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Abstract: Patients with acute coronary syndrome (ACS) continue to be at risk for recurrent
ischemic events, despite an early invasive strategy and the use of dual antiplatelet therapy. The
anticoagulant pathway remains activated for a prolonged period after ACS and, consequently,
has been a target for treatment. Early studies with warfarin indicated its benefit, but the risk of
bleeding and the complexities of warfarin anticoagulation resulted in little use of this strategy.
Rivaroxaban, apixaban, and dabigatran are new specific inhibitors of anticoagulant factors
(Xa or I1a) currently available for the prevention of thrombosis and/or thromboembolism. Thus
far, studies with dabigatran and apixaban in ACS have shown no clinical benefit and bleeding
has been increased. The ATLAS ACS 2-TIMI 51 trial observed the impact of rivaroxaban 2.5 mg
and 5 mg twice daily in patients with recent ACS receiving current management (both early
invasive strategy and dual antiplatelet therapy with aspirin and clopidogrel) over a follow-up
period of over 1 year. Rivaroxaban 2.5 mg twice daily reduced cardiovascular death, myocardial
infarction, or stroke by 16%, and both cardiovascular and all-cause mortality by approximately
20%. Although major bleeding increased from 0.6% to 2.1% and intracranial hemorrhage from
0.2% to 0.6%, there was no increase in fatal bleeding. The role of rivaroxaban in the manage-
ment of ACS is discussed in this review. The reduction in mortality is the main finding that
could lead to the use of rivaroxaban in the management of ACS in high-risk individuals with
a low bleeding risk.

Keywords: cardiovascular death, myocardial infarction, stroke, anticoagulation, bleeding risk

Introduction
Recurrent ischemic events due to atherothrombosis occur commonly after acute
coronary syndrome (ACS) despite dual antiplatelet therapy and an early invasive
strategy in high-risk patients. In the CURE trial,' during the 12 months after the index
event, myocardial infarction (MI), stroke, and cardiovascular (CV) death occurred in
9.3% of patients receiving dual antiplatelet therapy with acetylsalicylic acid (ASA)
and clopidogrel. In the recent PLATO trial,” using a more effective antiplatelet
agent, ticagrelor, the same combined end point occurred in 9.8% of patients over
the 12 months following the MI. As the coagulation system is activated and excess
thrombin generation persists for at least 6 months beyond the acute phase of ACS,?
inhibition of the coagulation pathway is a potential target to reduce the residual risk
of recurrent ischemic events.

In the early management of ACS, short-term administration of anticoagulation
with heparin or low molecular weight heparins,* fondaparinux,® and bivalirudin®
has been shown to reduce ischemic events when added to antiplatelet therapy.
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More prolonged administration of the low molecular weight
heparin dalteparin reduced ischemic events over the first
45 days of treatment but not when used for a longer dura-
tion.” Until recently, the only oral anticoagulant available was
warfarin, which has been studied in several clinical trials of
patients with ACS.

Warfarin and ACS

Studies of warfarin in patients with recent ACS were
published between 1990 and 2002. The results of a
meta-analysis of ten warfarin trials in ACS were largely
determined by the WARIS?® and the OASIS® studies. The
meta-analysis!® (Figure 1) showed that warfarin added to
ASA reduced ischemic events compared with ASA alone
(MI relative risk [RR] 0.56 [95% confidence interval
(CI) 0.48-0.69]), ischemic stroke (RR 0.46 [95% CI
0.27-0.77]), yet mortality was not different in the two
treatment groups. Bleeding was increased substantially in
the patients receiving warfarin (RR 2.5 [95% CI 1.7-3.7]).
Due to the increased risk of hemorrhagic events, a high rate
of drug discontinuation, the need for frequent monitoring,
and multiple food and drug interactions, warfarin has not
been widely used recently to prevent ischemic events in
patients with ACS.

