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superiority). The time-to-event curves for the 
primary safety end point are shown in Fig. 2A.

At 390 days, the primary efficacy end point 
(clinically driven target-lesion revascularization) 
had occurred in 59 patients (5.1%) in the drug-
coated–stent group and in 113 patients (9.8%) in 
the bare-metal–stent group (estimated risk differ-
ence, −4.8 percentage points; 95% CI, −6.9 to −2.6; 
hazard ratio, 0.50; 95% CI, 0.37 to 0.69; P<0.001) 
(Table 2). The time-to-event curves for the pri-
mary efficacy end point are shown in Fig. 2B.

Additional Analyses
Significant differences between the two groups 
were also observed with respect to other revas-
cularization end points and with respect to 
myocardial infarction (Table 2, and Fig. S1 in 
the Supplementary Appendix). Among subtypes 
of myocardial infarction based on the third uni-
versal definition of myocardial infarction, type 1 
(spontaneous myocardial infarction) and type 4c 
(myocardial infarction related to in-stent reste-
nosis) occurred significantly less frequently in 
the drug-coated–stent group than in the bare-
metal–stent group (Table S3 in the Supplemen-
tary Appendix). The rates of bleeding according 
to BARC criteria were similar in the two groups 
(Table 2, and Fig. S1 in the Supplementary Ap-
pendix). Results in the as-treated analysis were 
similar to those in the intention-to-treat analysis 
(Table S4 in the Supplementary Appendix).

Prespecified subgroup comparisons for the 
primary efficacy and safety end points are 
shown in Fig. 3; a post hoc subgroup analysis 
based on an age cutoff of 75 years is shown in 
Table S5 in the Supplementary Appendix. These 
analyses show a consistent treatment effect 
across most subgroups. However, interaction 
testing suggested heterogeneity of treatment 
effect with regard to the primary safety end 
point according to whether or not the patient 
presented with an acute coronary syndrome. 
Heterogeneity of treatment effect with regard to 
the primary efficacy end point was suggested in 
subgroups defined according to the presence or 
absence of renal failure on admission, the score 
on the CRUSADE (Can Rapid Risk Stratification 
of Unstable Angina Patients Suppress Adverse 
Outcomes with Early Implementation of the 
American College of Cardiology/American Heart 
Association Guidelines) bleeding risk scale,8 and 
status with respect to anemia, transfusion, or 
bleeding leading to hospitalization.

Discussion

In the LEADERS FREE trial involving patients at 
high risk for bleeding who underwent PCI, the 
rate of the composite primary safety end point 
of cardiac death, myocardial infarction, or stent 
thrombosis was significantly lower with the 
BioFreedom polymer-free and carrier-free umi-
rolimus-coated stent than with a similar bare-
metal stent. This result was driven mainly by a 

Figure 2. Time-to-Event Curves for the Primary End Points.

Kaplan–Meier time-to-event curves show the cumulative percentage of 
 patients with the primary safety end point (a composite of cardiac death, 
myocardial infarction, or stent thrombosis) (Panel A) or the primary effi-
cacy end point (clinically driven target-lesion revascularization) (Panel B). 
The inset in each panel shows the same data on an enlarged y axis.
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group (estimated absolute risk difference, −3.6 
percentage points; 95% confidence interval [CI], 
−6.1 to −1.0; P<0.001 for noninferiority) (Table 2). 

A preplanned superiority analysis was then per-
formed for the primary safety end point (hazard 
ratio, 0.71; 95% CI, 0.56 to 0.91; P = 0.005 for 

End Point

Drug-Coated 
Stent 

(N = 1221)

Bare-Metal 
Stent 

(N = 1211)
Hazard Ratio 

(95% CI) P Value

no. of events (% of patients)

Primary safety end point: cardiac death, myocardi-
al infarction, or stent thrombosis

112 (9.4) 154 (12.9) 0.71 (0.56–0.91) 0.005†

Primary efficacy end point: clinically driven TLR 59 (5.1) 113 (9.8) 0.50 (0.37–0.69) <0.001

Death

From any cause 97 (8.0) 108 (9.0) 0.89 (0.67–1.17) 0.39

From cardiac causes 50 (4.2) 63 (5.3) 0.78 (0.54–1.14) 0.20

Myocardial infarction‡

Any 72 (6.1) 104 (8.9) 0.68 (0.50–0.91) 0.01

Q-wave infarction 6 (0.5) 7 (0.6) 0.85 (0.29–2.53) 0.77

Non–Q-wave infarction 57 (4.8) 80 (6.9) 0.70 (0.50–0.98) 0.04

Undetermined type 10 (0.8) 25 (2.1) 0.39 (0.19–0.82) 0.01

Stent thrombosis‡

Definite or probable 24 (2.0) 26 (2.2) 0.91 (0.53–1.59) 0.75

Definite 16 (1.3) 17 (1.4) 0.93 (0.47–1.84) 0.84

Probable 8 (0.7) 9 (0.8) 0.88 (0.34–2.28) 0.80

Possible 25 (2.2) 27 (2.3) 0.91 (0.53–1.57) 0.74

Acute 5 (0.4) 5 (0.4) 0.99 (0.29–3.43) 0.99

Subacute 7 (0.6) 10 (0.8) 0.69 (0.26–1.82) 0.45

Early: acute + subacute 12 (1.0) 15 (1.2) 0.79 (0.37–1.70) 0.55

Late 13 (1.1) 11 (1.0) 1.17 (0.52–2.61) 0.70

Revascularization

Urgent TLR 39 (3.3) 67 (5.8) 0.57 (0.38–0.84) 0.004

Any TLR 60 (5.1) 115 (10.0) 0.50 (0.37–0.68) <0.001

Clinically driven TVR 66 (5.7) 121 (10.5) 0.52 (0.39–0.71) <0.001

Any TVR 67 (5.8) 125 (10.9) 0.51 (0.38–0.69) <0.001

TVR by CABG 4 (0.3) 11 (1.0) 0.36 (0.11–1.12) 0.06

Any revascularization 97 (8.4) 141 (12.2) 0.67 (0.51–0.86) 0.002

Bleeding‡§

BARC 1–5 215 (18.1) 225 (19.1) 0.95 (0.78–1.14) 0.56

BARC 2–5 166 (13.9) 172 (14.7) 0.96 (0.77–1.18) 0.68

BARC 3–5 85 (7.2) 85 (7.3) 0.99 (0.73–1.34) 0.96

*  Percentages are Kaplan–Meier estimates at 390 days. TLR denotes target-lesion revascularization, and TVR target-vessel 
revascularization.

†  P<0.001 for noninferiority comparison (primary analysis).
‡  Subcategories of myocardial infarction, stent thrombosis, or bleeding are not mutually exclusive, because patients 

could have more than one subtype of these events during follow-up.
§  Bleeding was defined according to the Bleeding Academic Research Consortium (BARC) definitions. BARC type 0 indi-

cates no bleeding, and BARC type 5 indicates fatal bleeding.12

Table 2. Primary and Secondary End Points.*
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In contrast to the first 30 days, ischemic and
bleeding rates were substantially lower after 30 days,
and they were unaffected by the procedural anti-
coagulation regimen. However, in this period the
absolute rate of ischemia was w1.5% greater than the
absolute rate of bleeding (representing a relative in-
crease of w50-fold) (Central Illustration), suggesting a
particularly beneficial role in the late period for an
agent able to reduce ischemia further (as long as
major bleeding is not markedly increased). This
finding may underlie those from the PLATO (Study of
Platelet Inhibition and Patient Outcomes) trial, in
which patients with STEMI and non-STEMI who
were treated with aspirin plus ticagrelor rather than
aspirin plus clopidogrel experienced a 1-year reduc-
tion in the rates of MI, ST, cardiac mortality, and
noncardiac mortality, despite a modest increase in
non–CABG-related major bleeding (26). Of note, the
benefits of ticagrelor in this trial did not begin to
emerge until several weeks after initiation, and they
continued to diverge throughout the 1-year follow-up
period, as predicted from the present study (26).

Thus the current analysis confirms current guidelines
supporting consistent and high-intensity platelet
inhibition to $1 year after primary PCI in STEMI,
thereby emphasizing the selection of agents and
consideration of patients’ comorbidities to ensure
an optimal balance of ischemia suppression and
bleeding risk (27).

The insights from the present study may also
have bearing on the design of future randomized
controlled trials for primary or secondary prevention
in patients with ACS and in patients undergoing PCI.
In particular, inclusion of recurrent events (i.e.,
reinfarction or re-hospitalization for cardiac causes)
as a pre-specified primary outcome measure may in-
crease the number of endpoint events facilitating
studies of smaller sample size (affecting trial feasi-
bility) or with greater power (10). Such an approach
may also allow for a more accurate estimation of the
impact of a given intervention on overall disease
burden. However, the present study also underscores
the time dependence of the absolute and relative
risks of offsetting events in disease states, as well as

CENTRAL ILLUSTRATION Temporal Differences in Ischemic and Bleeding Rates After Primary PCI for STEMI

Giustino, G. et al. J Am Coll Cardiol. 2017;70(15):1846–57.

