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INTRODUCTION 
 
Inappropriate clotting can result in deep vein thrombosis (DVT) and pulmonary embolism (PE) 
in the venous system and heart attack and thromboembolic stroke in the arterial system, causing 
significant morbidity and mortality. The burden of disease due to inappropriate clotting in the 
United States is high. Risk factors for DVT and PE include immobilization (e.g., long plane 
flights and major orthopedic surgery), cancer, pregnancy, oral contraceptives, and smoking. The 
Centers for Disease Control and Prevention (CDC) estimates that as many as 900,000 people (1 
to 2 per 1,000) could be affected by venous thromboembolism (VTE) each year in the United 
States. An estimated 60,000 to 100,000 Americans die of VTE, with 10% to 30% of people 
dying within 1 month of diagnosis. It is estimated that among people who have a DVT, 
approximately 50% will have long-term complications, and approximately 33% of people with 
DVT/PE will have a recurrence within 10 years.  
 Historically, medications to treat or prevent blood clots were primarily low-molecular 
weight heparins and warfarin. These drugs inhibit clotting through indirect mechanisms and 
require injection (in the case of heparins) and laboratory monitoring for dose adjustment and 
have multiple drug-drug interactions (in the case of warfarin). Several “novel” direct-acting oral 
anticoagulant pharmacotherapies (NOACs) have been developed in recent years that have the 
theoretical advantages of oral administration, not requiring laboratory monitoring for dose 
adjustment, and not having numerous drug-drug interactions. These are 3 oral factor Xa 
inhibitors (apixaban, rivaroxaban, and edoxaban) and a direct thrombin inhibitor (dabigatran) 
(Table A). This review compares the effectiveness and harms of NOACs with each other and 
focuses on the uses of these drugs for the acute treatment of venous thromboembolic events in 
adults, for extended treatment to prevent recurrence of venous thromboembolic events in adults 
at increased risk, and for the prevention of thromboembolic events in adults with atrial 
fibrillation or venous thromboembolic events in adults who have undergone orthopedic surgery. 
 
Scope and Key Questions  
 
The goal of this report is to compare the benefits and harms of newer oral anticoagulant drugs. 
The Pacific Northwest Evidence-based Practice Center wrote preliminary key questions, 
identifying the populations, interventions, outcomes of interest, and, based on these, eligibility 
criteria for studies. A draft of these questions and inclusion and exclusion criteria were posted on 
the Drug Effectiveness Review Project website for public comment. The draft was reviewed and 
revised by representatives of the organizations participating in the Drug Effectiveness Review 
Project. Revision took into consideration input from the public and the organizations’ desire for 
the key questions to reflect populations, drugs, and outcome measures of interest to clinicians 
and patients. These organizations approved the following key questions to guide the review for 
this report: 

1. What is the evidence on the effectiveness and harms of the direct-acting oral 
anticoagulants compared with each other or with other anticoagulants for treatment of a 
venous thromboembolic event in adults? 

2. What is the evidence on the effectiveness and harms of the direct-acting oral 
anticoagulants compared with each other or with other anticoagulants for extended 
treatment to prevent recurrence of thromboembolic events in adults at increased risk? 
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3. What is the evidence on the effectiveness and harms of the direct-acting oral 
anticoagulants compared with each other or with other anticoagulants for prevention of 
thromboembolic events in adults with atrial fibrillation or venous thromboembolic events 
in adults who have undergone orthopedic surgery? 

4. What is the evidence on whether there are subgroups of patients based on demographics 
(age, racial groups, gender), socioeconomic status, other medications (drug-drug 
interactions), comorbidities (drug-disease interactions), or pregnancy for which one 
direct-acting oral anticoagulant is more effective or associated with fewer harms than 
another direct-acting oral anticoagulants or other anticoagulants? 

 
METHODS  
 
Inclusion Criteria 
 
Populations 
Adult populations for: 

• Treatment of DVT or PE 
• Extension of treatment for DVT or PE, to prevent recurrence in patients at increased risk 

(as defined by study, or according to guidelines) 
• Prophylaxis to prevent VTE in patients undergoing orthopedic surgery 
• Prophylaxis in patents with atrial fibrillation (valvular or non-valvular), to VTE. 