The clinical trials with warfarin in ACS are probably not
applicable to ACS patients managed by current strategies.
During the 1990s, an early invasive approach for non-ST-
segment elevation acute coronary syndrome (NSTE ACS),
primary angioplasty for ST segment elevation myocardial
infarction (STEMI), coronary stents, and dual antiplatelet
therapy were not widely used. The combination of dual anti-
platelet therapy with warfarin is associated with a substantial

increase in bleeding risk. In patients with atrial fibrillation,
for example, the bleeding risk increases almost fourfold
(RR 3.7; 95% CI 2.9-4.8) when dual antiplatelet therapy is
added to warfarin.!' Consequently, any potential net benefit
of warfarin in ACS should take into account the increased
bleeding risk from dual antiplatelet therapy in the context of
an early invasive strategy.

The “2011 ACCF/AHA focused update of the Guide-
lines for the Management of Patients with Unstable Angina/
Non-ST-Elevation Myocardial Infarction (updating the
2007 guideline),”'? indicates that warfarin with or without
low-dose aspirin may be reasonable for patients at high risk
of coronary artery disease and low risk of bleeding who
do not require, or are intolerant of, clopidogrel (Level of
evidence B).

New, orally active, specific inhibitors
of the coagulation pathway

To overcome the limitations of warfarin, there has been a
considerable amount of interest in developing agents that
are: specific for individual coagulation factors blocking the
synthesis and activation of thrombin; easier to use, with few
dietary and drug interactions; and do not require routine
coagulation monitoring. Within the last 10 years, more than
five new oral anticoagulants that are specific inhibitors of
the coagulation pathway (Figure 2) have become available.
One of the earliest oral agents was ximelagatran, an anti-
factor ITa inhibitor, which was shown in the SPORTIF 3 trial
to be effective for stroke prevention in patients with atrial
fibrillation;'* however, this agent was withdrawn from use
because of hepatic toxicity. Subsequently, the direct anti-
thrombin inhibitor dabigatran etexilate and the anti-factor

Rate ratio Weight Event/patient-years
Study, year (reference) (95% Cl) % Warfarin Aspirin
ATACS pilot, 1990 (34) <« 0.22 (0.01-4.66) 0.5 0/9 17
ATACS main, 1994 (37) = 0.69 (0.29-1.65) 57 6/24 9/25
Williams et al, 1997 (35) <« 0.19 (0.03-1.16) 13 1/6 5/5
APRICOT-2, 2002 (29) 0.28 (0.09-0.92) 3.1 3/34 11/35
OASIS main, 2001 (31) + 0.58 (0.38-0.89) 239 30/373 52/375
OASIS pilot, 1998 (32) = 0.51 (0.20-1.26) 5.2 5/25 10/25
Huynh et al, 2001 (33) —> 2.07 (0.20-21.85) 0.8 2/38 1/39
ASPECT-2, 2002 (28) = 0.69 (0.31-1.53) 6.8 10/298 14/289
Zibaeenezhad et al, 2004 (36) = 0.87 (0.20-2.28) 29 4/70 6/70
WARIS II, 2002 (30) -‘— 0.56 (0.42-0.75) 49.8 69/4927 117/4669
Overall <> 0.56 (0.48-0.69) 100.0 130/5834  228/5539

0.05 1.0

Rate ratio

Favors warfarin

5.0

Favors aspirin

Figure | Benefit of warfarin added to acetylsalicylic acid in acute coronary syndromes for prevention of myocardial infarction.
Copyright© 2005. Annals of Internal Medicine. Reproduced from Rothberg MB, Celestin C, Fiore LD, Lawler E, Cook JR. Warfarin plus aspirin after myocardial infarction or
the acute coronary syndrome: meta-analysis with estimates of risk and benefit. Ann Intern Med. 2005;143(4):241-250."°
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Xa inhibitors rivaroxaban, darexaban, and apixaban were
investigated for the prevention of thromboembolism and
recurrent ischemia in patients with recent ACS.