Least square mean differences (LSMD) between the average daily ischemic and bleeding rates in the acute, subacute, early, and late periods. The x-axis displays time.
The y-axis displays the LSMD between ischemia and bleeding, with LSMD >1 if ischemia exceeds bleeding and LSMD <1 if bleeding exceeds ischemia. In the early
period (before 30 days), the rates of bleeding exceed those for ischemia. In the late period (from 30 days to 1 year), the average daily ischemic rate (ADIR) significantly
exceeds the average daily bleeding rate (ADBR). CI ¼ confidence interval; PCI ¼ percutaneous coronary intervention; STEMI ¼ ST-segment elevation myocardial
infarction.
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data on the primary end points. We also assessed 
the consistency of the effect of treatment on the 
primary end points in subgroups defined accord-
ing to 14 prespecified factors assessed at baseline.

R esult s

Study Population
Between August 13, 2009, and July 1, 2011, a to-
tal of 25,682 patients at 452 sites in 11 countries 
were enrolled in the DAPT study, of whom 22,866 
received a drug-eluting stent. Among these pa-
tients, 5261 (23.0%) were not eligible for random-
ization after 12 months of follow-up, 7644 (33.4%) 
were eligible but did not undergo randomization 
(see Table S2 in the Supplementary Appendix), and 
9961 (43.6%) underwent randomization (Fig. 1). 
Among those who were eligible but did not un-
dergo randomization, the most common reason 

for not undergoing randomization was with-
drawal of consent during the year between en-
rollment and randomization (76.0%).

The baseline characteristics of the patients 
who were treated with drug-eluting stents and 
underwent randomization were similar in the 
two study groups (Table 1). Overall, 26.0% pre-
sented with acute myocardial infarction, and 
50.9% had at least one clinical or lesion-related 
risk factor for stent thrombosis (Table S1 in the 
Supplementary Appendix). The rates of discon-
tinuation of the study drug did not differ sig-
nificantly at 30 months between the group that 
continued thienopyridine therapy and the group 
that received placebo (21.4% and 20.3%, respec-
tively; P = 0.18).

Efficacy End Points
During the period from month 12 to month 30 
(the primary-analysis period), among all patients 
who underwent randomization, the group that 
continued thienopyridine, as compared with the 
group that received placebo, had a significantly 
lower cumulative incidence of stent thrombosis 
(0.4% vs. 1.4%; hazard ratio, 0.29 [95% confi-
dence interval {CI}, 0.17 to 0.48]; P<0.001) and of 
major adverse cardiovascular and cerebrovascular 
events (4.3% vs. 5.9%; hazard ratio, 0.71 [95% CI, 
0.59 to 0.85]; P<0.001) (Table 2 and Fig. 2 and 3). 
Continued thienopyridine therapy was associated 
with a lower cumulative incidence of myocardial 
infarction than was placebo (2.1% vs. 4.1%; haz-
ard ratio, 0.47 [95% CI, 0.37 to 0.61]; P<0.001) 
(Fig. S1 in the Supplementary Appendix); myo-
cardial infarction that was not related to stent 
thrombosis (1.8% vs. 2.9%; hazard ratio, 0.59; 
P<0.001) accounted for 55% of the treatment ben-
efit. The two groups had similar rates of death 
from cardiac causes (0.9% and 1.0%, respectively; 
P = 0.98), death from vascular causes (0.1% in each 
group, P = 0.98), and stroke (0.8% and 0.9%, re-
spectively; P = 0.32). The rate of death from any 
cause was 2.0% with continued thienopyridine 
therapy and 1.5% with placebo (hazard ratio, 1.36 
[95% CI, 1.00 to 1.85]; P = 0.05) (Fig. S2 in the 
Supplementary Appendix). The results after mul-
tiple imputation were consistent with those from 
the primary analysis (hazard ratio for stent 
thrombosis, 0.27; P<0.001; and hazard ratio for 
major adverse cardiovascular and cerebrovascu-
lar events, 0.77; P = 0.002) (Table S3a in the Sup-
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Figure 3. Cumulative Incidence of Major Adverse Cardiovascular and Cere-
brovascular Events, According to Study Group.

Cumulative incidence curves are shown for the primary effectiveness out-
come of major adverse cardiovascular and cerebrovascular events (a com-
posite of death, myocardial infarction, or stroke) in the intention-to-treat 
population. P values were calculated with the use of the stratified log-rank 
test. The number at risk was defined as the number of subjects who had 
not had the event of interest and who were available for subsequent follow-
up. The numbers at risk at the start of final 33-month visit (i.e., 20 months 
after randomization) were 4336 in the group that had been assigned to 
continued thienopyridine therapy and 4217 in the group that had been as-
signed to placebo. The inset shows the same data on an enlarged y axis.
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End Points

The coprimary efficacy end points were the cu-
mulative incidence of definite or probable stent 
thrombosis (as assessed according to the Academ-
ic Research Consortium definitions)14 and of ma-
jor adverse cardiovascular and cerebrovascular 
events (defined as the composite of death, myocar-
dial infarction, or stroke) during the randomized 
treatment period (month 12 to month 30). The pri-
mary safety end point was the incidence of mod-
erate or severe bleeding during this same period 
(as assessed according to the Global Utilization 
of Streptokinase and Tissue Plasminogen Activator 
for Occluded Arteries [GUSTO] criteria).15 Bleed-
ing was also evaluated according to the Bleeding 
Academic Research Consortium (BARC) criteria.16 
More detailed definitions of the end points are 
provided in the Supplementary Appendix. After the 
primary analysis had been completed, a second 

clinical-events committee whose members were 
unaware of the treatment assignment was con-
vened to adjudicate noncardiovascular causes of 
death.

Statistical Analysis
The primary efficacy analysis was a superiority 
analysis performed with the use of the log-rank 
test, with stratification according to geographic 
region (North America, Europe, or Australia and 
New Zealand), thienopyridine drug received at the 
time of randomization, and presence or absence 
of risk factors for stent thrombosis. We controlled 
the two-sided family-wise error rate of 0.05 across 
the two coprimary end points using the Hochberg–
Benjamini method.17 With this method, the null 
hypothesis of randomized treatment equivalence 
is rejected if significance is achieved for both end 
points at a two-sided alpha level of 0.05 or for 

Table 2. Stent Thrombosis and Major Adverse Cardiovascular and Cerebrovascular Events.*

Outcome
Continued Thienopyridine 

(N = 5020)
Placebo 

(N = 4941)

Hazard Ratio,  
Thienopyridine vs. Placebo

(95% CI)† P Value†

no. of patients (%)

Stent thrombosis‡ 19 (0.4) 65 (1.4) 0.29 (0.17–0.48) <0.001

Definite 15 (0.3) 58 (1.2) 0.26 (0.14–0.45) <0.001

Probable 5 (0.1) 7 (0.1) 0.71 (0.22–2.23) 0.55

Major adverse cardiovascular and 
cerebrovascular events§

211 (4.3) 285 (5.9) 0.71 (0.59–0.85) <0.001

Death 98 (2.0) 74 (1.5) 1.36 (1.00–1.85) 0.05

Cardiac 45 (0.9) 47 (1.0) 1.00 (0.66–1.52) 0.98

Vascular 5 (0.1) 5 (0.1) 0.98 (0.28–3.39) 0.98

Noncardiovascular 48 (1.0) 22 (0.5) 2.23 (1.32–3.78) 0.002

Myocardial infarction 99 (2.1) 198 (4.1) 0.47 (0.37–0.61) <0.001

Stroke 37 (0.8) 43 (0.9) 0.80 (0.51–1.25) 0.32

Ischemic 24 (0.5) 34 (0.7) 0.68 (0.40–1.17) 0.16

Hemorrhagic 13 (0.3) 9 (0.2) 1.20 (0.50–2.91) 0.68

Type uncertain 0 1 (<0.1) — 0.32

* At 12 months after placement of a drug-eluting stent, patients were randomly assigned to receive either continued thi-
enopyridine therapy plus aspirin or placebo plus aspirin for 18 months. Data are presented for the intention-to-treat 
population. The primary analysis was performed on data from the period of 12 to 30 months after enrollment, and the 
study coprimary efficacy end points were stent thrombosis and major adverse cardiovascular and cerebrovascular 
events. Percentages are Kaplan–Meier estimates.

† The hazard ratios and P values were stratified according to geographic region (North America, Europe, or Australia and 
New Zealand), thienopyridine drug received at the time of randomization, and presence or absence of risk factors for 
stent thrombosis. P values were calculated with the use of a log-rank test.

