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OBJECTIVES The aim of this study was to evaluate 2 abbreviated dual-antiplatelet therapy (DAPT) regimens in patients

at high bleeding risk (HBR) undergoing percutaneous coronary intervention (PCI).

BACKGROUND Current-generation drug-eluting stents are preferred over bare-metal stents for HBR patients, but their

optimal DAPT management remains unknown.

METHODS The XIENCE Short DAPT program included 3 prospective, multicenter, single-arm studies enrolling HBR

patients who underwent successful PCI with a cobalt-chromium everolimus-eluting stent. After 1 month (XIENCE 28 USA

and XIENCE 28 Global) or 3 months (XIENCE 90) of DAPT, event-free patients discontinued the P2Y12 inhibitor. The

postmarketing approval XIENCE V USA study was used as historical control in a propensity score–stratified analysis.

RESULTS A total of 3,652 patients were enrolled. The propensity-adjusted rate of the primary endpoint of all-cause

mortality or myocardial infarction was 5.4% among 1,693 patients on 3-month DAPT versus 5.4% in the 12-month DAPT

historical control (Pnoninferiority ¼ 0.0063) and 3.5% among 1,392 patients on 1-month DAPT versus 4.3% in the 6-month

DAPT historical control (Pnoninferiority ¼ 0.0005). Bleeding Academic Research Consortium (BARC) types 2 to 5 bleeding

was not significantly lower with 3- or 1-month DAPT, while BARC types 3 to 5 bleeding was reduced in both experimental

groups. The rate of definite or probable stent thrombosis was 0.2% in XIENCE 90 (P < 0.0001 for the performance goal

of 1.2%) and 0.3% in XIENCE 28.

CONCLUSIONS Among HBR patients undergoing PCI with cobalt-chromium everolimus-eluting stents, DAPT for 1 or

3 months was noninferior to 6 or 12 months of DAPT for ischemic outcomes and may be associated with less major

bleeding and a low incidence of stent thrombosis. (J Am Coll Cardiol Intv 2021;14:1870–1883) © 2021 The Authors.
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AB BR E V I A T I O N S

AND ACRONYM S

BARC = Bleeding Academic

Research Consortium

DAPT = dual-antiplatelet

therapy

HBR = high bleeding risk

PCI = percutaneous coronary

intervention
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D ual-antiplatelet therapy (DAPT) with
aspirin and a P2Y12 receptor inhibitor is
generally indicated for 6 to 12 months to

prevent ischemic events, including stent thrombosis,
after percutaneous coronary intervention (PCI) (1,2).
However, DAPT is also associated with an increased
risk in bleeding, which is proportional to the duration
and intensity of treatment (3). Bleeding complica-
tions affect patient morbidity and mortality (4-7),
and as many as 40% of patients undergoing PCI
have high bleeding risk (HBR) conditions that make
prolonging the duration of DAPT clinically unattrac-
tive (8). Shortening the duration of DAPT by discon-
tinuing P2Y12-inhibiting therapy has therefore been
proposed among such patients, but data evaluating
their optimal DAPT management remain scarce.

The XIENCE everolimus-eluting stent (Abbott) is a
thin-strut (81 mm) cobalt-chromium alloy platform
coated with a durable-fluorinated polymer for
controlled drug elution. Preclinical studies have
shown that this cobalt-chromium everolimus-eluting
stent is associated with reduced thrombogenicity
compared with other devices, and several clinical tri-
als have shown a lower risk for stent thrombosis and
major cardiovascular events (9-11). The XIENCE Short
DAPT clinical program was designed to test the hy-
pothesis that HBR patients undergoing successful PCI
with the XIENCE stent who are adherent to a DAPT
regimen of 1 or 3 months have similar cardiovascular
ischemic and lower bleeding risk compared with a
DAPT duration of 6 or 12 months.
SEE PAGE 1884
METHODS

STUDY DESIGN. The XIENCE Short DAPT program
was sponsored by Abbott and comprised 3 prospec-
tive, multicenter, single-arm studies, the design of
which has been previously reported (12). The XIENCE
90 (A Safety Evaluation of 3-month DAPT After
XIENCE Implantation for HBR Patients) study
(NCT03218787) was conducted at 101 sites in the
United States, the XIENCE 28 USA study
(NCT03815175) was conducted at 58 sites in the
United States and Canada, and the XIENCE 28 Global
study (NCT03355742) was conducted at 52 sites in
Europe and Asia (Supplemental Tables S1 to S3). The 2
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XIENCE 28 studies were conducted sepa-
rately, but their datasets were subsequently
pooled together as prespecified in the statis-
tical analysis plan. Details on the trial orga-
nization and enrolling sites are provided in
the Supplemental Appendix. The principal
investigators with members of the executive
and steering committees and the sponsor
designed the protocol. Study principal in-
vestigators, site principal investigators, and

the sponsor were responsible for the study conduct
and the integrity of data analysis. An independent
data and safety monitoring board provided external
oversight to ensure the safety of study participants.