The properties of all five of these oral agents are shown
in Table 1. Dabigatran is a direct inhibitor of thrombin. In
contrast, both rivaroxaban and apixaban are direct selec-
tive competitive inhibitors of factor Xa, therefore inhibit
thrombin generation and fibrin formation. Dabigatran,
administered twice daily [bid], is largely excreted renally,
and should be avoided in patients with an estimated glom-
erular filtration rate (¢GFR) of <30 mL/min.'* Rivaroxaban
was administered bid (2.5 mg or 5 mg) in patients with
ACS. This is in contrast to the much larger dose (15-20 mg
once daily [od]), used for thromboembolism prevention in
patients with atrial fibrillation.'> Approximately two-thirds
of absorbed rivaroxaban is excreted renally, half as the
unchanged agent and the other half as an inactive metabo-
lite.'® Although rivaroxaban has a dual mode of excretion,
there are no safety data to permit its use in patients with a
glomerular filtration rate (GFR) of <30 mL/min. Apixaban
was administered at a dose of 5 mg bid in the APPRAISE 2
Phase I1I trial'” in patients with ACS. Although apixaban is
largely metabolized and depends only to a small degree on
renal excretion, the dose was reduced in the APPRAISE 2
trial to 2.5 mg bid in patients with an estimated creatinine
clearance of <40 mL/min. Darexaban is excreted by the kid-
neys and in the feces. In the RUBY-1 trial, patients received
a total daily dose of 10—-60 mg, either od or bid; patients with
an eGFR of <60 mL/min were excluded.

Clinical trials of specific orally active
anticoagulants in ACS

Ximelagatran
The ESTEEM trial'® investigated the efficacy of ximelagatran
(24-60 mg bid) in patients with a recent ACS receiving ASA,

Table | Properties of the specific oral anticoagulants

using either one of four doses or placebo. After 6 months’
treatment, the primary end point of all-cause mortality, non-
fatal MI, and severe recurrent ischemia was reduced 24% for
the combined doses compared with placebo (hazard ratio
[HR] 0.76 [95% CI 0.59-0.98]; P = 0.036). There was no
indication of a dose response to ximelagatran. In all patients
receiving ximelagatran, major bleeding was not significantly
increased compared with placebo (2.0% vs 1.0%; not sig-
nificant [ns]). Subsequently, as mentioned, ximelagatran was
withdrawn after cases of fatal hepatotoxicity were observed
during post-marketing surveillance following approval for
atrial fibrillation.

Dabigatran etexilate

REDEEM was a Phase II double-blind placebo-controlled
trial of 1862 patients with recent ACS who were receiving
dual antiplatelet therapy.'® The study primarily examined the
safety (primary end point of combined major and clinically
relevant minor bleeding) of dabigatran at doses 50-150 mg
bid for 6 months. Although there was a dose-dependent
increase in major and clinically relevant minor bleeding
(50 mg, HR 1.77 [95% C10.70-4.50]; 75 mg, HR 2.17 [95%
CI 0.88-5.31]; 110 mg, HR 3.92 [95% CI 1.72-8.95]; and
150 mg, HR 4.27 [95% CI 1.86-9.81]), there was no demon-
strable clinical benefit in the patients receiving dabigatran.
Consequently, no Phase III trial with dabigatran in ACS has
been undertaken.

Apixaban

The APPRAISE trial was a Phase II placebo-controlled
dose-ranging safety study.?’ Patients (n = 1715) with recent
ACS were randomized to 6 months of placebo or to one
of four doses of apixaban: 2.5 mg bid, 10 mg od, 10 mg
bid, or 20 mg od. There was a dose-dependent increase in
major or clinically relevant non-major bleeding and a trend
toward a reduction of ischemic events. APPRAISE 2,%' a