‡ Definite and probable stent thrombosis were determined according to the criteria of the Academic Research Consortium.
§ The end point of major adverse cardiovascular and cerebrovascular events was a composite of death, myocardial infarc-

tion, or stroke.
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End Points

The coprimary efficacy end points were the cu-
mulative incidence of definite or probable stent 
thrombosis (as assessed according to the Academ-
ic Research Consortium definitions)14 and of ma-
jor adverse cardiovascular and cerebrovascular 
events (defined as the composite of death, myocar-
dial infarction, or stroke) during the randomized 
treatment period (month 12 to month 30). The pri-
mary safety end point was the incidence of mod-
erate or severe bleeding during this same period 
(as assessed according to the Global Utilization 
of Streptokinase and Tissue Plasminogen Activator 
for Occluded Arteries [GUSTO] criteria).15 Bleed-
ing was also evaluated according to the Bleeding 
Academic Research Consortium (BARC) criteria.16 
More detailed definitions of the end points are 
provided in the Supplementary Appendix. After the 
primary analysis had been completed, a second 

clinical-events committee whose members were 
unaware of the treatment assignment was con-
vened to adjudicate noncardiovascular causes of 
death.

Statistical Analysis
The primary efficacy analysis was a superiority 
analysis performed with the use of the log-rank 
test, with stratification according to geographic 
region (North America, Europe, or Australia and 
New Zealand), thienopyridine drug received at the 
time of randomization, and presence or absence 
of risk factors for stent thrombosis. We controlled 
the two-sided family-wise error rate of 0.05 across 
the two coprimary end points using the Hochberg–
Benjamini method.17 With this method, the null 
hypothesis of randomized treatment equivalence 
is rejected if significance is achieved for both end 
points at a two-sided alpha level of 0.05 or for 

Table 2. Stent Thrombosis and Major Adverse Cardiovascular and Cerebrovascular Events.*

Outcome
Continued Thienopyridine 

(N = 5020)
Placebo 

(N = 4941)

Hazard Ratio,  
Thienopyridine vs. Placebo

(95% CI)† P Value†

no. of patients (%)

Stent thrombosis‡ 19 (0.4) 65 (1.4) 0.29 (0.17–0.48) <0.001

Definite 15 (0.3) 58 (1.2) 0.26 (0.14–0.45) <0.001

Probable 5 (0.1) 7 (0.1) 0.71 (0.22–2.23) 0.55

Major adverse cardiovascular and 
cerebrovascular events§

211 (4.3) 285 (5.9) 0.71 (0.59–0.85) <0.001

Death 98 (2.0) 74 (1.5) 1.36 (1.00–1.85) 0.05

Cardiac 45 (0.9) 47 (1.0) 1.00 (0.66–1.52) 0.98

Vascular 5 (0.1) 5 (0.1) 0.98 (0.28–3.39) 0.98

Noncardiovascular 48 (1.0) 22 (0.5) 2.23 (1.32–3.78) 0.002

Myocardial infarction 99 (2.1) 198 (4.1) 0.47 (0.37–0.61) <0.001

Stroke 37 (0.8) 43 (0.9) 0.80 (0.51–1.25) 0.32

Ischemic 24 (0.5) 34 (0.7) 0.68 (0.40–1.17) 0.16

Hemorrhagic 13 (0.3) 9 (0.2) 1.20 (0.50–2.91) 0.68

Type uncertain 0 1 (<0.1) — 0.32

* At 12 months after placement of a drug-eluting stent, patients were randomly assigned to receive either continued thi-
enopyridine therapy plus aspirin or placebo plus aspirin for 18 months. Data are presented for the intention-to-treat 
population. The primary analysis was performed on data from the period of 12 to 30 months after enrollment, and the 
study coprimary efficacy end points were stent thrombosis and major adverse cardiovascular and cerebrovascular 
events. Percentages are Kaplan–Meier estimates.

† The hazard ratios and P values were stratified according to geographic region (North America, Europe, or Australia and 
New Zealand), thienopyridine drug received at the time of randomization, and presence or absence of risk factors for 
stent thrombosis. P values were calculated with the use of a log-rank test.

‡ Definite and probable stent thrombosis were determined according to the criteria of the Academic Research Consortium.
§ The end point of major adverse cardiovascular and cerebrovascular events was a composite of death, myocardial infarc-

tion, or stroke.
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End Points

The coprimary efficacy end points were the cu-
mulative incidence of definite or probable stent 
thrombosis (as assessed according to the Academ-
ic Research Consortium definitions)14 and of ma-
jor adverse cardiovascular and cerebrovascular 
events (defined as the composite of death, myocar-
dial infarction, or stroke) during the randomized 
treatment period (month 12 to month 30). The pri-
mary safety end point was the incidence of mod-
erate or severe bleeding during this same period 
(as assessed according to the Global Utilization 
of Streptokinase and Tissue Plasminogen Activator 
for Occluded Arteries [GUSTO] criteria).15 Bleed-
ing was also evaluated according to the Bleeding 
Academic Research Consortium (BARC) criteria.16 
More detailed definitions of the end points are 
provided in the Supplementary Appendix. After the 
primary analysis had been completed, a second 

clinical-events committee whose members were 
unaware of the treatment assignment was con-
vened to adjudicate noncardiovascular causes of 
death.

Statistical Analysis
The primary efficacy analysis was a superiority 
analysis performed with the use of the log-rank 
test, with stratification according to geographic 
region (North America, Europe, or Australia and 
New Zealand), thienopyridine drug received at the 
time of randomization, and presence or absence 
of risk factors for stent thrombosis. We controlled 
the two-sided family-wise error rate of 0.05 across 
the two coprimary end points using the Hochberg–
Benjamini method.17 With this method, the null 
hypothesis of randomized treatment equivalence 
is rejected if significance is achieved for both end 
points at a two-sided alpha level of 0.05 or for 

Table 2. Stent Thrombosis and Major Adverse Cardiovascular and Cerebrovascular Events.*

Outcome
Continued Thienopyridine 

(N = 5020)
Placebo 

(N = 4941)

Hazard Ratio,  
Thienopyridine vs. Placebo

(95% CI)† P Value†

no. of patients (%)

Stent thrombosis‡ 19 (0.4) 65 (1.4) 0.29 (0.17–0.48) <0.001

Definite 15 (0.3) 58 (1.2) 0.26 (0.14–0.45) <0.001

Probable 5 (0.1) 7 (0.1) 0.71 (0.22–2.23) 0.55

Major adverse cardiovascular and 
cerebrovascular events§

211 (4.3) 285 (5.9) 0.71 (0.59–0.85) <0.001

Death 98 (2.0) 74 (1.5) 1.36 (1.00–1.85) 0.05

Cardiac 45 (0.9) 47 (1.0) 1.00 (0.66–1.52) 0.98

Vascular 5 (0.1) 5 (0.1) 0.98 (0.28–3.39) 0.98

Noncardiovascular 48 (1.0) 22 (0.5) 2.23 (1.32–3.78) 0.002

Myocardial infarction 99 (2.1) 198 (4.1) 0.47 (0.37–0.61) <0.001

Stroke 37 (0.8) 43 (0.9) 0.80 (0.51–1.25) 0.32

Ischemic 24 (0.5) 34 (0.7) 0.68 (0.40–1.17) 0.16

Hemorrhagic 13 (0.3) 9 (0.2) 1.20 (0.50–2.91) 0.68

Type uncertain 0 1 (<0.1) — 0.32

* At 12 months after placement of a drug-eluting stent, patients were randomly assigned to receive either continued thi-
enopyridine therapy plus aspirin or placebo plus aspirin for 18 months. Data are presented for the intention-to-treat 
population. The primary analysis was performed on data from the period of 12 to 30 months after enrollment, and the 
study coprimary efficacy end points were stent thrombosis and major adverse cardiovascular and cerebrovascular 
events. Percentages are Kaplan–Meier estimates.

† The hazard ratios and P values were stratified according to geographic region (North America, Europe, or Australia and 
New Zealand), thienopyridine drug received at the time of randomization, and presence or absence of risk factors for 
stent thrombosis. P values were calculated with the use of a log-rank test.

‡ Definite and probable stent thrombosis were determined according to the criteria of the Academic Research Consortium.
§ The end point of major adverse cardiovascular and cerebrovascular events was a composite of death, myocardial infarc-

tion, or stroke.
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End Points

The coprimary efficacy end points were the cu-
mulative incidence of definite or probable stent 
thrombosis (as assessed according to the Academ-
ic Research Consortium definitions)14 and of ma-
jor adverse cardiovascular and cerebrovascular 
events (defined as the composite of death, myocar-
dial infarction, or stroke) during the randomized 
treatment period (month 12 to month 30). The pri-
mary safety end point was the incidence of mod-
erate or severe bleeding during this same period 
(as assessed according to the Global Utilization 
of Streptokinase and Tissue Plasminogen Activator 
for Occluded Arteries [GUSTO] criteria).15 Bleed-
ing was also evaluated according to the Bleeding 
Academic Research Consortium (BARC) criteria.16 
More detailed definitions of the end points are 
provided in the Supplementary Appendix. After the 
primary analysis had been completed, a second 

clinical-events committee whose members were 
unaware of the treatment assignment was con-
vened to adjudicate noncardiovascular causes of 
death.