PARTICIPANTS. HBR patients undergoing successful
PCI exclusively with a fluoropolymer-based cobalt-
chromium everolimus-eluting stent (XIENCE) in
whom, in the opinion of the treating physician, the
risk for major bleeding associated with a prolonged
DAPT regimen outweighed the benefit were eligible
for enrollment. Patients had to meet at least 1 of the
following HBR criteria: age $75 years, indication for
long-term anticoagulant therapy, history of major
bleeding in the previous 12 months, history of
ischemic or hemorrhagic stroke, renal insufficiency
defined as creatinine $2.0 mg/dL or maintenance
dialysis, anemia with hemoglobin <11 g/dL, and sys-
temic conditions associated with an increased risk for
bleeding, including hematologic disorders such as
thrombocytopenia (platelet count <100,000/mm3)
and coagulation disorders. The study allowed treat-
ment of up to 3 target lesions, with a maximum of 2
target lesions per epicardial vessel, and of bifurcation
lesions without 2-stent techniques. Key exclusion
criteria included presentation with ST-segment
elevation myocardial infarction, implantation of a
drug-eluting stent other than a cobalt-chromium
everolimus-eluting stent in the previous
12 months, and target lesion treated with overlapping
stents. The full list of inclusion and exclusion criteria
is reported in Supplemental Table S4. The study
complied with the Declaration of Helsinki and was
approved by the Institutional Review Board at each
site. All enrolled patients provided written
informed consent.

PROCEDURES. The index PCI was performed accord-
ing to local standard of care, except for the uniform
es and animal welfare regulations of the authors’

t consent where appropriate. For more information,
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FIGURE 1 Study Design

Patients were eligible to discontinue dual-antiplatelet therapy (DAPT) at 1 or 3 month if they had been adherent to treatment (ie, without interruption of either aspirin

and/or P2Y12 inhibitor (inh.) for more than 7 consecutive d) and free from myocardial infarction, repeat coronary revascularization, stroke, or stent thrombosis.

*Reasons for ineligibility to discontinue DAPT at 1 or 3 months are not mutually exclusive. **Patients who missed the 3-months visit but completed the 12-months visit

were included in the ineligible group.
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implantation of cobalt-chromium everolimus-eluting
stents. After the procedure, all patients received open-
label aspirin 75 to 100 mg plus a P2Y12 inhibitor. There
were no restrictions on the choice of the P2Y12 inhibi-
tor, but clopidogrel was recommended. For those on
long-term anticoagulant agents, dual therapy con-
sisting of an oral anticoagulant agent and a P2Y12 in-
hibitor, preferably clopidogrel, could be considered
per investigator’s discretion. Eligibility to discontinue
DAPT was assessed at 3 months in XIENCE 90 and at
1 month in XIENCE 28. Patients who had been
adherent to treatment and free from myocardial
infarction, repeat coronary revascularization, stroke,
or stent thrombosis discontinued the P2Y12 inhibitor
and continued aspirin until the end of the study.
Clinical follow-up, including medication adherence
assessment, was performed via office visits or tele-
phone contacts at 3, 6, and 12 months after the index
procedure in XIENCE 90 and at 1, 3, 6, and 12 months
in XIENCE 28.

ENDPOINTS. The primary endpoint was the com-
posite of all-cause death or myocardial infarction, as
defined by a modified Academic Research Consortium
definition (13). The powered key secondary endpoint
was Bleeding Academic Research Consortium (BARC)
types 2 to 5 bleeding (14). Definite or probable stent
thrombosis was a powered key secondary endpoint in
XIENCE 90 but not in XIENCE 28. The time window
for the assessment of the primary and secondary
endpoints was between 3 and 12 months after the
index procedure in XIENCE 90, and between 1 and
6 months in XIENCE 28. Other secondary endpoints
with endpoint definitions are provided in the
Supplemental Tables S5 and S6. All endpoint events
were adjudicated by an independent clinical
events committee.

STATISTICAL ANALYSIS. To evaluate the safety and
effectiveness of a DAPT duration of 1 and 3 months
compared with a standard regimen of up to
12 months, individual patient-level data from the
prospective, multicenter, postmarketing approval
XIENCE V USA (XIENCE V� Everolimus Eluting
Coronary Stent System USA Post-Approval Study)
study (NCT00676520) were used as a historical con-
trol in a propensity score–stratified analysis. Among
the 8,061 patients enrolled in XIENCE V USA, the
reported DAPT use was 90.5% and 85.6% at 6 and
12 months, respectively, after PCI (15). The historical
control group comprised only those patients fulfilling
the eligibility criteria of the XIENCE Short DAPT

https://doi.org/10.1016/j.jcin.2021.07.016
https://clinicaltrials.gov/ct2/show/NCT00676520
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program and who were adherent to treatment and
free from ischemic events at the time points
defined previously.

