month DAPT followed by P2Y12 inhibitor monotherapy, to

12-month DAPT among 2993 unselected patients undergoing PCI
with a DES. The study concluded that 3 months of DAPT was non-in-
ferior to prolonged DAPT for the primary endpoint of major adverse
cardiovascular and cerebrovascular events (2.9% vs. 2.5%, Pnon-inferior-

ity = 0.007). Whilst efficacy outcomes were comparable, rates of
bleeding were significantly lower in the short DAPT group (2.0% vs.
3.4%, HR: 0.58, 95% CI: 0.36–0.92, P = 0.02).

Despite their minimal exclusion criteria, GL, STOPDAPT-2, and
SMART-CHOICE enrolled mainly low-risk patients. In contrast, the
placebo-controlled, randomized, double-blind TWILIGHT study10

enrolled 9006 patients undergoing PCI with at least one high-risk fea-
ture for ischaemia or bleeding, with the aim to compare the safety
and efficacy of 3-month DAPT with aspirin and ticagrelor followed by
12 months of placebo and ticagrelor monotherapy, to 15-month
DAPT with aspirin and ticagrelor, among patients who were at high
risk for bleeding or an ischaemic event, and had undergone successful
PCI without any major bleeding or ischaemic events at 3 months.
Between randomization and 1 year, the use of ticagrelor monother-
apy was associated with a significantly lower incidence of clinically
relevant bleeding (BARC 2, 3, or 5) compared to DAPT with ticagre-
lor and aspirin (4.0% vs. 7.1%, HR: 0.56, 95% CI: 0.45–0.68, P < 0.001),
with no increased risk of death, MI, or stroke. These findings were
maintained among sub-groups of patients presenting with ACS,50 dia-
betes,51 and those undergoing complex PCI52 (Figure 6). These intri-
guing findings should help enhance our understanding of the optimal
duration and type of antiplatelet agent to use post-PCI.

The current guideline recommendations of 12-month DAPT post-
PCI for ACS53 are being challenged by the results from the ACS sub--
groups from the aforementioned studies, together with new
dedicated ACS trials such as TICO,13 which is the first randomized
study to compare standard of care ticagrelor-based DAPT against
ticagrelor monotherapy specifically in ACS patients. Similar to the de-
sign of TWILIGHT, the trial compared outcomes amongst 3056
patients with ACS treated with PCI who were randomized to receive
either 3 months of ticagrelor based DAPT followed by ticagrelor
monotherapy or 12 months of ticagrelor based DAPT. The trial
showed that ticagrelor monotherapy after 3 months of DAPT,
resulted in a modest but statistically significant reduction in the com-
posite outcome of major bleeding and cardiovascular events at 1 year
(3.9% vs. 5.9%, HR: 0.66, 95% CI: 0.48–0.92, P = 0.01). In the TICO-
STEMI study, rates of net adverse clinical events at 12 months in the
intention-to-treat population were comparable between groups
receiving ticagrelor monotherapy, and 12 months ticagrelor-based
DAPT, with rates of 3.7% and 5.0%, respectively (HR: 0.73, 95% CI:
0.41–1.29, P = 0.27). TIMI bleeding event rates at 12 months were sig-
nificantly lower with ticagrelor monotherapy (0.9% vs. 2.9%, HR:
0.32, 95% CI: 0.12–0.87, P = 0.02).

The ASET trial14 was a proof-of-concept trial that introduced the
concept of ‘no DAPT’. Patients were included if they had CCS, a
SYNTAX score <23 and had undergone successful PCI with implant-
ation of an everolimus-eluting stent. All participants were on standard
DAPT at the time of the index PCI, however aspirin was discontinued
on the day of the index PCI, whilst prasugrel was administered imme-
diately afterwards, and prasugrel monotherapy was continued for
3 months. The study showed that aspirin-free prasugrel
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Figure 5 Trials of aspirin-free antiplatelet therapies.

