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Abstract: New oral anticoagulants (NOAC) serve as alternatives for patients currently using warfarin
for the prevention and treatment of venous thromboembolic (VTE) disease. This article provides a brief
summary of the clinical use of these drugs as well as a review of the landmark clinical trials which evaluated
described their safety and efficacy. As more data becomes available, a fundamental understanding of these

medications will be vital to cardiovascular practitioners managing patients with VTE.
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Introduction

Venous thromboembolic (VTE) disease imposes a significant
disease burden associated with marked morbidity and mortality
in contemporary healthcare (1). VI'E occurs in approximately
100 persons per 100,000 each year in the United States, with
an exponential increase to 500 persons per 100,000 at the age
of 80 (2). Of those patients with VTE, approximately two-
thirds will have deep venous thromboses (DVT) and one-third
will have pulmonary embolism (PE) at the time of diagnosis.
The first line standard of care for treatment of VTE relies on
a parenteral anticoagulant such as heparin or low molecular
weight heparin (LMWH) with overlapping initiation of
administration of a vitamin K antagonist to reach the goal
international normalized ratio INR) (3). Warfarin has been
used as an approved blood thinner for over 60 years and still

is the most widely prescribed oral anticoagulant in the United
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States (4). Warfarin functions as a vitamin K antagonist by
inhibiting vitamin K epoxide reductase, limiting the production
of vitamin K-dependent coagulation factors (II, V, IX, X) (5,6).
However, it can be cumbersome and a strain on the healthcare
system due to multiple drug interactions, essential dietary
counseling, and routine monitoring of blood coagulation
parameters in an outpatient setting (6). Further, warfarin is
associated with major and minor bleeding complications.

In VTE, the goal INR for patients is 2-3 with an objective
of maintaining patients in that therapeutic window. A
measured marker of the efficacy of this drug is percentage time
in therapeutic range (T'TR). The United States Outcomes
Registry for Better Informed Treatment of Atrial Fibrillation
(ORBIT-AF) examined TTR in more than 5,000 patients
and found that overall 59% of measured INR values were
between 2.0 and 3.0 (7). In the ORBIT-AF cohort, patients
at the highest predicted risks of stroke and bleeding were
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Novel oral anticoagulants and their targets in the coagulation cascade

Figure 1 Site of action of novel oral anticoagulants. Coagulation
factors are noted in orange squares. Oral anticoagulants are
displayed in red boxes. Rivaroxaban, apixaban and edoxaban
are direct factor Xa inhibitors. Dabigatran is a direct thrombin

inhibitor.

least likely to be in the TTR. The initial phase of warfarin
initiation in sub-therapeutic patients contains a window of
hypercoagulability associated with increased incidence of
embolic events. As such, some patients receive treatment with
unfractionated or LMWH as a “bridge” until the goal INR is
reached. This practice can result in increased hospitalization
days as well as significant increased costs to the healthcare
system incurred by coagulation monitoring (8).

Given multiple drawbacks to the standard of care for
treatment of VI'E with warfarin, several new drugs have
been developed, including factor Xa inhibitors (apixaban,
rivaroxaban, and edoxaban) and direct thrombin inhibitors
(dabigatran) (9). These drugs have all been approved
for treatment of DVT and PE (10-13). In this paper, a
systematic review of the literature has been performed
including landmark trials describing the role of new oral
anticoagulants (NOAC) in patients with VTE disease.

Dabigatran

Dabigatran is a direct thrombin inhibitor with a serum
half-life of 12 to 17 hours (Figure 1) (14). Like all NOAC:s,
dabigatran does not require any routine monitoring (15).
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It has been approved for the treatment of nonvalvular
atrial fibrillation (AF), the treatment for acute DVT and
PE in patients who have been treated with a parenteral
anticoagulant for 5 to 10 days, and for risk reduction in
the setting of prevention for recurrent DVT and PE in
patients who have been previously treated (10). Current
recommended dosing is 150 mg twice daily for patients
with preserved renal function, i.e., a creatinine clearance
(CrCl) greater than 30 mL/min (10). Table 1 summarizes
the pharmacological properties and drug monitoring
requirements of dabigatran and the other NOAC:s.

The RE-COVER trial was a noninferiority study that
compared the efficacy and safety of dabigatran versus
warfarin in patients with acute venous thromboembolism
for a six-month treatment periods who had received initial
parenteral anticoagulation therapy for a median of nine
days (16). The trial randomly assigned 2,539 patients to one
of two cohorts—adjustable dose warfarin to goal INR 2-3
or dabigatran 150 mg twice daily. Recurrent VTE occurred
in 2.4% of patients in the dabigatran cohort versus 2.0% in
the warfarin group demonstrating an absolute risk reduction
of 0.4% [95% confidence interval (CI), -0.8 to 1.5] and a
hazard ratio of 1.10 (95% CI, 0.65-1.84) with a P<0.001
for a prespecified noninferiority margin. Investigators
concluded that dabigatran was non-inferior to warfarin with
respect to 6-month recurrence of VTE and had a similar
safety profile with respect to major and non-major bleeding
events (16). The safety findings were consistent with those
demonstrated by the RE-LY trial (17). Table 2 reviews the
RE-COVER trial study design and major results.

RE-COVER-II was a randomized, double-blinded,
multicenter trial that extended findings from its predecessor
study and was performed with the intention of confirming
results from RE-COVER trial and to allow for more precise
subgroup analyses (18). In RE-COVER-II, 2,589 patients
were treated with parenteral anticoagulation for 5 to 11 days
and then switched to either dabigatran 150 mg twice daily
or adjustable dose warfarin to goal INR 2-3 for a 6-month
treatment period. Primary efficacy and safety outcomes
were identical to those found in RE-COVER. Pooled
analysis of both studies showed similar rates of recurrent
VTE and safety outcomes and superiority of dabigatran
with regards to composite bleeding but not major bleeding
alone. Tuble 2 highlights these data. At this time, dabigatran
has not been evaluated as a monotherapy agent without
initial 5-10 days parenteral anticoagulation.