The primary endpoint was assessed for the non-
inferiority of a short DAPT regimen to the historical
control. For XIENCE 90, we assumed an event rate of
6.1% between 3 and 12 months in both arms, with
noninferiority declared if the upper limit of the 1-
sided 97.5% confidence interval of the propensity
score–stratified difference was <2.8%. We estimated
that 2,000 patients were required in XIENCE 90 to
achieve 87% power after allowing an attrition rate of
15%. In XIENCE 28 (combining the global and US
studies), the rate of the primary endpoint was
assumed to be 4.3% between 1 and 6 months.
Considering an attrition rate of 10%, with a 2.5%
noninferiority margin and a 1-sided alpha level of
0.025, about 1,600 patients were required to achieve
90% power (12).

The key secondary endpoint of BARC type 2 to 5
bleeding was tested for the superiority of a short
DAPT regimen over the historical control. We esti-
mated the event rate in the historical control group to
be 6.0% between 3 and 12 months and 4.6% between 1
and 6 months. The sample sizes of XIENCE 90 and
XIENCE 28 provided each study with at least 90%
power to detect a 50% reduction in bleeding rates
with 3-month DAPT and 1-month DAPT, respectively,
using a 1-sided alpha level of 0.025 (12). Finally, in
XIENCE 90, the key secondary endpoint of definite or
probable stent thrombosis was evaluated against a
prespecified performance goal of 1.2%. An assumed
0.5% rate of stent thrombosis between 3 and
12 months in 2,000 patients receiving 3-month DAPT
provided 85% power using the exact test with a 1-
sided alpha level of 0.025 (12).

The primary and key secondary endpoint analyses
were stratified by propensity score categorized into
quintiles. The propensity score of each individual was
calculated using a logistic regression model that
included the study group as the outcome and the
baseline demographic, clinical, and procedural cova-
riates as the predictors. Stratification on the pro-
pensity score involves dividing subjects into
mutually exclusive strata wherein the distribution of
measured covariates is approximately similar. Treat-
ment effects are estimated within each stratum
and then pooled together to derive the average
treatment effect taking into account the weight of
each stratum (16). Unlike other propensity score
methods, stratification allows retaining data from
all study participants into the final analysis. The
stratified noninferiority and superiority tests were
performed using the Farrington-Manning method
(17), with the weight for each stratum determined by
the total number of patients in a stratum versus the
total number of patients for the intended analysis.
The Markov-chain Monte Carlo multiple imputation
method was applied to handle missing data in pro-
pensity score building. With 10 duplicates of the
imputed propensity score datasets, Rubin’s combi-
nation rule was used to consolidate the final analysis.
The design and modeling of the propensity score for
XIENCE 90 and XIENCE 28 were developed separately
by an independent statistician blinded to outcome
data and then used by the sponsor for the final
endpoint analyses. To assess the heterogeneity of
treatment effects across prespecified subgroups, a
generic version of the meta-analysis was imple-
mented. Each subgroup contributes a normalized
treatment effect and its standard error by going
through a similar process as the primary endpoint
analysis via the Farrington-Manning method and
Rubin’s combination rule. Statistical analyses were
performed with R version 3.6.2 (R Foundation for
Statistical Computing) or SAS version 9.4 (SAS
Institute).

RESULTS

PATIENT CHARACTERISTICS. Between July 19, 2017,
and August 9, 2019, a total of 2,047 patients were
enrolled in XIENCE 90. The primary analysis popu-
lation included 1,693 patients (82.7%) who dis-
continued DAPT at 3 months after PCI. Of those,
97.6% were followed up until death or their last 12-
month visit. In XIENCE 28 (USA and Global studies
pooled), a total of 1,605 patients were enrolled be-
tween February 9, 2018, and February 7, 2020; 1,392
(86.7%) discontinued DAPT at 1 month; and 98.8%
had complete follow-up at 6 months (Supplemental
Figure S1). The reasons for exclusion of enrolled pa-
tients from the primary analysis population are
detailed in Figure 1, and their baseline characteristics
and clinical outcomes are provided in the
Supplemental Appendix (Supplemental Tables S7 to
S16, S20, and S24).

