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Abstract: Edoxaban, a factor Xa inhibitor, was approved by the United States Food and Drug 

Administration in 2015 for stroke prevention in nonvalvular atrial fibrillation and treatment 

of venous thromboembolism. It is the fourth target-specific oral anticoagulant to be approved. 

Edoxaban is noninferior for efficacy compared to warfarin for both approved indications. Edoxa-

ban is superior to warfarin for the first major or clinically relevant nonmajor bleeding event in 

venous thromboembolism and major bleeding in nonvalvular atrial fibrillation. Edoxaban is dosed 

once daily for both indications and requires dose adjustment for renal function. In patients with 

nonvalvular atrial fibrillation, use is not recommended in patients with a creatinine clearance 

greater than 95 mL/min due to reduced efficacy. Edoxaban offers a new therapeutic alternative 

to the currently available options in the market.

Keywords: anticoagulation, stroke, deep vein thrombosis, pulmonary embolism, atrial fibril-

lation, Savaysa™

Introduction
Oral anticoagulation has changed dramatically since 2009. For decades, vitamin K 

antagonists were the only option available for treatment and prevention of venous 

thromboembolism (VTE) and prevention of stroke and systemic embolism (SSE) in 

patients with nonvalvular atrial fibrillation (NVAF). Warfarin has established efficacy 

in both disease states, but does come with limitations. A narrow therapeutic index, 

frequent therapeutic drug monitoring, and dietary and medication interactions com-

plicate the management of warfarin.1

The first target-specific oral anticoagulant (TSOAC) introduced in 2010 was 

dabigatran, a direct thrombin inhibitor.2 There are currently three factor Xa inhibitors 

approved by the United States Food and Drug Administration (FDA), including, apixa-

ban, rivaroxaban, and edoxaban. Table 1 summarizes the general properties as well as 

current FDA-approved indications.2–5 Edoxaban is the most recent factor Xa inhibitor 

to receive FDA approval. This review summarizes the current evidence for edoxaban 

in the treatment and prevention of VTE and prevention of SSE in NVAF.

Pharmacodynamics and pharmacokinetics
Edoxaban is an orally active, direct, and specific inhibitor of factor Xa that inhibits 

thrombin generation and thrombus formation.6,7 Edoxaban is associated with dose-

dependent prolonged prothrombin time, activated partial thromboplastin time, inter-

national normalized ratio (INR) (maximum of 3.5), and antifactor Xa activity.7,8
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In healthy adults, edoxaban exhibits dose-dependent and 

linear pharmacokinetic parameters.8 Edoxaban is rapidly 

absorbed (time of maximum observed plasma concentration 

of 1–2 hours) with a bioavailability of ~58.3%–61.8%.8–10 

Edoxaban can be administered with or without food.11 The 

half-life of edoxaban ranges from 5 to 11 hours.8 Edoxaban 

has 40%–59% plasma protein binding with a volume of dis-

tribution of 107 L at steady state.8,10 Edoxaban is eliminated 

through multiple elimination pathways, including renal excre-

tion (35%–55%), biliary excretion, and metabolism.8,12

Edoxaban coadministered with naproxen 500 mg or aspi-

rin 100 or 325 mg demonstrates an additive effect on bleeding 

time. Edoxaban pharmacokinetics is not affected by naproxen 

or low-dose aspirin (100 mg); however, high-dose aspirin 

(325 mg) increases edoxaban bioavailability by 30%. Platelet 

aggregation is not altered when aspirin or naproxen are coad-

ministered with edoxaban.13 Clinical studies included patients 

receiving #100 mg of aspirin per day, thienopyridines, and 

nonsteroidal anti-inflammatory therapy. Due to increased 

rates of clinically relevant bleeding, long-term concomitant 

therapy with other anticoagulants is not recommended.4

Edoxaban is not extensively metabolized by CYP3A; 

however, edoxaban is a P-glycoprotein substrate. Edoxaban 

exposure, measured as area under the curve (AUC), is 

increased when coadministered with quinidine (76.7%), 

amiodarone (39.8%), verapamil (52.7%), and dronedarone 

(84.5%).14 There is also a significant increase in relative 

bioavailability and decrease in volume of distribution when 

edoxaban is administered with P-glycoprotein inhibitors 

(ketoconazole, verapamil, erythromycin, quinidine, and 

amiodarone).9 There is a nonsignificant increase in edoxa-

ban exposure when coadministered with digoxin (9.5%) 

