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Executive Summary:  

· Dabigatran is an oral direct thrombin inhibitor that was approved by the Food and Drug Administration (FDA) for the reduction of stroke and systemic embolism in patients with non-valvular atrial fibrillation (AF).

· The recommended dose of dabigatran is 150 mg orally twice daily without regard to meals for patients with a creatinine clearance >30 ml/min.  Based on pharmacokinetic modeling, a reduced dose of dabigatran of 75 mg orally twice daily is available for patients with a creatinine clearance (CrCl) of 15-30 ml/min, though there are no clinical data evaluating the use of this dosing regimen, as these patients were excluded from the pivotal RE-LY study.  No dosing recommendations can be made for patients with CrCl <15 ml/min or those on dialysis.
· The effects of dabigatran on reducing the risk of stroke or systemic embolism in patients with non-valvular AF and at increased risk for stroke was evaluated in the pivotal RE-LY trial, a phase 3, multicenter, prospective, randomized, open-label, blinded outcomes (PROBE design), non-inferiority trial that compared two blinded doses of dabigatran and open-label adjusted dose warfarin (target International Normalized Ratio [INR] 2 to 3).  A total of 18,113 patients were included and followed for a median duration of 2 years, and the mean time in therapeutic range (TTR) was 64%.  For the primary endpoint of stroke or systemic embolism, dabigatran 150 mg twice daily was associated with lower rates of stroke or systemic embolism (1.11% per year vs. 1.69% per year; RR 0.66; 95% CI 0.53-0.82).  There was a trend of limited benefit of dabigatran compared with warfarin as INR control improved. 
· From RE-LY, rates of major bleeding with dabigatran 150 mg and warfarin were similar (3.11% per year with dabigatran 150 mg vs. 3.36% per year with warfarin). Major gastrointestinal bleeding occurred significantly more frequently with dabigatran 150 mg compared to warfarin.  Dabigatran was associated with significantly lower rates of intracranial bleeding than warfarin, which remained consistent regardless of INR control in the warfarin group.  Other bleeding events were influenced by quality of INR control, with similar or lower rates of bleeding with warfarin as TTR increased.  A trend of higher bleeding risk was seen with advancing age, which became statistically significant with the 150 mg dabigatran dose in patients 80 years of age and older.  A two-fold increased risk of bleeding was observed in dabigatran and warfarin patients who were also on aspirin or clopidogrel.    
· Gastrointestinal adverse events (e.g., dyspepsia, gastrointestinal hemorrhage, nausea) occurred more frequently with dabigatran vs. warfarin (35% vs. 24%) and were the most frequently reported adverse events resulting in treatment discontinuation.  Annual rates of discontinuation due to dyspepsia were 2% vs. 0.6% for dabigatran 150 mg and warfarin, respectively.  The risk of dyspepsia with dabigatran was highest within the first few weeks of treatment.  

· Due to the severe hepatotoxicity associated with another direct thrombin inhibitor, ximelagatran, the clinical development program for dabigatran included intensive monitoring for similar effects.  The number of hepatic-related adverse events was low and similar between dabigatran and warfarin groups in RE-LY.  In total, clinical data support a low potential for serious drug induced liver injury with dabigatran, and as a result, routine laboratory monitoring was not recommended by the FDA.

· Dabigatran was associated with an increased number of myocardial infarctions compared with warfarin in RE-LY, though the clinical significance of this finding is unclear.  
· Overall, more patients receiving dabigatran discontinued study drug compared to warfarin due to adverse events in RE-LY (21% of 150 mg dabigatran group vs.  16% of warfarin group).  Most of the disparity in discontinuation rates between dabigatran and warfarin occurred in the first 3-4 months of treatment, after which the rates of discontinuation between all groups were similar.  
· Dabigatran has also been studied for the primary prevention of venous thromboembolic events (VTE) in patients undergoing knee and hip replacement and for the treatment of VTE, though these indications remain off-label in the US at this time.
· The prodrug, dabigatran etexilate, is a substrate of P-glycoprotein (P-gp) and may be affected by inhibitors and inducers of P-gp.  Concomitant use of dabigatran and strong P-gp inducers (e.g., rifampin, St. John’s wort) results in significant reductions in dabigatran exposure and should generally be avoided.  Caution is advised in co-administering dabigatran and P-gp inhibitors (e.g., amiodarone, dronedarone, ketoconazole, quinidine, and verapamil), as increased dabigatran exposure may occur.

· Coagulation monitoring of dabigatran is not required based on the predictable pharmacokinetic and pharmacodynamic properties of the drug.  Because of the increase risk of bleeding, it is recommended that dabigatran be temporarily discontinued prior to invasive or surgical procedures when possible; however, discontinuing anticoagulants for any reason increases a patient’s risk for thromboembolic events and stroke.  Lapses in therapy should be avoided when possible, but if stopped, therapy should be restarted as soon as clinically feasible.
Introduction

Dabigatran is an oral direct thrombin inhibitor that was approved by the FDA in October 2010 for the reduction of stroke and systemic embolism in patients with non-valvular AF.
Generally attributed to embolism of thrombus from the left atrium, patients with AF are at a 4-5 fold increased risk of stroke and systemic embolism compared to those without AF.
,
  Annual rates of stroke in patients with AF are estimated to be between 3-8%, depending on additional risk factors.1  Several clinical risk stratification schemes have been developed to assess the stroke risk in AF, including the commonly used CHADS2 score.
 
Risk of stroke by CHADS2 score:  

	CHADS2 Scorea
	Adjusted Stroke Rate

% per yr (95% CI)

	0
	1.9 (1.2-3)

	1
	2.8 (2-3.8)


	2
	4 (3.1-5.1)

	3
	5.9 (4.6-7.3)

	4
	8.5 (6.3-11.1)

	5
	12.5 (8.2-17.5)

	6
	18.2 (10.5-27.4)


aThe CHADS2 score is the sum of points assigned for different risk factors.  One point each is given for the following:  congestive heart failure, hypertension, age ≥75 years, diabetes mellitus; two points are given for history of stroke or transient ischemic attack.  
Prior to the approval of dabigatran, options for oral antithrombotic treatment for the reduction of stroke and systemic embolism related to AF have traditionally included warfarin and antiplatelet agents.  Several, high quality, randomized, controlled trials and meta-analyses have evaluated the effectiveness of these agents.  While both warfarin and antiplatelet agents have been shown to be effective in reducing risk of stroke, warfarin has been shown to be consistently and significantly more effective than placebo or aspirin.  Aspirin is associated with risk reductions of about 20% compared to placebo, whereas warfarin is associated with risk reductions of about 60-70% vs. placebo and about 50% compared to aspirin.1,
,
 

The decision for use of antithrombotic therapy should be based on assessment of the individual patient’s risk of embolic event without therapy and risk of bleeding with therapy.  Choice of agent (e.g., warfarin, aspirin, or other) should be based upon the absolute risks of stroke and bleeding and relative risk and benefit for a given patient.2   

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating dabigatran for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics/Pharmacodynamics
,
 
· Dabigatran is a competitive, direct thrombin inhibitor that binds reversibly to prevent the formation of thrombus by inhibiting the thrombin-dependent conversion of fibrinogen to fibrin.  Dabigatran inhibits both free and clot-bound fibrin as well as thrombin-induced platelet aggregation.7  Dabigatran etexilate is formulated for oral administration as a prodrug that is rapidly absorbed and converted to the active moiety dabigatran by esterase-catalyzed hydrolysis in the liver.