Table 1 shows the distribution of the inclusion
criteria for HBR and the clinical and procedural
characteristics of patients in the experimental and
historical control groups. An age of at least 75 years
was the most common HBR criterion in both XIENCE
90 and XIENCE 28 (66.5% and 68.2%, respectively),
followed by long-term anticoagulant therapy

https://doi.org/10.1016/j.jcin.2021.07.016
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TABLE 1 Baseline Characteristics

XIENCE 90 XIENCE 28

3-Month DAPT
(n ¼ 1,693)

12-Month DAPT
(n ¼ 1,280)

1-Month DAPT
(n ¼ 1,392)

6-Month DAPT
(n ¼ 1,411)

HBR criteria
Age $75 y 1,125/1,693 (66.5) 708/1,280 (55.3) 950/1,392 (68.2) 775/1,411 (54.9)
Chronic anticoagulant therapy 705/1,693 (41.6) 160/1,280 (12.5) 617/1,392 (44.3) 184/1,411 (13.0)
Anemia* 254/1,693 (15.0) 209/1,280 (16.3) 201/1,392 (14.4) 229/1,411 (16.2)
History of stroke 181/1,693 (10.7) 155/1,280 (12.1) 145/1,392 (10.4) 176/1,411 (12.5)
Renal insufficiency† 131/1,693 (7.7) 383/1,280 (29.9) 116/1,392 (8.3) 420/1,411 (29.8)
Thrombocytopenia‡ 48/1,693 (2.8) 20/1,280 (1.6) 55/1,392 (4.0) 25/1,411 (1.8)
History of major bleeding 49/1,693 (2.9) 34/1,280 (2.7) 46/1,392 (3.3) 37/1,411 (2.6)
Number of HBR criteria 1.5 � 0.7 1.3 � 0.6 1.5 � 0.7 1.3 � 0.6

Clinical characteristics
Age, y 75.25 � 9.29 72.70 � 10.26 75.97 � 8.37 72.56 � 10.42
Female 596/1,693 (35.2) 524/1,280 (40.9) 453/1,392 (32.5) 576/1,411 (40.8)
Race
American Indian or Alaskan Native 11/1,693 (0.6) 9/1,280 (0.7) 2/1,392 (0.1) 11/1,411 (0.8)
Asian 37/1,693 (2.2) 17/1,280 (1.3) 126/1,392 (9.1) 19/1,411 (1.3)
Black or African American 96/1,693 (5.7) 110/1,280 (8.6) 36/1,392 (2.6) 115/1,411 (8.2)
Native Hawaiian or Pacific Islander 5/1,693 (0.3) 4/1,280 (0.3) 0/1,392 (0.0) 4/1,411 (0.3)
White 1,496/1,693 (88.4) 1,101/1,280 (86.0) 807/1,392 (58.0) 1,224/1,411 (86.7)
Hispanic or Latino ethnicity 45/1,689 (2.7) 41/1,280 (3.2) 138/1,392 (9.9) 42/1,411 (3.0)

Hypertension 1,516/1,693 (89.5) 1,167/1,272 (91.7) 1,179/1,392 (84.7) 1,283/1,402 (91.5)
Dyslipidemia 1,401/1,693 (82.8) 1,140/1,257 (90.7) 939/1,392 (67.5) 1,254/1,383 (90.7)
Diabetes mellitus 663/1,692 (39.2) 546/1,273 (42.9) 512/1,382 (37.0) 594/1,404 (42.3)
Chronic kidney disease§ 677/1,682 (40.2) 532/1,202 (44.3) 631/1,330 (47.4) 584/1,327 (44.0)
Prior PCI 520/1,693 (30.7) 477/1,230 (38.8) 390/1,392 (28.0) 514/1,355 (37.9)
Prior CABG 205/1,693 (12.1) 174/1,230 (14.1) 112/1,392 (8.0) 201/1,355 (14.8)
Prior MI 264/1,669 (15.8) 353/1,174 (30.1) 227/1,382 (16.4) 393/1,295 (30.3)
Multivessel disease 779/1,693 (46.0) 473/1,280 (37.0) 573/1,393 (41.2) 535/1,411 (37.9)
Clinical presentation
Chronic coronary syndrome 1,105/1,693 (65.3) 790/1,195 (66.1) 917/1,392 (65.9) 846/1,318 (64.2)
Acute coronary syndrome 588/1,693 (34.7) 405/1,195 (33.9) 475/1,392 (34.1) 472/1,318 (35.8)
NSTEMI 120/1,693 (7.1) 113/1,089 (10.4) 245/1,392 (17.6) 138/1,195 (11.5)
Unstable angina 486/1,693 (28.7) 257/1,190 (21.6) 230/1,392 (16.5) 287/1,311 (21.9)

PARIS bleeding risk score
Mean � SD 6.0 � 2.3 5.2 � 2.2 6.1 � 2.3 5.2 � 2.2
Median (IQR) 6.0 (4.0–8.0) 5.0 (3.0–6.0) 6.0 (4.0–8.0) 5.0 (3.0–7.0)

PRECISE-DAPT bleeding risk score
Mean � SD 26.1 � 11.5 25.4 � 10.9 27.7 � 11.3 25.3 � 10.9
Median (IQR) 25.0 (19.0–32.0) 26.0 (18.0–32.0) 27.0 (20.0–34.0) 25.0 (18.0–32.0)

Continued on the next page
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(41.6% and 44.3%) and anemia (15.0% and 14.4%).
The mean number of HBR criteria per patients was 1.5
� 0.7 in both studies. Overall, 34.7% of patients in
XIENCE 90 and 34.1% in XIENCE 28 underwent PCI
for a non–ST-segment elevation acute coronary
syndrome.