or atorvastatin (1.7%).14 Concomitant administration of 

digoxin and edoxaban does not result in clinically significant 

Table 1 Comparison of target-specific oral anticoagulants

Dabigatran Rivaroxaban Apixaban Edoxaban

Mechanism of action Direct thrombin inhibitor FXa inhibitor FXa inhibitor FXa inhibitor
FDA indications AF, VTE Tx, VTE RR AF, VTE Px, VTE Tx, VTE RR AF, VTE Px, VTE Tx, VTE RR AF, VTE Tx
Bioavailability 3%–7% 10 mg – 80%–100%

20 mg – 66%
50% 62%

Time to Cmax (hours) 1–2 2–4 3–4 1–2
Protein binding 35% 92%–95% 87% 55%
Half-life (hours) 12–17 5–9 12 10–14
Renal elimination 80% 66% 27% 50%
Metabolism P-gp CYP3A4/5, CYP2J2, P-gp, ATP-

binding cassette G2 transporters
CYP3A4, P-gp
Minor contributions from 
CYP1A2, 2C8, 2C9, 2C19, and 2J2

P-gp

Dose adjustments Dabigatran 75 mg bid
AF: CrCl 30–50 mL/min 
with P-gp inhibitors
or
CrCl 15–30 mL/min

Rivaroxaban 15 mg daily
AF: CrCl 15–50 mL/min

Apixaban 2.5 mg bid
AF (two of the following): age 
$80 years, body weight #60 kg, 
or SCr $1.5 mg/dL

Edoxaban 30 mg daily
AF: CrCl 15–50 mL/min; 
CrCl $95 mL/min, avoid 
use
VTE: CrCl 15–50 mL/min, 
body weight #60 kg, or 
certain P-gp inhibitors

PK drug interactions P-gp inducers
Rifampin

P-gp inhibitors
Dronedarone
Ketoconazole

Combined strong CYP3A4 and 
P-gp inhibitors

Conivaptan
Indinavir
Itraconazole
Ketoconazole
Lopinavir/ritonavir
Ritonavir

Combined strong CYP3A4 and 
P-gp inducers

Carbamazepine
Phenytoin
Rifampin
St John’s wort

Combined strong CYP3A4 and 
P-gp inhibitors

Clarithromycin
Itraconazole
Ketoconazole
Ritonavir

Combined strong CYP3A4 and 
P-gp inducers

Carbamazepine
Phenytoin
Rifampin
St John’s wort

P-gp inducers
Rifampin

P-gp inhibitors
Dronedarone
Quinidine
Verapamil

Abbreviations: AF, prevention of stroke/systemic embolic event in NVAF; Cmax, maximum concentration; CrCl, creatinine clearance; FDA, United States Food and Drug 
Administration; FXa, factor Xa; NVAF, nonvalvular atrial fibrillation; P-gp, P-glycoprotein; PK, pharmacokinetic; SCr, serum creatinine; VTE Px, venous thromboembolism 
prophylaxis; VTE RR, risk reduction of recurrent venous thromboembolism; VTE Tx, venous thromboembolism treatment.
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changes in pharmacokinetics, pharmacodynamics, or renal 

elimination.15 Coadministration with rifampin should be 

avoided due to decreased edoxaban serum concentrations.4 

Edoxaban has minimal effect on cardiac repolarization and 

does not exhibit clinically significant QTc prolongation and, 

therefore, it is not necessary to avoid medications that may 

prolong the QTc interval.16

Renal function, as estimated by creatinine clearance 

(CrCl) utilizing the Cockcroft–Gault equation, is the most 

significant factor influencing edoxaban disposition.17 A subset 

of patients from ENGAGE-AF, who were not dose-adjusted, 

had geometric mean predose edoxaban exposure levels 

that were 30% less in the normal renal function subgroup, 

compared to the mild renal impairment subgroup.18 Patients 

with low body weight (#60 kg) have a higher incidence 

of bleeding that is approximately two times greater than 

patients .60 kg or patients randomized to warfarin.19

Venous thromboembolism
VTE has an approximate overall incidence of 70–113 cases 

per 100,000 patients per year. There is approximately 

a 7%  incidence of recurrent VTE within 6 months after 

an initial acute VTE. The incidence of 30-day mortality 

after VTE is  ~6% after a deep vein thrombosis (DVT) 