Ximelagatran  Dabigatran Darexaban Rivaroxaban Apixaban
Site of action lla (thrombin) lla (thrombin)  Xa Xa Xa
T2 12-14 h 1820 h 9-13 h 12h
Dose used for 24-60 mg bid 50-150 mg bid  Daily dose ATLAS daily dose 5-20 mg, od or bid ~ APPRAISE.
ACS trials 10-60 mg, od or bid  ATLAS 2 2.5-5 mg bid APPRAISE 2.5 mg bid
Renal excretion Mainly renal 80% Mainly renal 66% (half as inactive metabolite) 25%
Phase Il trials in ACS ~ ESTEEM'® RE-DEEM"? RUBY- % ATLAS ACS TIMI 46% APPRAISE®
Phase Ill trials in ACS  None None None ATLAS ACS 2-TIMI 517 APPRAISE 22!
Indications/ Withdrawn AF, DVT Withdrawn AF, DVT prophylaxis, DVT treatment, AF, DVT prophylaxis
proven benefit prophylaxis pulmonary embolism*, ACS*

Note: *Indication not yet approved.

Abbreviations: ACS, acute coronary syndrome; AF, atrial fibrillation; DVT, deep vein thrombosis.
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Phase I1I randomized double-blind clinical trial, compared
apixaban 5 mg bid to placebo in 7392 ACS patients with two
additional risk factors for recurrent ischemic events who
were receiving standard antiplatelet therapy. The primary
efficacy end point was CV death, MI, or ischemic stroke.
The primary safety outcome was major bleeding, accord-
ing to the thrombolysis in myocardial infarction (TIMI)
definition. The trial was stopped prematurely after a median
follow-up of 241 days due to an increase in major bleeding
events with apixaban (TIMI major bleeding: HR 2.59, 95%
CI 1.50—4.46) without any significant reduction in recurrent
ischemic events.

Darexaban

The RUBY-1 trial® investigated the efficacy and safety of
darexaban (10—60 mg od or bid for 6 days) in a placebo-
controlled study of 1279 patients with recent ACS. The
primary end point was combined major bleeding and clini-
cally relevant non-major bleeding. Bleeding was increased
in a dose-dependent manner, there was no indication of
benefit at any dose of darexaban, and ischemic events were
increased in patients receiving the higher doses. Darexaban
has subsequently been withdrawn from further clinical
development.

Rivaroxaban

The ATLAS ACS TIMI 46 trial?® was a double-blind dose-
escalation Phase II trial of rivaroxaban at doses of 5 to
20 mg daily in 3491 patients stabilized after a recent ACS.
Patients were stratified according to the use of ASA or dual
antiplatelet therapy with ASA plus a thienopyridine. The
primary safety end point was clinically significant bleeding
(TIMI major, TIMI minor, or requiring medical attention);
the primary efficacy end point was death, MI, stroke, or
severe recurrent ischemia requiring revascularization dur-
ing 6 months. Bleeding was increased in a dose-dependent
manner (5 mg, HR 2.21 [95% CI 1.25-3.91]; 20 mg,
HR 5.06 [95% CI 3.45—7.42]). The primary efficacy end
point of death, MI, stroke, or severe recurrent ischemia
was lower in the rivaroxaban-treated patients, but the
result did not achieve statistical significance (HR 0.79
[95% CI10.60—1.05]). The secondary efficacy end point of
death, MI, or stroke was reduced 31% (HR 0.69 [95% CI
0.5-0.96]). As a result of the findings of the ATLAS ACS
TIMI 46 trial, the ATLAS ACS 2-TIMI 52 trial'’ investi-
gated low-dose rivaroxaban (2.5 and 5 mg bid) in patients
with recent ACS.

IX

/

Villa
Rivaroxaban Va
Apixaban
_
Darexaban
I
Dabigatran

Ximelagatran _ o
Fibrinogen T  JFibrin

Figure 2 The sites of action of the new oral anticoagulants.
Abbreviation: TF, tissue factor.