Among patients who were eligible to discontinue
DAPT at 3 months, 13.2% were on DAPT at 100 days,
9.1% at 180 days, and 8.7% at 365 days. Correspond-
ing rates among those eligible to discontinue DAPT at
1 month were 2.9% at 45 days, 2.2% at 90 days, and
2.6% at 180 days (Figure 2). The use of antiplatelet
therapy in the historical control group of XIENCE 90
and 28 is detailed in Supplemental Figures S2 and S3.
ISCHEMIC OUTCOMES. After propensity score strati-
fication into quintiles, the mean rate of death or
myocardial infarction between 3 and 12 months was
5.4% in patients who discontinued DAPT at 3 months
and 5.4% in those who continued DAPT up to
12 months, with a 1-sided upper 97.5% confidence
limit for the propensity-stratified difference of 2.2%,
which met the prespecified criterion of 2.8% for
noninferiority (P ¼ 0.0063) (Figure 3A). Discontinuing
DAPT at 3 months resulted in a rate of definite or
probable stent thrombosis between 3 and 12 months
of 0.2%, with the 1-sided upper 97.5% confidence
limit (0.63%) being lower than the performance goal
of 1.2% (P < 0.0001) (Figure 4A).

The propensity score–stratified mean rate of death
or myocardial infarction was 3.5% in patients who
discontinued DAPT at 1 month and 4.3% in those who
continued DAPT up to 6 months, with a 1-sided upper

https://doi.org/10.1016/j.jcin.2021.07.016


TABLE 1 Continued

XIENCE 90 XIENCE 28

3-Month DAPT
(n ¼ 1,693)

12-Month DAPT
(n ¼ 1,280)

1-Month DAPT
(n ¼ 1,392)

6-Month DAPT
(n ¼ 1,411)

Procedural characteristics
Number of lesions treated

Mean � SD 1.2 � 0.5 1.3 � 0.5 1.2 � 0.5 1.3 � 0.5
Median (IQR) 1.0 (1.0–1.0) 1.0 (1.0–2.0) 1.0 (1.0–1.0) 1.0 (1.0–2.0)

Number of vessels treated
Mean � SD 1.1 � 0.3 1.1 � 0.3 1.1 � 0.3 1.1 � 0.3
Median (IQR) 1.0 (1.0–1.0) 1.0 (1.0–1.0) 1.0 (1.0–1.0) 1.0 (1.0–1.0)

Target lesion location
Left anterior descending coronary artery 814/1,693 (48.1) 612/1,279 (47.8) 719/1,392 (51.7) 661/1,411 (46.8)
Left circumflex coronary artery 479/1,693 (28.3) 372/1,280 (29.1) 382/1,392 (27.4) 416/1,411 (29.5)
Right coronary artery 578/1,693 (34.1) 441/1,279 (34.5) 456/1,392 (32.8) 490/1,411 (34.7)

Type B2/C lesion 573/1,693 (33.8) 542/1,104 (49.1) 498/1,392 (35.8) 614/1,216 (50.5)
Bifurcation 129/1,693 (7.6) 127/1,278 (9.9) 161/1,392 (11.6) 139/1,408 (9.9)
Radial access 883/1,693 (52.2) 51/1,280 (4.0) 986/1,392 (70.8) 56/1,411 (4.0)
Number of stents per subject 1.3 � 0.5 1.4 � 0.7 1.2 � 0.5 1.4 � 0.7
Total stent length, mm 25.5 � 13.8 25.0 � 13.7 27.2 � 14.4 25.0 � 13.6
Preprocedural RVD, mm 3.00 � 0.47 2.98 � 0.42 3.00 � 0.48 2.99 � 0.42
Preprocedural %DS 83.8 � 9.7 82.9 � 9.8 82.5 � 10.3 83.35 � 9.94

Antiplatelet therapy at discharge
Aspirin 1,544/1,693 (91.2) 1,262/1,277 (98.8) 1,132/1,392 (81.3) 1,392/1,411 (98.7)
Clopidogrel 1,384/1,693 (81.7) 1,252/1,277 (98.0) 1,204/1,392 (86.5) 1,381/1,408 (98.1)
Prasugrel 38/1,693 (2.2) 16/382 (4.2) 14/1,392 (1.0) 17/412 (4.1)
Ticagrelor 274/1,693 (16.2) NA 174/1,392 (12.5) NA

Values are n/N (%) or mean � SD, unless otherwise specified. *Anemia was defined as hemoglobin <11 g/dL. †Renal insufficiency was defined as creatinine $2 mg/dL or
maintenance dialysis. ‡This category includes any systemic conditions associated with an increased bleeding risk (eg, hematologic disorders, including a history of or current
thrombocytopenia defined as a platelet count<100,000/mm3, or any known coagulation disorder associated with increased bleeding risk). §Chronic kidney disease was defined
as an estimated glomerular filtration rate <60 mL/min.

