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Introduction

Dual antiplatelet therapy (DAPT) of aspirin and
clopidogrel has long been the standard antithrombotic
therapy following an acute coronary syndrome
(ACs).1,2 While being significantly more effective
than aspirin alone,3 such treatment is associated with
a substantial absolute incidence of major adverse
events, including death, myocardial infarction, or

stroke at 12-month follow up. For example, in the as-
pirin and clopidogrel arm of the Platelet Inhibition and
Patient Outcomes (PLATO) study4 including patients
with either non-sT-elevation and sT-elevation ACs
who were treated according to best contemporary
practice (i.e. aspirin in 94% of cases, clopidogrel in
100%, beta-blockers in 89%, statins in 89%, par-
enteral anticoagulation in 100%, glycoprotein IIb/IIIa
inhibitors in 26%, and percutaneous coronary inter-
vention in 61%), the 12-month incidence of death, my-
ocardial infarction and stroke was 12.3%, 5.9%, 6.9%,
and 1.3%, respectively.

Whereas such a finding may be, at least partially,
attributed to the persistent high on-treatment platelet
reactivity (so-called resistance) which has been shown
to affect up to 30% of patients treated with clopido-
grel, therefore impairing its antiplatelet effect,5 the
persistent activation of coagulation mechanisms which
has been reported for ACs6 may also play a role. In-
deed, the combination of aspirin and the oral antico-
agulation warfarin after ACs has been shown to have
a greater effect than aspirin alone on the occurrence
of myocardial infarction and stroke.7 This comes,
however, at the cost of an approximately 2.5-fold
higher incidence of major bleeding.7 Because of this,
and of the several limitations of warfarin therapy (e.g.
non-linear dose-response relationship, drug and food
interactions, need for routine laboratory monitoring),
the combination of aspirin and warfarin as antithrom-
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botic therapy after an ACs has never gained much
popularity. 

The recent development of newer, non-vitamin K-
antagonists, direct oral anticoagulants (NOAC), includ-
ing the thrombin inhibitor dabigatran and the factor Xa
inhibitors apixaban and rivaroxaban, which show more
favorable pharmacokinetic and pharmacodynamic pro-
files allowing for fixed-dose administration with no
need for routine laboratory monitoring, have renewed
the interest in the combination of aspirin and oral anti-
coagulants as antithrombotic therapy after an ACs.

Phase II trials

In the Dose Finding study for Dabigatran Etexilate
in Patients with Acute Coronary syndrome (RE-DEEM)
trial,8 1861 patients with a recent myocardial infarction
receiving DAPT with aspirin and clopidogrel were ran-
domized to placebo or dabigatran at the doses of 50, 75,
110, and 150 mg twice daily (Table 1). After six months
of treatment, there was a dose-dependent 2- to 4-fold
increase in major or clinically relevant non-major
bleeding, as well as a significant reduction in coagula-
tion activity as measured by D-dimer concentration. Ev-
idence of efficacy of dabigatran was less evident, but
the study was not powered to determine a difference in
the incidence of ischemic events.

In the Apixaban for Prevention of Acute Ischemic
safety Events (APPRAIsE) trial,9 1715 patients with
a recent ACs were randomized to six months of one
of the following apixaban doses: 2.5 mg twice daily,
10 mg once daily, 10 mg twice daily or 20 mg once
daily, or placebo (Table 1). Nearly all patients received
aspirin and 76% received clopidogrel. The primary
outcome was major or clinically relevant non-major
bleeding, and the secondary end point was cardiovas-
cular death, myocardial infarction, severe recurrent is-

chemia or ischemic stroke. The two higher-dose arms
of apixaban were discontinued early due to increased
bleeding events. In the remaining treatment arms, a
dose-dependent increase in bleeding in addition to a
trend toward fewer ischemic events was found at six
months with apixaban compared to placebo. safety
and efficacy outcomes varied depending on the an-
tiplatelet regimen: in those taking DAPT, the risk of
bleeding was more pronounced and the reduction of
ischemic events was less apparent than in those taking
only aspirin.