The ATLAS ACS 2-TIMI 51 trial

The ATLAS ACS 2-TIMI 51 trial'” included 15,526 patients
with recent ACS, 50.3% of whom had STEMI, 25.6%
non-STEMI, and 24.0% unstable angina. The time to inclu-
sion was 4.7 days (interquartile range 3.2—6 days) from onset
of symptoms, when revascularization had been completed
and intravenous anticoagulants discontinued. Patients aged
under 55 years old also had to have diabetes or prior MI.
Subjects were excluded if they were considered to have
increased bleeding risk, such as if they were currently tak-
ing warfarin or had had gastrointestinal bleeding less than
1 year prior to the study, prior intracranial hemorrhage (ICH),
or prior stroke, if on ASA + thienopyridine. Patients were
randomized to receive either rivaroxaban 5 mg bid, 2.5 mg
bid, or placebo. Patients received all standard treatments
including ASA with or without a thienopyridine (clopidogrel
or ticlopidine). The mean treatment period was 13.1 months.
Premature discontinuation of treatment with the 5 mg bid
dose was 29.4%, 26.9% with the 2.5 mg bid dose, and 26.4%
with placebo.

The baseline characteristics of the three treatment groups
were well balanced, with no significant differences. The
mean age was 61.8 years old, 75% were male, and 27% had
had a prior MI. ASA was taken by 99% and a thienopyridine
(clopidogrel, but not prasugrel) by 93%.

Efficacy outcomes
Rivaroxaban reduced the primary combined efficacy end
point (CV death, MI, or stroke) from 10.7% to 8.9% (HR
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Figure 3 Time to primary end point of cardiovascular death, myocardial infarction, or stroke for patients receiving either rivaroxaban or placebo.
From Mega JL, Braunwald E, Wiviott SD, et al; ATLAS ACS 2-TIMI 51 Investigators. Rivaroxaban in patients with a recent acute coronary syndrome. N Engl | Med.
2012;366(1):9—19. Copyright© 2012 Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society."”

Abbreviation: Cl, confidence interval.

0.84[95% C10.74-0.96]) (Figure 3). CV mortality (HR 0.80
[95% C1 0.65-0.99]), all-cause mortality (HR 0.81 [95% CI
0.66—1.0]), and recurrent MI (HR 0.85 [95% CI 0.72—-1.00])
were individually reduced by rivaroxaban. Stent thrombosis
was significantly reduced by rivaroxaban (2.3% vs 2.9%
HR 0.69 [95% CI 0.51-0.93]). Both doses of rivaroxaban
reduced the primary end point (2.5 mg bid, HR 0.84 [95%
CI 0.72-0.97]; 5 mg bid HR 0.85 [95% CI 0.73-0.98]) by
similar magnitudes. The 2.5 mg bid dose significantly reduced
CV and all-cause mortality whereas the 5 mg bid dose did
not appear to reduce mortality but did reduce recurrent MI.
However, comparisons of outcomes between the doses should
be interpreted with caution, as the study was not adequately
powered to show any differences.

Both MI and CV death (Figure 4) and stent thrombosis,
but not stroke, were significantly reduced by rivaroxaban
treatment. There was consistent benefit over a wide range
of subgroups, including patients receiving dual antiplatelet
therapy and those with renal dysfunction (Table 2).

Safety outcomes

The bleeding event rates in the ATLAS ACS 2-TIMI 51 trial
are shown in Table 3. TIMI major bleeding unrelated to coro-
nary artery bypass graft surgery was increased by rivaroxaban

(2.1% vs 0.6% HR 3.96 [95% CI 2.46—6.38]). In addition,
there were significant increases in TIMI minor bleeding,
TIMI bleeding requiring medical attention, and ICH. There
was a trend to increased TIMI major bleeding for patients
receiving rivaroxaban 5 mg compared with 2.5 mg (2.4% vs
1.8%, P = 0.12). However, the higher dose was associated
with more TIMI minor bleeding (1.6% vs 0.9%, P = 0.046),

54
Hazard ratio, 0.66 (95% Cl, 0.51-0.86)
P=0.002 Placebo
4
—
X
N
w37
(=
o
(X 2 )
- Rivaroxaban
G
14
J
0 T

T T T T T T 1
0 90 180 270 360 450 540 630 720
Days

Figure 4 The ATLAS ACS 2-TIMI 51 clinical trial: affect of rivaroxaban 2.5 mg twice
daily on cardiovascular mortality.