CABG ¼ coronary artery bypass grafting; DAPT ¼ dual-antiplatelet therapy; HBR ¼ high bleeding risk; IQR ¼ interquartile range; MI ¼ myocardial infarction; NA ¼ not
available. NSTEMI ¼ non–ST-segment elevation myocardial infarction; PARIS ¼ Patterns of Non-Adherence to Dual Anti-Platelet Regimen in Stented Patients;
PCI ¼ percutaneous coronary intervention; %DS ¼ percentage diameter stenosis; PRECISE-DAPT ¼ Predicting Bleeding Complications in Patients Undergoing Stent Implan-
tation and Subsequent Dual Antiplatelet Therapy; RVD ¼ reference vessel diameter.
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97.5% confidence limit for the propensity-stratified
difference of 1.1%, which met the noninferiority
criterion of 2.5% (P ¼ 0.0005) (Figure 3B). There were
4 instances of definite or probable stent thrombosis
between 1 and 6 months among patients discontinu-
ing DAPT at 1 month as well as among those
continuing DAPT up to 6 months (0.3% of patients in
both groups) (Figure 4B).

BLEEDING OUTCOMES. The propensity score quintile
mean percentage of patients with BARC types 2 to 5
bleeding was not significantly lower with 3-month
DAPT compared with the 12-month DAPT historical
control (5.1% vs 7.0%; P ¼ 0.069). Likewise, BARC
types 2 to 5 bleeding did not differ between 1-month
DAPT and the 6-month DAPT historical control (4.9%
vs 5.9%; P ¼ 0.19). The stratified mean rate of BARC
types 3 to 5 bleeding was lower in the group that
discontinued DAPT at 3 months (2.2% vs 6.3%;
P < 0.0001) and in the group that discontinued DAPT
at 1 month (2.2% vs 4.5%; P ¼ 0.016) compared with
their historical controls (Figure 5).
ADDITIONAL ANALYSES. The unadjusted rates of
primary and secondary ischemic and bleeding end-
points are provided in Supplemental Tables S17 to
S24. Prespecified subgroup analyses (Supplemental
Figures S4 to S9) showed no considerable heteroge-
neity for the treatment effects of 1- or 3-month DAPT
on the primary ischemic endpoint (I2 <75% and het-
erogeneity P value >0.10 for all subgroups). There
was a signal of effect modification for 3-month DAPT
on the key secondary bleeding endpoint according to
age and clinical presentation, with a reduced benefit
among patients <65 years of age (I2 ¼ 80%; P ¼ 0.024)
or presenting with acute coronary syndromes
(I2 ¼ 64%; P ¼ 0.097). The landmark analyses for the
period between index PCI and the follow-up assess-
ment of eligibility to discontinue DAPT among all
enrolled patients are reported in Supplemental
Tables S18 and S22.
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FIGURE 2 Use of Antiplatelet Therapy During Follow-Up

Antiplatelet therapy use in (A) XIENCE 90 and (B) XIENCE 28. The aspirin group includes patients on aspirin only or aspirin plus an oral anticoagulant agent. The dual-

antiplatelet therapy (DAPT) group includes patients on DAPT only or DAPT plus an oral anticoagulant agent. The P2Y12 inhibitor group includes patients on a P2Y12
inhibitor only or a P2Y12 inhibitor plus an oral anticoagulant agent. No patients were censored.
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DISCUSSION

The XIENCE Short DAPT program was designed to
assess the safety and efficacy of 2 abbreviated DAPT
regimens in a large cohort of HBR patients who un-
derwent successful PCI with a cobalt-chromium
everolimus-eluting stent. Among patients who had
been adherent to treatment and free from ischemic
events while on DAPT, the discontinuation of the
P2Y12 inhibitor after 1 or 3 months of DAPT was non-
inferior to DAPT prolongation up to 6 or 12 months
with respect to the composite of all-cause mortality or
myocardial infarction in a propensity score–stratified
analysis and was associated with low rates of stent
thrombosis. Although a DAPT duration of 1 or
3 months resulted in a meaningful reduction in
bleeding complications, statistical significance was
achieved only for BARC types 3 to 5 bleeding.
Importantly, XIENCE V USA did not mandate the
collection of less severe bleeding corresponding to
BARC type 2, which may have led to underreporting
of these events and the subsequent low rates
observed in our historical control compared with
other similar studies (18,19). Conversely, the pro-
pensity score–stratified analysis for BARC types 3 to 5
bleeding, although post hoc, is likely to provide more
reliable treatment effect estimates on a clinically
relevant bleeding endpoint. In aggregate, these re-
sults suggest that among HBR patients who
underwent PCI with a cobalt-chromium everolimus-
eluting stent, a short course of DAPT for 1 or 3 months
provides similar ischemic risk and may be associated
with lower occurrences of major bleeding (Central
Illustration).