Statistical Analysis
The primary efficacy analysis was a superiority 
analysis performed with the use of the log-rank 
test, with stratification according to geographic 
region (North America, Europe, or Australia and 
New Zealand), thienopyridine drug received at the 
time of randomization, and presence or absence 
of risk factors for stent thrombosis. We controlled 
the two-sided family-wise error rate of 0.05 across 
the two coprimary end points using the Hochberg–
Benjamini method.17 With this method, the null 
hypothesis of randomized treatment equivalence 
is rejected if significance is achieved for both end 
points at a two-sided alpha level of 0.05 or for 

Table 2. Stent Thrombosis and Major Adverse Cardiovascular and Cerebrovascular Events.*

Outcome
Continued Thienopyridine 

(N = 5020)
Placebo 

(N = 4941)

Hazard Ratio,  
Thienopyridine vs. Placebo

(95% CI)† P Value†

no. of patients (%)

Stent thrombosis‡ 19 (0.4) 65 (1.4) 0.29 (0.17–0.48) <0.001

Definite 15 (0.3) 58 (1.2) 0.26 (0.14–0.45) <0.001

Probable 5 (0.1) 7 (0.1) 0.71 (0.22–2.23) 0.55

Major adverse cardiovascular and 
cerebrovascular events§

211 (4.3) 285 (5.9) 0.71 (0.59–0.85) <0.001

Death 98 (2.0) 74 (1.5) 1.36 (1.00–1.85) 0.05

Cardiac 45 (0.9) 47 (1.0) 1.00 (0.66–1.52) 0.98

Vascular 5 (0.1) 5 (0.1) 0.98 (0.28–3.39) 0.98

Noncardiovascular 48 (1.0) 22 (0.5) 2.23 (1.32–3.78) 0.002

Myocardial infarction 99 (2.1) 198 (4.1) 0.47 (0.37–0.61) <0.001

Stroke 37 (0.8) 43 (0.9) 0.80 (0.51–1.25) 0.32

Ischemic 24 (0.5) 34 (0.7) 0.68 (0.40–1.17) 0.16

Hemorrhagic 13 (0.3) 9 (0.2) 1.20 (0.50–2.91) 0.68

Type uncertain 0 1 (<0.1) — 0.32

* At 12 months after placement of a drug-eluting stent, patients were randomly assigned to receive either continued thi-
enopyridine therapy plus aspirin or placebo plus aspirin for 18 months. Data are presented for the intention-to-treat 
population. The primary analysis was performed on data from the period of 12 to 30 months after enrollment, and the 
study coprimary efficacy end points were stent thrombosis and major adverse cardiovascular and cerebrovascular 
events. Percentages are Kaplan–Meier estimates.

† The hazard ratios and P values were stratified according to geographic region (North America, Europe, or Australia and 
New Zealand), thienopyridine drug received at the time of randomization, and presence or absence of risk factors for 
stent thrombosis. P values were calculated with the use of a log-rank test.

‡ Definite and probable stent thrombosis were determined according to the criteria of the Academic Research Consortium.
§ The end point of major adverse cardiovascular and cerebrovascular events was a composite of death, myocardial infarc-

tion, or stroke.
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Bleeding in Patients with AF Undergoing PCI

modified intention-to-treat analysis (Table S8 in 
the Supplementary Appendix).

Both groups receiving rivaroxaban had signifi-
cantly lower rates of bleeding requiring medical 

attention than did the group receiving standard 
therapy, across all strata of DAPT durations 
(hazard ratio for group 1 vs. group 3, 0.61; 95% CI, 
0.47 to 0.80; P<0.001; hazard ratio for group 2 vs. 
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1.0%; hazard ratio, 0.30; 95% CI, 0.08 to 1.07; 
P = 0.06) and at a lower rate in the 150-mg dual-
therapy group than in the corresponding triple-
therapy group (0.1% vs. 1.0%; hazard ratio, 0.12; 
95% CI, 0.02 to 0.98; P = 0.047).

Secondary Efficacy End Points
The incidence of the composite efficacy end 
point of thromboembolic events (myocardial 
infarction, stroke, or systemic embolism), death, 
or unplanned revascularization was 13.7% in the 
two dual-therapy groups combined as compared 
with 13.4% in the triple-therapy group (hazard 
ratio, 1.04; 95% CI, 0.84 to 1.29; P = 0.005 for 
noninferiority) (Table 3). The incidence was 
15.2% in the 110-mg dual-therapy group as com-
pared with 13.4% in the triple-therapy group 
(hazard ratio, 1.13; 95% CI, 0.90 to 1.43; P = 0.30) 
and 11.8% in the 150-mg dual-therapy group as 
compared with 12.8% in the corresponding tri-
ple-therapy group (hazard ratio, 0.89; 95% CI, 
0.67 to 1.19; P = 0.44) (Fig. S3 in the Supplemen-
tary Appendix). Results of the intention-to-treat 
analysis were consistent with results of the on-
treatment analysis and with results across mul-
tiple subgroups of patients, including those who 
had an acute coronary syndrome and those who 
had received a drug-eluting stent (Table S10 and 
Fig. S5 in the Supplementary Appendix). The rate 
of the combined end point of thromboembolic 
events or death was 9.6% in the two dual-therapy 
groups combined as compared with 8.5% in the 
triple-therapy group (hazard ratio, 1.17; 95% CI, 

C
u

m
u

la
ti

ve
 I

n
ci

d
en

ce
o

f 
E

ve
n

t 
(%

)

100

80
90

70
60

40
30

10

50

20

0
0 90 180 270 360 630 720

Days to First Event

B Primary End Point in Dual-Therapy Group (150 mg) vs. Triple-Therapy Group

A Primary End Point in Dual-Therapy Group (110 mg) vs. Triple-Therapy Group

Hazard ratio, 0.52 (95% CI, 0.42–0.63)
P<0.001 for noninferiority

No. at Risk
Dual therapy

(110 mg)
Triple therapy

981

981

898

800

834

719

671

580

538

453

450

384

302

540

0 90 180 270 360 630 720450 540

0 90 180 270 360 630 720450 540

0 90 180 270 360 630 720450 540

258

205

162

124

86

63

Dual therapy (110 mg)

Triple therapy

C
u

m
u

la
ti

ve
 I

n
ci

d
en

ce
o

f 
E

ve
n

t 
(%

)

100

80
90

70
60

40
30

10

50

20

0

Days to First Event

Hazard ratio, 0.72 (95% CI, 0.58–0.88)
P<0.001 for noninferiority

No. at Risk
Dual therapy

(150 mg)
Corresponding

triple therapy

763

764

694

630

640

562

514

446

404

349

182

152

65

47

278

222

113

88

Dual therapy (150 mg)

Corresponding triple therapy

C Secondary Efficacy End Point in Dual-Therapy Groups (Combined)
vs. Triple-Therapy Group

C
u

m
u

la
ti

ve
 I

n
ci

d
en

ce
o

f 
E

ve
n

t 
(%

)

100

80
90

70
60

40
30

10

50

20

0

35

30

20

15

5

25

10

0

Days to First Event

Hazard ratio, 1.04 (95% CI, 0.84–1.29)
P=0.005 for noninferiority

No. at Risk
Dual therapy

(combined)
Triple therapy

1744

981

1660

921

1257

700

720

383

1561

854

1003

548

481

259

295

161

161

81

Dual therapy (combined)

Triple therapy

Figure 2. Primary End Point and Secondary Efficacy 
End Point.

Shown is the cumulative incidence of the primary end 
point of major or clinically relevant nonmajor bleeding 
in the group that received dual therapy with dabiga-
tran at a dose of 110 mg versus the group that re-
ceived triple therapy with warfarin (Panel A) and in the 
group that received dual therapy with dabigatran at a 
dose of 150 mg versus the corresponding triple-thera-
py group (which did not include elderly patients out-
side the United States) (Panel B). Also shown is the 
incidence of a secondary efficacy end point of a com-
posite of thromboembolic events (myocardial infarc-
tion, stroke, or systemic embolism), death, or un-
planned revascularization in the two dual-therapy 
groups combined versus the triple-therapy group 
(Panel C). In Panel C, the inset shows the same data 
on an enlarged y axis.
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7.3	
  Cessa-on	
  of	
  all	
  an-platelet	
  agents	
  
Data	
  on	
  the	
  Lming	
  of	
  cessaLon	
  of	
  any	
  anLplatelet	
  agents	
  in	
  stented	
  paLents	
  requiring	
  
chronic	
  OAC	
  are	
  scarce.	
  In	
  stabilized	
  event-­‐free	
  paLents,	
  disconLnuaLon	
  of	
  any	
  
anLplatelet	
  agent	
  at	
  1 year	
  aUer	
  stenLng	
  is	
  encouraged	
  in	
  this	
  paLent	
  populaLon	
  
based	
  on	
  studies	
  demonstraLng	
  that	
  OACs	
  alone	
  are	
  superior	
  to	
  aspirin	
  post-­‐ACS,	
  and	
  