 
Interventions 
Table A. Interventions 
Generic name Trade name(s) Forms 
Direct Thrombin (Factor IIa) Inhibitors 
Dabigatran Pradaxa® Oral capsule 
Direct Factor Xa Inhibitors 
Apixaban Eliquis® Oral tablet 
Rivaroxaban Xarelto® Oral tablet 
Edoxaban Savaysa™ (US), 

Lixiana® (Japan) 
Oral tablet 

 
Comparators 

• Other Factor Xa inhibitors 
• Other anticoagulants (oral or injectable; including, but not limited to, warfarin, 

unfractionated heparin, low molecular weight heparins) 
• Aspirin for patients unable to take warfarin 
• Placebo for extended treatment to prevent recurrence of VTE (only). 

 
Outcomes 
Effectiveness outcomes  

• Mortality (all-cause and cardiovascular) 
• Symptomatic thromboembolic event (ischemic stroke, recurrent/initial DVT or PE) 
• Cardiovascular events (including, but not limited to, MI) 
• Functional capacity (e.g., return to work, ability to work) 
• Quality of life (e.g., SF-36). 
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Harms outcomes  

• Overall adverse events reported 
• Overall withdrawals due to adverse events 
• Major adverse events (including, but not limited to, major bleeding, intracranial bleeding 

[including intracerebral hemorrhage], readmission, reoperation)  
• Specific adverse events or withdrawals due to specific adverse events (including, but not 

limited to, any bleeding, gastrointestinal symptoms, hypersensitivity reactions, etc.). 
 
Study Designs  

• Efficacy/effectiveness: head-to-head or active-controlled randomized trials and good-
quality systematic reviews 

• Harms: head-to-head or active-controlled randomized trials, good-quality systematic 
reviews, as well as cohort or case-control observational studies 

 
We followed standard DERP methods for literature searching, study selection, data 

abstraction, validity assessment, data synthesis, and grading the strength of the body of evidence. 
Detailed methods can be found in the full report. We searched electronic databases through 
September 24, 2015. We attempted to identify additional studies through searches of 
ClinicalTrials.gov and the US Food and Drug Administration’s website for medical reviews of 
individual drug products. Finally, we requested dossiers of published and unpublished 
information from pharmaceutical companies. 

We conducted network meta-analyses of data from trials of NOACs compared with 
warfarin in patients with nonvalvular atrial fibrillation, and indirect comparison meta-analyses of 
data from trials of NOACs compared with enoxaparin in patients undergoing orthopedic surgery. 
We combined studies that were homogeneous enough that combining their results could be 
justified. In order to determine whether meta-analysis could be meaningfully performed, we 
considered the quality of the studies and the heterogeneity among studies in design, patient 
population, interventions, and outcomes. When meta-analysis could not be performed, the data 
were summarized qualitatively. Caution should be used in interpreting the results of indirect and 
network meta-analyses, particularly where there may be variation at baseline (e.g. duration of 
study or risk-level of participants).  In this report, the analyses are rated low-strength evidence at 
best for these reasons. 
 
RESULTS 
 
Table B. Summary of the evidence by key question for benefits and harms of 
newer oral anticoagulant drugs 

Comparison Population 
Strength of 
evidence Conclusions 

Key Question 1. Comparative effectiveness and harms of treatment of VTE in adults 
VTE recurrence, DVT, and PE 
Indirect comparisons of 
edoxaban 30 or 60 mg qd 
or bid, apixaban 5 mg bid, 
rivaroxaban 15 mg bid, 
and dabigatran 150 mg bid 

Treatment 
for VTE Insufficient No statistically significant difference. 

Major bleeding 

Final Original Report 
Executive Summary Drug Effectiveness Review Project

Newer Oral Anticoagulant Drugs 4 of 7



 

Comparison Population 
Strength of 
evidence Conclusions 

Indirect comparisons of 
edoxaban 30 or 60 mg qd, 
apixaban 5 mg bid, and 
dabigatran 150 mg bid 

Treatment 
for VTE Low 

Significantly lower risk with apixaban 5 mg bid vs. 
edoxaban 30 or 60 mg qd (HR 0.37, 95% CI 0.15 to 
0.89) and dabigatran 150 mg bid (HR 0.42, 95% CI 
0.17 to 0.99) 

Key Question 2. Comparative effectiveness and harms of extended treatment to prevent recurrence of VTE 
VTE recurrence, all-cause mortality, acute coronary syndrome (individual outcomes) 
Indirect comparisons of 
apixaban 2.5 mg or 5 mg 
bid, rivaroxaban 20 mg qd, 
and dabigatran 150 mg bid 

Extended 
treatment 
for VTE 

Insufficient No statistically significant difference. 