Pharmacokinetic Parameters for Dabigatran6,7
	Parameter
	Result

	Bioavailability
	3 – 7%

	Cmax
	1-2 hrs

	Protein Binding
	35%

	Metabolism
	Conjugation

	Elimination
	Primarily renal (80%)

	Half-life
	12 – 17 hrs


· Dabigatran is not a substrate, inhibitor, or inducer of cytochrome P450 (CYP 450) enzymes.  The prodrug dabigatran etexilate, but not the active moiety, is a substrate of the efflux transporter P-gp.6
· Results from a single, open-label pharmacokinetic study in healthy subjects with varying degrees of renal impairment allowed for estimation of exposure with changing renal function.6
Estimated Exposure to Dabigatran in Renal Impairment6
	CrCl
	Increase in AUC
	Increase in Cmax
	Half-life (hrs)

	80 ml/min
	1 (normal)
	1 (normal)
	13

	50 ml/min
	1.5x
	1.1x
	15

	30 ml/min
	3.2x
	1.7x
	18


· Patients with moderate hepatic impairment (Child-Pugh B) displayed large inter-subject variability in dabigatran pharmacokinetics, although a consistent effect on pharmacodynamics was not seen.6  
· Dabigatran produces a predictable, dose-dependent prolongation in clotting times, as measured by changes in ecarin clotting time (ECT), thrombin clotting time (TT), and activated partial thromboplastin time (aPTT), with rapid onset and offset.  In addition, dabigatran exposure correlated with outcome events (bleeding and stroke) in RE-LY.7 
· Anticoagulant effects are achieved with dabigatran within 2 hours of oral administration, with steady state concentrations reached in 2-3 days of twice daily dosing.  Anticoagulants effects are reduced by about 50% at 12 hours following oral administration.
  In patients with normal renal function, anticoagulant effects are reduced to approximately 25% of steady-state trough levels at 24 hours following oral administration.
  
FDA Approved Indication(s)6 

Dabigatran is indicated to reduce the risk of stroke and systemic embolism in patients with non-valvular AF.

Potential Off-label Uses

This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).
Dabigatran has been studied for the prevention of venous thromboembolic events (VTE) in patients undergoing knee or hip replacement surgery and for the treatment of acute VTE (see Efficacy section for more information).
Current VA National Formulary Alternatives

Warfarin is on the VA National Formulary.

Dosage and Administration6 
The recommended dose of dabigatran is 150 mg orally twice daily without regard to meals in patients with a CrCl >30 ml/min. (see Renal Impairment)   

Capsules should not be opened, broken, or chewed, as a 75% increase in bioavailability is observed when pellets are administered without the shell.
Renal Impairment:  No dosage adjustment is recommended for patients with mild to moderate renal impairment.  Based on pharmacokinetic modeling, a reduced dose of dabigatran of 75 mg orally twice daily is available for patients with a creatinine clearance (CrCl) of 15-30 ml/min, though there are no clinical data evaluating the use of this dosing regimen, as these patients were excluded from the pivotal RE-LY study.  No dosing recommendations can be made for patients with CrCl <15 ml/min or those on dialysis.

Product Stability:  Dabigatran is supplied in bottles for 30 days of use.  The bottle should be kept tightly closed and away from moisture.  Once the bottle is opened, the product must be used within 60 days.  Unit dose blister packs are also available.  
Converting from Warfarin:  When converting patients from warfarin to dabigatran, discontinue warfarin and start dabigatran when INR is less than 2.
Converting to Warfarin:  When converting from dabigatran to warfarin, the following start times for dabigatran are recommended based on renal function:
· If CrCl >50 ml/min, start warfarin 3 days before stopping dabigatran
· If CrCl 31-50 ml/min, start warfarin 2 days before stopping dabigatran

· If CrCl <15-30 ml/min, start warfarin 1 day before stopping dabigatran

· If CrCl <15 ml/min, no recommendations can be made.

Note:  Because dabigatran may contribute to an elevated INR, the INR will better reflect warfarin’s effect after dabigatran has been stopped for at least 2 days.
Converting from Parenteral Anticoagulants:  Dabigatran should be started at the same time or up to 2 hours before the next dose of parenteral drug is due to be administered.  For continuously infused parenteral drugs,  start dabigatran at the time of discontinuation ofthe continous infusion.
Converting to Parenteral Anticoagulants:  The parenteral anticoagulant should be started 12 hours after the last dose of dabigatran for patients with CrCl ≥30 ml/min or 24 hours after the last dose of dabigatran for patients with CrCl <30 ml/min.
Surgery and Interventions:  Because of the increase risk of bleeding, it is recommended that dabigatran be temporarily discontinued prior to invasive or surgical procedures when possible:

· If CrCl ≥50 ml/min, discontinue dabigatran 1-2 days prior to procedure
· If CrCl <50 ml/min, discontinue dabigatran 3-5 days prior to procedure

The patient’s renal function and the bleeding risk of the procedure should be considered in deciding on the timing of discontinuation of dabigatran.  
If surgery cannot be delayed, the risk of bleeding should be considered along with the urgency for surgery or intervention.  Anticoagulant activity of dabigatran is most accurately assessed by the ecarin clotting time (ECT).  If this test is not readily available, the activated partial thromboplastin time (aPTT) or thrombin clotting time (TT) may be used to provide an approximate estimate of anticoagulant activity on dabigatran.  

Lapses in anticoagulant therapy in general increase the risk of stroke, and anticoagulant therapy should be restarted as soon as clinically feasible.
(See Warnings and Precautions, Interruptions in Therapy for additional information.)
Outcome Measures (Pivotal Clinical Trial)
 
Primary Endpoints
· Stroke or systemic embolism (efficacy)

· Major hemorrhage (safety), defined as hemoglobin drop of ≥2 gm/dL, blood transfusion of ≥2 units, or symptomatic bleeding in a critical area or organ (discussed under Adverse Events/Safety section)
Other Endpoints

· Stroke, systemic embolism, and death
· Myocardial infarction
· Pulmonary embolism
· Hospitalization
· Net clinical benefit:  composite of stroke, systemic embolism, pulmonary embolism, myocardial infarction, death, or major hemorrhage
Summary of Efficacy Findings 

Dabigatran has been studied in phase 3 trials for the reduction of stroke and systemic embolism in non-valvular AF (FDA approved indication), primary prevention of VTE, and treatment of acute VTE.  Results from two additional phase 3 studies evaluating the use of dabigatran in secondary prevention of VTE are not yet available.10  Efficacy results are summarized below per indication.   
Stroke and Systemic Embolism Prevention (FDA approved indication) 
The effect of dabigatran on reducing the risk of stroke or systemic embolism in patients with non-valvular AF was compared to warfarin in the phase 3, multicenter, prospective, randomized, open-label, blinded outcomes (PROBE design), non-inferiority RE-LY trial (Randomized Evaluation of Long-Term Anticoagulant Therapy).11  The studied population was balanced with regard to prior use of warfarin and included 18,113 patients with non-valvular AF plus at least one additional risk factor for stroke.  Patients were randomized to receive open-label warfarin (INR 2 to 3) or blinded dabigatran at a dose of 110 mg or 150 mg given twice daily.  Evaluation of all outcomes was blinded, and the median duration of follow-up was 2 years.  
For the primary endpoint of stroke or systemic embolism, both doses of dabigatran were shown to be non-inferior to warfarin (with annual rates of 1.53% for 110 mg dabigatran, 1.11% for 150 mg dabigatran, and 1.69% for warfarin).  In addition, the 150 mg dose of dabigatran was associated with significantly lower rates of stroke and systemic embolism compared to both warfarin and the 110 mg dabigatran dose, a difference that was apparent within 2 months and continued for the duration of the study.7  The rate of myocardial infarction was numerically higher with dabigatran, a difference that was of borderline statistical significance with the 150 mg dose in the original analysis.  A favorable trend in all-cause mortality approached statistical significance for dabigatran 150 mg vs. warfarin (3.64% per year vs. 4.13% per year; RR 0.88; 95% CI 0.77 – 1).  
An updated analysis of the RE-LY results was conducted following identification of 81 newly identified outcome events that were found after the study database was originally locked.
  Inclusion of the additional events, mostly major bleeds, did not meaningfully change the results or conclusions of the study.  (Results from the original analysis are presented unless otherwise stated.)         
Efficacy Outcomes from RE-LY:  dabigatran 150 mg vs. warfarin11 
	Outcome
	DABI 150 mg