and increases to 12% after a pulmonary embolism (PE).20 

Standard treatment for acute VTE consists of parenteral 

anticoagulation with unfractionated heparin or low molecu-

lar weight heparin for a minimum of 5 days and until 

achievement of an INR greater than 2.0 on warfarin. The 

duration of anticoagulation is variable and patient-specific 

but generally consists of 3–12 months of treatment with a 

goal INR of 2.0–3.0.21

The initial 3 months of anticoagulation with warfarin, 

titrated to a goal INR of 2.0–3.0, has been associated with 

rates of recurrent VTE and major bleeding events of 6% and 

3%, respectively.22 Major bleeding events and intracranial 

hemorrhage significantly contribute to the mortality of 

patients receiving anticoagulation for VTE. In a meta-analysis 

of anticoagulation for the treatment of VTE, warfarin was 

associated with an overall case-fatality rate due to major 

bleeding events of 13.4% and a rate of intracranial hemor-

rhage of 1.15 events per 100 patient-years.23 Rates of major 

bleeding and intracranial hemorrhage appear to be greater 

during the first 3 months of anticoagulation.22,23 The TSOACs 

dabigatran, rivaroxaban, apixaban, and edoxaban have been 

evaluated in the treatment of acute VTE, including DVT and 

PE, and have consistently demonstrated comparable clinical 

efficacy to warfarin with a decreased risk of major bleeding 

events and intracranial hemorrhage (Table 2).24–28

RE-COVER was a double-blind, noninferiority trial that 

randomized 2,564 patients with acute DVT (N=1,749) or 

PE (N=541) to 6 months of anticoagulation with dabigatran 

150 mg oral bid or warfarin (goal INR 2.0–3.0).25 Per study 

protocol, patients in both groups received at least 5 days of 

parenteral anticoagulation prior to dabigatran initiation or 

until achievement of a therapeutic INR. Patients assigned 

to warfarin had an INR in target therapeutic range (TTR) 

60% of the time. Dabigatran was noninferior to warfarin 

for the prevention of symptomatic VTE or VTE-related 

death (hazard ratio [HR] 1.10, 95% confidence interval [CI] 

0.65–1.84). Dabigatran had a significantly lower incidence of 

any bleeding event (HR 0.71, 95% CI 0.59–0.85; P,0.001 

for superiority; number needed to treat [NNT] 18) and major 

or clinically relevant nonmajor bleeding events (HR 0.63, 

Table 2 Comparison of outcomes of acute treatment in VTE trials

Trial RE-COVER25 EINSTEIN-DVT26 EINSTEIN-PE27 AMPLIFY28 Hokusai-VTE24

Intervention Parenteral anticoagulation 
$5 days followed by 
dabigatran 150 mg bida

Rivaroxaban 15 mg bid 
×3 weeks, followed by 
20 mg daily

Rivaroxaban 15 mg bid 
×3 weeks, followed by 
20 mg daily

Apixaban 10 mg bid 
×7 days, followed 
by 5 mg bid

Parenteral anticoagulation 
$5 days followed by 
edoxaban 60 mg dailya

Comparator Warfarin,  
target INR 2.0–3.0

Warfarin,  
target INR 2.0–3.0

Warfarin,  
target INR 2.0–3.0

Warfarin,  
target INR 2.0–3.0

Warfarin,  
target INR 2.0–3.0

Mean TTR, % 59.9 57.7 62.7 61 63.5
Mean INR ,2.0, % 21 24.4 21.8 23 18.9
Mean INR .3.0, % 19 16.2 15.5 16 17.6
Recurrent VTE or 
VTE-related death

Noninferior Noninferior Noninferior Noninferior Noninferior

Major or clinically 
relevant nonmajor 
bleeding, NNT

32 NS NS 19 56

Major bleeding, NNT NS NS 91 84 NS

Note: aParenteral anticoagulants included treatment doses of unfractionated heparin or enoxaparin.
Abbreviations: INR, international normalized ratio; NNT, number needed to treat; NS, nonsignificant; TTR, time in therapeutic range; VTE, venous thromboembolism.
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95% CI 0.47–0.84; P=0.002 for superiority; NNT 32). 

