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Stephan Windecker 1, and Marco Valgimigli 30*; for the GLASSY Investigators

1Department of Cardiology, Inselspital, University of Bern, Bern, Switzerland; 2Institute of Social and Preventive Medicine and Clinical Trials Unit, University of Bern, Bern,
Switzerland; 3Department of Advanced Biomedical Sciences, Federico II University of Naples, Naples, Italy; 4Cardialysis Core Laboratories and Clinical Trial Management,
Rotterdam, the Netherlands and Department of Cardiology, Cork University Hospital, Cork, Ireland; 5Department of Medical Sciences and Infective Disease, University of Pavia
and Fondazione, IRCCS Policlinico San Matteo, Pavia, Italy; 6Department of Cardiology and Critical Care Medicine, Hartcentrum Hasselt, Jessa Ziekenhuis, Belgium; 7Department
of Cardiology, Imperial College of London, London, UK; 8Department of Cardiology, Jessa Hospital, Hasselt, Belgium; 9Department of Cardiology, Kerckhoff Heart and Thorax
Center, Bad Nauheim, Germany; 10Department of Cardiology, German Center for Cardiovascular Research (DZHK), Partner Site RheinMain, Frankfurt am Main, Germany;
11Department of Cardiology, Imelda Hospital, Bonheiden, Belgium; 12Department of Cardiology, Center for Cardiovascular Research and Development, American Heart of
Poland, Katowice, Poland; 13Department of Cardiology, Thoraxcenter, Erasmus Medical Center, Rotterdam, the Netherlands; 14Department of Cardiology, S. Maria University-
Hospital, Terni, Italy; 153rd Medical Department, Cardiology, Wilhelminen Hospital, Vienna, Austria; 16Department of Cardiology, Sigmund Freud University Medical School,
Vienna, Austria; 17Department of Cardiology, OLVG Amsterdam, Amsterdam, the Netherlands; 18Department of Epidemiology, Medical University of Silesia, Katowice, Poland;
19Department of Cardiology, Azienda Toscana Usl Sudest, Arezzo, Italy; 20Department of Cardiology, Cardiology Unit Sant’Anna Hospital, Ferrara, Italy; 21Department of
Cardiology, Jagiellonian University Medical College, The John Paul II Hospital, Krakow, Poland; 22Department of cardiology, Centre Hospitalier Universitaire de Charleroi,
Charleroi, Belgium; 23Department of Cardiology, Ziekenhuis Oost Limburg, Genk, Belgium; 24Department of Cardiology, Acibadem City Clinic Cardiovascular Center, Sofia,
Bulgaria; 25Department of Cardiology, East Lancashire Hospitals NHS Trust, Blackburn, UK; 26Klinikum Wilhelmshaven, Wilhelmshaven, Germany; 27PAKS Kozle, Poland;
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Aims The five-item PRECISE-DAPT, integrating age, haemoglobin, white-blood-cell count, creatinine clearance, and prior
bleeding, predicts bleeding risk in patients on dual antiplatelet therapy (DAPT) after stent implantation. We sought
to assess whether the bleeding risk prediction offered by the PRECISE-DAPT remains valid among patients receiv-
ing ticagrelor monotherapy from 1 month onwards after coronary stenting instead of standard DAPT and having or
not having centrally adjudicated bleeding endpoints.

...................................................................................................................................................................................................
Methods
and results

The PRECISE-DAPT was calculated in 14 928 and 7134 patients from GLOBAL LEADERS and GLASSY trials, re-
spectively. The ability of the score to predict Bleeding Academic Research Consortium 3 or 5 bleeding was
assessed and compared among patients on ticagrelor monotherapy (experimental strategy) or standard DAPT
(reference strategy) from 1 month after drug-eluting stent implantation. Bleeding endpoints were investigator-
reported or centrally adjudicated in GLOBAL LEADERS and GLASSY, respectively. At 2 years, the c-indexes for
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the score among patients treated with the experimental or reference strategy were 0.67 [95% confidence interval
(CI): 0.63–0.71] vs. 0.63 (95% CI: 0.59–0.67) in GLOBAL LEADERS (P = 0.27), and 0.67 (95% CI: 0.61–0.73) vs.
0.66 (95% CI: 0.61–0.72) in GLASSY (P = 0.88). Decision curve analysis showed net benefit using the PRECISE-
DAPT to guide bleeding risk assessment under both treatment strategies. Results were consistent between
investigator-reported and adjudicated endpoints and using the simplified four-item PRECISE-DAPT.