Figure 6 The main findings and subgroup analyses from TWILIGHT trial.
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..monotherapy was feasible and safe, with no ST, in selected low-risk
patients with CCS.

Section 4: Perspectives

Outcomes from PCI have improved significantly over the last two
decades and consequently the mandate for 12-month DAPT after
PCI is rightly being challenged. Despite the overall neutral results
of GL, results from several hypothesis generating post hoc sub-
group analyses have suggested that patients with ACS, and those
undergoing complex PCI and/or multivessel PCI have more favour-
able outcomes with ticagrelor monotherapy compared to stand-
ard treatment. However, additional adequately powered studies in
these sub-groups are required before any formal conclusions or
recommendations can be made. Further support to a change in
recommendation comes from pooled analyses of clinical trials
comparing time-constraint DAPT followed by P2Y12

inhibitor monotherapy from 1 to 3 months post-PCI to standard
DAPT.54–57 McClure et al.54 and O’Donoghue et al.55 separately
pooled results from over 32,000 patients enrolled in the same five
randomized studies and showed that P2Y12 inhibitor monotherapy
led to significant reductions in the risk of bleeding (HR: 0.60), with
the greatest benefit seen in ACS patients (HR: 0.50), who made up
more than half of the population. Reassuringly, this was associated
with favourable benefits on major adverse cardiac event, all-cause
mortality and MI.54,55 Similarly, a meta-analysis by Hong et al.,56

which pooled results from the 26 143 patients enrolled in GL,
TWILIGHT and TICO, showed that compared to conventional
therapy, ticagrelor monotherapy lead to significantly lower BARC
3/5 bleeding [RR: 0.67, 95% CI: 0.49–0.92, P = 0.01, I2 = 65%, num-
ber needed to treat for benefit (NNTB) = 156], and all-cause mor-
tality (RR: 0.80, 95% CI: 0.65–0.98, P = 0.03, I2 = 0%, NNTB = 320).
There appeared to be no evidence of benefit with prolonged
DAPT. More recently, Giacoppo et al.57 performed a systematic
review and meta-analysis of short DAPT followed by P2Y12 inhibi-
tor monotherapy vs. prolonged DAPT after PCI with second-gen-
eration DES. No significant between-group differences were
observed in terms of ST and the secondary endpoints of all-cause
death, MI, and stroke. A sensitivity analysis comparing trials using
P2Y12 inhibitors or aspirin as the single antiplatelet agent following
short DAPT therapy was also performed and showed similar
results. Regardless of the type of single antiplatelet used after
DAPT (P2Y12 inhibitor or aspirin), short DAPT was associated
with significantly lower major bleeding (random-effects model: HR:
0.63, 95% CI: 0.48–0.83) compared with standard DAPT, without
any meaningful differences in ST, all-cause death, MI, or stroke.57

These results support a strategy of discontinuing aspirin from
3 months post-PCI and continuing with ‘aspirin-free’ P2Y12 inhibitor
monotherapy in intermediate- to high-risk patients. However, this
strategy has not been fully assessed in patients with left main disease,
chronic total occlusions, cardiogenic shock, and ST-elevation MI and
therefore additional randomized studies in these dedicated popula-
tions are warranted. Moreover, whether aspirin or P2Y12 inhibitors

should be continued long-term following the period of DAPT, needs
further investigation.

Conclusions

Increasing evidence demonstrates that 1–3 months of DAPT fol-
lowed by P2Y12 inhibitor monotherapy is associated with a lower risk
of major bleeding, and no increased risk of ischaemic events com-
pared with standard 12-month DAPT. Ceasing aspirin earlier after
contemporary PCI should be considered in patients with high bleed-
ing risk. Future studies should aim to establish the optimal time for
the discontinuation of DAPT, and also whether monotherapy post-
DAPT should be with aspirin or a P2Y12 inhibitor.

Supplementary material

Supplementary material is available at European Heart Journal –
Cardiovascular Pharmacotherapy online.
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