In addition to treatment for acute VTE, dabigatran was
compared with subcutaneous enoxaparin for prophylaxis
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Table 1 Pharmacological property of new oral anticoagulants

Drug

Dabigatran (PRADAXA)

Rivaroxaban (XARELTO)

Edoxaban (SAVAYSA)

Apixaban (ELIQUIS)

Mechanism
of action

Approved
indications

Dosing in VTE

Bioavailability
Half-life

Renal
elimination

Routine
monitoring

Adverse
reactions

Drug
interactions

Effect on
coagulation
tests

Reversal in
emergency
bleeding

Direct thrombin inhibitor

Stroke prevention in
nonvalvular AF; VTE
treatment; VTE prevention

150 mg twice daily (CrCl
>30 mL/min); 75 mg twice
daily (CrCl,

15-30 mL/min)

3-7%
12-17h
>80%

No

Major bleeding,
dyspepsia, nausea, upper
abdominal pain, diarrhea,
gastritis, hypersensitivity

reaction

Increased activity
with P-gp inhibitors
dronaderone,
ketoconazole; decreased
activity with P-gp inducer
rifampin; no effect of P-gp
inhibitors amiodarone,
verapamil, quinidine,
clarithromycin

1: TCT, ECT, aPTT; 1 or no
change: PT

Oral charcoal,
hemodialysis, PCC,
desmopressin,
antifibrinolytic agents

Direct factor Xa inhibitor

Stroke prevention in nonvalvular
AF; VTE treatment; recurrent VTE
prevention; prophylaxis of VTE
following hip/knee replacement

DVT; PE; and risk reduction.
15 mg twice daily with food for
21 days, then 20 mg once daily

with food; hip and knee PPx:

10 mg once daily

80-100%
5-9h
66%

No

Major bleeding, abdominal pain,
dyspepsia, toothache, fatigue,
back pain, hypersensitivity,
angioedema, Stevens-Johnson
syndrome, cholestasis/jaundice

Increased activity with
CYP3A4/5, CYP2J2 inhibitors—
ketoconazole, itraconzaole,
ritonavir, clarithromycin;
decreased activity with
inducers of CYP3A4 —rifampin,
carbamazepine, phenytoin, St.
John’s Wort

1: anti-factor Xa; 1 or no change:
PT, aPTT; no change: TCT, ECT

PCC, desmopressin,
antifibrinolytic agents

Direct factor Xa inhibitor

Stroke prevention in
nonvalvular AF; VTE
Treatment

DVT; PE: 60 mg once
daily (CrCl >50 mL/min)
following 5 to 10 days of
parenteral anticoagulant;

30 mg once daily (CrCl

15-50 mL/min or body

weight <60 kg)

62%
10-14 h
50%

No

Major bleeding, rash,
abnormal liver function
tests, anemia

Avoid concomitant
use with P-gp
inducer rifampin; no
dose reduction for
concomitant P-gp
inhibitor use

1: anti-factor Xa; 1 or no
change: PT, aPTT

PCC, feiba, recombinant
factor Vlla

Direct factor Xa inhibitor

Stroke revention in
nonvalvular AF; prophylaxis
of VTE following hip/knee
replacement

5 mg twice daily; 2.5 mg
twice daily (age >80, body
weight <60 kg, serum
creatinine >1.5 mg/dL)

50%
8-15h
25-27%

No

Major bleeding; drug
hypersensitivity (<1%),
nausea, transaminitis,

epistaxis, hematuria, ocular
hemorrhage, gingival
bleeding

Increased activity with
CYP3A4 inhibitors—
ketoconazole, itraconzaole,
ritonavir, clarithromycin;
decreased activity with
inducers of CYP3A4 —
rifampin, carbamazepine,
phenytoin, St. John’s Wort

1: anti-factor Xa; 1 or no
change: PT, aPTT; no
change: TCT, ECT

PCC, desmopressin,
antifibrinolytic agents

Data obtained from Pradaxa (dabigatran etexilate) US Prescribing Information, Xarelto (rivaroxaban) US Prescribing Information,
Eliquis (Apixaban) US Prescribing Information, Savaysa (Edoxaban) US Prescribing Information. AF, atrial fibrillation; VTE, venous
thromboembolism; PPx, prophylaxis; CrCl, creatinine clearance; CYP3A4, cytochrome P450 3A4; CYP2J2, cytochrome P450 2J2; PT,
prothrombin time; aPTT, activated partial thromboplastin time; TCT, thrombin clotting time; ECT, ecarin clotting time; PCC, prothrombin
complex concentrate.
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Table 2 Pivotal trials for novel oral anticoagulants