N (% per yr)
	Warfarin

N (% per yr)
	RR (95% CI)
	P value
	NNT

	Stroke or systemic embolism*
	134 (1.11)
	199 (1.69)
	0.66 (0.53-0.82)
	<0.001
	172

	
Hemorrhagic stroke
	12 (0.1)
	45 (0.38)
	0.26 (0.14-0.49)
	<0.001
	357

	
Ischemic stroke
	111 (0.92)
	142 (1.2)
	0.76 (0.6-0.98)
	0.03
	

	Pulmonary embolism
	18 (0.15)
	11 (0.09)
	1.61 (0.76-3.42)
	0.21
	

	Myocardial infarction†
	89 (0.74)
	63 (0.53)
	1.38 (1-1.91)
	0.048
	

	Hospitalization
	2430 (20.2)
	2458 (20.8)
	0.97 (0.92-1.03)
	0.34
	

	All-cause mortality
	438 (3.64)
	487 (4.13)
	0.88 (0.77-1)
	0.051
	


*Primary endpoint; †Based on revised data including events identified following the original RE-LY publication, there were 97 (0.81%/yr) events with DABI 150 mg, 75 (0.64%/yr) with warfarin; RR 1.27 (0.94-1.71); p=0.1212
Efficacy Outcomes from RE-LY:  dabigatran 110 mg vs. warfarin11 
	Outcome
	DABI 110 mg

N, (% per yr)
	Warfarin

N, (% per yr)
	RR (95% CI)
	P value

	Stroke or systemic embolism*
	182 (1.53)
	199 (1.69)
	0.91 (0.74-1.11)
	0.34

	
Hemorrhagic stroke
	14 (0.12)
	45 (0.38)
	0.31 (0.17-0.56)
	<0.001

	
Ischemic stroke
	159 (1.34)
	142 (1.2)
	1.11 (0.89-1.4)
	0.35

	Pulmonary embolism
	14 (0.12)
	11 (0.09)
	1.26 (0.57-2.78)
	0.56

	Myocardial infarction
	86 (0.72)
	63 (0.53)
	1.35 (0.82-1.87)
	0.07

	Hospitalization
	2311 (19.4)
	2458 (20.8)
	0.92 (0.87-0.97)
	0.003

	All-cause mortality
	446 (3.75)
	487 (4.13)
	0.91 (0.8-1.03)
	0.13


*Primary endpoint; †Based on revised data including events identified following the original RE-LY publication, there were 98 (0.82%/yr) events with DABI 110 mg, 75 (0.64%/yr) with warfarin; RR 1.29 (0.96-1.75); p=0.0912
Summary:  Dabigatran 150 mg twice daily was shown to be associated with fewer stroke and systemic embolism events with a similar risk of major bleeding compared to warfarin, while dabigatran 110 mg twice daily was shown to be similarly effective at stroke prevention with a lower risk of major bleeding compared to warfarin.  
Outcomes based on INR control

In a sub-analysis of the RE-LY trial, the impact of the quality of each center’s INR control on study outcomes was investigated in the 906 out of 951 sites where serial INR information was available.
  TTR for warfarin patients was determined by the Rosendaal method.
  Each center’s INR control (cTTR) was then calculated by averaging the individual TTRs.  
Though the overall mean TTR in RE-LY was 64%, there were wide variances across countries ranging from 44% to 77%, with the US at 66%.  Within the warfarin group, higher individual TTR (i.e., better control) was associated with improved outcomes including lower rates of stroke and systemic embolism, major bleeding, and total mortality.  For the primary endpoint of stroke and systemic embolism, there was a trend of limited benefit of dabigatran compared with warfarin as the cTTR increased (p >0.05 for the interaction between cTTR and primary endpoint, both doses).  In contrast, the advantage of dabigatran over warfarin on the rates of intracranial hemorrhage were not affected by quality of INR control and remained apparent at all levels of cTTR.  Rates of major bleeding and major gastrointestinal bleeding with dabigatran 150 mg were influenced by INR control, with significantly higher rates of major gastrointestinal bleeding with dabigatran when cTTR was higher (p <0.05 for the interaction between cTTR and major bleeding, major gastrointestinal bleeding).  No significant interaction between cTTR and major bleeding or gastrointestinal bleeding was found with dabigatran 110 mg vs. warfarin, though the safety benefit of dabigatran remained statistically significant only at the lowest cTTR.  Exploratory analysis of composite cardiovascular endpoints and death revealed a significant effect of quality of INR control, with benefit of dabigatran compared with warfarin most apparent at low cTTR.
Summary:  Overall, results of the sub-analysis support the findings from RE-LY, though the benefit of dabigatran compared to warfarin is influenced by the quality of INR control at the site level.

Selected endpoints from RE-LY according to the center’s TTR (cTTR)13
	
	DABI 110

(Rate/100pt-yrs)
	DABI 150

(Rate/100pt-yrs)
	WARF

(Rate/100pt-yrs)
	DABI 110 vs. WARF

HR (95% CI)
	Pintxn
	DABI 150 vs. WARF

HR (95% CI)
	Pintxn

	Stroke and SEE
	
	
	
	
	
	
	

	<57.1%
	1.91
	1.1
	1.92
	1 (0.68-1.45)
	
	0.57 (0.37-0.88)
	

	57.1-65.5%
	1.67
	1.04
	2.06
	0.81 (0.56-1.17)
	
	0.5 (0.33-0.77)
	

	65.5-72.6%
	1.34
	1.04
	1.51
	0.89 (0.58-1.36)
	
	0.69 (0.44-1.09)
	

	>72.6%
	1.23
	1.27
	1.34
	0.92 (0.59-1.45)
	0.89
	0.95 (0.61-1.48)
	0.2

	Major bleed
	
	
	
	
	
	
	

	<57.1%
	2.36
	2.54
	3.59
	0.65 (0.48-0.89)
	
	0.71 (0.52-0.96)
	

	57.1-65.5%
	3.38
	3.33
	4.13
	0.82 (0.63-1.06)
	
	0.81 (0.62-1.05)
	

	65.5-72.6%
	2.82
	3.8
	3.4
	0.83 (0.62-1.11)
	
	1.13 (0.87-1.48)
	

	>72.6%
	2.81
	3.6
	3.11
	0.9 (0.67-1.21)
	0.5
	1.16 (0.88-1.54)
	0.03

	Major GI bleed
	
	
	
	
	
	
	

	<57.1%
	1.15
	1.51
	1.42
	0.81 (0.51-1.29)
	
	1.08 (0.7-1.66)
	

	57.1-65.5%
	1.67
	1.76
	1.6
	1.05 (0.71-1.56)
	
	1.11 (0.75-1.63)
	

	65.5-72.6%
	1.34
	2.46
	1.11
	1.22 (0.77-1.94)
	
	2.26 (1.5-3.4)
	