Major bleeding 
Indirect comparisons of 
apixaban 2.5 mg or 5 mg 
bid, rivaroxaban 20 mg qd, 
and dabigatran 150 mg bid 

Extended 
treatment 
for VTE 

Insufficient No statistically significant difference. 

Clinically-relevant non-major bleeding 
Indirect comparisons of 
apixaban 2.5 mg and 5 mg 
bid, rivaroxaban 20 mg qd, 
dabigatran 150 bid Extended 

treatment 
for VTE 

Low 

Significantly lower risk with apixaban 2.5 mg (OR 
0.23, 95% CI 0.084 to 0.62) or 5 mg (OR 0.31, 95% 
CI 0.11 to 0.82) compared with rivaroxaban 20 mg 
Significantly lower risk with apixaban 2.5 mg than 
dabigatran 150 mg (OR 0.40, 95% CI 0.168 to 0.97). 

Indirect comparisons of 
apixaban 5 mg bid, 
rivaroxaban 20 mg qd, and 
dabigatran 150 mg twice 
daily. 

Insufficient No statistically significant difference. 

Key Question 3. Comparative effectiveness and harms in atrial fibrillation and orthopedic surgery 
Stroke or systemic embolism (composite outcome) 

Indirect comparisons of 
edoxaban 30 mg and 60 
mg, apixaban 5 mg, 
rivaroxaban 15 mg and 20 
mg, and dabigatran 110 
mg and 150 mg 

Atrial 
fibrillation 
(non-
valvular) 

Low 

Edoxaban 30 mg results in statistically significantly 
higher risk than apixaban 5 mg (OR 1.38, 95% CI 1.07 
to 1.80), rivaroxaban 15 mg (OR 2.24, 95% CI 1.07 to 
4.93), or dabigatran 150 mg (OR 1.64, 95% CI 1.23 to 
2.20).  
Rivaroxaban 20 mg resulted in statistically significantly 
higher risk than dabigatran 150 mg (OR 1.32, 95% CI 
1.01 to 1.74); the risk for ischemic stroke (alone) was 
not increased significantly (OR 1.31, 95% CI 0.94 to 
1.77), while the risk for hemorrhagic stroke was 
significantly increased (OR 2.45, 95% CI 1.05 to 
5.17). 

All other comparisons Insufficient No statistically significant difference. 
Myocardial infarction  

Indirect comparisons of 
edoxaban 30 mg and 60 
mg, apixaban 5 mg, 
rivaroxaban 15 mg and 20 
mg, and dabigatran 110 
mg and 150 mg 

Atrial 
fibrillation 
(non-
valvular) 

Low 

Apixaban 5 mg (OR 0.62, 95% CI 0.40 to 0.95), 
edoxaban 60 mg (OR 0.68, 95% CI 0.46 to 1.01) and 
rivaroxaban 20 mg (OR 0.56, 95% CI 0.37 to 0.86) 
had significantly lower risk than dabigatran 150 mg. 
Apixaban 5 mg (OR 0.64, 95% CI 0.41 to 0.99) and 
rivaroxaban 20 mg (OR 0.58, 95% CI 0.38 to 0.88) 
had statistically significantly lower risk than dabigatran 
110 mg 
Edoxaban 30 mg had a statistically significantly 
greater risk than edoxaban 60 mg (OR 1.27, 95% CI 
1.01 to 1.60).  

All other comparisons Insufficient No statistically significant difference. 
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Comparison Population 
Strength of 
evidence Conclusions 

Major bleeding 

Indirect comparisons of 
edoxaban 30 mg and 60 
mg, apixaban 5 mg, 
rivaroxaban 15 mg and 20 
mg, and dabigatran 110 
mg and 150 mg 

Atrial 
fibrillation 
(non-
valvular) 

Low 
 

Apixaban 5 mg resulted in statistically significantly 
lower risk than dabigatran 150 mg (OR 0.74, 95% CI 
0.60 to 0.91) and rivaroxaban 20 mg (OR 0.67, 95% 
CI 0.55 to 0.83).  
Edoxaban 30 mg resulted in lower risk than apixaban 
5 mg (OR 0.67, 95% CI 0.54 to 0.83), dabigatran 110 
mg (OR 0.58, 0.46 to 0.72) or 150 mg (OR 0.50, 95% 
CI 0.40 to 0.61), and rivaroxaban 20 mg (OR 0.45, 
95% CI 0.37 to 0.56).  
Edoxaban 60 mg had lower risk than rivaroxaban 20 
mg (OR 0.77, 95% CI 0.63 to 0.94).  
Rivaroxaban 20 mg had higher risk than dabigatran 
110 mg (OR 1.28, 95% CI 1.04, 1.58). 
Edoxaban 30 mg resulted in 41% lower risk of major 
bleeding than the higher dose, 60 mg (OR 0.59, 95% 
CI 0.50 to 0.69). 