Drug Dabigatran (PRADAXA™) Rivaroxaban (XARELTO™)
Drug trial RE-COVER (RI), RE-COVER |l (RIl)* EINSTEIN DVT (EDVT), EINSTEIN PE (EPE)
Study design Multicenter, double-blind, intent-to-treat Multicenter, double-blind
No. in sample 1:1,274;11:  1: 1,265; Il - - DVT: 1,731; PE: DVT: 1,718; PE: - -
1,279 1,289 2,419 2,413
Sample size per NOAC Warfarin HR (95% Cl) P value NOAC Warfarin HR (95% CI) P value
cohort
Efficacy
Recurrent VTE or 2.4% (RI) 21% (Rl)  1.10(0.65-1.84) (RI) 2.1% (EDVT)  3.0% (EDVT) 0.68 (0.44-1.04) <0.001,
VIErelated death 2o, @iy 2.3% (RI)  1.13 (0.69-1.85) (Rl) 21% (EPE)  1.8% (EPE) 1.12(0.75-1.68) 0.003
DVT 1.3% (RI) 1.4% (Rl)  0.87 (0.44-1.71) (RI) 0.8% (EDVT)  1.6% (EDVT) - -
2.0% RIl)  1.3% (RIl) 1.48 (0.80-2.74) (RII) 0.7% (EPE) 0.7% (EPE)
Non-fatal PE 1.0% (RI) 0.6% (RI), 1.85(0.74-4.64) (RI) 1.2% (EDVT)  1.0% (EDVT) - -
0.5% (RI)  1.0% (RIl) 0.54 (0.21-1.35) (RII) 0.9% (EPE) 0.8% (EPE)
Fatal PE 0.1% (RI) 0.2% (Rl)  0.33(0.03-3.15) (RI) <0.1% (EDVT) 0.0% (EDVT) - -
0.2% (RIl)  0.0% (RIl) 0.1% (EPE) <0.1% (EPE)
ACM 1.6% (RI) 1.7% (Rl)  0.98 (0.53-1.79) (RI) 2.2% (EDVT)  2.9% (EDVT) 0.67 (0.44-1.02) 0.06
2.0% RIl) 1.9% (RI) 0.98 (0.56-1.71) (RII) 2.4% (EPE) 21% (EPE) 1.13(0.77-1.65) 0.53
Safety
Major bleeding 1.6% (RI) 1.9% (RIl), 0.82(0.45-1.48) (RI) 0.8% (EDVT) 1.2% (EDVT) 0.65(0.33-1.30) 0.21
1.2% (RII) 1.7%(RIl)  0.69 (0.36-1.32) (RII) 1.1% (EPE) 2.2% (EPE)  0.49(0.31-0.79) 0.003
Non-major bleeding - - - 7.3% (EDVT)  7.0% (EDVT) - -
9.5% (EPE) 9.8% (EPE)
Major + non-major  5.6% (RI) 8.8% (R)  0.63 (0.47-0.84) (RI) 8.1% (EDVT)  8.1% (EDVT) 0.97 (0.76-1.22) 0.77
bleeding

5.0% (RIl)  7.9% (RIl) 0.62 (0.45-0.84) (RII) 10.3% (EPE)  11.4% (EPE) 0.90(0.76-1.07) 0.23

* indicates analysis for noninferiority; ', indicates analysis for superiority; ¥, presented data includes additional 30-day follow-up outcomes; $,
major bleeding was defined as: RE-COVER, RE-COVER I, EINSTEIN DVT, EINSTEIN PE, AMPLIFY, HOKUSAI VTE, if it was clinically
overt and if it was associated with a fall in the hemoglobin level of at least 20 g per liter, resulted in the need for transfusion of 2 or more
units of red cells, involved a critical site, or was fatal; 2, clinically relevant non-major bleeding was defined as: RE-COVER, RE-COVER
I, AMPLIFY, HOKUSAI VTE, at least one of the following: spontaneous skin hematoma of at least 25 cm®, spontaneous nosebleed more
than 5 minutes duration, macroscopic hematuria, spontaneous rectal bleeding, gingival bleeding for more than 5 minutes, bleeding
leading to hospitalization and/or surgical treatment, bleeding leading to a transfusion of less than 2 units of whole blood or red cells, any
other bleeding considered clinically relevant by the investigator; EINSTEIN DVT, EINSTEIN PE, overt bleeding not meeting the criteria for
major bleeding but associated with medical intervention, unscheduled contact with a physician, interruption or discontinuation of study
treatment, or associated with any other discomfort such as pain or impairment of activities of daily life. NOAC, new oral anticoagulant; RR,
relative risk; HR, hazard ratio; DVT, deep venous thrombosis; PE, pulmonary embolism; EDVT, Einstein DVT Trial; EPE, Einstein PE Trial;
ACM, all cause mortality.
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against VTE in patients who underwent total knee
arthroplasty in the RE-MODEL trial (19). RE-MODEL
was a double blinded study that randomized 2,076 patients
into either receiving dabigatran 150 or 220 mg once daily
versus subcutaneous enoxaparin 40 mg once daily for 6 to
10 days, starting on the evening before the planned total
knee arthroplasty. Primary outcomes included occurrence of
VTE and mortality as well as incidence of bleeding. Study
findings demonstrated similar efficacy and safety profiles
and the investigators concluded dabigatran to be non-
inferior to subcutaneous enoxaparin for VI'E prevention in
this patient population.

RE-MOBILIZE was a randomized double-blinded,
multicenter trial in which 2,596 patients who had receive
unilateral total knee arthroplasty were randomized to
receive either dabigatran 220 mg once daily, dabigatran
150 mg once daily, or enoxaparin 30 mg subcutaneously
twice daily beginning 12 hours after surgery and continued
for a total of 12 to 15 days (20). The primary efficacy
outcome was a composite of total VI'E events and all-
cause mortality and occurred in 31.1% of patients in
the 220 mg dabigatran cohort, 33.7% of the 150 mg
dabigatran cohort, and 25.3% of the enoxaparin cohort.
Both dabigatran dosages failed to show noninferiority to
enoxaparin. The primary safety outcome was the incidence
of major bleeding and clinically relevant non-major
bleeding events and occurred in 0.6% of patients in the
220 mg dabigatran cohort, 0.6% of the 150 mg dabigatran
cohort, and 1.4% of the enoxaparin cohort—events were
concluded to be uncommon and statistically insignificant
among the groups.