Two previous studies showed that discontinuing
the P2Y12 inhibitor after 3 months of DAPT in patients
undergoing PCI with a zotarolimus-eluting stent was
noninferior to a standard regimen of 12 months with
respect to a composite endpoint of cardiovascular and
bleeding events (20,21). Contrary to our study, how-
ever, both excluded HBR patients, as shown by the
very low incidence of major bleeding (<1% per year)
and the absence of a significant bleeding-related
benefit with the experimental arm. Furthermore,
aggregate outcomes from these 2 studies suggested
an increased risk for myocardial infarction or stent
thrombosis with DAPT for 3 months after an acute
coronary syndrome (3), with similar findings reported
in another study of patients undergoing PCI with a
sirolimus-eluting stent (22). More recently, a single-
arm study suggested that HBR patients receiving 3-
month DAPT after placement of a bioabsorbable-



FIGURE 3 Propensity Score–Stratified Rates for the Primary Endpoint of All-Cause Mortality or Myocardial Infarction

On the left, rates of the primary endpoint expressed as propensity score–stratified mean across quintiles in patients discontinuing dual-

antiplatelet therapy (DAPT) at 3 months (A) or at 1 month (B) after index procedure and in their respective historical controls. Error bars

indicate the 95% CI of the mean. On the right, the propensity score–stratified difference between the test and the control group, with the

upper limit of the 1-sided 97.5% CI (error bar) evaluated for noninferiority to the prespecified margin (dotted line) using the stratified

Farrington-Manning method. UCL ¼ 1-sided upper 97.5% confidence limit.
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polymer everolimus-eluting stent had noninferior
ischemic outcomes compared with a 12-month DAPT
historical control but failed to show a reduction in
bleeding risk (23).

The evidence on the effects of discontinuing the
P2Y12 inhibitor after 1 month of DAPT is more limited.
To date, such a strategy has been used only as back-
ground therapy in trials comparing different stent
platforms, thus failing to provide any comparative
data on the overall safety and risks of this approach
(18,19,24,25). The present study is the first specifically
aimed at evaluating the treatment effects of 2
different short DAPT regimens in HBR patients.

There are several risk scores and consensus-based
definitions developed to assist clinicians in
identifying patients at high risk for bleeding after PCI
(26-28). However, commonly encountered conditions
such as advanced age, long-term oral anticoagulation,
anemia, and chronic kidney disease, among others,
are all contemplated by the available risk assessment
tools and, accordingly, were considered as inclusion
criteria in our study. Furthermore, a risk for BARC
type 3 or 5 bleeding of at least 4% at 1 year after PCI
has been proposed as a threshold to objectively
recognize HBR patients (28). In keeping with this, we
observed an incidence of BARC types 3 to 5 bleeding
of 6.4% between index PCI and 12 months among all
patients enrolled in XIENCE 90 and of 4.6% at
6 months among those enrolled in XIENCE 28,
thereby confirming the HBR nature of our study



FIGURE 4 Incidence of Stent Thrombosis

(A) Rate of definite or probable stent thrombosis in patients discontinuing dual-antiplatelet therapy (DAPT) at 3 month evaluated against a pre-

specified performance goal of 1.2% (dotted line) using the exact test. (B) Rates of definite or probable stent thrombosis in patients discontinuing

DAPT at 1 month and in the 6-month DAPT historical control. Error bars indicate the 95% CI of the mean.

FIGURE 5 Propensity Score–Stratified Rates for Bleeding

Propensity score–stratified mean rates for Bleeding Academic Research Consortium (BARC) types 2 to 5 bleeding (A,B) and BARC types 3 to 5

bleeding (C,D) in patients discontinuing DAPT at 3 month (A to C) or at 1 month (B to D) after index procedure and in their respective

historical controls. Error bars indicate the 95% CI of the mean. Superiority tested with the stratified Farrington-Manning method using a

1-sided significance level of 0.025. Abbreviations as in Figure 4.
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population. Given the nonrandomized design of the
XIENCE Short DAPT program, however, the preva-
lence of specific bleeding risk criteria was not
evenly distributed between treatment arms but was
accounted for with propensity score stratification.
The higher proportion of long-term anticoagulant
therapy in the group receiving DAPT for 1 or
3 months as opposed to the higher proportion of
renal failure observed in the historical control
group might partly be explained by a selection bias
favoring the enrollment of patients with a
perceived higher risk for bleeding, such as those on
concomitant oral anticoagulant therapy, in studies
mandating a short DAPT regimen. Such tendencies
have also been observed in other trials among HBR
patients, wherein the distribution of bleeding risk
factors substantially overlap with that reported in
our study (18,19).