From Mega JL, Braunwald E, Wiviott SD, et al; ATLAS ACS 2-TIMI 51 Investigators.
Rivaroxaban in patients with a recent acute coronary syndrome. N Engl | Med.
2012;366(1):9-19. Copyright© 2012 Massachusetts Medical Society. Reprinted with
permission from Massachusetts Medical Society."”
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Table 2 Subgroup outcomes in the ATLAS ACS 2-TIMI 51 clinical trial

Combined P value for
Subgroup rivaroxaban Placebo Hazard ratio (95% CI) interaction
No of events/total no
Overall 626/10,229 376/5113 —— ! 0.84 (0.74-0.96)
Treatment 1 0.34
Aspirin plus thienopyridine 575/9532 340/4760 —— 0.86 (0.75-0.98)
Aspirin alone 51/697 36/353 . 2 0.69 (0.45-1.05)
Age 0.94
<65 yr 326/6440 203/3295 —— 0.83 (0.70-0.99)
>65 yr 300/3789 173/1818 — 0.84 (0.70-1.01)
Sex 0.40
Male 464/7627 270/3831 —— 0.87 (0.75-1.01)
Female 162/2602 106/1282 —_— 0.77 (0.60-0.99)
Weight 0.98
<60 kg 61/918 39/462 . 4 0.83 (0.56-1.25)
>60 to < 90 kg 415/6811 248/3432 — 0.85 (0.72-0.99)
>90 kg 150/2494 89/1215 —_—— 0.83 (0.64-1.08)
Creatinine clearance 0.82
<50 mL/min 80/686 49/368 —_— 0.88 (0.62-1.26)
>50 mL/min 541/9411 326/4691 — 0.84 (0.73-0.96)
Previous myocardial infarction 0.80
Yes 256/2739 156/1400 —— 0.83 (0.68-1.01)
No 370/7490 220/3713 —— 0.85(0.72-1.01)
Previous stroke or TIA 0.10
Yes 31/284 9/131 > 1.57 (0.75-3.31)
No 595/9945 367/4982 — 0.82(0.72-0.94)
Diabetes mellitus 0.14
Yes 232/3268 122/1626 —_— 0.96 (0.77-1.20)
No 394/6961 254/3487 — 0.78 (0.67-0.92)
Index event 0.96
STEMI 288/5128 172/2599 — 0.85 (0.70-1.03)
NSTEMI 201/2646 121/1321 — 0.85 (0.68—-1.06)
Unstable angina 137/2455 83/1193 — 0.82 (0.62-1.07)
Region 0.80
North America 27/562 721312 “————— 0.57 (0.33-0.97)
South America 64/1129 35/540 . 2 0.89 (0.59-1.34)
Western Europe 59/1482 34/759 & 0.90 (0.59-1.37)
Eastern Europe 306/4967 181/2007 —— 0.83 (0.69-1.00)
Asia 109/2011 65/1000 —_—— 0.86 (0.63-1.17)
Other 61/978 34/495 > 4 0.92 (0.60-1.39)
0’5 08 10 125 20

Rivaroxaban better

Placebo better

Note: From Mega JL, Braunwald E, Wiviott SD, et al; ATLAS ACS 2-TIMI 51 Investigators. Rivaroxaban in patients with a recent acute coronary syndrome. N Engl | Med.
2012;366(1):9-19. Copyright© 2012 Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society."”
Abbreviations: Cl, confidence interval; NSTEMI, non-ST segment elevation myocardial infarction; STEMI, ST segment elevation myocardial infarction; TIA, transient

ischemic attack.

TIMI bleeding requiring medical attention (16.2% vs 12.9%,
P < 0.001), and fatal bleeding (0.4% vs 0.1%, P =0.04). Fatal
bleeding was not increased in the group receiving 2.5 mg bid
compared with placebo. There were no significant interactions
for the multiple subgroups examined. Increased bleeding with
rivaroxaban was similar in older individuals, women, with
renal dysfunction, and with low body weight. However, the

number of high-risk individuals was small (9% aged >75
years old, 25% female, and 25% reduced renal function) and
confidence of the safety of rivaroxaban in these populations
is limited. The impact of dual vs single antiplatelet therapy on
bleeding is uncertain, as almost all (93%) were taking ASA
and a thienopyridine, and only a very small number were
taking ASA alone.