The Anti-Xa Therapy to Lower Cardiovascular
Events in Addition to standard Therapy in subjects
with Acute Coronary syndrome-Thrombolysis in My-
ocardial Infarction 46 trial10 enrolled 3491 patients
with a recent ACs and assigned them to six months of
one of the following daily doses of rivaroxaban: 5 mg,
10 mg, 15 mg, 20 mg or placebo (Table 1). These total
daily doses were given either once daily or divided
into twice-daily regimens. Furthermore, patients were
divided into two groups on the basis of planned single
antiplatelet therapy or DAPT. Approximately 78% of
patients received DAPT, whereas the remaining re-
ceived aspirin alone. The primary safety outcome was
clinically significant major bleeding, minor bleeding
or bleeding requiring medical attention. The primary
efficacy end point was a composite of death, myocar-
dial infarction stroke or severe recurrent ischemia re-
quiring revascularization. At six months, rivaroxaban
resulted in a dose-dependent increased risk of clini-
cally significant bleeding both in patients receiving as-
pirin alone and, even more so, in patients receiving
DAPT. In addition, both patients receiving once and
twice-daily dosing had a dose-dependent increased
risk of bleeding. Compared with placebo, rivaroxaban
was associated with a trend toward fewer ischemic
outcomes, as well as a nominally significant reduction
in death, myocardial infarction and stroke. 

Table 1. Phase II clinical trials with NOAC.

Dabigatran etexilate Apixaban Rivaroxaban

Acronym RE-DEEM8 APPRAIsE9 ATLAs ACs-TIMI 4610

n 1861 1715 3491

sTEMI/NsTEMI, % 60/40 61-67/33-39 52/48

DAPT, % 99 76 100

Duration of therapy, months 6 6 6

Dosage 50-150 mg BID 10-20 mg OD/2.5-10 mg BID 5-20 mg OD

safety outcome, HR (95% CI) 50 mg: 1.82 (0.77-4.29) 2.5 mg BID: 1.78 (0.91-3.48) 5 mg: 2.17 (0.91-5.18)
75 mg: 2.44 (1.05-5.65) 10 mg BID: 2.45 (1.31-4.61) 10 mg: 3.34 (2.15-5.19)
110 mg: 3.36 (1.60-7.91) 10 mg BID and 20 mg OD: 15 mg: 3.41 (1.97-5.89)
150 mg: 3.88 (1.73-8.74) Terminated prematurely because of bleeding 20 mg: 4.56 (2.83-7.33)

sTEMI, sT-elevation myocardial infarction; NsTEMI, non-sT-elevation myocardial infarction; DAPT, dual antiplatelet therapy; HR, hazard ratio; CI, confidence intervals; BID,
twice daily; OD, once daily.
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Owing to the promising results observed in the
APPRAIsE9 and ATLAs-ACs 4610 trials regarding the
ischemic outcomes, suggesting that combination of
apixaban or rivaroxaban with DAPT may have in-
creased efficacy, phase III trials were designed.

Phase III trials

The Apixaban for Prevention of Acute Ischemic
Events 2 (APPRAIsE-2) trial11 is a double-blind,
placebo-controlled trial comparing to placebo apixa-
ban 5 mg twice daily in addition to DAPT in patients
with a recent acute coronary syndrome (i.e. myocar-
dial infarction with sT-elevation or non-sT-elevation,
or unstable angina). Eligible patients were also re-
quired to have two or more of the following high-risk
characteristics: age 65 years or over, diabetes mellitus,
myocardial infarction within previous five years, cere-
brovascular disease, peripheral vascular disease, clin-
ical heart failure or left ventricular ejection fraction
more than 40% at the index event, impaired renal
function (i.e. creatinine clearance <60 mL/min) and
no revascularization after the index event. The primary
efficacy outcome was the composite of cardiovascular
death, myocardial infarction, or ischemic stroke. The
primary safety outcome was major bleeding, accord-
ing to the Thrombolysis In Myocardial Infarction
(TIMI) classification.12 The study was prematurely ter-
minated at a median follow up of eight months due to
an increase in bleeding events with apixaban without
a meaningful reduction in ischemic events after 7392
patients were enrolled (approximately 70% of the
planned population) (Table 2). Interestingly, also the
incidences of intracranial (12 vs 3) and fatal (5 vs 0)
bleeding were higher with apixaban. 