OAC	
  +	
  aspirin	
  may	
  not	
  be	
  more	
  protecLve	
  but	
  associated	
  with	
  excess	
  bleeding.198	
  Dual	
  
therapy	
  with	
  OAC	
  and	
  one	
  anLplatelet	
  agent	
  (aspirin	
  or	
  clopidogrel)	
  may	
  be	
  
considered	
  beyond	
  1 year	
  in	
  paLents	
  at	
  very	
  high	
  risk	
  of	
  coronary	
  events	
  as	
  defined	
  in	
  
Table	
  534	
  and	
  in	
  paLents	
  with	
  mechanical	
  prosthesis	
  and	
  atheroscleroLc	
  disease.	
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subjects with atrial fibrillation who undergo percutaneous coronary
intervention (PIONEER AF-PCI) study191] and worrisome bleeding
signals in registries, the use of prasugrel or ticagrelor as part of triple
therapy should be avoided.192 Gastric protection with a PPI is recom-
mended. The dose intensity of OAC should be carefully monitored
with a target international normalized ratio (INR) in the lower part of
the recommended target range; in patients treated with NOACs, the

lowest effective tested dose for stroke prevention should be applied
and criteria for drug accumulation for each approved NOAC should
be carefully assessed. Lower NOAC regimens as compared to those
tested in approval studies are expected to decrease bleeding risk, but
the trade-off between bleeding and ischaemic (i.e. stroke prevention)
outcomes remains largely undefined. The PIONEER AF-PCI study191

(described in detail below) tested two lower rivaroxaban doses
(15 mg o.d. and 2.5 mg b.i.d.) as compared to the approved drug regi-
men in AF patients (20 mg q.d.). The Evaluation of Dual Therapy With
Dabigatran vs. Triple Therapy With Warfarin in Patients With AF
That Undergo a PCI With Stenting (REDUAL-PCI; NCT02164864)
will compare two dabigatran doses (150 mg b.i.d. and 110 mg b.i.d.) vs.
VKA and will provide additional insights with respect to the balance
between efficacy and safety for each one. Whether there are differ-
ences according to the type of OAC (NOACs vs. VKA) or stent plat-
form as well the duration of triple therapy is further discussed. These
considerations do not pertain to medically managed patients or to
patients eligible for CABG surgery in whom DAPT should be avoided
on top of OAC.

7.2 Duration of triple therapy
Cessation of aspirin after PCI while maintaining clopidogrel has been
evaluated in the What is the Optimal antiplatElet and anticoagulant

Table 4 Strategies to avoid bleeding complications in
patients treated with oral anticoagulant

ABC = Age, Biomarkers, Clinical history; CHA2DS2-VASc = Congestive heart
failure, Hypertension, Age >_75 years (doubled), Diabetes mellitus, prior Stroke
or transient ischaemic attack or thromboembolism (doubled), Vascular disease,
Age 65–74 years, Sex category; HAS-BLED = Hypertension, Abnormal renal/liver
function, Stroke, Bleeding history or predisposition, Labile INR, Elderly, Drugs/
alcohol concomitantly; NOAC = non-vitamin-K oral anticoagulant; INR = inter-
national normalized ratio; PCI = percutaneous coronary intervention; PPIs = pro-
ton pump inhibitors; VKA = vitamin K antagonist.
aApixaban 5 mg b.i.d or apixaban 2.5 mg b.i.d. if at least two of the following: age
>_80 years, body weight <_60 kg or serum creatinine level >_1.5 mg/dL (133 lmol/
L); dabigatran 110 mg b.i.d.; edoxaban 60 mg q.d. or edoxaban 30 mg q.d. if any of
the following: creatinine clearance (CrCl) of 30–50 mL/min, body weight <_60 kg,
concomitant use of verapamil or quinidine or dronedarone; rivaroxaban 20 mg
q.d. or rivaroxaban 15 mg q.d. if CrCl 30–49 mL/min.

Figure 6 Algorithm for dual antiplatelet therapy (DAPT) in
patients with acute coronary syndrome undergoing medical manage-
ment. High bleeding risk is considered as an increased risk of sponta-
neous bleeding during DAPT (e.g. PRECISE-DAPT score >_25).
Colour-coding refers to the ESC Classes of Recommendations
(green = Class I; yellow = IIa; orange = Class IIb). Treatments pre-
sented within the same line are sorted in alphabetic order, no prefer-
ential recommendation unless clearly stated otherwise.
1: if patient is not eligible for a treatment with ticagrelor

ESC Guidelines 27

Downloaded from https://academic.oup.com/eurheartj/article-abstract/doi/10.1093/eurheartj/ehx419/4095043/2017-ESC-focused-update-on-dual-antiplatelet
by guest
on 01 October 2017
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py in patients with a recent acute coronary syn-
drome. Rivaroxaban at a dose of 2.5 mg twice 
daily or 5 mg twice daily resulted in a lower rate 
of major adverse cardiovascular events than pla-
cebo, and the dose of 2.5 mg twice daily resulted 
in lower mortality,8 findings consistent with the 
COMPASS results. The mean duration of rivar-
oxaban treatment in the ATLAS ACS 2–TIMI 51 
trial was 13.3 months, whereas persons enrolled 
in the COMPASS trial who had a history of myo-
cardial infarction were enrolled a mean of 7.1 years 
after the acute event and continued to receive treat-
ment for a mean of 23 months.

The definition of major bleeding in the  
COMPASS trial was based on the ISTH defini-
tion, which includes fatal bleeding, symptomatic 
bleeding into a critical area or organ, bleeding 
causing a decrease in the hemoglobin level of 2 g 
or more per deciliter, or bleeding that led to 
transfusion of 2 or more units of whole blood or 

red cells. However, the definition used in the 
COMPASS trial, which had been adopted in re-
sponse to a request from regulators, differed from 
the ISTH definition in that it did not take into 
account whether bleeding was associated with a 
decrease in the hemoglobin level or with blood 
transfusion, and it included any bleeding that 
led to hospitalization with or without an over-
night stay, thus including events that would not 
be considered major bleeding in other trials. 
Although there was also a significant increase in 
the rate of major bleeding with rivaroxaban with 
the use of the ISTH scale, there were approxi-
mately one third fewer major bleeding events with 
this definition than with the use of the modified 
ISTH definition. Our definition of net clinical 
benefit balanced the lower risk of cardiovascular 
death, stroke, or myocardial infarction against 
the most serious bleeding events and showed a 
significant benefit of combination therapy.

Figure 1. Cumulative Incidence of the Primary Efficacy Outcome among Participants Receiving Rivaroxaban plus  
Aspirin, Rivaroxaban Alone, or Aspirin Alone.

Participants in the rivaroxaban-plus-aspirin group received 2.5 mg of rivaroxaban twice daily and 100 mg of aspirin 
once daily. Participants in the rivaroxaban-alone group received 5 mg of rivaroxaban twice daily and an aspirin-
matched placebo once daily. Participants in the aspirin-alone group received 100 mg of aspirin once daily and a  
rivaroxaban-matched placebo twice daily. The inset shows the same data on an expanded y axis.
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7.3	
  Cessa-on	
  of	
  all	
  an-platelet	
  agents	
  
Data	
  on	
  the	
  Lming	
  of	
  cessaLon	
  of	
  any	
  anLplatelet	
  agents	
  in	
  stented	
  paLents	
  
requiring	
  chronic	
  OAC	
  are	
  scarce.	
  In	
  stabilized	
  event-­‐free	
  paLents,	
  
disconLnuaLon	
  of	
  any	
  anLplatelet	
  agent	
  at	
  1 year	
  aUer	
  stenLng	
  is	
  encouraged	
  
in	
  this	
  paLent	
  populaLon	
  based	
  on	
  studies	
  demonstraLng	
  that	
  OACs	
  alone	
  are	
  
superior	
  to	
  aspirin	
  post-­‐ACS,	
  and	
  OAC	
  +	
  aspirin	
  may	
  not	
  be	
  more	
  protecLve	
  but	
  
associated	
  with	
  excess	
  bleeding.198	
  Dual	
  therapy	
  with	
  OAC	
  and	
  one	
  anLplatelet	
  
agent	
  (aspirin	
  or	
  clopidogrel)	
  may	
  be	
  considered	
  beyond	
  1 year	
  in	
  paLents	
  at	
  
very	
  high	
  risk	
  of	
  coronary	
  events	
  as	
  defined	
  in	
  Table	
  534	
  and	
  in	
  paLents	
  with	
  
mechanical	
  prosthesis	
  and	
  atheroscleroLc	
  disease.	
  