...................................................................................................................................................................................................
Conclusion The PRECISE-DAPT offers a prediction model that proved similarly effective to predict clinically relevant bleeding

among patients on ticagrelor monotherapy from 1 month after coronary stenting compared with standard DAPT
and appears to be unaffected by the presence or absence of adjudicated bleeding endpoints.
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Introduction

Dual antiplatelet therapy (DAPT) reduces the risk of stent-related
and spontaneous ischaemic events in patients undergoing percutan-
eous coronary intervention (PCI).1–4 This benefit comes with an
increased risk of bleeding, which can offset the ischaemic benefit and
adversely impact prognosis.3,4 Therefore, the assessment of bleeding
risk after PCI is crucial to guide clinicians’ decisions with respect to
antiplatelet therapies.1,5 The PRECISE-DAPT is a five-item score that
has been developed to predict bleeding risk during DAPT6 and was
endorsed by a Class IIB recommendation to identify high bleeding
risk patients (i.e. score >_25), in whom the benefits of shorter DAPT
(i.e. 3–6 months) can outweigh the risks of extended treatment dur-
ation.1,7 Since its generation, the performance of the score has been
tested in contemporary PCI cohorts treated with standard DAPT
consisting of aspirin plus a P2Y12 inhibitor (i.e. 6–12 months) fol-
lowed by aspirin monotherapy.8–10 Recently, several trials have chal-
lenged current DAPT paradigm and provided evidence that early
discontinuation of aspirin followed by the continuation of potent
P2Y12 inhibitors is able to reduce overall bleeding risks without an
apparent trade-off in efficacy.11–14 Whether PRECISE-DAPT score
retains consistent bleeding risk prediction capability in patients
receiving potent P2Y12 inhibitor monotherapy is unclear. Moreover,
no study so far has assessed whether the PRECISE-DAPT perform-
ance might be affected by the presence or absence of centrally adjudi-
cated bleeding endpoints, which carries relevant implications for
practice.

The GLOBAL LEADERS trial11 and its Adjudication Sub-Study
(GLASSY)15 randomized patients to receive 1-month DAPT fol-
lowed by 23-month ticagrelor monotherapy or 12-month DAPT fol-
lowed by aspirin alone after new-generation drug-eluting stenting.

We sought to assess the performance of PRECISE-DAPT score to
predict bleeding risk in patients receiving either ticagrelor 90 mg
twice daily monotherapy from 1 month after PCI or standard DAPT
in the setting of GLOBAL LEADERS, based on investigator-reported
endpoints, and GLASSY, based on centrally adjudicated endpoints.

Methods

Study design and participants
GLOBAL LEADERS (NCT01813435) is a multicenter randomized trial
investigating two antiplatelet strategies in all-comer patients receiving

drug-eluting stent for acute coronary syndromes (ACS) or stable coron-
ary artery disease (CAD).11 After coronary angiography, 15 991 patients
were randomized (1:1) using a web-based-system stratified by centre and
clinical presentation. The experimental strategy consisted of 1-month
DAPT (aspirin 75–100 mg plus ticagrelor 90 mg b.i.d.) followed by 23-
month ticagrelor 90 mg b.i.d. monotherapy. The reference strategy con-
sisted of standard 12-month DAPT (aspirin 75–100 mg plus clopidogrel
75 mg if stable CAD or ticagrelor 90 mg b.i.d. if ACS) followed by aspirin
alone for 12 months.

GLASSY (NCT03231059) is a sub-study of the GLOBAL LEADERS
including adjudicated events from all 7585 patients enrolled at the 20 high-
est recruiting sites, whereby investigator-reported events and triggered
potential unreported events were centrally adjudicated by an independent
Clinical Events Committee (CEC) blinded to treatment groups.15

All participants provided written informed consent. The protocols
were approved by ethic committees of participating institutions.

PRECISE-DAPT score calculation
The PRECISE-DAPT is a five-item bleeding risk score, which has been
generated for the prediction of thrombosis in myocardial infarction
(TIMI) out-of-hospital bleeding in patients on DAPT using age, creatinine
clearance, white-blood-cell count, haemoglobin, and history of bleeding
at baseline.6 The PRECISE-DAPT has the potential to inform clinicians’
decision with respect to the optimal DAPT duration post PCI, selecting
high bleeding risk patients (score >_25) for a shorter treatment (i.e.
3–6 months) and non-high-risk patients for prolonged treatment (i.e.
>_12 months). A simplified four-item version of the score, lacking white-
blood-cells count, has also been developed and validated.16 In the present
analysis, PRECISE-DAPT was calculated and assigned to each participant
as in the development cohort. The simplified four-item version of the
score was also computed.6 All data for score calculations were prospect-
ively collected.