The Anti-Xa Therapy to Lower Cardiovascular
Events in Addition to standard Therapy in subjects
with Acute Coronary syndrome-Thrombolysis In
Myocardial Infarction (ATLAs ACs 2-TIMI 51)

trial13 is a double-blind, placebo-controlled trial
comparing placebo with rivaroxaban 2.5 and 5 mg
twice daily in addition to DAPT in patients with a
recent ACs (i.e. sT-elevation or non-sT-elevation
myocardial infarction, or unstable angina). Patients
were not required to have additional risk factors for
recurrent ischemic events, and patients with previ-
ous gastrointestinal bleeding, intracranial hemor-
rhage or ischemic stroke or transient ischemic attack
were excluded. The primary efficacy end point was
a composite of cardiovascular death, myocardial in-
farction, or stroke. The primary safety end point was
TIMI major bleeding not related to coronary artery
bypass grafting. Testing was pre-specified to occur
between the combined-dose (i.e. 2.5 and 5 mg twice
daily) group for rivaroxaban and placebo. If this
comparison significantly favored rivaroxaban, then
each of the two doses of rivaroxaban was simulta-
neously compared with placebo. A total of 15,526
patients were enrolled and followed-up for a mean
of 13 months. Rivaroxaban significantly reduced the
primary end point of cardiovascular death, myocar-
dial infarction, or stroke, as a result of a significant re-
duction in cardiovascular death and myocardial
infarction, but not of stroke (Table 3). In the analysis of
the two doses of rivaroxaban, each of the doses reduced
the primary efficacy end point (Table 4). The 2.5 mg
twice-daily dose of rivaroxaban reduced the risk of
death from cardiovascular causes and the risk of
death from any cause. The 5 mg twice-daily dose re-
duced the risk of myocardial infarction. The risk of
stent thrombosis was significantly reduced by com-
bined-dose rivaroxaban as well as by each dose of
the drug. Rivaroxaban significantly increased the
rate of TIMI major bleeding, as well as of minor
bleeding, bleeding requiring medical attention, and
intracranial bleeding (Table 3). There was no signif-
icant difference in the rates of fatal bleeding associ-
ated with rivaroxaban compared to placebo
(Table 3). 

Table 2. Efficacy and safety outcomes in APPRAISE-2 trial.11

Apixaban (%) Placebo (%) HR (95% CI) P

Primary efficacy end point (CV death, MI, ischemic stroke) 7.5 7.9 0.95 (0.80-1.11) 0.51
CV death 7.1 6.6 1.08 (0.86-1.35) 0.51
MI 8.6 9.2 0.96 (0.73-1.25) 0.76
Ischemic stroke 1.1 1.6 0.68 (0.40-1.15) 0.14
stent thrombosis 1.6 2.2 0.73 (0.47-1.12) 0.15

Primary safety end point (TIMI major bleeding) 2.4 0.9 2.59 (1.40-4.46) 0.001
TIMI major or minor bleeding 4.2 1.5 2.79 (1.83-4.27) <0.001
Fatal bleeding 0.3 0 NA NA
Intracranial bleeding 0.6 0.2 4.06 (1.15-14.38) 0.03

Net clinical outcome (CV death, MI, stroke, fatal bleeding) 14.0 14.3 0.98 (0.83-1.15) 0.80

CI, confidence intervals; CV, cardiovascular; MI, myocardial infarction; NA, not available.
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Critical considerations

similar to phase II trials,8-10 phase III trials AP-
PRAIsE-211 and ATLAs ACs 2-TIMI 5113 have both
demonstrated a dose-dependent increase in bleeding
with the addition of an anticoagulant (i.e. factor Xa in-
hibitors apixaban or rivaroxaban) to DAPT. Only ri-
varoxaban in the ATLAs ACs 2-TIMI 51 trial13 was
found to have a benefit on ischemic events, and per-
haps a greater benefit at the lower dose. APPRAIsE-
211 was stopped early for safety concerns. some
uncertainties, therefore, remain regarding the efficacy
of apixaban. Whereas both the APPRAIsE-211 and the
ATLAs ACs 2-TIMI 5113 trials studied direct factor
Xa inhibitors in patients with recent ACs, two major
differences between the studies are apparent, thereby
possibly explaining the lack of consistency in efficacy
outcomes (Table 5).