No significant difference between treatments was demon-

strated for the incidence of major bleeding (HR 0.82, 95% 

CI 0.45–1.48; P=0.38 for superiority). However, gastroin-

testinal (GI) bleeding tended to occur more frequently with 

dabigatran compared to warfarin (N=53 vs N=35, respec-

tively), and dabigatran had a significantly higher incidence 

of dyspepsia (2.9% vs 0.6%; P,0.001).

The EINSTEIN-DVT and EINSTEIN-PE trials were 

double-blind, randomized, noninferiority studies that com-

pared rivaroxaban 15 mg oral bid for 3 weeks followed by 

20 mg oral daily and/or treatment with warfarin (goal INR 

2.0–3.0) for the acute treatment of DVT (N=3,449) and PE 

(N=4,833), respectively.26,27 Patients assigned to warfarin 

received parenteral anticoagulation with enoxaparin 1 mg/kg 

subcutaneously every 12 hours for at least 5 days and until 

attainment of a therapeutic INR on two consecutive days. 

Patients were randomized to receive 3, 6, or 12 months of 

anticoagulation. Patients assigned to the warfarin group had 

an INR in TTR 57.7% and 62.7% of the time in the DVT and 

PE studies, respectively. In EINSTEIN-DVT, rivaroxaban 

was noninferior to warfarin for the prevention of symptomatic 

DVT and nonfatal or fatal PE (HR 0.68, 95% CI 0.44–1.04; 

P,0.001 for noninferiority) and demonstrated no significant 

differences in the incidence of major or clinically relevant 

nonmajor bleeding (HR 0.97, 95% CI 0.76–1.22; P=0.77 for 

superiority) and major bleeding (HR 0.65, 95% CI 0.33–1.30; 

P=0.21 for superiority).26 Rivaroxaban demonstrated similar 

efficacy for the acute treatment of PE, as it was noninferior 

to warfarin for the prevention of fatal or nonfatal PE or DVT 

(HR 1.12, 95% CI 0.75–1.68, P=0.003 for noninferiority). 

Although rivaroxaban demonstrated no significant difference 

compared to warfarin for the incidence of the composite of 

major or clinically relevant nonmajor bleeding (HR 0.90, 

95% CI 0.76–1.07; P=0.23 for superiority) in EINSTEIN-PE, 

patients treated with rivaroxaban had a significantly lower 

incidence of any major bleed (HR 0.49, 95% CI 0.31–0.79; 

P=0.003 for superiority; NNT 91).27

The Apixaban for the Initial Management of Pulmonary 

Embolism and Deep-Vein Thrombosis as First-Line Therapy 

(AMPLIFY) trial was a double-blind, noninferiority study 

that randomized 5,395 patients to apixaban or warfarin for 

the treatment of acute DVT (N=3,532) or PE (N=1,359).28 

Patients received apixaban 10 mg oral bid for 7 days fol-

lowed by 5 mg oral bid or warfarin (goal INR 2.0–3.0) 

for 6 months. Parenteral anticoagulation with enoxaparin 

1 mg/kg subcutaneously every 12 hours was administered 

to patients assigned to warfarin for at least 5 days and until 

attainment of a therapeutic INR. Patients in the warfarin 

group had an INR in TTR 61% of the time. Apixaban was 

noninferior to warfarin for the prevention of symptomatic 

VTE or VTE-related death (HR 0.84, 95% CI 0.60–1.18; 

P,0.001 for noninferiority). Apixaban had a lower incidence 

of major bleeding (HR 0.31, 95% CI 0.17–0.55; P,0.001 for 

superiority; NNT 84), clinically relevant nonmajor bleeding 

(HR 0.48, 95% CI 0.38–0.60; NNT 24), and the composite 

endpoint of major bleeding or clinically relevant nonmajor 

bleeding (HR 0.44, 95% CI 0.36–0.55; P,0.001 for supe-

riority; NNT 19).