Study endpoints
The primary endpoint was bleeding type 3 or 5 defined according to the
Bleeding Academic Research Consortium (BARC) scale,17 which was
investigator-reported in GLOBAL LEADERS and CEC-adjudicated in
GLASSY. The primary endpoint was analysed in the overall populations
and separately in the experimental and control groups, and across 2 years
or with landmark at 1 year.

Statistical analysis
The PRECISE-DAPT score was calculated using data collected at index
PCI. Patients were stratified into four groups according to study treat-
ment and PRECISE-DAPT (>_25 vs. <25). Continuous variables are
expressed as mean (standard deviation) or median (interquartile range),
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..and categorical variables as numbers and percentages. Differences were
calculated using t-test and Wilcoxon test for continuous data and v2 or
Fisher’s tests for categorical data. Kaplan–Meier method was used to esti-
mate cumulative event rates and log-rank test to examine differences
across score strata. The association between the primary endpoint and
risk categories was calculated as hazard ratios (HR), considering very-low
risk patients as reference. Discrimination was assessed using Harrell’s c-
statistic, and compared through treatment strategies using a nonparamet-
ric test. Calibration was assessed by Grønnesby–Borgan v2 test and plot-
ted as observed vs. predicted outcomes using Arjas plots. Continuous
relation between the risk (as HR) and incidence of BARC 3 or 5 bleeding
at follow-up and PRECISE-DAPT was assessed using restricted cubic
splines. Net clinical benefit was determined by means of decision curve
analyses.18 All analyses were performed at 2 years and with landmark at
1 year. A two-sided P < 0.05 was considered statistically significant.
Analyses were performed using STATA 16.1 (Stata Corp., College
Station, TX, USA).

Results

Study patients
Of the 15 991 and 7585 patients enrolled in GLOBAL LEADERS and
GLASSY, the PRECISE-DAPT was available in 14 928 (93.3%) and

7134 (94.0%), respectively. The mean score was 16.5± 8.8 in the par-
ental trial and 16.5 ± 8.7 in the adjudication sub-study, while the me-
dian score was 15.0 (interquartile range: 10.0–21.0) in both studies
(Tables 1 and 2). A total of 2483 (16.6%) patients in GLOBAL
LEADERS and 1180 (16.5%) in GLASSY had a PRECISE-DAPT score
>_25. Score distribution was similar in the experimental and control
groups (Figure 1).

In both studies, baseline characteristics were well balanced between
the experimental and control group within PRECISE-DAPT strata
(Tables 1 and 2 and Supplementary material online). Patients with high
vs. non-high PRECISE-DAPT differed for the 5 score covariates and
were more frequently female, had lower body-mass index and higher
rates of cardiovascular risk factors, prior myocardial infarction, coron-
ary revascularization, and stroke; they also received less frequent radial
access, single lesion intervention, or direct stenting.

Bleeding risk stratification by
PRECISE-DAPT score
The risk of bleeding as estimated by Kaplan–Meier event curves dif-
fered significantly according to PRECISE-DAPT score with similar
stratification effect for the experimental and reference strategy
(Figure 2). At 2 years, GLOBAL LEADERS patients with

................................................................ ...............................................................

....................................................................................................................................................................................................................

Table 1 Baseline characteristics of the GLOBAL LEADERS population stratified by PRECISE-DAPT

PRECISE-DAPT �25 PRECISE-DAPT <25

Experimental

group

(n 5 1248)

Control

group

(n 5 1235)

P-value Experimental

group

(n 5 6210)

Control

group

(n 5 6235)

P-Value P-value

�25 vs. <25

Age (years) 74.9(± 8.0 75.0(± 7.9 0.58 62.5(± 9.5 62.5(± 9.5 0.93 <0.001

Females 499 (40.0%) 470 (38.1%) 0.34 1261 (20.3%) 1241 (19.9%) 0.57 <0.001

Body mass index (kg/m2) 28.0(± 4.5 27.9(± 4.7 0.59 28.2(± 4.6 28.3(± 4.6 0.69 0.001

Diabetes mellitus 465 (37.3%) 432 (35.0%) 0.22 1463 (23.6%) 1446 (23.2%) 0.62 <0.001

Insulin-dependent diabetes mellitus 174 (14.0%) 176 (14.3%) 0.86 389 (6.3%) 402 (6.5%) 0.68 <0.001