Rivaroxaban

Rivaroxaban selectively and competitively inhibits free
and prothrombinase/clot-associated factor Xa through
reversible interactions thereby inhibiting thrombin
formation and decreasing fibrin clot formation (21-23). It is
indicated for the treatment of DV, PE, and for preventive
reduction in their risk of recurrence (12). It has also been
approved for DVT prophylaxis in patients undergoing
hip and knee replacement surgery. Current recommended
dosing is 15 mg twice daily for the first 21 days followed by
20 mg daily for the remaining treatment period. For DVT
prophylaxis following hip and knee replacement surgery
the recommendation is 10 mg daily for 35 and 12 days,
respectively (12).

The EINSTEIN investigators conducted an open-
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label, randomized, event driven, noninferiority study that
compared rivaroxaban with the current standard therapy
consisting of subcutaneous enoxaparin followed by a vitamin
K antagonist for treatment of acute DV'T (Table 2) (24).
One arm received rivaroxaban 15 mg twice daily for three
weeks, followed by 20 mg once daily, while the other arm
received subcutaneous enoxaparin followed by a vitamin
K antagonist. The investigators also conducted a double
blind, randomized, parallel extension study that compared
rivaroxaban with placebo 6 or 12 months beyond the 6 or
12-month treatment period. The primary outcome of the
trial was recurrent VT'E and the principle safety outcome
was again clinically significant bleeding. Noninferiority was
demonstrated with respect to the primary outcome. There
were 32 events in the rivaroxaban group versus 51 events in
the enoxaparin-vitamin K antagonist group (2.1% vs. 3.0%;
HR: 0.68; 95% CI, 0.44-1.04; P<0.001). Major bleeding
was observed in 139 patients treated with rivaroxaban and
138 patients randomized to the standard therapy (8.1%
vs. 8.1%; HR: 0.97; 95% CI, 0.76-1.22; P=0.77). For the
extension study, 8 primary outcome events were reported
in the rivaroxaban group and 41 events in the placebo
group (1.3% vs. 7.1%; HR: 0.18; 95% CI, 0.09-0.39;
P<0.001) with major bleeding occurring in 4 patients in the
rivaroxaban group and in none in the placebo group (0.7%
vs. 0.0%, P=0.11). This demonstrates that rivaroxaban is
similar in efficacy when compared to standard therapy for
the treatment of acute DVT and appears to be an attractive
treatment regimen for preventing recurrences with an
acceptable bleeding risk profile.

Previous studies have shown rivaroxaban to be non-
inferior to standard therapy in the initial and long-term
treatment of PE with a better bleeding risk profile (25). The
EINSTEIN-PE investigators conducted a randomized,
open label, noninferiority trial in a similar fashion to the
aforementioned trial (7zble 2). The treatment protocol,
primary efficacy outcome, and principle safety outcome
were similar to the prior study. Venous thromboembolism
occurred in 50 patients in the rivaroxaban group and in
44 patients in the standard therapy arm (2.1% vs. 1.8%;
HR: 1.12; 95% CI, 0.75-1.68; P=0.003). Major bleeding
occurred in 26 patients treated with rivaroxaban and 52
patients in the standard therapy group (1.1% vs. 2.2%; HR:
0.49; 95% CI, 0.31-0.79; P=0.003). This study suggests a
beneficial safety profile of rivaroxaban with regard to major
bleeding.

In both of the above trials, subgroup analyses
demonstrated similar primary efficacy and safety outcomes

Cardiovasc Diagn Ther 2016;6(6):570-581
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regardless of ages, sex, weight, and renal function. Unlike
for treatment of nonvalvular AF, dosages need not be
adjusted for CrCl less than 50 mL/min (EINSTEIN,
EINSTEIN PE). Furthermore, the standard of therapy arm
in both trials had acceptable values in the TTR for INR—
58% in the DV'T trial and 63% in the PE trial. These
values are similar to those in other DVT and PE trials.

In addition to DVT and PE, rivaroxaban has been
approved for thromboprophylaxis in patients undergoing
total hip and knee arthroplasty. In the “Rivaroxaban
versus Enoxaparin for Thromboprophylaxis after Hip
Arthroplasty” (RECORD 1) trial patients received
either 10 mg of oral rivaroxaban daily after surgery or
40 mg of subcutaneous enoxaparin the evening before
surgery (26). The primary efficacy outcome was
development of DV, nonfatal PE, or death from any
cause at 36 days. This primary outcome occurred in 1.1%
of patients in the rivaroxaban group and 3.7% of patients
in the enoxaparin group (ARR 2.6%; 95% CI, 1.3-3.7;
P<0.001). The secondary efficacy outcome of major VI'E
defined as proximal DVT, nonfatal PE, or death form VTE,
occurred in 0.2% of patients in the rivaroxaban group and
2.0% of patients in the enoxaparin group (ARR 1.7%;
95% CI, 1.0-2.5; P<0.001). Major bleeding occurred in
0.3% of patient in the rivaroaxaban group and 0.1% of
patients in the enoxaparin group (P=0.18).

The RECORD 3 study had the same dosages of
medications, primary efficacy, secondary efficacy, and
safety outcomes but evaluated patients undergoing knee
arthroplasty (27). The primary outcome occurred in 9.6%
of patients in the rivaroxaban group and 18.9% of patients
in the enoxaparin group (ARR 9.2%; 95% CI, 5.9-12.4;
P<0.001). Major VTE occurred in 1.0% versus 2.6% in the
enoxaparin group (ARR 1.6%; 95% CI, 0.4-2.8; P=0.01).
Bleeding rates were similar, 0.6% in the rivaroxaban group
and 0.5% in the enoxaparin group (P=0.77). There were
no PE or deaths in patients receiving rivaroxaban, however
the enoxaparin group did have four patients with PE and
two of those died. Notably, only 67% of patients that were
randomized were included in this modified intention-to-
treat population.