The patient population in APPRAIsE-2 trial11 was
particularly high-risk for recurrent ischemic events, as
shown by the additional criteria (i.e. age ≥ 65 years,
diabetes mellitus, myocardial infarction within previ-
ous 5 years, cerebrovascular disease, peripheral vas-
cular disease, clinical heart failure or left ventricular
ejection fraction >40% at the index event, impaired
renal function, and no revascularization after the index
event) required to patients to be eligible for the study.
This was not the case for the ATLAs ACs 2-TIMI 51
population,13 in which additional exclusion criteria
were previous intracranial hemorrhage, previous is-
chemic stroke or transient ischemic attack. However,
it is not obvious why this would have impacted the ob-
served difference in efficacy since higher-risk patients
typically have similar relative and thus greater ab-
solute benefit from effective antithrombotic therapies.
On the other hand, higher rates of bleeding may lead
to subsequent thrombotic events, particularly if an-
tithrombotic drugs are stopped in response to bleed-
ing. There was no evidence of more benefit in the
lower-risk patients in the ATLAs ACs 2-TIMI 51
trial.13 Ultimately, understanding the patient popula-

tion who will obtain the most favorable risk/benefit
profile from the addition of an anticoagulant to an-
tiplatelet therapy after an ACs will require further in-
vestigation.

In addition to differences in patient populations,
the APPRAIsE-211 and ATLAs ACs 2-TIMI 5113 tri-
als also investigated different anticoagulant doses. In
the APPRAIsE-2 trial,11 apixaban was given at the
same dose of 5 mg twice-daily used in atrial fibrilla-
tion,14 whereas in the ATLAs ACs 2-TIMI 51 trial,13

the doses were 2.5 or 5 mg twice daily, which corre-
spond to one-fourth and one-half, respectively, of the
dose tested in atrial fibrillation.15 Whereas a lower
dose of anticoagulant resulting in less bleeding makes
sense, the observed increases in bleeding with apixa-
ban in the APPRAIsE-2 trial11 and rivaroxaban in the
ATLAs ACs 2-TIMI 51 trial13 were similar. On the
other hand, the observed better efficacy with a lower
dose of an anticoagulant within the ATLAs ACs 2-
TIMI 5113 or between the ATLAs ACs 2-TIMI 5113

and APPRAIsE-211 trials is counterintuitive. Lower
doses of an oral anticoagulant may have a more favor-
able risk/benefit profile, but full understanding of the
ideal dosing regimen for these agents will require fur-
ther study.

Interestingly, in the ATLAs ACs 2-TIMI 51 trial,13

rivaroxaban at any dose was highly effective in pre-
venting stent thrombosis, therefore making a point for
combined treatment of rivaroxaban, aspirin, and clopi-
dogrel in patients at risk for such a rare but highly un-
favorable complication.

As regards the course of major and extracranial
bleedings in the APPRAIsE-211 and ATLAs ACs 2-
TIMI 5113 trials, it is interesting to note that they oc-
curred throughout the whole treatment period in both
trials. The gain in ischemic events in the ATLAs ACs
2-TIMI 51 study13 was, on the other hand, greater later
rather than earlier during follow up, therefore reducing
the value of opting for short-term anticoagulant treat-
ment to avoid the accrual of major bleeding events in
the long term. Therefore, the unavoidable excess in

Table 3. Efficacy and safety outcomes in ATLAS ACS 2-TIMI 51 trial.12

Rivaroxaban (%) Placebo (%) HR (95% CI) P

Primary efficacy outcome (CV death, MI, stroke) 8.9 10.7 0.84 (0.74-0.96) 0.002
CV death 3.3 4.1 0.80 (0.65-0.99) 0.05
MI 5.5 6.6 0.85 (0.72-1.00) 0.01
stroke 1.6 1.2 1.24 (0.86-1.78) 0.19
stent thrombosis 2.3 2.9 0.69 (0.61-0.93) 0.008