Hypertension 1092 (87.6%) 1019 (82.7%) 0.001 4475 (72.3%) 4486 (72.2%) 0.87 <0.001

Hypercholesterolaemia 847 (70.3%) 854 (70.8%) 0.82 4167 (69.5%) 4253 (70.5%) 0.23 0.55

Current smoker 160 (12.8%) 154 (12.5%) 0.80 1776 (28.6%) 1830 (29.4%) 0.36 <0.001

Previous myocardial infarction 309 (24.8%) 332 (27.0%) 0.23 1408 (22.7%) 1450 (23.3%) 0.45 0.002

Previous PCI 433 (34.8%) 461 (37.4%) 0.18 2013 (32.4%) 2008 (32.2%) 0.81 <0.001

Previous coronary artery by-pass graft 107 (8.6%) 127 (10.3%) 0.15 307 (4.9%) 342 (5.5%) 0.18 <0.001

Previous stroke 57 (4.6%) 60 (4.9%) 0.77 142 (2.3%) 138 (2.2%) 0.80 <0.001

Peripheral vascular disease 125 (10.1%) 130 (10.6%) 0.74 324 (5.3%) 365 (5.9%) 0.12 <0.001

Previous major bleeding 43 (3.5%) 47 (3.8%) 0.66 0 (0.0%) 0 (0.0%) — <0.001

Impaired renal function 721 (57.8%) 694 (56.2%) 0.44 329 (5.3%) 322 (5.2%) 0.74 <0.001

Chronic obstructive pulmonary disease 104 (8.4%) 103 (8.4%) 1.00 278 (4.5%) 293 (4.7%) 0.54 <0.001

Clinical presentation

Stable coronary artery disease 619 (49.6%) 637 (51.6%) 0.33 3255 (52.4%) 3255 (52.2%) 0.81 0.11

Acute coronary syndrome 629 (50.4%) 598 (48.4%) 0.33 2955 (47.6%) 2980 (47.8%) 0.81 0.11

Unstable angina 161 (12.9%) 148 (12.0%) 0.50 813 (13.1%) 842 (13.5%) 0.50 0.25

Non-STEMI 272 (21.8%) 301 (24.4%) 0.12 1329 (21.4%) 1323 (21.2%) 0.81 0.05

STEMI 196 (15.7%) 149 (12.1%) 0.009 813 (13.1%) 815 (13.1%) 0.97 0.28

PRECISE-DAPT

Mean score 31.4(± 6.6 31.0(± 6.3 0.11 13.6(± 5.8 13.6(± 5.8 0.96

Median score 29.0 (27.0–34.0) 29.0 (27.0–33.0) 0.28 14.0 (9.0–18.0) 14.0 (9.0–18.0) 0.95

Sample sizes (n), counts (%), means (±standard deviations), or medians (25–75% interquartile range).
PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.
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..PRECISE-DAPT >_25 had significantly increased risk of BARC 3 or 5
bleeding in both the experimental group [HR: 4.37; 95% confidence
interval (CI): 2.64–7.23; P < 0.001] and control group (HR: 3.81; 95%
CI: 2.30–6.30; P < 0.001) compared with the reference (score <_10).
In GLASSY, patients with high PRECISE-DAPT showed an HR of 4.71
in the experimental group (95% CI: 2.44–9.07; P < 0.001) and of 3.39
in the control group (95% CI: 1.78–6.57; P < 0.001). Results were
consistent in the overall study populations (Supplementary material
online, Figure S1).

The PRECISE-DAPT showed a continuous association with the
risk (in terms of HR) as well as the incidence of BARC 3 or 5 bleeding
at 1 and 2 years, which was consistent between the experimental and
control groups (Figure 3 and Supplementary material online, Figures
S2 and S3).

PRECISE-DAPT performance for
bleeding prediction
PRECISE-DAPT was effective to predict BARC 3 or 5 bleeding in
patients receiving either the experimental or reference strategy
(Tables 3 and 4 and Supplementary material online, Figures S4 and S5).

In GLOBAL LEADERS, the score showed moderate discrimination
with c-index of 0.67 (95% CI: 0.63–0.71) in the experimental group
vs. 0.63 (95% CI: 0.59–0.67) in the control group at 2 years (P = 0.27).
In GLASSY, the c-index was 0.67 (95% CI: 0.61–0.73) in the experi-
mental group and 0.66 (95% CI: 0.61–0.72) in the control group
(P = 0.88). The score was moderately calibrated in both treatment
strategies, although the predicted and observed probability approxi-
mated more closely in GLOBAL LEADERS than GLASSY.