	>72.6%
	1.27
	1.73
	0.87
	1.46 (0.89-2.41)
	0.36
	2 (1.25-3.21)
	0.019


GI=gastrointestinal; SEE=systemic embolic event
Outcomes in patients with previous history of stroke or transient ischemic attack (TIA)
A pre-specified subgroup analysis of RE-LY evaluating patients with and without previous stroke or TIA was conducted.
  In patients with history of prior stroke or TIA, which included 20% of the total population, rates of stroke and systemic embolism were higher compared to those without such history (2.38% per year vs. 1.22% per year; p <0.0001).  Overall, results in the subgroup analysis of patients with history of stroke or TIA were consistent with results in the total population.  There were no significant interactions between previous stroke or TIA and the most of the endpoints evaluated (with the exception of vascular death with dabigatran 110 mg).  Rates of hemorrhagic stroke and intracranial bleeding remained significantly lower with both doses of dabigatran compared with warfarin in all analyses.
Summary:  Patients with a history of prior stroke or TIA are at increased risk of secondary stroke.  Overall, the results of RE-LY remain consistent in the subgroup of patients with prior history of stroke or TIA.
Outcomes in patients undergoing cardioversion

A post-hoc analysis of the patients who underwent cardioversion as part of their medical care during the RE-LY trial was conducted.
 A total of 1983 cardioversions were performed in 1270 patients, which was about 11% of the total RE-LY population.  The number of stroke and systemic embolic events within 30 days of cardioversion were small overall and appeared similar among the treatment groups (0.77% with dabigatran 110 mg, 0.3% with dabigatran 150 mg, and 0.6% with warfarin; p >0.05 for comparisons), though the study was not powered to show a difference.  Major bleeding events within 30 days of cardioversion were infrequent in all treatment groups (1.7% with dabigatran 110 mg; 0.6% with dabigatran 150 mg, and 0.6% with warfarin; p >0.05 for comparisons).  While the majority of patients continued on study drug treatment for the 3 weeks prior to and 3 weeks following cardioversion, more patients in the dabigatran groups switched to a non-study anticoagulant than patients receiving warfarin as the study drug.  
Summary:  In a post-hoc analysis of patients who underwent cardioversion as part of their medical care during the RE-LY trial, the number of stroke and systemic embolic events within 30 days of the cardioversion procedure was small and appeared similar with dabigatran or warfarin.    
Primary Prevention of VTE (off-label in US)10,
,
,
 
Dabigatran has been studied in three randomized, multicenter, double-blind, active-control, non-inferiority phase 3 trials of similar design for the primary prevention of VTE in orthopedic surgery patients.  In all three trials, two doses of dabigatran (150 mg or 220 mg orally once daily) were compared to subcutaneous enoxaparin, and patients were followed for 3 months.  The primary endpoint was the composite of total VTE and all-cause mortality during treatment, and the primary safety endpoint was major bleeding during treatment.  In RE-NOVATE and RE-MODEL, both doses of dabigatran were shown to be non-inferior to enoxaparin 40 mg once daily with similar rates of major bleeding.16,17  In contrast, dabigatran was found to be less effective than enoxaparin 30 mg twice daily, the FDA approved dose in patients undergoing knee replacement, in the RE-MOBILIZE trial.  Although rates of bleeding were numerically higher with enoxaparin 30 mg twice daily, the difference did not reach statistical significance.18  
Phase 3 Study Design with Dabigatran for Primary VTE Prevention

	Trial
	Indication
	Treatment
	Duration
	N
	Endpoints (same for all trials)

	RE-MOBILIZE
	Total knee replacement
	DABI 150 mg daily

DABI 220 mg daily

ENOX 30 mg BID
	12-15 days
	2,596
	Primary Efficacy: composite of total VTE and all-cause mortality during treatment

Safety:  major bleeding during treatment

	RE-MODEL
	Total knee replacement
	DABI 150 mg daily

DABI 220 mg daily

ENOX 40 mg daily
	6-10 days
	2,076
	

	RE-NOVATE
	Total hip replacement
	DABI 150 mg daily

DABI 220 mg daily

ENOX 40 mg daily
	28-35 days
	3,463
	


 Results of Phase 3 Studies with Dabigatran for Primary VTE Prevention
	
	DABI 150 mg
	DABI 220 mg
	ENOX
	Conclusions

	RE-MOBILIZE
	n=649
	n=604
	n=643
	

	
Total VTE + any death
	33.7%
	31.1%
	25.3%
	· DABI less effective than ENOX BID

· Clinically significant VTE rates similar

· Major bleeding not statistically different

	
Major VTE + VTE-death
	3%
	3.4%
	2.2%
	

	
Major bleeding
	0.6%
	0.6%
	1.4%
	

	RE-MODEL
	n=526
	n=503
	n=512
	

	
Total VTE + any death
	40.5%
	36.4%
	37.7%
	· DABI non-inferior to ENOX QD

· Clinically significant VTE rates similar

· Major bleeding similar

	
Major VTE + VTE-death
	3.8%
	2.6%
	3.5%
	

	
Major bleeding
	1.3%
	1.5%
	1.3%
	

	RE-NOVATE
	n=874
	n=880
	n=897
	

	
Total VTE + any death
	8.6%
	6%
	6.7%
	· DABI non-inferior to ENOX QD

· Clinically significant VTE rates similar

· Major bleeding similar

	
Major VTE + VTE-death
	4.3%
	3.1%
	3.9%
	

	
Major bleeding
	1.3%
	2%
	1.6%
	


Major VTE=proximal deep vein thrombosis (DVT) and pulmonary embolism (PE)
Treatment of Acute VTE10,

Results are available from one of two phase 3, randomized, multicenter, double-blind, double-dummy, active control, non-inferiority studies evaluating the safety and efficacy of dabigatran 150 mg twice daily compared with warfarin (goal INR 2-3) for 6 months following acute, symptomatic VTE.  A total of 2539 randomized patients were included in the analyses, and all patients were initially treated for a mean of 10 days with a parenteral anticoagulant.  Average TTR for warfarin patients was 60%, improving over the study period.  For the primary endpoint of 6-month incidence of recurrent, symptomatic, objectively confirmed VTE and VTE related deaths, dabigatran was found to be non-inferior to warfarin (2.4% vs. 2.1%; HR 1.1; 95% CI 0.65-1.84).  Except for a trend of more symptomatic, non-fatal pulmonary embolism, secondary endpoints were numerically similar or lower with dabigatran.  Bleeding events were similar or lower with dabigatran compared to warfarin.19  
RE-COVER Results19
	Endpoint
	DABI 150 mg

n=1274

n (%)
	Warfarin

n=1265

n (%)
	HR (95% CI)

	Primary Endpoint:  recurrent symptomatic VTE and VTE-death during treatment
	30 (2.4)
	27 (2.1)
	1.10 (0.65-1.84)

	Symptomatic DVT
	16 (1.3)
	18 (1.4)
	0.87 (0.44-1.71)

	Symptomatic nonfatal PE
	13 (1)
	7 (0.6)
	1.85 (0.74-4.64)

	VTE related death
	1 (0.1)
	3 (0.2)
	0.33 (0.03-3.15)

	Major bleeding
	20 (1.6)
	24 (1.9)
	0.82 (0.45-1.48)


DVT=deep vein thrombosis; PE=pulmonary embolism
Adverse Events (Safety Data)

Safety data for the stroke prevention in AF indication for dabigatran was primarily derived from the phase III RE-LY study where 12,042 patients received dabigatran and 5998 patients received warfarin for a mean exposure duration of 21 months.7  An ongoing, open label extension study from RE-LY is expected to provide additional information on the long-term safety of dabigatran and is estimated to be completed in July 2011.10  Safety data available from non-AF studies appears to be consistent with the overall adverse event profile observed with dabigatran in AF studies.
Common Adverse Events

Of the commonly reported adverse events in RE-LY, dyspepsia and gastritis were reported more frequently with dabigatran compared with warfarin.  Otherwise, adverse events were reported with similar frequencies among both dabigatran groups and the warfarin group, although a slightly higher incidence of adverse events overall were reported with dabigatran compared with warfarin.    