Hokusai-VTE was a randomized, double-blind, noninfe-

riority study that compared edoxaban and warfarin, adjusted 

to a goal INR of 2.0–3.0, for the treatment of acute DVT or 

PE.24 All patients received at least 5 days of anticoagula-

tion with enoxaparin or unfractionated heparin prior to the 

initiation of edoxaban at a dose of 60 mg oral daily. The 

dose of edoxaban was decreased to 30 mg oral daily for a 

calculated CrCl of 30–50 mL/minute, body weight 60 kg, 

or concomitant therapy with the strong P-gp inhibitors 

verapamil or quinidine. Of the 8,240 patients who received 

study treatment, 3,319 patients were enrolled with a quali-

fying indication of PE. Patients treated with warfarin had a 

documented INR in TTR 63.5% of the time. Edoxaban was 

noninferior to warfarin for the prevention of the primary, 

composite outcome of recurrent VTE or VTE-related death 

(HR 0.89, 95% CI 0.70–1.13; P,0.001 for noninferiority). 

Edoxaban was superior to warfarin with a lower incidence 

of the primary, composite safety outcome of a first major 

or clinically relevant nonmajor bleeding event (HR 0.81, 

95% CI 0.71–0.94; P=0.004 for superiority; NNT 56). The 

difference in the composite safety outcome was primarily 

due to a significantly lower incidence of clinically relevant 

nonmajor bleeding events (HR 0.80, 95% CI 0.68–0.93; 

P=0.004 for superiority; NNT 59) in the edoxaban group. 

Edoxaban also demonstrated a significantly lower incidence 

of any bleeding event (HR 0.82, 95% CI 0.75–0.90; P,0.001 

for superiority; NNT 26) in comparison to warfarin. The effi-

cacy and safety of edoxaban were maintained in patients who 

qualified for a reduced dose of edoxaban 30 mg oral daily, 

but this analysis is limited by a smaller sample of patients 

(N=733) who received the lower dose during the study.

No studies have directly compared the TSOACs for 

the treatment of acute VTE. In comparison to warfarin, the 

TSOACs have demonstrated remarkable consistency for 

clinical efficacy and safety.24–28 A meta-analysis of the five 

randomized trials of TSOACs in VTE demonstrated a non-

significantly lower rate of recurrent VTE (relative risk [RR] 
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0.88, 95% CI 0.74–1.05) and a significantly lower rate of 

major bleeding (RR 0.60, 95% CI 0.41–0.88) corresponding 

to an NNT to prevent one major bleeding event of 149 for the 

TSOACs compared to warfarin. The incidence of major GI 

bleeding, however, was not significantly lower for treatment 

with TSOACs (RR 0.68, 95% CI 0.36–1.30).29 The lack of a 

significant reduction in the collective risk of major GI bleed-

ing with the TSOACs is due to the greater risk of GI bleeding 

observed with dabigatran.25 Rivaroxaban and apixaban were 

not associated with an increased risk of GI bleeding when 

compared to warfarin, and Hokusai-VTE did not report the 

incidence of this safety endpoint for edoxaban.24,26–28

Each TSOAC is noninferior for the prevention of recur-

rent VTE compared to warfarin (goal INR 2.0–3.0), and it 

can be presumed that edoxaban has comparable efficacy and 

safety based on these results.24–28 Differences in the study 

populations and safety outcomes may compel providers to 

choose one TSOAC over another for the treatment of acute 

VTE. Edoxaban (N=3,319) and rivaroxaban (N=4,832) have 

been studied more robustly for the treatment of acute PE 

than apixaban (N=1,836) or dabigatran (N=789). Therefore, 

despite each TSOAC demonstrating noninferiority for the 

treatment of acute VTE, the data to support TSOAC treatment 

for an acute PE are stronger for edoxaban and rivaroxaban 

than apixaban or dabigatran.

Safety data directly comparing the TSOACs do not exist, 

which precludes a definitive assertion of the comparative 

effects of individual TSOACs on bleeding outcomes. The 

composite outcome of major bleeding or clinically relevant 

nonmajor bleeding was significantly lower during treatment 

with dabigatran (NNT 32), apixaban (NNT 19), and edoxa-

ban (NNT 56), while no difference was observed between 

rivaroxaban and warfarin for the same bleeding outcomes.24–28 

Dabigatran (NNT 18) and edoxaban (NNT 26) also sig-

nificantly decreased the incidence of any bleeding event.24,25 

Both apixaban (NNT 84) and rivaroxaban, when analyzed in 

EINSTEIN-PE (NNT 91), demonstrated a decreased risk of 

major bleeding events, but edoxaban failed to significantly 

decrease the incidence of this safety endpoint.24,27,28 The 

effect of individual TSOACs on bleeding outcomes during 

the treatment of acute VTE is variable and, at this time, it is 

not possible to provide a definitive recommendation among 

the TSOACs on bleeding data alone.