Results were consistent at landmark analysis. In GLOBAL
LEADERS, c-index estimates during the first and second year of
follow-up were 0.68 and 0.64 in the experimental group, and 0.62
and 0.66 in the control group, respectively. Similarly, in GLASSY, c-
index values before and after the 1-year landmark were 0.69 and 0.61
in the experimental arm, and 0.64 and 0.75 in the control arm (Tables
3 and 4 and Supplementary material online, Figure S5).

Discriminative ability of the four-item PRECISE-DAPT was similar
to the score including white-blood-cell count and consistent with re-
spect to randomized treatment strategies, although this score iter-
ation appeared less well calibrated (Tables 3 and 4 and
Supplementary material online, Figure S6).

.................................................................. ..............................................................

....................................................................................................................................................................................................................

Table 2 Baseline characteristics of the GLASSY population stratified by PRECISE-DAPT

PRECISE-DAPT score �25 PRECISE-DAPT score <25

Experimental

group (n 5 607)

Control

group

(n 5 573)

P-Value Experimental

group

(n 5 2956)

Control

group

(n 5 2998)

P-Value P-Value

�25 vs. <25

Age (years) 75.5(± 7.7 75.9(± 7.6 0.48 62.8(± 9.4 62.7(± 9.5 0.62 <0.001

Females 256 (42.2%) 225 (39.3%) 0.31 606 (20.5%) 603 (20.1%) 0.72 <0.001

Body mass index (kg/m2) 27.8(± 4.3 27.5(± 4.4 0.32 28.0(± 4.6 28.0(± 4.5 0.75 0.02

Diabetes mellitus 213 (35.1%) 195 (34.0%) 0.71 656 (22.2%) 663 (22.1%) 0.95 <0.001

Insulin-dependent diabetes mellitus 80 (13.2%) 75 (13.1%) 1.00 166 (5.6%) 175 (5.8%) 0.73 <0.001

Hypertension 525 (86.5%) 473 (82.5%) 0.06 2117 (71.6%) 2146 (71.6%) 1.00 <0.001

Hypercholesterolaemia 397 (65.4%) 379 (66.1%) 0.89 1897 (64.2%) 2002 (66.8%) 0.02 0.72

Current smoker 96 (15.8%) 83 (14.5%) 0.57 932 (31.5%) 962 (32.1%) 0.65 <0.001

Previous myocardial infarction 149 (24.5%) 165 (28.8%) 0.09 666 (22.5%) 683 (22.8%) 0.85 0.004

Previous PCI 204 (33.6%) 234 (40.8%) 0.01 950 (32.1%) 984 (32.8%) 0.58 0.002

Previous coronary artery by-pass graft 39 (6.4%) 55 (9.6%) 0.05 154 (5.2%) 170 (5.7%) 0.45 0.001

Previous stroke 33 (5.4%) 25 (4.4%) 0.42 62 (2.1%) 66 (2.2%) 0.79 <0.001

Peripheral vascular disease 79 (13.0%) 74 (12.9%) 1.00 165 (5.6%) 207 (6.9%) 0.03 <0.001

Previous major bleeding 25 (4.1%) 18 (3.1%) 0.43 0 (0.0%) 0 (0.0%) – <0.001

Impaired renal function 349 (57.5%) 315 (55.0%) 0.41 142 (4.8%) 152 (5.1%) 0.67 <0.001

Chronic obstructive pulmonary disease 53 (8.7%) 56 (9.8%) 0.61 136 (4.6%) 139 (4.6%) 0.95 <0.001

Clinical presentation

Stable coronary artery disease 260 (42.8%) 268 (46.8%) 0.17 1449 (49.0%) 1488 (49.6%) 0.64 0.004

Acute coronary syndrome 347 (57.2%) 305 (53.2%) 0.17 1507 (51.0%) 1510 (50.4%) 0.64 0.004

Unstable angina 83 (13.7%) 67 (11.7%) 0.33 392 (13.3%) 418 (13.9%) 0.45 0.42

Non-STEMI 138 (22.7%) 148 (25.8%) 0.22 588 (19.9%) 559 (18.6%) 0.22 <0.001

STEMI 126 (20.8%) 90 (15.7%) 0.02 527 (17.8%) 533 (17.8%) 0.97 0.67

PRECISE-DAPT

Mean score 31.3(± 6.7 30.6(± 5.9 0.68 13.6(± 5.7 13.6(± 5.8 0.65

Median score 29.0 (26.0–34.0) 29.0 (26.0–33.0) 0.27 14.0 (9.0–18.0) 14.0 (9.0–18.0) 0.69