Primary safety outcome (TIMI major bleeding non-CABG-related) 2.1 0.6 3.96 (2.46-6.38) <0.001
TIMI minor bleeding 1.3 0.5 2.07 (1.27-3.37) 0.003
TIMI bleeding requiring medical attention 14.5 7.5 2.09 (1.83-2.38) <0.001
Intracranial bleeding 0.6 0.2 3.28 (1.28-8.42) 0.00
Fatal bleeding 0.3 0.2 1.19 (0.54-2.59) 0.66

CV, cardiovascular; MI, myocardial infarction; CABG, coronary-artery bypass grafting.
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major and extracranial bleeding is a major concern
when the combination of oral inhibitors of factor Xa
such as apixaban and rivaroxaban with DAPT is con-
sidered in patients with an ACs.

A further consideration is that clopidogrel, which
has been used for DAPT both in the APPRAIsE-211

and in the ATLAs ACs 2-TIMI 5113 trials, is no longer
recommended as the P2Y12–receptor inhibitor to be
associated with aspirin after an ACs. Based on the re-
sults of the Trial to Assess Improvement in Therapeu-
tic Outcomes by Optimizing Platelet Inhibition with
Prasugrel-Thrombolysis In Myocardial Infarction 38
(TRITON-TIMI) 3816 and PLATO4 trials, in which the
addition to aspirin of the newer P2Y12–receptor in-
hibitors prasugrel and ticagrelor, respectively, in pa-
tients with an ACs proved significantly more effective

than clopidogrel, the most recent European society of
Cardiology guidelines for the treatment of both sT-el-
evation17 and non-sT-elevation ACs18 recommend that
either one of these newer antiplatelet agents should be
added to aspirin, and clopidogrel should be reserved
only for those patients who for some reason cannot
take prasugrel or ticagrelor. The question that arises
is, therefore, whether combined therapy with rivarox-
aban 2.5 mg twice daily, aspirin, and clopidogrel may
be preferable to the more convenient DAPT with as-
pirin and a newer P2Y12–receptor inhibitor. While ac-
knowledging that indirect comparisons are not
methodologically accurate, it is apparent that there are
many similarities between the patient population en-
rolled in the PLATO4 trial and in the ATLAs ACs 2-
TIMI 5113 trial: mean age was 62 years in both,

Table 4. Efficacy and safety outcomes in ATLAS ACS 2-TIMI 51 trial according to rivaroxaban dose.12

Rivaroxaban Rivaroxaban Placebo HR (95% CI) P HR (95% CI) P
2.5 twice 5 mg twic (%) 2.5 mg twice 5 mg twice
daily (%) e daily (%) daily daily

Primary efficacy outcome (CV death, MI, stroke) 9.1 8.8 10.7 0.84 (0.72-0.97) 0.007 0.85 (0.73-0.98) 0.03
CV death 2.7 4.0 4.1 0.66 (0.51-0.86) 0.005 0.94 (0.75-1.20) 0.63
MI 6.1 4.9 6.6 0.90 (0.75-1.09) 0.09 0.79 (0.65-0.97) 0.02
stroke 1.4 1.7 1.2 1.13 (0.74-1.73) 0.56 1.34 (0.90-2.02) 0.15

stent thrombosis 2.2 2.3 2.9 0.65 (0.45-0.94) 0.02 0.73 (0.51-1.04) 0.04

Primary safety outcome (TIMI major bleeding 1.8 2.4 0.6 3.46 (2.08-5.77) <0.001 4.47 (2.71-7.36) <0.001
non-CABG-related)
TIMI minor bleeding 0.9 1.6 0.5 1.62 (0.92-2.82) 0.09 2.52 (1.50-4.24) <0.001
TIMI bleeding requiring medical attention 12.9 16.2 7.5 1.79 (1.55-2.07) <0.001 2.39 (2.08-2.75) <0.001
Intracranial bleeding 0.4 0.7 0.2 2.83 (1.02-7.86) 0.04 3.74 (1.39-10.07) 0.005
Fatal bleeding 0.1 0.4 0.2 0.67 (0.24-1.89) 0.45 1.72 (0.75-3.92) 0.20

CI, confidence intervals; CV, cardiovascular; MI, myocardial infarction; CABG, coronary-artery bypass grafting.