All other comparisons Insufficient No statistically significant difference. 
Total VTE and all-cause mortality (composite outcome) 

Indirect comparisons of 
apixaban 2.5 mg bid or 
rivaroxaban 10 mg qd vs. 
dabigatran 150 mg qd or 
220 mg qd 

Orthopedic 
surgery: hip 

Low Significantly lower risk with apixaban 2.5 mg bid (OR 
0.28, 95% CI 0.08 to 0.94) vs. dabigatran 150 mg qd, 
as well as for rivaroxaban 10 mg qd vs. dabigatran 
150 mg qd (OR 0.30, 95% CI 0.12 to 0.77) or 220 mg 
qd (OR 0.43, 95% CI 0.20 to 0.94) in patients 
undergoing hip surgery.  

Orthopedic 
surgery: 
knee 

Low Significantly lower risk with apixaban 2.5 mg bid (OR 
0.64, 95% CI 0.42 to 0.97) vs. dabigatran 150 mg qd, 
as well as for rivaroxaban 10 mg qd vs. dabigatran 
150 mg qd (OR 0.44, 95% CI 0.22 to 0.90) or 220 mg 
qd (OR 0.49, 95% CI 0.24 to 0.99) 

Indirect comparison of 
other drugs and doses 

Orthopedic 
surgery Insufficient No statistically significant differences. 

Symptomatic DVT and all-cause mortality (individual outcomes) 
Indirect comparisons of 
NOACs 

Orthopedic 
surgery Insufficient No statistically significant differences. 

Major bleeding    
Indirect comparisons of 
apixaban 2.5 mg bid to 
rivaroxaban 10 mg qd 

Orthopedic 
surgery: 
knee 

Low 
Significantly lower risk with apixaban 2.5 mg bid vs. 
rivaroxaban 10 mg qd (OR 0.35, 95% CI 0.13 to 0.91).  
 

Indirect comparison of 
other drugs and doses 

Orthopedic 
surgery Insufficient No statistically significant differences. 

Key Question 4. Comparative effectiveness and harms in subgroups 

Sub-group analyses of 
large RCTs of individual 
NOACs compared with 
warfarin (except edoxaban 
– no studies) 

Majority of 
evidence in 
atrial 
fibrillation 
patients 

Insufficient 

No comparative evidence. Findings on age, sex, 
ethnicity similar to findings in overall studies 
populations. Findings in patients with diabetes taking 
dabigatran, patients on hemodialysis taking 
rivaroxaban or dabigatran (observational study), 
patients taking rivaroxaban and amiodarone, and 
patients taking dabigatran and an antiplatelet drug 
suggest further study is needed. 

 
Limitations of this Report 
 
As with other types of research, the limitations of this systematic review are important to 
recognize. Methodological limitations of the review within the defined scope included the 
exclusion of studies published in languages other than English and not being able to search 
additional electronic databases. While the search of the US Food and Drug Administration 
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documents and request for information from the manufacturers of the drugs is an important step 
in searching for unpublished studies and supplemental data, another possible limitation is the 
lack of a specific search for gray literature. As noted above, the lack of direct head-to-head 
comparisons seriously limits the ability to draw solid conclusions. 
 
CONCLUSIONS 
 
Evidence directly comparing NOACs is unavailable; current evidence is limited to indirect 
comparisons. Low-strength evidence suggests apixaban and rivaroxaban had lower risk of VTE 
and mortality in orthopedic patients. In atrial fibrillation, edoxaban 30 mg had a higher risk of 
stroke or embolism, and rivaroxaban had higher risk than dabigatran (higher dose). Differences 
in effectiveness were not found among the drugs in initial or extended treatment of VTE. 
Apixaban, edoxaban, and lower dose dabigatran have lower rates of major bleeding. Evidence on 
other comparisons and outcomes was insufficient to draw conclusions. These findings are based 
on indirect comparisons and should be interpreted with caution as direct comparisons could alter 
these findings. 
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