Adverse events reported in ≥5% of patients from RE-LY7  

	Adverse event
	DABI 110

(n=5983)
	DABI 150

(n=6059)
	WARF

(n=5998)

	Dizziness
	8%
	8%
	9%

	Dyspnea
	8%
	9%
	9%

	Peripheral edema
	8%
	7%
	8%

	Fatigue
	6%
	6%
	6%

	Cough
	5%
	5%
	6%

	Chest pain
	5%
	6%
	6%

	Back pain
	5%
	5%
	6%

	Arthralgia
	4%
	5%
	6%

	Diarrhea
	6%
	6%
	6%

	Atrial fibrillation
	5%
	5%
	6%

	Nasopharyngitis
	5%
	5%
	6%

	Urinary tract infection
	4%
	4%
	5%

	Upper respiratory tract infection
	4%
	4%
	5%

	Dyspepsia
	6%
	6%
	1%

	Total with adverse events
	79%
	78%
	76%


Other Adverse Events

Bleeding

In the RE-LY trial, there were significantly fewer major bleeding events in patients on dabigatran 110 mg compared to those on dabigatran 150 mg or warfarin (annual rates of 2.71%, 3.11%, and 3.36%, respectively), whereas rates of major bleeding between patients on dabigatran 150 mg and warfarin were similar.  Both doses of dabigatran were associated with significantly lower rates of intracranial bleeding and life threatening bleeding (a subcategory of major bleeding) than warfarin.  Major gastrointestinal bleeding occurred significantly more frequently with dabigatran 150 mg compared to warfarin.11  
In looking at major bleeding according to baseline characteristics, a highly significant interaction was found for advanced age (80 years and older) and treatment.  Dabigatran was associated with a higher risk of major bleeding compared to warfarin, a trend that became statistically significant with the 150 mg dabigatran dose in patients 80 years and older.  Rates of intracranial bleed and hemorrhagic stroke remained lower with dabigatran.7  There was also an interaction found with baseline CrCl and treatment where the risk of major bleeds with dabigatran decreased with higher CrCl.7   When compared to rates in warfarin patients with good INR control (≥68% TTR), major bleeding events were similar with dabigatran 110 mg and lower than dabigatran 150 mg.  Aspirin use in all treatment groups was associated with a similar 2-fold increase risk in major bleeding.  
Bleeding events from RE-LY11 

	
	DABI 110
(n=6015)
n(%/yr)
	DABI 150

(n=6076)

n(%/yr)
	WARF

(n=6022)
n(%/yr)
	DABI 110 vs. WARF

RR (95% CI)
	P
	DABI 150 vs. WARF

RR (95% CI)
	P

	Major bleeding
	322 (2.71)
	375 (3.11)
	397 (3.36)
	0.8 (0.69-0.93)
	0.003
	0.93 (0.81-1.07)
	0.052

	
Life-threatening
	145 (1.22)
	175 (1.45)
	212 (1.8)
	0.68 (0.55-0.83)
	<0.001
	0.81 (0.66-0.99)
	0.04

	
Gastrointestinal
	133 (1.12)
	182 (1.51)
	120 (1.02)
	1.10 (0.86-1.41)
	0.43
	1.5 (1.19-1.89)
	0.007

	Intracranial bleeding
	27 (0.23)
	36 (0.3)
	87 (0.74)
	0.31 (0.2-0.47)
	<0.001
	0.4 (0.27-0.6)
	<0.001


Major bleeding by age from RE-LY6,7 

	
	DABI 110

(n=6015)

%/yr
	DABI 150

(n=6076)

%/yr
	WARF

(n=6022)

%/yr

	Age <75 yrs
	1.89
	2.12
	3.03

	Age ≥75 yrs
	4.44
	5.12
	4.39

	Age <80 yrs
	2.43
	2.73
	3.35

	Age ≥80 yrs
	5.25
	6.24*
	4.7*


*p <0.05 for difference between dabigatran 150 mg and warfarin
Gastrointestinal Adverse Events

Gastrointestinal adverse events were common in all treatment groups in RE-LY, though they occurred more frequently (35% vs. 24%) and were more likely to result in treatment discontinuation with dabigatran vs. warfarin.6,7  Specifically, dyspepsia-like symptoms and gastritis-like symptoms were more often reported with dabigatran.  The risk of dyspepsia with dabigatran was highest within the first few weeks of treatment.  Patients who reported gastritis-like symptoms with any treatment were 3-4 times as likely to have a major gastrointestinal bleed, which occurred more frequently with dabigatran 150 mg compared with warfarin (10.5% vs. 9.2%) and less often with dabigatran 110 mg (7.1%). 
Gastrointestinal Adverse Events from RE-LY7
	
	DABI 110

(n=5983)
	DABI 150

(n=6059)
	WARF

(n=5998)

	GI adverse events (any)
	35%
	35%
	24%

	Dyspepsia-like symptoms†
	13%
	12%
	6%

	Gastritis-like symptoms‡
	5%
	4%
	2%

	Any GI bleed
	9%
	11%
	7%

	Major GI bleed
	2%
	3%
	2%


†includes dyspepsia, upper abdominal pain, abdominal pain, abdominal discomfort, and epigastric discomfort; ‡includes gastritis, gastroesophageal reflux disease, esophagitis, erosive gastritis, gastric hemorrhage, hemorrhagic gastritis, and hemorrhagic erosive gastritis
Myocardial Infarction
A higher number of adjudicated myocardial infarction (both clinical and silent) was found with dabigatran compared to warfarin in the RE-LY trial, resulting in an excess of 0.2% more events per year.  Per the FDA review, the reason for the imbalance is unclear and could not be explained by baseline characteristics or concomitant treatments.  There appears to be no dose-response relationship, and the imbalance persisted both on and off study drug treatment.  
Adjudicated Myocardial Infarction in RE-LY (original analysis and updated to include newly identified events)11,12 
	
	DABI 110
(n=6015)
n(%/yr)
	DABI 150

(n=6076)

n(%/yr)
	WARF

(n=6022)
n(%/yr)
	DABI 110 vs. WARF

RR (95% CI)
	P
	DABI 150 vs. WARF

RR (95% CI)
	P

	Original Published Data
	86 (0.72)
	89 (0.74)
	63 (0.53)
	1.35 (0.98-1.87)
	0.07
	1.38 (1-1.91)
	0.04

	Revised Data
	98 (0.82)
	97 (0.81)
	75 (0.64)
	1.29 (0.96-1.75)
	0.09
	1.27 (0.94-1.71)
	0.12


Hepatotoxicity
Due to the severe hepatotoxicity associated with another direct thrombin inhibitor, ximelagatran, the clinical development program for dabigatran included intensive monitoring for similar effects.  Data for the hepatic safety of dabigatran for the AF indication was primarily derived from the phase 3 RE-LY study where patients were initially monitored monthly for one year and quarterly thereafter with a median drug exposure of about 2 years, along with supportive data from three, smaller phase 2 studies. The use of dabigatran for non-AF indications has not been associated with concerning signals for hepatotoxicity, though use for these indications is generally of limited duration (6 months or less).7   
Results from RE-LY showed that the number of patients experiencing transaminase elevations (alanine aminotransferase [ALT] and aspartate aminotransferase [AST]) were small and similar between all treatment groups, with most cases occurring on treatment or within 30 days of stopping study drug.  In contrast, an excess of transaminase elevations >3x upper limit of normal (ULN) was observed with ximelagatran compared with warfarin in phase III studies (6% vs. 1%).
,
  Of the 46 patients in RE-LY with the more specific indicator of drug induced liver injury defined as elevated AST/ALT >3x ULN and total bilirubin >2x ULN, only 3 were considered to be “possibly” related to study drug; 2 cases with warfarin and one case with dabigatran.  Hepatobiliary adverse events with dabigatran were reported with low and similar frequencies between groups.  Four deaths, 3 cases with warfarin and 1 case with dabigatran 110 mg, occurred due to hepatic failure.  In total, clinical data support low potential for serious drug induced liver injury with dabigatran, and as a result, routine laboratory monitoring was not recommended by the FDA.7   
Transaminase elevations from RE-LY7
	