Sample sizes (n), counts (%), means (±standard deviations), or medians (25–75% interquartile range).
PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.
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Figure 4 compares the decision curves to classify individuals using
PRECISE-DAPT and its four-item version assuming that all patients
will bleed (i.e., all are at high risk of bleeding) or that no patient will
bleed (i.e., all are at low risk of bleeding). For BARC 3 or 5 bleeding,
decision curves showed that both scores were superior to the scen-
ario of ‘not using scores’ for risk thresholds from 1% to 8% in all study
groups (Figure 2 and Supplementary material online, Figure S4). For

instance, in the experimental group of GLOBAL LEADERS, applying
a risk threshold of 3% for BARC 3 or 5 events, the use of PRECISE-
DAPT would result in a net benefit gain of þ0.27% (þ0.32% for the
four-item score) and of þ1.12% (1.17% for the four-item score)
compared with the scenario of ‘assuming all as high-risk’
(Supplementary material online, Table S3). In other words, the net
benefit of using the PRECISE-DAPT score leads to 37.3 (39 for the
four-item score) and 9 (10.6 for the four-item score) more

Figure 1 PRECISE-DAPT score distribution in GLOBAL LEADERS and GLASSY according to the treatment strategy. Experimental and control
groups in GLOBAL LEADERS (A and B) and GLASSY (C and D).
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Figure 2 BARC 3 or 5 bleeding at 2 years in GLOBAL LEADERS and GLASSY stratified by PRECISE-DAPT score. Kaplan–Meier event curves for
BARC 3 or 5 bleeding at 2 years. Experimental and control groups in GLOBAL LEADERS (A and C) and GLASSY (B and D). BARC, Bleeding
Academic Research Consortium Criteria; HR, hazard ratio.

Figure 3 Spline functions of BARC 3 or 5 bleeding risk at 2 years according to PRECISE-DAPT. Experimental and control groups in GLOBAL
LEADERS (A) and GLASSY (B). BARC, Bleeding Academic Research Consortium Criteria; CI, confidence interval; HR, hazard ratio.
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..true-positive cases per 100 patients without additional false-positives
(i.e., ‘net’ true-positives) compared with ‘assuming all as high-risk’ and
‘assuming all as low-risk’, respectively. Additional case examples are
reported in Supplementary material online, Tables S4–S6.

Discussion

In the current analysis, which included >14 000 participants of the
GLOBAL LEADERS trial and its GLASSY sub-study, we evaluated the
performance of PRECISE-DAPT score in patients having or not adju-
dicated bleeding endpoints and treated with ticagrelor plus aspirin for

1 month followed by 23-month ticagrelor monotherapy or standard
12-month DAPT followed by aspirin monotherapy after PCI. The
main findings are the following:

• The PRECISE-DAPT score was able to stratify bleeding risk to a
similar extent in patients with or without DAPT, consisting of a 12
month combination of aspirin and ticagrelor or aspirin and clopi-
dogrel followed by 12-month aspirin monotherapy or 23-month
ticagrelor monotherapy from 1 month after coronary stenting.

• The score provided modest but consistent discrimination and
good calibration for the prediction of BARC-defined bleeding in
both study arms, with a net benefit compared with the scenario of
not using risk scores.

Figure 4 Decision curves showing net benefit of using the PRECISE-DAPT or the four-item PRECISE-DAPT for predicting BARC 3 or 5 bleeding
at 2 years. Experimental and control groups in GLOBAL LEADERS (A and B) and GLASSY (C and D). Black horizontal line: treat all assuming at low
risk of bleeding. Green line: treat all assuming at high-risk of bleeding. Red curve: PRECISE-DAPT. Yellow curve: four-item PRECISE-DAPT. Decision
curves are drawn by plotting net benefit (y-axis) at different risk thresholds (x-axis) to visually estimate and compare the benefit offered by different
strategies. BARC, Bleeding Academic Research Consortium Criteria.
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.• The score performance remained consistent for bleeding predic-
tion within the first year, where mainly ticagrelor monotherapy
was compared with a DAPT regimen, as well as during the second
year, where ticagrelor monotherapy was compared with aspirin
monotherapy.

• The score performance remained comparable when investigator-
reported bleeding, within GLOBAL LEADERS, or centrally adjudi-
cated bleeding endpoints, within GLASSY, were separately
appraised.