7.4	
  Type	
  of	
  an-coagulants	
  
PIONEER	
  AF-­‐PCI	
  is	
  the	
  only	
  randomized	
  study	
  
comparing	
  VKAs	
  and	
  NOACs	
  in	
  paLents	
  with	
  AF	
  
undergoing	
  PCI	
  for	
  ACS	
  or	
  for	
  stable	
  CAD	
  (i.e.	
  
paLents	
  who	
  have	
  an	
  indicaLon	
  to	
  receive	
  
DAPT).191	
  However,	
  in	
  this	
  study,	
  two	
  non-­‐
approved	
  rivaroxaban	
  regimens	
  for	
  AF	
  paLents	
  
were	
  tested	
  and	
  a	
  low	
  (i.e.	
  15 mg	
  q.d.)	
  or	
  very	
  
low	
  (i.e.	
  2.5 mg	
  b.i.d.)	
  rivaroxaban	
  dose	
  in	
  
combinaLon	
  with	
  a	
  single	
  P2Y12	
  inhibitor	
  or	
  
DAPT	
  was	
  compared	
  to	
  VKA	
  plus	
  DAPT,	
  
respecLvely.	
  The	
  study	
  was	
  underpowered	
  for	
  
ischaemic	
  endpoints.	
  Therefore,	
  no	
  conclusion	
  
can	
  be	
  made	
  on	
  the	
  advantages	
  and	
  limitaLons	
  
of	
  each	
  OAC	
  as	
  compared	
  to	
  others.	
  However,	
  
there	
  was	
  an	
  excess	
  of	
  stroke	
  events	
  in	
  the	
  2.5 
mg	
  b.i.d.	
  rivaroxaban	
  arm	
  in	
  combinaLon	
  with	
  
6-­‐month	
  DAPT	
  as	
  compared	
  to	
  VKA	
  and	
  6-­‐
month	
  DAPT	
  (6	
  vs.	
  0	
  events;	
  P	
  =	
  0.02).	
  



In	
  the	
  four	
  phase	
  III	
  NOAC	
  AF	
  trials,	
  no	
  interacLons	
  were	
  demonstrated	
  between	
  
treatment	
  effect	
  and	
  outcome	
  according	
  to	
  prior	
  coronary	
  status	
  (ACS	
  vs.	
  no	
  ACS),	
  
and	
  it	
  is	
  likely	
  that	
  the	
  benefit	
  of	
  NOAC	
  over	
  VKA	
  is	
  preserved	
  in	
  CAD	
  paLents	
  with	
  
AF.199–202	
  At	
  least,	
  this	
  was	
  the	
  case	
  among	
  paLents	
  exposed	
  to	
  anLplatelet	
  
therapy.	
  There	
  is	
  no	
  strong	
  evidence	
  for	
  choosing	
  one	
  NOAC	
  over	
  another.	
  
Dabigatran	
  is	
  the	
  only	
  NOAC	
  that	
  has	
  been	
  tested	
  in	
  a	
  phase	
  III	
  trial	
  at	
  reduced	
  
daily	
  regimen	
  (i.e.	
  110 mg	
  b.i.d.)	
  and	
  for	
  which	
  non-­‐inferiority	
  vs.	
  warfarin	
  was	
  
shown.199	
  Although	
  lower	
  doses	
  of	
  other	
  NOACs	
  (i.e.	
  apixaban	
  2.5 mg	
  b.i.d.	
  or	
  
edoxaban	
  30 mg	
  o.d.)	
  might	
  be	
  considered	
  to	
  reduce	
  bleeding	
  risk,	
  these	
  dosages	
  
have	
  been	
  evaluated	
  only	
  in	
  a	
  subset	
  of	
  paLents	
  in	
  the	
  phase	
  III	
  trials	
  based	
  on	
  
prespecified	
  dosing	
  algorithms.	
  Their	
  benefit	
  in	
  stroke	
  prevenLon	
  in	
  paLents	
  with	
  a	
  
normal	
  renal	
  funcLon	
  is	
  uncertain.	
  Three	
  ongoing	
  large-­‐scale	
  outcome	
  studies	
  are	
  
evaluaLng	
  combinaLons	
  of	
  NOACs	
  or	
  VKAs	
  with	
  anLplatelet	
  therapy	
  in	
  AF	
  paLents	
  
undergoing	
  stent-­‐PCI	
  (NCT02164864,	
  NCT02415400,	
  and	
  NCT02866175).	
  Various	
  
dose	
  regimens	
  of	
  NOAC,	
  different	
  types	
  of	
  P2Y12	
  inhibitors,	
  and	
  different	
  exposure	
  
Lmes	
  are	
  being	
  evaluated.	
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1.0%; hazard ratio, 0.30; 95% CI, 0.08 to 1.07; 
P = 0.06) and at a lower rate in the 150-mg dual-
therapy group than in the corresponding triple-
therapy group (0.1% vs. 1.0%; hazard ratio, 0.12; 
95% CI, 0.02 to 0.98; P = 0.047).

Secondary Efficacy End Points
The incidence of the composite efficacy end 
point of thromboembolic events (myocardial 
infarction, stroke, or systemic embolism), death, 
or unplanned revascularization was 13.7% in the 
two dual-therapy groups combined as compared 
with 13.4% in the triple-therapy group (hazard 
ratio, 1.04; 95% CI, 0.84 to 1.29; P = 0.005 for 
noninferiority) (Table 3). The incidence was 
15.2% in the 110-mg dual-therapy group as com-
pared with 13.4% in the triple-therapy group 
(hazard ratio, 1.13; 95% CI, 0.90 to 1.43; P = 0.30) 
and 11.8% in the 150-mg dual-therapy group as 
compared with 12.8% in the corresponding tri-
ple-therapy group (hazard ratio, 0.89; 95% CI, 
0.67 to 1.19; P = 0.44) (Fig. S3 in the Supplemen-
tary Appendix). Results of the intention-to-treat 
analysis were consistent with results of the on-
treatment analysis and with results across mul-
tiple subgroups of patients, including those who 
had an acute coronary syndrome and those who 
had received a drug-eluting stent (Table S10 and 
Fig. S5 in the Supplementary Appendix). The rate 
of the combined end point of thromboembolic 
events or death was 9.6% in the two dual-therapy 
groups combined as compared with 8.5% in the 
triple-therapy group (hazard ratio, 1.17; 95% CI, 
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Figure 2. Primary End Point and Secondary Efficacy 
End Point.

Shown is the cumulative incidence of the primary end 
point of major or clinically relevant nonmajor bleeding 
in the group that received dual therapy with dabiga-
tran at a dose of 110 mg versus the group that re-
ceived triple therapy with warfarin (Panel A) and in the 
group that received dual therapy with dabigatran at a 
dose of 150 mg versus the corresponding triple-thera-
py group (which did not include elderly patients out-
side the United States) (Panel B). Also shown is the 
incidence of a secondary efficacy end point of a com-
posite of thromboembolic events (myocardial infarc-
tion, stroke, or systemic embolism), death, or un-
planned revascularization in the two dual-therapy 
groups combined versus the triple-therapy group 
(Panel C). In Panel C, the inset shows the same data 
on an enlarged y axis.
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1.0%; hazard ratio, 0.30; 95% CI, 0.08 to 1.07; 
P = 0.06) and at a lower rate in the 150-mg dual-
therapy group than in the corresponding triple-
therapy group (0.1% vs. 1.0%; hazard ratio, 0.12; 
95% CI, 0.02 to 0.98; P = 0.047).

Secondary Efficacy End Points
The incidence of the composite efficacy end 
point of thromboembolic events (myocardial 
infarction, stroke, or systemic embolism), death, 
or unplanned revascularization was 13.7% in the 
two dual-therapy groups combined as compared 
with 13.4% in the triple-therapy group (hazard 
ratio, 1.04; 95% CI, 0.84 to 1.29; P = 0.005 for 
noninferiority) (Table 3). The incidence was 
15.2% in the 110-mg dual-therapy group as com-
pared with 13.4% in the triple-therapy group 
(hazard ratio, 1.13; 95% CI, 0.90 to 1.43; P = 0.30) 
and 11.8% in the 150-mg dual-therapy group as 
compared with 12.8% in the corresponding tri-
ple-therapy group (hazard ratio, 0.89; 95% CI, 
0.67 to 1.19; P = 0.44) (Fig. S3 in the Supplemen-
tary Appendix). Results of the intention-to-treat 
analysis were consistent with results of the on-
treatment analysis and with results across mul-
tiple subgroups of patients, including those who 
had an acute coronary syndrome and those who 
had received a drug-eluting stent (Table S10 and 
Fig. S5 in the Supplementary Appendix). The rate 
of the combined end point of thromboembolic 
events or death was 9.6% in the two dual-therapy 
groups combined as compared with 8.5% in the 
triple-therapy group (hazard ratio, 1.17; 95% CI, 
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Figure 2. Primary End Point and Secondary Efficacy 
End Point.