	DABI 110

(n=5983)
	DABI 150

(n=6059)
	WARF

(n=5998)

	AST/ALT >3x ULN
	118 (2%)
	106 (1.7%)
	125 (2.1%)

	AST/ALT >10x ULN
	9 (0.2%)
	16 (0.3%)
	 20 (0.3%)

	AST/ALT >3x ULN + Bilirubin >2x ULN
	11 (0.2%)
	14 (0.2%)
	21 (0.4%)


Deaths and Other Serious Adverse Events
In the pivotal RE-LY study, there were 1,371 total adjudicated deaths.  Overall, there was a favorable trend in all-cause death with dabigatran vs. warfarin, which was mainly due to fewer vascular deaths.  Rates of vascular death were significantly lower in the dabigatran 150 mg group compared with warfarin (p=0.043).  Serious adverse events were reported similarly across the treatment groups (about 21% of patients in each arm), with atrial fibrillation and heart failure being the most frequently reported events.7 
Tolerability
Overall, more patients receiving dabigatran discontinued study drug compared to warfarin due to adverse events in RE-LY (19% of dabigatran 110 mg group, 21% of 150 mg dabigatran group, and 16% of warfarin group).6,7  Gastrointestinal adverse events (e.g., dyspepsia, gastrointestinal hemorrhage, nausea) occurred more frequently with dabigatran and were the most frequently reported adverse events resulting in treatment discontinuation.  Annual rates of discontinuation due to dyspepsia were 2.1%, 2% and 0.6% for dabigatran 110 mg, dabigatran 150 mg, and warfarin, respectively.  Most of the disparity in discontinuation rates between dabigatran and warfarin occurred in the first 3-4 months of treatment, after which the rates of discontinuation between all groups were similar.10  In looking at the influence of prior VKA treatment on discontinuation of study drug due to adverse events, the difference between dabigatran and warfarin study groups was greater among VKA experienced patients, a potential bias that could not be eliminated given the PROBE study design of RE-LY.  In addition, patients who permanently discontinued dabigatran had the option to take non-study drug warfarin, while the patients in the warfarin study group could only take aspirin as an alternative if study drug was discontinued.7 
Contraindications6
Dabigatran is contraindicated in patients with:
· Active pathological bleeding

· History of a serious hypersensitivity reaction to dabigatran
Warnings and Precautions6 
Bleeding risk
As an anticoagulant, dabigatran increases the risk of bleeding, including major and fatal bleeding (see Adverse Events/Safety section).  There is no known reversal agent or antidote for dabigatran, though the drug has a shorter duration of action compared to warfarin. Though clinical data on the optimal management of bleeding with dabigatran is lacking, van Ryn and colleagues have suggested the following approach:9
· Discontinue treatment with dabigatran and investigate the source of bleeding

· Maintain adequate diuresis, as dabigatran is renally excreted

· Implement supportive measures to control severe bleeding:  delay further anticoagulant treatment, use mechanical compression or surgical hemostasis, consider transfusion of blood products (e.g., packed red cells or fresh frozen plasma)
· Dabigatran is removed by hemodialysis (60% removed in 2 hours), though the clinical use of dialysis in the management of bleeding/overdose has not been well studied.
Risk factors for bleeding include the concomitant administration of other medications that increase bleeding risk (e.g., antiplatelet agents, heparins, fibrinolytic therapy, and chronic use of non-steroidal anti-inflammatory drugs) and labor and delivery.  Patients should be evaluated for any signs and symptoms of bleeding, and the drug should be discontinued in patients with active, pathological bleeding.
Interruptions in therapy with dabigatran

Recommendations on discontinuing therapy for surgery or invasive procedures to reduce the risk of bleeding are provided in the prescribing information and are based on renal function (see also Dosage and Administration section).  In patients with normal renal function, dabigatran levels are decreased to 25% of steady state trough levels 24 hours after discontinuation, to 12-15% at 36 hours after discontinuation, and to 5-10% at 48 hours after discontinuation.  For patients at high risk of bleeding, it has been suggested that a TT test (or aPTT if TT not available) with a normal result may be obtained 6-12 hours prior to surgery.9
Lapses in therapy place patients at increased risk of stroke, and if stopped, therapy should be resumed as soon as clinically feasible. During the RE-LY trial, about 25% of patients temporarily discontinued study drug treatment for invasive procedures or surgery, most of which were elective.  Time between last dose of drug to time of the procedure was generally shorter with dabigatran, and slightly more patients on dabigatran were managed without bridge therapy (77-79% with dabigatran vs. 66% with warfarin).  Outcome events, both thromboembolic and bleeding, were infrequent and similar between all groups.7 
Effect of P-gp inducers and inhibitors on dabigatran exposure

The prodrug, dabigatran etexilate, is a substrate of P-gp and may be affected by inhibitors and inducers of P-gp.  Concomitant use of dabigatran and strong P-gp inducers (e.g., rifampin, St. John’s wort) results in significant reductions in dabigatran exposure and should generally be avoided.  Caution is advised in co-administering dabigatran and P-gp inhibitors (e.g., amiodarone, dronedarone, ketoconazole, quinidine, and verapamil), as increased dabigatran exposure may occur (see Drug Interactions section).  
Pregnancy and Lactation

Dabigatran is an FDA Pregnancy Category C drug; no adequate and well-controlled studies have been conducted in pregnant women.  Studies in rats have shown that dabigatran at a dose of 2.6-3 times the human dose reduces the number of implantations.  When treatment was given after implantation, dabigatran was associated with an increased number of maternal and offspring deaths in association with uterine bleeding during labor.  Major malformations were not seen in rats and rabbits exposed to dabigatran, although an increased incidence of delayed or irregular ossification of fetal skull bones and vertebrae in rats was observed.    
Risk Evaluation and Mitigation Strategy (REMS)

As part of the REMS program for dabigatran, a medication guide should be provided to each patient every time a prescription for is filled (i.e., with every new prescription and refill).  
Sentinel Events

None 

Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
	NME Drug Name
	Lexi-Comp
	USP Online
	First DataBank
	ISMP
	Clinical Judgment

	LA/SA for dabigatran (generic)
	 None
	 None
	 None
	None
	dalteparin

	LA/SA for Pradaxa (brand)
	 None
	 None
	 None
	None
	Plavix

paclitaxel

Procardia XL


Drug-Drug Interactions6,7,
 
CYP 450 enzymes:  Dabigatran is not a substrate, inhibitor, or inducer of CYP 450 enzymes, and related drug interactions are not expected.    

P-gp transporter:  The prodrug, dabigatran etexilate, is a substrate for the efflux P-gp transporter, though the active moiety dabigatran is not.  In-vitro testing suggests that P-gp is involved in the intestinal absorption of dabigatran etexilate but does not impact distribution or elimination of dabigatran.7  In-vivo testing shows that co-administration of P-gp inhibitors may result in increased dabigatran exposure, while co-administration of P-gp inducers may reduce dabigatran exposure.  Dabigatran was not shown to significantly alter the pharmacokinetic parameters of other drugs that utilize P-gp.     