• The four-item PRECISE-DAPT score appeared very similar to the
five-item iteration, offering a credible option for bleeding risk as-
sessment if white-blood-cell count is not available.

Current guidelines recommend with a class IIB—pending pro-
spective validation—the use of bleeding prediction models to indi-
vidualize DAPT duration in patients undergoing PCI.1,6 The PRECISE-
DAPT score was developed in a large PCI-treated population receiv-
ing standard antiplatelet treatment, typically consisting of DAPT for
6–12 months followed by aspirin alone after P2Y12 inhibitors discon-
tinuation.3,6 Multiple studies have assessed the score performance
showing a consistent ability to predict bleeding among patients
receiving standard DAPT.8–10

Yet, recent studies have challenged current DAPT paradigm by
investigating the potential of early aspirin discontinuation after PCI.
The GLOBAL LEADERS11 and its Adjudication Sub-study GLASSY15

pioneered this approach and provided reassuring data on the safety
and efficacy of ticagrelor monotherapy, but failed to show its super-
iority over standard DAPT. In the STOPDAPT-212 and SMART-
CHOICE,13 P2Y12 monotherapy—principally clopidogrel—after 1
or 3 months of DAPT was associated with a lower incidence of
bleeding than 12-month DAPT, without an apparent difference in is-
chaemic endpoints. The TWILIGHT14 and TICO19 trials provided
additional support by demonstrating lower bleeding risks with tica-
grelor monotherapy (after 3-month DAPT) over conventional treat-
ment while preserving ischaemic efficacy.

Whether the PRECISE-DAPT score retains its potential to reason-
ably forecast bleeding in patients undergoing treatment with a single
antiplatelet agent, including a potent P2Y12 inhibitor or aspirin,
remains unclear. In addition, PRECISE-DAPT was generated and ex-
ternally validated in the context of centrally adjudicated bleeding end-
points, and it remained unclear if its performance might be affected
by investigator-reported endpoints.

We showed that PRECISE-DAPT, as well as its four-item simplified
version, retains a similar capacity to stratify bleeding risk in PCI
patients on ticagrelor monotherapy after 1-month DAPT as among
those on standard DAPT. Regardless of the assigned treatment, the
higher the score, the higher the risk of clinically relevant bleeding,
which increased by a factor of more than two in patients with 18–24
points and more than four-fold in those with >_25 points. In GLASSY,
a PRECISE-DAPT score of 25 conferred a 1-year risk of adjudicated
BARC 3 or 5 bleeding that �4% at the upper limit of the 95% CI—a
threshold that has been recently proposed to select high bleeding
risk patients by the Academic Research Consortium for High
Bleeding Risk.5 The lower rate of BARC 3 or 5 events in GLOBAL
LEADERS compared with GLASSY might be explained by the under-
reporting of clinical events due to the use of investigator-reported vs.
centrally adjudicated endpoints, respectively. In addition, the use of

PRECISE-DAPT was consistently better than ‘not using risk scores’ at
decision curve analysis, irrespective of the implemented antiplatelet
treatment. Indeed, under both treatment strategies, we observed a
net benefit in terms of fewer false-positive cases across a wide range
of bleeding risk thresholds, in the absence of any potential drawbacks.
Of note, despite the pragmatic study design, the proportion of
patients with score >_25 in GLOBAL LEADERS and GLASSY was
�16% and relatively low compared with previous studies.6,9

During ticagrelor monotherapy, similarly to standard DAPT,
PRECISE-DAPT was reasonably accurate to distinguish patients who
would have bled from those who would have not (discrimination)
and predicted the level of risk subsequently observed in reality (cali-
bration). We noticed a slightly better score calibration in the parental
trial, while the c-index estimates were slightly higher but less precise
(in terms of 95% CI) in GLASSY. The evaluation of scores perform-
ance requires appropriate sample size of preferably >_100 events,
whereas a lower number of events can negatively affect calibration
and (to a lesser extent) c-index estimates.20 GLASSY included about
half of patients and events included in the parent trial, and this may
reasonably account for the less precise calibration and c-index esti-
mates observed in this cohort, with a less apparent effect on the
latter.

No other risk score has been so far tested for bleeding risk predic-
tion with ticagrelor monotherapy. Several risk scores have been
designed to predict in-hospital or 30-day bleeding (i.e., CRUSADE,
ACUITY). At variance from these models, PRECISE-DAPT predicts
long-term bleeding risk and therefore appears more suited for
patients on ticagrelor monotherapy after a short course of DAPT.
The comparative performance of PRECISE-DAPT vs. other bleeding
risk scores remains unclear.