Shown is the cumulative incidence of the primary end 
point of major or clinically relevant nonmajor bleeding 
in the group that received dual therapy with dabiga-
tran at a dose of 110 mg versus the group that re-
ceived triple therapy with warfarin (Panel A) and in the 
group that received dual therapy with dabigatran at a 
dose of 150 mg versus the corresponding triple-thera-
py group (which did not include elderly patients out-
side the United States) (Panel B). Also shown is the 
incidence of a secondary efficacy end point of a com-
posite of thromboembolic events (myocardial infarc-
tion, stroke, or systemic embolism), death, or un-
planned revascularization in the two dual-therapy 
groups combined versus the triple-therapy group 
(Panel C). In Panel C, the inset shows the same data 
on an enlarged y axis.
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modified intention-to-treat analysis (Table S8 in 
the Supplementary Appendix).

Both groups receiving rivaroxaban had signifi-
cantly lower rates of bleeding requiring medical 

attention than did the group receiving standard 
therapy, across all strata of DAPT durations 
(hazard ratio for group 1 vs. group 3, 0.61; 95% CI, 
0.47 to 0.80; P<0.001; hazard ratio for group 2 vs. 
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1.0%; hazard ratio, 0.30; 95% CI, 0.08 to 1.07; 
P = 0.06) and at a lower rate in the 150-mg dual-
therapy group than in the corresponding triple-
therapy group (0.1% vs. 1.0%; hazard ratio, 0.12; 
95% CI, 0.02 to 0.98; P = 0.047).

Secondary Efficacy End Points
The incidence of the composite efficacy end 
point of thromboembolic events (myocardial 
infarction, stroke, or systemic embolism), death, 
or unplanned revascularization was 13.7% in the 
two dual-therapy groups combined as compared 
with 13.4% in the triple-therapy group (hazard 
ratio, 1.04; 95% CI, 0.84 to 1.29; P = 0.005 for 
noninferiority) (Table 3). The incidence was 
15.2% in the 110-mg dual-therapy group as com-
pared with 13.4% in the triple-therapy group 
(hazard ratio, 1.13; 95% CI, 0.90 to 1.43; P = 0.30) 
and 11.8% in the 150-mg dual-therapy group as 
compared with 12.8% in the corresponding tri-
ple-therapy group (hazard ratio, 0.89; 95% CI, 
0.67 to 1.19; P = 0.44) (Fig. S3 in the Supplemen-
tary Appendix). Results of the intention-to-treat 
analysis were consistent with results of the on-
treatment analysis and with results across mul-
tiple subgroups of patients, including those who 
had an acute coronary syndrome and those who 
had received a drug-eluting stent (Table S10 and 
Fig. S5 in the Supplementary Appendix). The rate 
of the combined end point of thromboembolic 
events or death was 9.6% in the two dual-therapy 
groups combined as compared with 8.5% in the 
triple-therapy group (hazard ratio, 1.17; 95% CI, 
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Figure 2. Primary End Point and Secondary Efficacy 
End Point.

Shown is the cumulative incidence of the primary end 
point of major or clinically relevant nonmajor bleeding 
in the group that received dual therapy with dabiga-
tran at a dose of 110 mg versus the group that re-
ceived triple therapy with warfarin (Panel A) and in the 
group that received dual therapy with dabigatran at a 
dose of 150 mg versus the corresponding triple-thera-
py group (which did not include elderly patients out-
side the United States) (Panel B). Also shown is the 
incidence of a secondary efficacy end point of a com-
posite of thromboembolic events (myocardial infarc-
tion, stroke, or systemic embolism), death, or un-
planned revascularization in the two dual-therapy 
groups combined versus the triple-therapy group 
(Panel C). In Panel C, the inset shows the same data 
on an enlarged y axis.
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modified intention-to-treat analysis (Table S8 in 
the Supplementary Appendix).

Both groups receiving rivaroxaban had signifi-
cantly lower rates of bleeding requiring medical 

attention than did the group receiving standard 
therapy, across all strata of DAPT durations 
(hazard ratio for group 1 vs. group 3, 0.61; 95% CI, 
0.47 to 0.80; P<0.001; hazard ratio for group 2 vs. 
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1.0%; hazard ratio, 0.30; 95% CI, 0.08 to 1.07; 
P = 0.06) and at a lower rate in the 150-mg dual-
therapy group than in the corresponding triple-
therapy group (0.1% vs. 1.0%; hazard ratio, 0.12; 
95% CI, 0.02 to 0.98; P = 0.047).

Secondary Efficacy End Points
The incidence of the composite efficacy end 
point of thromboembolic events (myocardial 
infarction, stroke, or systemic embolism), death, 
or unplanned revascularization was 13.7% in the 
two dual-therapy groups combined as compared 
with 13.4% in the triple-therapy group (hazard 
ratio, 1.04; 95% CI, 0.84 to 1.29; P = 0.005 for 
noninferiority) (Table 3). The incidence was 
15.2% in the 110-mg dual-therapy group as com-
pared with 13.4% in the triple-therapy group 
(hazard ratio, 1.13; 95% CI, 0.90 to 1.43; P = 0.30) 
and 11.8% in the 150-mg dual-therapy group as 
compared with 12.8% in the corresponding tri-
ple-therapy group (hazard ratio, 0.89; 95% CI, 
0.67 to 1.19; P = 0.44) (Fig. S3 in the Supplemen-
tary Appendix). Results of the intention-to-treat 
analysis were consistent with results of the on-
treatment analysis and with results across mul-
tiple subgroups of patients, including those who 
had an acute coronary syndrome and those who 
had received a drug-eluting stent (Table S10 and 
Fig. S5 in the Supplementary Appendix). The rate 
of the combined end point of thromboembolic 
events or death was 9.6% in the two dual-therapy 
groups combined as compared with 8.5% in the 
triple-therapy group (hazard ratio, 1.17; 95% CI, 
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Figure 2. Primary End Point and Secondary Efficacy 
End Point.

Shown is the cumulative incidence of the primary end 
point of major or clinically relevant nonmajor bleeding 
in the group that received dual therapy with dabiga-
tran at a dose of 110 mg versus the group that re-
ceived triple therapy with warfarin (Panel A) and in the 
group that received dual therapy with dabigatran at a 
dose of 150 mg versus the corresponding triple-thera-
py group (which did not include elderly patients out-
side the United States) (Panel B). Also shown is the 
incidence of a secondary efficacy end point of a com-
posite of thromboembolic events (myocardial infarc-
tion, stroke, or systemic embolism), death, or un-
planned revascularization in the two dual-therapy 
groups combined versus the triple-therapy group 
(Panel C). In Panel C, the inset shows the same data 
on an enlarged y axis.
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modified intention-to-treat analysis (Table S8 in 
the Supplementary Appendix).

Both groups receiving rivaroxaban had signifi-
cantly lower rates of bleeding requiring medical 

attention than did the group receiving standard 
therapy, across all strata of DAPT durations 
(hazard ratio for group 1 vs. group 3, 0.61; 95% CI, 
0.47 to 0.80; P<0.001; hazard ratio for group 2 vs. 
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Cohort and End Point Group 1 Group 2 Group 3 Group 1 vs. Group 3 Group 2 vs. Group 3

No. of Participants with Events  
(Kaplan–Meier Event Rate)

Hazard Ratio 
(95% CI) P Value

Hazard Ratio 
 (95% CI) P Value

All participants — no. 694 704 695

Major adverse cardiovascular event 41 (6.5) 36 (5.6) 36 (6.0) 1.08 (0.69–1.68) 0.75 0.93 (0.59–1.48) 0.76

Death from cardiovascular causes 15 (2.4) 14 (2.2) 11 (1.9) 1.29 (0.59–2.80) 0.52 1.19 (0.54–2.62) 0.66

Myocardial infarction 19 (3.0) 17 (2.7) 21 (3.5) 0.86 (0.46–1.59) 0.62 0.75 (0.40–1.42) 0.37

Stroke  8 (1.3) 10 (1.5)  7 (1.2) 1.07 (0.39–2.96) 0.89 1.36 (0.52–3.58) 0.53

Stent thrombosis  5 (0.8)  6 (0.9)  4 (0.7) 1.20 (0.32–4.45) 0.79 1.44 (0.40–5.09) 0.57