P-gp inducers
It is recommended that the co-administration of dabigatran and strong P-gp inducers such as rifampin be avoided (see below table).  

P-gp inhibitors

Caution is advised in co-administering dabigatran and P-gp inhibitors (e.g., amiodarone, dronedarone, ketoconazole, quinidine, and verapamil), as increased dabigatran exposure may occur.  Studies conducted with amiodarone, ketoconazole, quinidine, and verapamil showed no affect on time to peak, terminal half-life, and mean residence time for dabigatran, and changes in AUC and Cmax are provided in table below.  In summary, in healthy volunteers, amiodarone, quinidine, and verapamil have been shown to increase dabigatran exposure by approximately 50-60% (or 1.5-1.6 fold), while the magnitude of effect of the strong P-gp inhibitor ketoconazole was greater at about 150% (or 2.5 fold).  When the P-gp inhibitor was administered 2 hours prior to dabigatran, there was only a modest increase in dabigatran exposure of 20% at most.  In patients from the RE-LY study, the concomitant use of amiodarone or verapamil and dabigatran was found to have a lesser impact on dabigatran exposure, with about a 20% observed increase.  Increased exposure similar to what was found with amiodarone, quinidine, and verapamil was shown with concomitant administration of dronedarone and dabigatran in a drug interaction study conducted by the manufacturer of dronedarone (1.7-2 fold).
  

P-gp drug interactions6,7 
	Drug
	Study Results
	Recommendation

	P-gp Inhibitor
	
	

	Amiodarone


	Co-administration of dabigatran and a single oral dose of amiodarone 600 mg resulted in a 58% and 50% increase in dabigatran AUC and Cmax values respectively, though the renal clearance of amiodarone was increased by 65%.  Patients in the RE-LY study on concomitant amiodarone and dabigatran were found to have a 13% increase in dabigatran bioavailability.
	No dosage adjustment required; caution advised

	Clarithromycin


	Co-administration of clarithromycin and dabigatran did not meaningfully affect dabigatran exposure.
	No dosage adjustment required

	Dronedarone
	Co-administration increases dabigatran exposure by 1.7-2 fold23
	No dosage adjustment required; caution advised

	Ketoconazole


	Following a single 400 mg dose of ketoconazole, dabigatran AUC and Cmax values were increased by 138% and 135% respectively, and following multiple 400 mg doses, dabigatran values were increased by 153% and 149% respectively.
	No dosage adjustment required; caution advised

	Quinidine


	In a multiple-dose study, concomitant use of quinidine and dabigatran resulted in increased AUC and Cmax values for dabigatran of 53% and 56% respectively.  Of note, the use of quinidine was not permitted during the latter part of the RE-LY study.
	No dosage adjustment required; caution advised

	Verapamil
	Co-administration of verapamil and dabigatran results in increased Cmax and AUC values for dabigatran, though the magnitude of effect depends on the formulation of verapamil and timing of the dose.  The greatest impact occurs when dabigatran is administered and verapamil is present in the gut.  Upon chronic verapamil dosing, the increase in bioavailability of dabigatran is 50-60% in healthy subjects.  In RE-LY, patients on verapamil experienced a 20% increase in bioavailability of dabigatran.
	No dosage adjustment required; caution advised

	P-gp Inducer
	
	

	Rifampin
	Rifampin administered for 7 days was shown to reduce the AUC and Cmax of a single dose of dabigatran by 66% and 67% respectively.  
	Avoid concurrent use

	P-gp Substrate
	
	

	Clopidogrel
	Co-administration of a loading dose of clopidogrel (300 mg or 600 mg) and dabigatran resulted in a 30% and 40% increase in Cmax and AUC values respectively for dabigatran, though coagulation parameters were not affected.  No alteration in pharmacokinetics was observed with clopidogrel or dabigatran during maintenance dosing.
	No dosage adjustment required

	Digoxin
	No alteration in pharmacokinetics of digoxin or dabigatran was noted with concurrent use.
	No dosage adjustment required


Medications that affect gastric pH:  Dabigatran is best absorbed at low pH values.  The drug is formulated with a tartaric acid core, which produces an acidic microenvironment to facilitate absorption.  Based on phase 1 pharmacokinetic study, the co-administration of the proton-pump inhibitor (PPI) pantoprazole and dabigatran resulted in a modest reduction (about 30%) in the bioavailability of dabigatran.  In the Phase 3 RE-LY study, a 12.5% reduction in dabigatran bioavailability/steady state exposure was observed in patients who were on a PPI, which comprised about 14% of the study population.  Per sub-group analysis of RE-LY, no significant differences in outcomes were noted in patients on or not on PPI therapy.  Concomitant administration of H2-receptor antagonists (e.g., ranitidine) has not been shown to alter the pharmacokinetics of dabigatran.    

Pharmacodynamic interactions:  The use of aspirin or clopidogrel along with dabigatran was shown to double the risk of major bleeding in the RE-LY study.  An increased risk of bleeding is expected when other drugs known to cause bleeding are used with dabigatran (e.g., heparin, fibrinolytics, chronic use of non-steroidal anti-inflammatory drugs [NSAIDs], etc.)
Drug-Lab Interactions6
Coagulation monitoring of dabigatran is not required based on the stable pharmacokinetic and pharmacodynamic properties of the drug, though studies have shown that dabigatran prolongs the ECT, TT, and aPTT.  The ECT is considered the most sensitive marker for dabigatran, but the aPTT may be used to provide an approximate measure of the anticoagulant activity if the ECT is not available (e.g., in an emergency situation such as active bleeding or urgent invasive procedure).  At therapeutic doses, dabigatran prolongs the aPTT by about 2x control at peak, with levels falling to about 1.5x control in about 12 hrs.  Prothrombin time (PT) and INR tests should not be used to assess the anticoagulant activity of dabigatran, as these tests are relatively insensitive measures of dabigatran’s anticoagulant activity and may or may not be elevated on dabigatran.  If converting to warfarin, dabigatran may affect INRs drawn within 2 days of discontinuing the drug.
Acquisition Costs

	Drug
	Dose
	Cost/Day/patient†
	Cost/Year/patient†

	Dabigatran capsules
	150 mg twice daily
	$5.05
	$1,843.25

	Dabigatran capsules
	75 mg twice daily
	$5.05
	$1,843.25

	Warfarin tablets, all strengths
	1.4 tabs per day*
	$0.06
	$21.90


†VA prices as of 1/2/11; check VA pricing sources for updated information.

*National average tablets per day estimated at 1.4 based on quantity per 30 day rx.
Pharmacoeconomic Analysis

A pharmacoeconomic analysis partly funded by VA evaluated the cost-effectiveness of dabigatran vs. warfarin and was conducted from a societal perspective using efficacy and safety outcome results from the RE-LY trial.  Costs were expressed in US 2008 dollars and reflective of a healthcare system that covers inpatient and outpatient care and medication costs.  Costs were projected over 35 years.  Using the base case, a hypothetical cohort of patients aged 65 years and older with AF and at increased risk of stroke and with no contraindications for anticoagulation, the quality-adjusted life expectancy was 10.84 quality-adjusted life-years (QALYs) with dabigatran 150 mg, 10.7 QALYs with dabigatran 110 mg, and 10.28 QALYs with warfarin.  Using estimates of drug costs of $13/day for dabigatran 150 mg, $9.50/day for dabigatran 110 mg, and $1.07/day for warfarin (plus cost of INR monitoring), total costs were $168,398 for dabigatran 150 mg, 164,576 for dabigatran 110 mg, and $143,193 for warfarin.  The incremental cost effectiveness ratios (ICERs) were $45,372 per QALY for dabigatran 150 mg and $51,229 per QALY for low-dose dabigatran compared with warfarin.  Sensitivity analysis of several variables revealed that drug cost of dabigatran was the most sensitive indicator of cost-effectiveness.  When dabigatran 150 mg costs exceed $13.70 per day, the ICER exceeded the commonly used threshold of $50,000 per QALY.  A limitation of the analysis is the primary use of a single, industry-sponsored, open-label clinical trial and lack of data available in real-world populations.  Of note, the warfarin costs used in the study were significantly higher than the current cost of warfarin in the VA.  The authors concluded that dabigatran could be a cost-effective alternative to warfarin for patients with atrial fibrillation at increased risk of stroke, with acceptable ICERs of $50,000 per QALY when the cost per day for dabigatran 150 mg is less than $13.70.
Conclusions
Antithrombotic therapy for the reduction of stroke and systemic embolism related to AF has traditionally included warfarin and antiplatelet agents.  While warfarin has been shown to be more effective than aspirin and is preferred in many situations, warfarin therapy is complex and associated with wide inter-patient variability in dose response, numerous drug-drug, drug-disease, and drug-diet interactions, and requires frequent laboratory monitoring.  