Table 3 Safety outcomes for rivaroxaban (2.5 mg, 5 mg, and combined data) compared with placebo in the ATLAS ACS 2-TIMI 51

clinical trial

End point Rivaroxaban Placebo
2.5 mg twice daily 5 mg twice daily Combined (N=5113)
(N=5114) (N=5115) (N =10,229)

TIMI major bleeding not associated with CABG 65 (1.8) 82 (2.4)** 147 (2.1)** 19 (0.6)

TIMI minor bleeding 32 (0.9) 49 (1.6) 81 (1.3)** 20 (0.5)

TIMI bleeding requiring medical attention 492 (12.9) 637 (16.2)** 1129 (14.5)** 282 (7.5)

Intracranial hemorrhage 14 (0.4) 18 (0.7)t 32 (0.6)* 5(0.2)

Fatal bleeding 6 (0.1) 15 (0.4) 21 (0.3) 9(0.2)

Notes: *P < 0.005; **P < 0.001; P < 0.04. Figures in parentheses indicate percentages.

From Mega JL, Braunwald E, Wiviott SD, et al; ATLAS ACS 2-TIMI 51 Investigators. Rivaroxaban in patients with a recent acute coronary syndrome. N Engl | Med.
2012;366(1):9—19. Copyright© 2012 Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.'”

Abbreviations: CABG, coronary artery bypass graft; TIMI, thrombolysis in myocardial infarction.
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Comments on the ATLAS
ACS 2-TIMI 51 results

In the ATLAS study, rivaroxaban was shown to reduce the
combined end point of CV death, MI, and stroke by 16%.
Over the mean 13.1 months duration of the study, the inci-
dence of the combined end point was reduced from 10.7%
to 8.9%. Consequently, 56 patients would require treatment
with rivaroxaban to prevent one major CV event. Both CV
and all-cause mortality were reduced by rivaroxaban 2.5 mg
bid and, to prevent one death, 63 patients would require
treatment. The safety implications of treatment are that
for every 67 patients treated with rivaroxaban, one will
sustain a TIMI major bleed. Bleeding requiring medical
attention was much more frequent, with one bleed for
every 14 patients treated. ICH occurred at a rate of one
patient in 250 treated with rivaroxaban, yet those patients
on rivaroxaban suffering ICH had lower mortality and
appeared to have less disability than when ICH occurred
in the group receiving placebo.

ATLAS ACS 2-TIMI 51 is the first study to have shown
that the addition of an anticoagulant to dual antiplatelet
therapy reduces mortality. As recurrent MI and stroke were
not reduced by rivaroxaban 2.5 mg bid, the mechanism of
the reduction of mortality is uncertain. Unwitnessed sudden
death occurred more frequently in the placebo group than in
the rivaroxaban 2.5 mg bid group (81 vs 55 events).?* As 70%
of sudden deaths after an ACS have a thrombotic basis, it is
likely that rivaroxaban prevented sudden death by reducing
thrombotic coronary occlusion.?

The US Food and Drug Administration (FDA) review
in May 2012% concluded that the ATLAS ACS 2-TIMI
51 trial had 11%—13% of patients with missing follow-up
data. Differential event rates in the patients that dropped
out and are part of the missing data may have influenced
the outcome of the trial. Of the 1294 cases with missing
data, a further attempt to ascertain outcomes was successful
for only 183 subjects, of whom 177 were alive. The FDA
analysis showed that bleeding rates were higher in patients
with incomplete follow-up. It is known that in the trial,
death and major adverse cardiac effect rates were higher
when there was bleeding. The FDA presentation suggested
the end-point differences between those patients receiv-
ing treatment and those receiving placebo were related to
the higher bleeding rates in the patients with incomplete
follow-up (even when incomplete ascertainment of bleed-
ing is ignored). However, it would be expected that the
bleeding rates in the rivaroxaban-treated patients with

incomplete follow-up would be greater than for patients
receiving placebo. This would tend to prejudice the study
against rather than in favor of rivaroxaban. The FDA also
noted that there was inaccurate reporting of mortality, with
more errors in the treatment arm. The FDA reviewer con-
cluded that as a high proportion of patients’ vital statuses
were undetermined, the claimed mortality rates are not
reliable. The trial investigators’ responses to these claims
are awaited.