Both RECORD 1 and RECORD 3 used a modified
intention-to-treat population—only 67% of patient that
were randomized were included in the study. Most of
the patients were excluded because the number of valid
venograms was lower than expected. Both studies increased
recruitment to ensure their studies maintained statistical
power.
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Apixaban

Apixaban, another direct factor Xa inhibitor, has also been
approved for prophylaxis of DVT following hip or knee
arthroplasty, treatment of acute DVT or PE, and risk
reduction for recurrent DVT and PE following initial
therapy (11). Current recommended dosing for treatment
of DVT and PE is 10 mg twice daily for 7 days followed by
5 mg twice daily for patients with preserved renal function.
Recommended dosing for prophylaxis of DVT following
hip or knee arthroplasty is 2.5 mg twice daily starting the
day before the surgery and continued for 35 days for hip
surgery and 12 days for knee surgery.

The Apixaban Dose Orally Vs ANtiCoagulation with
Enoxaparin 1 (ADVANCE-1) trial aimed to assess apixaban
for noninferiority to enoxaparin for thrombophylaxis in
patients undergoing knee replacement (28). ADVANCE-1
was a double-blinded randomized controlled trial in which
3,195 patients undergoing total knee replacement were
randomized to either apixaban 2.5 mg twice daily or 30 mg
enoxaparin subcutaneously every 12 hours to be started
12-24 hours after surgery and continued for 10-14 days. A
primary composite efficacy outcome of symptomatic DVT]
nonfatal PE, and all-cause mortality occurred in 9.0% in
the apixaban cohort versus 8.8% in the enoxaparin group
(RR: 1.02; 95% CI, 0.78-1.32; P=0.06 for noninferiority).
In this study, apixaban approached but did not meet the
noninferiority threshold compared to enoxaparin for
thrombophylaxis. However, a secondary outcome of major
VTE based on a composite of proximal DVT, nonfatal PE
and VTE-related deaths occurred in 2.1% of patients in the
apixaban group versus 1.6% in the enoxaparin cohort (RR:
1.25; 95% CI, 0.70-2.23). With regards to safety outcomes,
a composite endpoint of major bleeding and clinically
relevant non-major bleeding was 2.9% with apixaban and
4.3% with enoxaparin.

ADVANCE-2 was the second of three phase 3 study
trials to evaluate the safety and efficacy of apixaban
in prevention of VTE after elective total knee or hip
replacement (29). Study design was grossly identical to
that of the ADVANCE-1 trial. However, subcutaneous
enoxaparin was dosed at 40 mg daily and the first dose
was delivered 12 hours prior to planned surgery. Apixaban
was administered 12 hours after wound closure, similar to
ADVANCE-1. The primary outcome was the composite
incidence of symptomatic and asymptomatic DV'Ts assessed
by bilateral ascending venography scheduled 10-14 days
after the surgery when study drugs were discontinued,

Cardiovasc Diagn Ther 2016;6(6):570-581
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non-fatal PE, and all-cause mortality during the treatment
period. In contrast to ADVANCE-1, ADVANCE-2
demonstrated increased efficacy with use of apixaban
compared to enoxaparin. Incidence of the primary outcome
occurred in 15.1% of apixaban patients compared to
24.4% of enoxaparin patients (RR: 0.62; 95% CI, 0.51-74,
P<0.001). Major bleeding, adapted from International
Society of Thrombosis and Haemostasis (ISTH) criteria,
occurred in 0.6% of apixaban patients versus 0.9% of
enoxaparin patients (ARD: -0.33%; 95% CI, -0.95 to
0.29; P=0.3014). A composite outcome of major bleeding
and clinical relevant non-major bleeding was also found in
3.5% in the apixaban group versus 4.8% in the enoxaparin
group (ARD: -1.24%; 95% CI, -2.66 to 0.18; P=0.0881).
Study investigators concluded that apixaban was superior to
enoxaparin for prevention of the primary efficacy outcome
and that the incidence of major bleeding or clinically
relevant non-major bleeding did not differ significantly
between the two groups.

Finally, ADVANCE-3 was a double-blind randomized
controlled trial in which 5,407 patients undergoing total
hip arthroplasty were given either apixaban 2.5 mg daily or
enoxaparin 40 mg subcutaneously every 24 hours with initial
dosage identical to ADVANCE-2 (30). Primary efficacy
and safety endpoints were also identical to those described
in ADVANCE-2. The composite of symptomatic and
asymptomatic DV'T, nonfatal PE, and all-cause mortality
occurred in 1.4% of apixaban patients and 3.9% of enoxaparin
patients (RR: 0.36; 95% CI, 0.22-0.54; P<0.001 for both
noninferiority and superiority). The composite of major
bleeding and clinically relevant nonmajor bleeding occurred
in 4.8% of apixaban patients and 5.0% of enoxaparin
patients (ARD: -0.2; 95% CI, -1.4 to 1.0; P=0.72). Similar
to ADVANCE-2, investigators concluded apixaban to be
superior to enoxaparin with similar bleeding risks.