Edoxaban is a noninferior alternative to warfarin, 

titrated to a goal INR of 2.0–3.0, for the acute treatment of 

DVT or PE.24 Edoxaban appears to have comparable effi-

cacy for the management of VTE compared to dabigatran, 

rivaroxaban, or apixaban, and it is the only TSOAC dosed 

once daily for the entire duration of therapy. A minimum 

of 5 days of parenteral anticoagulation is required prior to 

the initiation of edoxaban for the acute treatment of VTE, 

a stipulation not required of rivaroxaban or apixaban.24,26–28 

Dosage adjustments are required for renal impairment (CrCl 

15–50 mL/min), low body weight (#60 kg), and concomitant 

use of P-glycoprotein inhibitors. However, unlike its indi-

cation in atrial fibrillation, edoxaban may still be used for 

patients with a calculated CrCl greater than 95 mL/min.4

Prevention of SSE
Atrial fibrillation is the most common cardiac arrhythmia and 

the prevalence increases with age. It is anticipated that by 

2030 the prevalence in the US will reach 12.1 million.30 Prior 

to 2010, warfarin represented the only oral anticoagulant to 

reduce the risk of stroke in patients with atrial fibrillation. 

Four TSOACs have been developed and address many 

difficulties present with warfarin, including variable dosing, 

food and drug interactions, long onset of action, and routine 

monitoring. Reported prescribing rates of warfarin have 

indicated underutilization in patients at risk for stroke.31

Current guidelines recommend oral anticoagulation for 

patients with NVAF with prior stroke, transient ischemic 

attack, or CHA
2
DS

2
-VASc score of 2 or greater. Published 

in 2014, the guidelines address warfarin in addition to three 

of the four TSOACs currently on the market. Warfarin, dose-

adjusted to an INR of 2.0–3.0, is the only agent with a level 

IA recommendation. Dabigatran, rivaroxaban, and apixaban 

are equally recommended with level IB recommendations. 

Edoxaban was FDA-approved after current guidelines were 

published.4,32

All four TSOACs were evaluated in large, randomized 

controlled trials in patients with a mean annual stroke risk of 

at least 4.0% (Table 3).34–37 TSOACs have been compared to 

warfarin in four landmark trials, including over 71,000 patients 

to assess the reduction in SSE secondary to NVAF. All four 

TSOACs currently on the market have demonstrated at 

least noninferiority to warfarin and with the exception of GI 

bleeding, lower rates of bleeding. In a recent meta-analysis, 

TSOACs reduced events by 19% compared with warfarin 

(RR 0.81, 95% CI 0.73–0.91; P,0.0001), mainly driven by 

a statistically significant reduction in hemorrhagic stroke.38

Dabigatran was the first TSOAC approved to prevent 

SSE. The Randomized Evaluation of Long-term Antico-

agulation Therapy (RE-LY) trial evaluated 18,113 patients 

with a mean CHADS
2
 score of 2.1.35 Patients were assigned 

to dabigatran 110 or 150 mg bid compared to open-label 

warfarin with a goal INR of 2–3. Patients were followed for 
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a median of 2 years. Dabigatran 150 mg was superior in effi-