Current European and American guidelines pro-
vide cautious recommendations on the use DAPT
regimens of 3 months or less after drug-eluting
stent implantation, acknowledging the limited
available evidence, derived mostly from trials on
low-risk populations (1,2,29). Our findings build on
this prior evidence by demonstrating that dis-
continuing DAPT as early as 1 or 3 months after PCI
with a new-generation everolimus-eluting stent is a
safe approach and may be considered in HBR pa-
tients undergoing noncomplex procedures. Of note,
prior studies investigating other drug-eluting stent
platforms reported non-negligible rates of stent
thrombosis with 1 month of DAPT (18,19). Such
findings were attributed partly to the enhanced
thrombotic risk associated with HBR conditions,
which render the overall risk profile of these pa-
tients particularly elevated. It was therefore reas-
suring that stent thrombosis was rare (<1%) in both
XIENCE 28 and XIENCE 90, even after including
events occurring in the early post-PCI phase before
discontinuing the P2Y12 inhibitor. Corroborating
these findings, 2 Japanese studies showed very few
instances of definite or probable stent thrombosis
among lower risk patients undergoing PCI with the
same cobalt-chromium everolimus-eluting stent
system, with no events reported among those
receiving 3 months of DAPT followed by aspirin
(30) and only 4 events (0.27%) among those
receiving 1 month of DAPT followed by clopidogrel
monotherapy (31). Whether these findings apply to
other contemporary drug-eluting stents remains
unclear (32). Future investigations should explore
the effects of monotherapy with a P2Y12 inhibitor
compared with aspirin after a short course of DAPT
among patients with HBR undergoing PCI (33).
STUDY LIMITATIONS. The nonrandomized design
introduces the risk for residual unmeasured con-
founding despite multivariable adjustment through
propensity score using rigorous statistical methodol-
ogy. However, the inclusion of an active control
receiving a conventional DAPT regimen of 6 to
12 months would have contrasted with current rec-
ommendations for HBR patients. A nonrandomized
study design was also justified by the large amount of
historical data on patients treated with the XIENCE
stent followed by 12 months of DAPT. The use of real-
world data as a historical control in the context of
well-designed clinical trials is considered an accept-
able means to generate evidence, also for regulatory
purposes. The findings of our study may not be
generalizable to patients who do not meet the
XIENCE Short DAPT program inclusion and exclusion
criteria. Of note, patients with ST-segment elevation
myocardial infarction or requiring complex in-
terventions, such as overlapping stents or a 2-stent
bifurcation technique, were excluded. In XIENCE
90, a lower than anticipated rate of the primary
endpoint of death or myocardial infarction may have
biased the results toward the null. The bleeding-
related benefit observed with a DAPT regimen was
demonstrated only after the exclusion of BARC type 2
events from the bleeding endpoint. Nonetheless, the
rates of BARC types 3 to 5 bleeding were only
slightly lower than what was anticipated for the key
secondary (BARC types 2-5) bleeding endpoint, for
which the study was powered. Last, the HBR criteria
used in the XIENCE Short DAPT program were defined
before the Academic Research Consortium definition
of HBR became available (28).

CONCLUSIONS

Among HBR patients undergoing PCI with a cobalt-
chromium everolimus-eluting stent, a DAPT regimen
of 1 or 3 months compared with DAPT for 6 or
12 months resulted in noninferior ischemic outcomes
and a low incidence of stent thrombosis and may be
associated with lower major bleeding occurrences.
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CENTRAL ILLUSTRATION 3-or 1-Month DAPT in HBR Patients Undergoing PCI

Study Design of the XIENCE Short DAPT Program
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Index
PCI DAPT Aspirin only

Primary analysis period:
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110 sites in U.S., Europe and Asia
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Index
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from 1 to 6
months
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PERSPECTIVES

WHAT IS KNOWN? New-generation drug-eluting

stents have been shown superior to bare-metal stents

for HBR patients undergoing PCI followed by a short

course of DAPT. To date, however, there is no evi-

dence directly comparing different DAPT durations in

HBR patients, and their optimal management remains

unclear.

WHAT IS NEW? Results from the XIENCE 28 and

XIENCE 90 studies support the role of an abbreviated

DAPT regimen of 1 or 3 months as an effective and

potentially safe bleeding-avoidance strategy after PCI

with a cobalt-chromium everolimus-eluting stent.

WHAT IS NEXT? Future investigations should

explore the effects of monotherapy with a P2Y12 in-

hibitor compared with aspirin after a short DAPT

course among HBR patients undergoing PCI.
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