Table 5. Base-line characteristics, concomitant medication, and follow up.

APPRAISE-211 ATLAS ACS 2-TIMI 5112

n 7392 15,526

Age, years 67 (median) 62 (mean)

Diabetes mellitus, % 48 32

Heart failure, % 40 –

Previous cerebrovascular disease 10 Excluded

Renal function 29% impaired Median CrCl 85 mL/min

Index ACs, %
sTEMI 40 50
NsTEMI 42 26
Unstable angina 18 24

Aspirin, % 97 99

Thienopyridine, % 81 (DAPT) 93

Follow up 8 months (median) 13 months

ACs, acute coronary syndrome; sTEMI, sT-elevation myocardial infarction; NsTEMI, non-sT-elevation myocardial infarction; DAPT, dual antiplatelet therapy.
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percutaneous coronary intervention (PCI) was carried
in 61% and 60% of cases, respectively, and indication
for PCI was non-sT-elevation ACs in 60% and 50%
of cases, respectively. When evaluating the efficacy
and safety outcomes of the two trials,4,13 it appears that
the benefit on the primary end point of cardiovascular
death, myocardial, or stroke, as well as on cardiovas-
cular death and stent thrombosis, was comparable be-
tween the more convenient DAPT of aspirin and
ticagrelor, and the complex combination of rivaroxa-
ban 2.5 mg twice-daily, aspirin, and clopidogrel (Table
6). On the other hand, the incidence of total, as well
as intracranial but not fatal bleeding appears to be sub-
stantially higher with the combination of rivaroxaban
2.5 mg twice-daily, aspirin, and clopidogrel compared
to DAPT of aspirin and ticagrelor (Table 6). Further
investigation, therefore, appears to be needed to iden-
tify those ACs patients who may gain the most from
a tailored therapy of oral anti-factor Xa anticoagulant
(i.e. rivaroxaban), aspirin, and clopidogrel.

Conclusions

Newer, non-vitamin K-antagonists, direct oral anti-
coagulants, namely rivaroxaban at low dose, in associ-
ation with DAPT represent a potentially beneficial
treatment option for patients with a recent ACs. How-
ever, the contrasting efficacy results of the two phase
III trials which have been conducted so far with the anti-
factor Xa apixaban and rivaroxaban (i.e. APPRAIsE-
211 and ATLAs ACs 2-TIMI 5113) show that the risks
and benefits of these medications will need to be care-
fully weighed up and may depend on both patient risk
profile and dosing of antithrombotic drugs. Whereas the
increased risk of bleeding when these drugs are added
to DAPT is unequivocal, the degree of efficacy and the
relationship with patient risk and drug dose is less well
established. A practical question is whether adding ri-
varoxaban to DAPT of aspirin and clopidogrel is more
attractive than using DAPT of aspirin and ticagrelor, an
approach also shown to prevent thrombotic events and

reduce mortality, without a clear increase in major
bleeding. Further investigation is warranted to accu-
rately identify those patients who will benefit the most
from the combined treatment with an oral anti-factor
Xa anticoagulant (i.e. low-dose rivaroxaban) and DAPT
of aspirin and clopidogrel.
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Death from CV causes 0.88 (0.81-0.95); P<0.001 0.66 (0.51-0.86); P=0.005

stent thrombosis 0.77 (0.62-0.95); P=0.01 0.65 (0.45-0.94); P=0.02
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Intracranial bleeding 1.87 (0.98-3.58); P=0.06 2.83 (1.02-7.86); P=0.04

Fatal bleeding NA; P=0.02 0.67 (0.24-1.89); P=0.45

CI, confidence intervals; CV, cardiovascular; MI, myocardial infarction; NA, not available.
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