cacy for reduction of SSE (1.11% vs 1.69%) (RR 0.66; 95% 

CI 0.53–0.82; P,0.001; NNT 172). Major bleeding was not 

statistically significantly different (3.11% vs 3.37%); how-

ever, hemorrhagic stroke was significantly reduced in both 

dabigatran groups compared to warfarin. Dabigatran 150 mg 

resulted in statistically significant higher GI bleeding com-

pared to warfarin (RR 1.50, 95% CI 1.19–1.89; P,0.001).35 

This has been confirmed in postmarketing surveillance and 

is a consideration when selecting anticoagulation therapy.39

Rivaroxaban versus Warfarin in Nonvalvular Atrial 

Fibrillation (ROCKET-AF) randomized 14,264 patients 

with a mean CHADS
2
 score of 3.5 (a score of at least 2 

was required for inclusion).36 The treatment group received 

rivaroxaban 20 mg daily compared to dose-adjusted warfarin 

(goal INR 2.0–3.0). Patients with a CrCl of 30–49 mL/min 

received a dose reduction to 15 mg. Median follow-up was 

23  months. Rivaroxaban demonstrated noninferiority to 

warfarin in the reduction of SSE (1.7% vs 2.2%) (HR 0.79, 

95% CI 0.66–0.96; P,0.001). There was no statistically sig-

nificant difference in major and nonmajor clinically relevant 

bleeding. Similar to dabigatran, a significant reduction was 

seen in the rate of intracranial bleeding.

Apixaban versus Warfarin in Patients with Atrial Fibril-

lation (ARISTOTLE) randomized 18,201 patients with a 

CHADS
2
 score of at least 1, resulting in a mean CHADS

2
 

score of 2.1.37 Apixaban 5 mg bid, or 2.5 mg for selected 

patients, was compared to dose-adjusted warfarin. Patients 

were followed for a median of 22 months. Apixaban was 

superior to warfarin for the reduction of SSE (1.27% vs 

1.60%) (HR 0.69, 95% CI 0.60–0.80; P,0.01; NNT 303). All 

bleeding endpoints were significantly lower in the apixaban 

group. A significant reduction in mortality was also noted 

for those patients receiving apixaban (3.52% vs 3.94%) (HR 

0.89, 95% CI 0.80–0.99; P=0.047).

The Effective Anticoagulation with Factor Xa Next 

Generation in Atrial Fibrillation–Thrombolysis in Myocar-

dial Infarction 48 (ENGAGE AF-TIMI 48) trial randomized 

21,105 patients to warfarin or high- or low-dose edoxaban.34 

This was a randomized, double-blind, double-dummy trial 

conducted in 46 different countries. The primary efficacy 

endpoint was time to first adjudicated stroke, including 

hemorrhagic stroke, or systemic embolic event and the prin-

cipal safety endpoint was major bleeding. Enrolled patients 

had NVAF confirmed within the previous 12 months and a 

CHADS
2
 score of at least 2 at randomization. The high-dose 

edoxaban group received 60 mg daily, and the low-dose 

group 30 mg daily. Doses were adjusted by half for any of 

the following characteristics: CrCl of 30–50 mL/min, a body 

weight #60 kg, or concomitant use of verapamil or quinidine. 

Warfarin patients were dose-adjusted to an INR of 2.0–3.0. 

The modified intention-to-treat analysis demonstrated 

noninferiority regarding reduction of SSE for edoxaban 

60 mg daily (1.18%) and warfarin (1.50%) (HR 0.79, 97.5% 

CI 0.63–0.99; P,0.001 for noninferiority). A statistically 

significant reduction was not demonstrated in the low-

dose edoxaban group. Neither group showed a significant 

reduction in stroke or systemic embolic event (SEE) in the 

prespecified intention-to-treat superiority analysis. Major 

bleeding was statistically significantly less in  both high- 

(2.75% vs 3.43%) (HR 0.80, 95% CI 0.71–0.91; P,0.001) 

and low-dose (1.61% vs 3.43%) (HR 0.47, 95% CI 0.41–0.55; 

P,0.001) edoxaban groups compared with warfarin. Risk 

of major GI bleeding was increased in the high-dose group 

compared to warfarin (1.51% vs 1.23%) (HR 1.23, 95% CI 

1.02–1.50; P=0.03).

In a subgroup analysis, a Cox proportional hazard model 

examined the effect of CrCl on the risk of stroke and SEE. 