After all ADVANCE trials had been published, apixaban
was evaluated for use in treatment of acute VTE in the
Apixiban for the Initial Management of Pulmonary
Embolism and Deep-Venous Thrombosis as First-Line
Therapy (AMPLIFY) trial (Table 3) (31). In the AMPLIFY
study, investigators randomized 5,935 patients with acute
VTE to either conventional therapy with subcutaneous
enoxaparin followed by adjustable dose warfarin or fixed
dose apixaban. Apixaban was dosed at 10 mg twice daily
for 7 days, followed by 5 mg twice daily for 6 months. The
primary outcome was defined as a composite incidence of
recurrent symptomatic VI'E or death related to VITE and
occurred in 2.3% of patients in the apixaban cohort versus

© Cardiovascular Diagnosis and Therapy. All rights reserved.

cdt.amegroups.com

2.7% of patients receiving conventional therapy (RR: 0.84;
95% CI, 0.60-1.18; P<0.001 for noninferiority). Safety
was assessed as a composite endpoint of incidence of major
bleeding (per ISTH criteria) and clinically relevant non-
major bleeding. The primary safety endpoint occurred
in 4.3% of patients on apixaban versus 9.7% of patients
receiving enoxaparin followed by warfarin (RR: 0.44;
95% CI, 0.36-0.55; P<0.001). All-cause mortality did not
differ between the two groups, but apixaban was superior
to conventional therapy when evaluating a composite
incidence of recurrent VT'E, VTE-related death, and
major bleeding. Researchers concluded that apixaban
was noninferior to enoxaparin followed by warfarin for
treatment of acute VI'E with an additional benefit of major
bleeding risk reduction when using apixaban.
AMPLIFY-EXT was a follow-up study to evaluate
use of apixaban as an option for extended treatment of
VTE (32). Apixaban dosing was determined based on
results from the ARISTOTLE and ADVANCE trials. A
total of 2,486 patients were randomized to receive either
apixaban 5 mg twice daily or 2.5 mg twice daily or placebo
in a 1:1:1 ratio. Patients were included if they had been
treated for 6-12 months with warfarin or were members
of the AMPLIFY trial and there was clinical equipoise
about cessation or continuation of anticoagulation after
completion of acute therapy. The primary efficacy outcome
was the composite incidence of symptomatic recurrent VI'E
and all-cause mortality and occurred in 3.8% of patients in
the apixaban 2.5 mg cohort, 4.2% of patients in the apixaban
5 mg cohort, and 11.6% of patients receiving placebo. Both
doses of apixaban were superior to placebo based on an
intention-to-treat analysis. The primary safety outcome was
incidence of major bleeding, once again defined by ISTH
criteria; a secondary outcome of composite incidence of
major bleeding and clinically relevant non-major bleeding
was also assessed. Major bleeding occurred in 0.2% of
patients in the apixaban 2.5 mg cohort, 0.1% of patients in
the apixaban 5 mg cohort, and 0.5% of patients receiving
placebo. The RR in the rate of major bleeding with the
2.5 mg dose and the 5 mg dose was 1.93 (95% CI,
0.18-21.25). The composite incidence of major and
clinically relevant non-major bleeding occurred in 3.2% of
patients in the apixaban 2.5 mg cohort, 4.3% of patients in
the apixaban 5 mg cohort, and 2.7% of patients receiving
placebo. Study investigators concluded that both doses of
apixaban reduced the risk of recurrent VIT'E with similar
rates of major bleeding compared with placebo. Additionally,
for patients with VTE for whom continued anticoagulation
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Drug Apixaban (ELIQUIS™) Edoxaban (SAVAYSA™)
Drug trial AMPLIFY HOKUSAI VTE
Study design Multicenter, double-blind, intent-to-treat Multicenter, double-blind, modified intent-to-treat
No. in sample 2,609 2,635 - - 4,118 4,122 - -
Sample size per NOAC Enoxaparin/warfarin RR (95% Cl) P value NOAC Warfarin ~ HR (95% ClI) P value
cohort
Efficacy
VTE or VTE 2.3% 2.7% 0.84 (0.60-1.18) <0.001* 3.2% 3.5% 0.89(0.70-1.13) <0.001*
related death
DVT 0.8% 1.3% - - 1.4% 1.5% - -
Nonfatal PE 1.0% 0.9% - - 1.2% 1.4% - -
Fatal PE <0.1% 0.1% - - 0.1% 0.1% - -
ACM 1.5% 1.9% 0.79 (0.53-1.19) - 3.2% 3.1% - -
VTE or death 3.2% 3.9% 0.82 (0.61-1.08) 0.16 5.5% 55% 1.00(0.83-1.20) 1.00"
from any cause
Safety
Major bleeding 0.6% 1.8% 0.31(0.17-0.55) <0.001" 1.4% 1.6% 0.84 (0.59-1.21) 0.35
Non-major 3.8% 8.0% 0.48 (0.38-0.60) - 7.2% 8.9%  0.80(0.68-0.93) 0.004"
bleeding
Major + non- 4.3% 9.7% 0.44 (0.36-0.55) <0.001 8.5% 10.3% 0.81(0.71-0.94) 0.004"

major bleeding

*, indicates analysis for noninferiority; ', indicates analysis for superiority; *, presented data includes additional 30-day follow-up
outcomes; §, major bleeding was defined as: RE-COVER, RE-COVER II, EINSTEIN DVT, EINSTEIN PE, AMPLIFY, HOKUSAI VTE, if it was
clinically overt and if it was associated with a fall in the hemoglobin level of at least 20 g per liter, resulted in the need for transfusion
of 2 or more units of red cells, involved a critical site, or was fatal; %, clinically relevant non-major bleeding was defined as: RE-COVER,
RE-COVER II, AMPLIFY, HOKUSAI VTE, at least one of the following: spontaneous skin hematoma of at least 25 cm?, spontaneous
nosebleed more than 5 minutes duration, macroscopic hematuria, spontaneous rectal bleeding, gingival bleeding for more than 5
minutes, bleeding leading to hospitalization and/or surgical treatment, bleeding leading to a transfusion of less than 2 units of whole
blood or red cells, any other bleeding considered clinically relevant by the investigator; EINSTEIN DVT, EINSTEIN PE, overt bleeding not
meeting the criteria for major bleeding but associated with medical intervention, unscheduled contact with a physician, interruption or
discontinuation of study treatment, or associated with any other discomfort such as pain or impairment of activities of daily life. NOAC,
new oral anticoagulant; RR, relative risk; HR, hazard ratio; DVT, deep venous thrombosis; PE, pulmonary embolism; EDVT, Einstein DVT