Major adverse cardiovascular event or 
stent thrombosis

41 (6.5) 36 (5.6) 36 (6.0) 1.08 (0.69–1.68) 0.75 0.93 (0.59–1.48) 0.76

Participants assigned to DAPT for 1 mo — no. 108 112

Major adverse cardiovascular event 6 (5.8) 5 (5.2) 1.17 (0.36–3.84) 0.79

Death from cardiovascular causes 2 (2.1) 2 (2.2) 0.96 (0.13–6.80) 0.97

Myocardial infarction 3 (2.9) 1 (1.1)  2.93 (0.30–28.16) 0.33

Stroke 2 (1.9) 3 (3.1) 0.65 (0.11–3.91) 0.64

Stent thrombosis 2 (1.9) 1 (1.1)  1.97 (0.18–21.74) 0.57

Major adverse cardiovascular event or 
stent thrombosis

6 (5.9) 5 (5.2) 1.17 (0.36–3.84) 0.79

Participants assigned to DAPT for 6 mo — no. 248 243

Major adverse cardiovascular event 16 (7.0)  9 (4.3) 1.72 (0.76–3.88) 0.19

Death from cardiovascular causes  6 (2.8)  4 (1.9) 1.45 (0.41–5.12) 0.57

Myocardial infarction  7 (3.0)  6 (2.9) 1.13 (0.38–3.37) 0.82

Stroke  6 (2.7)  0 0.02

Stent thrombosis  4 (1.7)  1 (0.4)  3.91 (0.44–35.02) 0.19

Major adverse cardiovascular event or 
stent thrombosis

16 (7.0)  9 (4.3) 1.72 (0.76–3.40) 0.19

Participants assigned to DAPT for 12 mo — no. 348 340

Major adverse cardiovascular event 14 (4.5) 22 (7.4) 0.57 (0.29–1.11) 0.10

Death from cardiovascular causes  6 (1.9)  5 (1.7) 1.08 (0.33–3.55) 0.89

Myocardial infarction  7 (2.3) 14 (4.8) 0.44 (0.18–1.10) 0.07

Stroke  2 (0.6)  4 (1.3) 0.46 (0.08–2.51) 0.36

Stent thrombosis  0  2 (0.8) 0.10

Major adverse cardiovascular event or 
stent thrombosis

14 (4.5) 22 (7.4) 0.57 (0.29–1.11) 0.10

*  Data are for all participants who underwent randomization and received at least one dose of the trial regimen during the treatment period; 
six participants from one site (two in each group) were excluded from all secondary efficacy analyses because of violations of Good Clinical 
Practice guidelines. Participants in group 1 were assigned to receive low-dose rivaroxaban (15 mg once daily) plus a P2Y12 inhibitor for 12 
months, those in group 2 were assigned to receive very-low-dose rivaroxaban (2.5 mg twice daily) plus DAPT for 1, 6, or 12 months, and 
those in group 3 were assigned to receive standard therapy with a dose-adjusted vitamin K antagonist (once daily) plus DAPT for 1, 6, or 12 
months. The end point of a major adverse cardiovascular event was a composite of death from cardiovascular causes, myocardial infarction, 
or stroke. Only one event for each participant could be included in the analysis of the composite end point and in the analyses of each com-
ponent of the composite end point. If a participant had more than one type of event, the first event that occurred is the event that was included 
in the analysis of the composite end point, but the first occurrence of each type of event was included in the analyses for each component 
of the composite end point. Cumulative event rates were estimated with the use of the Kaplan–Meier method, hazard ratios and 95% con-
fidence intervals were calculated with the use of the Cox proportional-hazards model, and P values were calculated with the use of the two-
sided log-rank test.

Table 3. Cumulative Incidence of Secondary Efficacy End Points, with Stratification According to Intended Duration of DAPT.*
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Variable
Drug-Coated Stent 

(N = 1221)
Bare-Metal Stent 

(N = 1211)

Baseline characteristics

Age — yr 75.7±9.4 75.7±9.3

Female sex — no. (%) 364 (29.8) 374 (30.9)

Body-mass index† 27.5±4.8 27.2±4.6

Diabetes — no./total no. (%) 414/1217 (34.0) 391/1210 (32.3)

Hypertension — no./total no. (%) 952/1219 (78.1) 961/1208 (79.6)

Hypercholesterolemia — no./total no. (%) 742/1197 (62.0) 746/1189 (62.7)

STEMI — no. (%) 57 (4.7) 48 (4.0)

NSTEMI — no. (%) 273 (22.4) 281 (23.2)

Unstable angina — no. (%) 177 (14.5) 193 (15.9)

Stable CAD — no. (%) 714 (58.5) 689 (56.9)

Multivessel disease — no./total no. (%) 755/1201 (62.9) 738/1198 (61.6)

Previous myocardial infarction — no./total no. (%) 237/1211 (19.6) 258/1203 (21.4)

Previous PCI — no./total no. (%) 270/1215 (22.2) 265/1208 (21.9)

Previous CABG — no./total no. (%) 115/1217 (9.4) 122/1209 (10.1)

Congestive heart failure — no./total no. (%) 175/1212 (14.4) 150/1211 (12.4)

Atrial fibrillation — no./total no. (%) 424/1215 (34.9) 418/1209 (34.6)

Previous stroke — no./total no. (%) 132/1212 (10.9) 110/1208 (9.1)

Peripheral vascular disease — no./total no. (%) 190/1208 (15.7) 190/1201 (15.8)

Chronic obstructive lung disease — no./total no. (%) 131/1207 (10.9) 141/1202 (11.7)

CRUSADE score‡ 34.1±0.4 34.6±0.4

Inclusion criteria — no. (%)§

Age ≥75 yr 788 (64.5) 776 (64.1)

Oral anticoagulation planned to continue after PCI 448 (36.7) 431 (35.6)

Hemoglobin <11 g/liter or transfusion within 4 wk before random-
ization

185 (15.2) 194 (16.0)

Platelet count <100,000/mm3 20 (1.6) 18 (1.5)

Hospital admission for bleeding in previous 12 mo 46 (3.8) 33 (2.7)

Stroke in previous 12 mo 15 (1.2) 24 (2.0)

Previous intracerebral hemorrhage 14 (1.1) 19 (1.6)

Severe chronic liver disease 11 (0.9) 10 (0.8)

Creatinine clearance <40 ml/min 219 (17.9) 245 (20.2)

Cancer in previous 3 yr¶ 119 (9.7) 120 (9.9)

Planned major surgery in next 12 mo 187 (15.3) 211 (17.4)

Glucocorticoids or NSAID planned for >30 days after PCI 38 (3.1) 34 (2.8)

Expected nonadherence to >30 days of dual antiplatelet therapy 41 (3.4) 47 (3.9)

*  Plus–minus values are means ±SD. There were no significant differences (P<0.05) between the two groups in any of 
the baseline characteristics. CABG denotes coronary-artery bypass grafting, CAD coronary artery disease, NSAID non-
steroidal antiinflammatory drug, NSTEMI non–ST-segment elevation myocardial infarction, PCI percutaneous coronary 
intervention, and STEMI ST-segment elevation myocardial infarction.

†  The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡  Scores on the CRUSADE (Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes with 

Early Implementation of the American College of Cardiology/American Heart Association Guidelines) bleeding risk 
scale8 range from 1 to 100, with higher scores indicating a higher risk of major bleeding.

§  These criteria were not mutually exclusive.
¶  Cancer excluded skin cancer.

Table 1. Baseline Patient Characteristics and Inclusion Criteria.*
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py in patients with a recent acute coronary syn-
drome. Rivaroxaban at a dose of 2.5 mg twice 
daily or 5 mg twice daily resulted in a lower rate 
of major adverse cardiovascular events than pla-
cebo, and the dose of 2.5 mg twice daily resulted 
in lower mortality,8 findings consistent with the 
COMPASS results. The mean duration of rivar-
oxaban treatment in the ATLAS ACS 2–TIMI 51 
trial was 13.3 months, whereas persons enrolled 
in the COMPASS trial who had a history of myo-
cardial infarction were enrolled a mean of 7.1 years 
after the acute event and continued to receive treat-
ment for a mean of 23 months.

The definition of major bleeding in the  
COMPASS trial was based on the ISTH defini-
tion, which includes fatal bleeding, symptomatic 
bleeding into a critical area or organ, bleeding 
causing a decrease in the hemoglobin level of 2 g 
or more per deciliter, or bleeding that led to 
transfusion of 2 or more units of whole blood or 

red cells. However, the definition used in the 
COMPASS trial, which had been adopted in re-
sponse to a request from regulators, differed from 
the ISTH definition in that it did not take into 
account whether bleeding was associated with a 
decrease in the hemoglobin level or with blood 
transfusion, and it included any bleeding that 
led to hospitalization with or without an over-
night stay, thus including events that would not 
be considered major bleeding in other trials. 
Although there was also a significant increase in 
the rate of major bleeding with rivaroxaban with 
the use of the ISTH scale, there were approxi-
mately one third fewer major bleeding events with 
this definition than with the use of the modified 
ISTH definition. Our definition of net clinical 
benefit balanced the lower risk of cardiovascular 
death, stroke, or myocardial infarction against 
the most serious bleeding events and showed a 
significant benefit of combination therapy.

Figure 1. Cumulative Incidence of the Primary Efficacy Outcome among Participants Receiving Rivaroxaban plus  
Aspirin, Rivaroxaban Alone, or Aspirin Alone.

Participants in the rivaroxaban-plus-aspirin group received 2.5 mg of rivaroxaban twice daily and 100 mg of aspirin 
once daily. Participants in the rivaroxaban-alone group received 5 mg of rivaroxaban twice daily and an aspirin-
matched placebo once daily. Participants in the aspirin-alone group received 100 mg of aspirin once daily and a  
rivaroxaban-matched placebo twice daily. The inset shows the same data on an expanded y axis.
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