We also observed that score performance remained consistent
among patients receiving aspirin monotherapy (i.e., reference group
during the second year). Though interesting, these data should be
interpreted cautiously considering the low number of events in this
Subgroup.

Applying the score to GLOBAL LEADERS and GLASSY gave us
the opportunity to test the score in the context of investigator-
reported or adjudicated bleeding events. Our data showed the ability
of PRECISE-DAPT to offer consistent bleeding prediction inside and
outside the context of CEC-adjudication, which carries relevant
implications for practice.

In the present analysis, PRECISE-DAPT performance was reason-
able in both GLOBAL LEADERS and GLASSY (c-index of 0.65 and
0.67, respectively), but somewhat lower than that reported in the
derivation and PLATO cohorts (c-index of 0.73 and 0.70, respective-
ly).6 The relative performance of the score in different studies can be
explained, at least in part, by differences in bleeding definitions and
patients’ characteristics. At variance with our analysis, which included
all post-PCI bleeding graded by BARC scale, the score has been
developed to predict out-of-hospital bleeding according to TIMI
scale.6 Noteworthy, when the score had been tested in its derivation
cohort to predict all post-PCI bleeding (rather than out-of-hospital
events), its discriminative ability for TIMI major or minor occurrences
was slightly lower (c-index of 0.68) and closer to our estimates.
Moreover, when BARC 3 or 5 bleeding has been used as endpoint,
the score has shown a c-index of 0.69 and 0.65 for post-PCI and
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..post-discharge bleeding, respectively, in contemporary PCI regis-
tries,6,10 in line with our findings. A recent study of 904 PCI patients
showed a c-index of 0.81 for BARC >_3a.8 However, the retrospect-
ive design, small sample size, the exclusive inclusion of Asian patients,
and much higher than expected BARC >_3a bleeding (17% at 1 year)
potentially limit data generalizability.8 Higher score performance for
predicting BARC 3 or 5 bleeding (c-index of 0.73) has also been
reported in 1926 ACS patients.9 Yet, differences in bleeding charac-
terization (out-of-hospital events assessed through medical records),
population’s characteristics, and study design can possibly account
for these discrepancies 9.

Our study has several limitations. First, this analysis was prespeci-
fied, yet the results should be considered hypothesis-generating.
Second, the PRECISE-DAPT was not available in �6% of patients
that were excluded. Third, differences in bleeding definition used as
compared with the derivation cohort may have affected the score
performance. Finally, �20% of GLOBAL LEADERS and GLASSY
patients were non-adherent to study treatment. Prior on- vs. off-
treatment analyses suggested higher score performance for the for-
mer compared with the latter.

Conclusions

The PRECISE-DAPT consistently predicts bleeding risk in patients on
ticagrelor monotherapy after 1-month DAPT or on aspirin mono-
therapy after 12-month DAPT when compared with patients on
standard DAPT after drug-eluting stent implantation. Our analysis
also suggests that the score performance is unaffected by the pres-
ence or absence of adjudicated bleeding endpoints, which carries
relevant implications for practice.

Supplementary material

Supplementary material is available at European Heart Journal –
Cardiovascular Pharmacotherapy online.
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F, Colombo F, Tebaldi M, Fucà G, Kubbajeh M, Cangiano E, Minarelli M, Scalone
A, Cavazza C, Frangione A, Borghesi M, Marchesini J, Parrinello G, Ferrari R.
Short- versus long-term duration of dual-antiplatelet therapy after coronary
stenting. Circulation 2012;125:2015–2026.

4. Mauri L, Kereiakes DJ, Yeh RW, Driscoll-Shempp P, Cutlip DE, Steg PG,
Normand S-LT, Braunwald E, Wiviott SD, Cohen DJ, Holmes DR, Krucoff MW,
Hermiller J, Dauerman HL, Simon DI, Kandzari DE, Garratt KN, Lee DP, Pow
TK, Lee P, Ver Rinaldi MJ, Massaro JM. Twelve or 30 months of dual antiplatelet
therapy after drug-eluting stents. N Engl J Med 2014;371:2155–2166.

5. Ueki Y, Bär S, Losdat S, Otsuka T, Zanchin C, Zanchin T, Gragnano F, Gargiulo
G, Siontis GCM, Praz F, Lanz J, Hunziker L, Stortecky S, Pilgrim T, Heg D,
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