Trial; EPE, Einstein PE Trial; ACM, all cause mortality.

beyond a standard treatment period is controversial,
AMPLIFY-EXT suggests continuing anticoagulation
therapy with apixaban for an additional 12 months
would be a safe and effective approach.

Edoxaban

Edoxaban has also been approved for the treatment of
both DVT and PE, but it has not been approved for
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thromboprophylaxis in total hip and knee arthroplasty (13).
Current dosing guidelines recommend 60 mg once daily and
30 mg once daily for patients with CrCl 15 to 50 mL/min
or body weight less than or equal to 60 kg or who use the
P-gp inhibitor rifampin. This medication should be started
5-10 days after initiation of a parenteral anticoagulant.
Similar to rivaroxaban, edoxaban is a selective inhibitor
of factor Xa (33,34). The peak plasma concentration is
achieved in 1 to 2 hours and steady state is achieved in

Cardiovasc Diagn Ther 2016;6(6):570-581



578 Madan et al. Use of novel oral anticoagulation agents in venous thromboembolism

3 days. Edoxaban is eliminated primarily through the urine
with a half-life of 5 to 11 hours. As with rivaroxaban, drug
levels correlate with anti-Xa activity, prothrombin time
(PT), and activated partial thromboplastin time (aPTT).

The Hokusai-VTE investigators conducted a
randomized, double-blinded, noninferiority trial that
compared heparin followed by edoxaban to heparin followed
by warfarin for treatment of PE, DV'I] or both (7able 3) (35).
The treatment dose for edoxaban was adjusted from 60 mg
once daily to 30 mg once daily for those with CrCl between
30 to 50 mL/min or body weight less than 60 kg. The
primary efficacy outcome and principle safety outcome were
recurrent systemic VI'E (defined as composite of DV'T
or nonfatal or fatal PE) and major or clinically relevant
non-major bleeding, respectively. Systemic VIT'E occurred
in 3.2% of patients in the edoxaban group and 3.5% of
patients in the warfarin group (HR: 0.89; 95% CI, 0.70-1.13;
P<0.001). The principle safety outcome occurred in 8.5% of
patients in the edoxaban arm and 10.3% of patients in the
warfarin arm (HR: 0.81; 95% CI, 0.71-0.94; P=0.004). In
the edoxaban group there were only two (<0.1%) fatal major
bleeding events versus 10 (0.2%) in the warfarin group and
no intracranial or retroperitoneal bleeding was notified in
the edoxaban group. This study further measured right
ventricular dysfunction and N'T-proBNP levels to assess the
severity of PE. The rate of recurrence of VTE in those with
right ventricular dysfunction or NT-proBNP >500 pg/mL
was 3.3% in the edoxaban arm versus 6.2% in the warfarin
arm (HR: 0.52; 95% CI, 0.28-0.98). Thus edoxaban was
found to be noninferior to standard of therapy for treatment
of VTE and superior with respect to its bleeding risk.

As with the other factor Xa inhibitors, reversal in the
setting of major bleeding has been an ongoing challenge.
Current studies indicate that prothrombin complex
concentrate, activated prothrombin complex concentrate, and
recombinant factor VIla as well as PER977 are all promising
for reversal of anticoagulation with edoxaban (36,37). A novel
recombinant protein (r-Antidote, PRT064445) that binds
to factor Xa inhibitors and reverses the anticoagulant effect
also has potential for factor Xa inhibitor reversal (38). At
this time, however, there are no FDA approved measures
for reversal of edoxaban or other factor Xa inhibitors.

Reversal agents

Until recently, a common disadvantage for all four NOACs
was the lack of reversal agents in cases of serious bleeding
or need for rapid reversal of anticoagulation, such as in

© Cardiovascular Diagnosis and Therapy. All rights reserved.