Patients with a CrCl .95 mL/min and treated with warfarin 

had a lower probability of experiencing a stroke or SEE 

Table 3 Reduction in the risk of stroke and systemic embolism secondary to atrial fibrillation

Trial RE-LY35 ROCKET-AF36 ARISTOTLE37 ENGAGE AF-TIMI 4834

Intervention Dabigatran 150 mg bid 
or dabigatran 110 mg bid

Rivaroxaban 20 mg 
daily

Apixaban 5 mg bid Edoxaban 60 mg daily or 
edoxaban 30 mg daily

Comparator Warfarin, target  
INR 2.0–3.0

Warfarin, target  
INR 2.0–3.0

Warfarin, target  
INR 2.0–3.0

Warfarin, target  
INR 2.0–3.0

Median TTR, % 64 55 62.2 68.4
Mean CHADS2 score 2.1 3.5 2.1 2.8 
CHADS2 0–1, % 32 0 34 ,1
CHADS2 2, % 35 13 36 46
CHADS2 3–6, % 33 87 30 54
Reduction in SEE, NNT 172 NS 303 NS
Major bleeding, NNT NS NS 104 147

Abbreviations: INR, international normalized ratio; NNT, number needed to treat; NS, nonsignificant; SEE, systemic embolic event; TTR, time in therapeutic range.
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(HR 1.02, 95% CI 0.76–1.38). Based on these findings of 

reduced efficacy, edoxaban has a US Boxed Warning prohib-

iting use in patients with NVAF and CrCl .95 mL/min.4,18

When selecting oral anticoagulation for patients with 

NVAF, there are several factors to consider. Currently, no 

head-to-head trials exist between TSOACs for the reduction 

in SSE secondary to NVAF; however, general comparisons 

can be made based on available primary literature. In regard 

to efficacy, dabigatran and apixaban were able to demonstrate 

superiority, while rivaroxaban and edoxaban demonstrated 

noninferiority.34–37 Regarding major bleeding risk, dabigatran 

and rivaroxaban were found to be noninferior to warfarin, 

while apixaban and edoxaban demonstrated a lower major 

bleeding risk. GI bleeding was increased compared to war-

farin for all agents, except apixaban where no difference was 

observed in the rate of GI bleeding.

Stroke risk of the study population, as estimated by the 

CHADS
2
 score, provides an estimate of baseline stroke risk.33 

Mean CHADS
2
 scores have ranged from 2.1 in the RE-LY 

trial to 3.5 in ROCKET-AF. Edoxaban patients had a higher 

stroke risk than those of dabigatran and apixaban. The major-

ity of patients had a CHADS
2
 score of at least 3, correlating 

with an annual stroke risk of at least 5.9%.

Assessing the efficacy of comparator treatment is essential 

when evaluating TSOACs. For warfarin, the TTR provides a 

way to compare how well warfarin was managed in the trial. 

Edoxaban had the highest TTR, 68.4%, compared to other 

landmark atrial fibrillation trials in which the TTR ranged from 

55% to 64%.35–37 The INR was between 1.8 and 3.2 for 83.1% 

of the treatment period, representing an excellent comparator 

group.34 This statistic was not reported in other studies.

Safety and tolerability
An FDA-approved reversal agent is currently not available; 

however, several medications are currently in develop-

ment for the reversal of edoxaban and other TSOACs.40–42 

Protamine sulfate, vitamin K, and tranexamic acid are not 

expected to reverse the anticoagulant activity of edoxaban.4 

Dialysis is not a viable option for reversal as it resulted in 

only minor decreases in AUC and mean maximum observed 

plasma concentration values after administration of a single 

15 mg dose of edoxaban.43 However, 4-factor prothrombin 

complex concentrate causes dose-dependent reversal of 

edoxaban’s anticoagulation effect. Complete reversal was 

achieved with prothrombin complex concentrate 50 IU/kg 

in regard to bleeding duration, bleeding volume, and endog-

enous thrombin potential. A complete reversal was not noted 

for prothrombin time.44

Conclusion
All four TSOACs represent favorable characteristics 

compared to warfarin. Predictable pharmacological pro-

files negate the need for frequent dose adjustments and 

monitoring. Rapid onset and offset of action eliminate the 

need for bridging, which is especially advantageous in the set-

ting of NVAF where clinical necessity is not clear. Reduced 

food and drug interactions are also advantages for all four 

agents. When selecting a TSOAC for the treatment of VTE 

or NVAF, numerous factors, such as drug interactions, renal 

function, body weight, and patient preference, must all care-

fully be considered. Based on its favorable safety and efficacy 

data, edoxaban offers an additional option to consider when 

selecting an agent for anticoagulation.
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