The role for rivaroxaban

in the management of ACS

The older warfarin trials indicated that an antithrom-
botic agent could reduce recurrent ischemic events when
administered in addition to ASA. However, increased
bleeding and the difficulties in maintaining a stable and
reliable degree of anticoagulation with warfarin did not
lead to significant uptake of warfarin treatment for ACS in
North America. Furthermore, with the current use of dual
antiplatelet therapy in most patients with ACS, it is likely
that bleeding rates would be much greater than reported in
the original warfarin trials using ASA alone. The new specific
coagulation pathway inhibitors offer the prospect of more
controlled anticoagulation in an era of increased antiplatelet
inhibition. Unfortunately, clinical trials in ACS with ximela-
gatran, dabigatran, apixaban, and darexaban have failed to
show any benefit. Only the ATLAS ACS 2-TIMI 51 trial
has shown rivaroxaban to reduce ischemic events including
mortality, albeit at the cost of increased bleeding.

Since the ATLAS 2 study was performed, two potent
antiplatelet agents, prasugrel and ticagrelor, have been intro-
duced for the management of ACS. Both agents have shown
improved outcomes (including a reduction of CV mortality
for patients receiving ticagrelor) compared with the current
standard of clopidogrel.>?” Yet, there is no safety data for
the combined use of rivaroxaban with either prasugrel or
ticagrelor. As both the new antiplatelet agents increased non-
surgical bleeding, adding rivaroxaban to either agent cannot
be recommended. Hence, there are now two new competing
strategies to improve outcomes after ACS: (1) to use one of
the new antiplatelet agents, ticagrelor or prasugrel, rather
than clopidogrel or (2) to add rivaroxaban to clopidogrel.
Comparisons of the clinical trials for the antiplatelet agents
with the ATLAS ACS 2-TIMI 51 study are of very limited
value, given the different patient populations and the dura-
tion and onset of treatment. For example, in the PLATO and
TRITON studies, ticagrelor or prasugrel was administered
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within 24—72 hours of symptom onset, more effectively
reducing early recurrent ischemic events. In contrast, in the
ATLAS ACS 2-TIMI 51 trial, rivaroxaban was initiated at a
median 7 days after the ACS event.

Rivaroxaban in the management
of ACS patients

As rivaroxaban reduces mortality, it is likely that the
increased bleeding risk will be an acceptable hazard in
some patients at high risk of recurrent ischemic events (eg,
those with diabetes or medically managed patients with
multivessel coronary disease, and those with atherosclerotic
vascular disease in multiple territories) but with a low
bleeding risk. It will be especially important to avoid the
use of rivaroxaban in patients at a high bleeding risk. These
would include elderly patients and those with a history of
recent gastrointestinal bleeding and/or a history of stroke,
transient ischemic attack, and, especially, ICH. Rivaroxaban
is likely to be used in younger patients with no history of
stroke/transient ischemic attack who are at high risk for
recurrent events.

Conclusion

As more potent antithrombotic therapies are being used, it is
becoming increasingly important to optimize the benefit/risk
of treatment by assessing both the risk of recurrent ischemic
events as well as the risk of major bleeding. Rivaroxaban
provides a new strategy to potentially reduce residual
ischemic risk after ACS, which will likely play an important
role in personalized secondary prevention. However, prior
to widely endorsing this new strategy, it will be important
to await the ATLAS ACS 2-TIMI 51 investigators’ response
and updated analysis following the FDA review.
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