cdt.amegroups.com

the case of emergent surgery. Treatment during medical
emergencies has typically consisted of resuscitation with
blood products as well as non-specific procoagulant agents,
prothrombin complex concentrates and recombinant
factor VIIa. Idarucizumab (Praxbind) is a reversal agent for
dabigatran that received FDA approval in October 2015.
Idarucizumab is a monoclonal antibody fragment that
neutralizes dabigatran by binding both free and thrombin-
bound dabigatran with high affinity (39). The RE-VERSE
AD trial is an ongoing prospective cohort study that
is evaluating the ability of idarucizumab to reverse the
anticoagulant effect of dabigatran in patients with either
serious bleeding events while on dabigatran (group A) or in
patients on dabigatran who require emergent surgery that
necessitates immediate anticoagulation reversal (group B),
with the primary end point being the maximum percentage
reversal of the anticoagulant effect of dabigatran within
4 hours of giving idarucizumab as measured by the dilute
thrombin time or ecarin clotting time (39). Restoration
of hemostasis is a secondary end point in this study. RE-
VERSE AD has already published data on a cohort of 90
subjects who received 5 g of IV idarucizumab and were
followed for either 1 month or until death. Of these 90
subjects, 68 could be assessed by the dilute thrombin time
test and 81 could be assessed by the ecarin clotting time
test; 98% of subjects in group A and 93% of subjects in
group B had normalization of the direct thrombin time,
and 89% and 88% of subjects, in their respective groups,
had normalization of the ecarin clotting time. The median
maximum percentage reversal in both groups was 100%
(95% CI, 100-100). There were a total of 18 deaths, nine
in each study group; five deaths were attributed to fatal
bleeding. There were thrombotic events (DVT, PE, or left
atrial thrombus) in five subjects. The RE-VERSE AD trial
is still an ongoing, multicenter study, currently recruiting
more participants. Initial data suggests idarucizumab as
an effective reversal agent for dabigatran and this reversal
agent should be used when deemed clinically indicated.
Adexanet alfa is currently being studied as a reversal agent
for indirect and direct Xa inhibitors, including apixaban,
rivaroxaban, and edoxaban (40). It is a recombinant
modified human factor Xa decoy protein that can bind Xa
inhibitors with high affinity. Adexanet is currently being
evaluated in ANNEXA-4, a phase 4 trial, with its use as an
antidote in patients with severe bleeding (41). Aripazine
(PER977) has been developed as a reversal agent for ultra-
fractionated heparin and low-molecular weight heparin,
but also appears to effectively bind edoxaban, rivaroxaban,
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apixaban, and dabigatran (37).

The most worrisome complication of all oral
anticoagulation use is the risk of intracranial hemorrhage.
Despite the lack of widely available reversal agents for
NOAC:s, with regard to intracranial bleeding, the NOACs
seem to be safer than warfarin. In a meta-analysis of the
efficacy and harms of the NOACs by Sharma ez /., there was
a significant risk reduction of intracranial bleeding for all four
NOACs when compared to warfarin (42). For dabigatran
(both 150 and 110 mg dosing), rivaroxaban, and edoxaban
60 mg, there was an increased risk of gastrointestinal bleeding
when compared to warfarin. However, intracranial bleeding
arguably poses a greater risk of morbidity and mortality
towards patients than gastrointestinal bleeding; NOACs
should be considered favorably when compared to warfarin
in terms of the overall safety profile.

Discussion

In the last decade, the medical community has markedly
increased utilization of NOACs in the United States (43).
This increased trend in prescription volume was recently
explored in a recent Canadian health system audit (44).
Reasons for increased NOAC use likely include growing
physician experience and familiarity as well as emerging
indications (first for nonvalvular AF and now from
treatment and prophylaxis of VTE).

The rise in NOAC use can lead to provider discomfort
in choosing exactly which NOAC to prescribe, particularly
when adjudicating the plethora of numerical data available
in the landmark trials. Unfortunately, there are no head-
to-head trials to date comparing the different NOACs to
one another in terms of safety and efficacy. However, a
meta-analysis performed by Hirschl ez 4/. aimed to provide
indirect comparisons of NOACs (45). The meta-analysis
found no differences between NOACs and warfarin with
regard to recurrent VI'E and death. Major bleeding
was significantly reduced by rivaroxaban and apixaban;
composite major bleeding and clinically relevant non-major
bleeding was significantly reduced by dabigatran, apixaban,
and edoxaban. No differences were found between the
NOAC:s with regards to efficacy, but apixaban appeared
to reduce the incidence of major bleeding more than
dabigatran and edoxaban. With regards to the composite
bleeding outcome, apixaban appeared to fare better than
all other NOAC:s. Although indirect comparison analyses
have inherent limitations (for example, the different
baseline demographics in various analyses), review of
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each trial independently seems to suggest that NOACs
are at least as effective as warfarin in the treatment and
prevention of recurrent VIT'E. Moreover, trials also suggest
each NOAC has an advantage over warfarin with regards
to safety outcomes. Apixaban demonstrated a superior
bleeding profile when compared to warfarin, and edoxaban
demonstrated superiority in major bleeding and composite
major bleeding plus clinically relevant non-major bleeding
when compared to warfarin. The practicality and ease of
use for NOACs combined in the setting of this array of
favorable clinical data makes use of these drugs appealing.
Additionally, the development of reversal agents may also
lead to improve comfort for both providers and patients.

The American College of Chest Physicians (ACCP)
has provided guidelines for the evidenced-based treatment
and management of VT'E for many years and has recently
released an updated set of recommendations. In these
recommendations, all four NOACs are recommended for use
over warfarin for long-term anticoagulation (first 3 months)
in patients without cancer with DVT of the leg or PE (grade
2B). This is considered a weak recommendation based on
moderate quality evidence but still represents a departure
from longstanding guidelines (46).

A perceived downside of NOAC use is the cost of
individual NOACs for the patient when compared to
warfarin, yet several studies have suggested that individual
NOAC:S are a more cost-effective option for the health care
system, offer more value in quality-adjusted measures for
users, reduce length-of-stay for hospitalization for VI'E
when compared to enoxaparin plus warfarin, and reduce the
utilization of the inpatient health care system due to fewer
major bleeding events than warfarin (47-50).

Ultimately, the introduction of NOAC:s as an alternative
to warfarin improves the potential for individualized
therapy moving forward. Prescribers should undertake
a comprehensive discussion regarding risks and benefits
of the NOACs when selecting the agent which best suits
each patient’s comorbidities and personal preferences.
In general, patients who have excellent medication
adherence are better candidates for NOAC:s, as there is
no routine monitoring nor definitive markers to verify
compliance. Many potential indications for NOACs
remain to be investigated—treatment or prevention for
VTE in oncology patients as well as for patients with adult
congenital heart disease. As usage patterns for NOACs
continue to increase, a clear understanding of the evolving
field of oral anticoagulants will be important for both
patients and physicians.
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