Dabigatran, the first oral direct thrombin inhibitor available in the US, was approved by the FDA for the reduction of stroke and systemic embolism in patients with non-valvular AF.  With predictable pharmacokinetic and pharmacodynamic response, routine laboratory monitoring is not required.  Dabigatran exhibits a relatively quick onset and offset of action, with anticoagulant effects seen within 2 hours of oral administration and a half-life of 12-17 hours.  Twice daily dosing of dabigatran is required, and there is no reversal agent.  Dabigatran is renally eliminated.  There are no clinical data evaluating the use of dabigatran in patients with severe renal impairment (CrCl <30 ml/min), as these patients were excluded from the pivotal RE-LY study; however, a reduced dose of dabigatran as determined from pharmocokinetic modeling is available for patients with a CrCl of 15-30 ml/min.    

Efficacy and safety of dabigatran in reducing the risk of stroke and systemic embolism in patients with non-valvular AF was evaluated in a single, open-label, randomized controlled trial that included over 18,000 patients followed for a median of 2 years.   In the pivotal RE-LY study, the approved 150 mg twice daily dose of dabigatran was shown to be associated with a lower risk of stroke and systemic embolism compared to warfarin although there was a trend of limited benefit over warfarin as INR control improved.  The significantly lower rates of intracranial hemorrhage found with both doses of dabigatran compared to warfarin were unaffected by INR control.  
Dabigatran at the approved dose of 150 mg twice daily was associated with similar rates of major bleeding and higher rates of gastrointestinal bleeding compared to warfarin.  Other reported adverse events overall were similar, with the exception of a significantly higher rate of gastrointestinal-related events (e.g., dyspepsia, gastritis) with dabigatran, and a higher rate of subsequent study drug discontinuation.  In contrast to the findings with ximelagatran, clinical data in total support a low potential for serious drug-induced liver injury with dabigatran.  The clinical significance of the excess number of adjudicated myocardial infarctions reported with dabigatran compared with warfarin in the RE-LY study remains unclear.  Although drug interactions via the CYP 450 system are not expected, dabigatran etexilate is a substrate of P-gp, and altered exposure of dabigatran has been demonstrated with concomitant administration of P-gp inducers and inhibitors.  Avoidance of strong P-gp inducers is recommended due to reduced dabigatran exposure, though there are no recommendations for dosage adjustments with concomitant administration of P-gp inhibitors.  The clinical relevance of the increased exposure to dabigatran with concurrent use of P-gp inhibitors and the potential for increased risk of bleeding remains unclear.  Dabigatran is best absorbed at low pH values.  The drug is formulated with a tartaric acid core, which produces an acidic microenvironment to facilitate absorption.  Though pharmacokinetic studies indicated some reduction in dabigatran exposure when dabigatran is co-administered with PPIs, subgroup analysis of RE-LY did not indicate a difference in outcomes in patients on concomitant PPI and dabigatran.  Co-administration of H2-receptor antagonists (e.g., ranitidine) has not been shown to alter the pharmacokinetics of dabigatran. 
Dabigatran has not been studied in patients with heart valve replacement or in patients with hypercoagulable states, and use in these patients is currently not recommended.  Dabigatran has been studied for the prevention of VTE in orthopedic patients and for the treatment of acute VTE, though these indications remain off-label.  Additional studies are ongoing and are expected to further clarify the role of dabigatran as an alternative to warfarin.    
Prepared April 2011. Contact person: Lisa Longo, Pharm.D., BCPS, National VA PBM Services
A literature search was performed on PubMed/Medline using the search terms dabigatran and Pradaxa®. The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. All relevant randomized controlled trials published in peer-reviewed journals in patients other than healthy volunteers were reviewed.
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Appendix. Pivotal Clinical Trial. 

	Trial
	Eligibility Criteria
	Interventions/Endpoints
	Results

	RE-LY (2009)11,12
n=18,113

Phase 3, MC, PROBE, non-inferiority

DABI doses blinded

WARF open-label

Follow-up:  2 yrs (median)

951 centers, 44 countries (36% US and Canada)

Funding: Boehringer Ingelheim


	Inclusion criteria

NVAF with at least one of the following: prior TIA, stroke, or SEE; EF <40%; NYHA Class II HF; age ≥75; or age ≥65 and DM, CAD, or HTN  

Exclusion criteria

Heart valve disorder; severe, disabling stroke within 6 mo or any stroke in last 2 wks; conditions associated with an increased risk of bleeding (major surgery within 30d, planned surgery in next 3 mo, history of intracranial, intraocular, spinal, retroperitoneal, or atraumatic intra-articular bleeding, GI bleed in past yr, PUD in past 30 d, indication for anticoagulant treatment other than AF, fibrinolytics within 48 hr, uncontrolled HTN, recent malignancy or RT and expected survival <3 yrs); CI to WARF; reversible cause of AF; planned curative intervention for AF; CrCl ≤30 ml/min; active infective endocarditis; active liver disease; females of childbearing potential w/o effective contraception; anemia or thrombocytopenia; elevated LFTs on ximelagatran; life expectancy less than duration of trial
	Interventions

DABI 110mg BID

DABI 150mg BID

WARF (INR of 2-3)

Primary Endpoint

Stroke or SEE

Other Endpoints

Major bleed*

Stroke, SEE, and death
MI
PE
Hospitalization
Net clinical benefit:  stroke, SEE, PE, MI, death, or major bleed*

*Defined as ≥2g/dL drop Hgb, transfusion of ≥2 units, or symptomatic bleeding in critical area or organ

	Baseline: Age 71yrs; 64% male; 70% Caucasian; 33%/32%/35% paroxysmal/persistent/permanent AF; 50% prior VKA therapy; 23% DM; 28% CAD; 32% HF; CHADS2=2 (median); CrCl 68 ml/min (median); 40% on ASA; 6% on clopidogrel; 4% on ASA + clopidogrel;  mean TTR (warfarin)=64%

Outcome

DABI 150
N (%/ yr)

WARF
N, (%/ yr)

RR (95% CI)

P 

NNT

Efficacy
Stroke or SEE*

134 (1.11)

199 (1.69)

0.66 (0.53-0.82)

<0.001

172


Hemorrhagic stroke

12 (0.1)

45 (0.38)

0.26 (0.14-0.49)

<0.001


Ischemic stroke

111 (0.92)

142 (1.2)

0.76 (0.6-0.98)

0.03

PE

18 (0.15)

11 (0.09)

1.61 (0.76-3.42)

0.21

MI†

89 (0.74)

63 (0.53)

1.38 (1-1.91)

0.048

Hospitalization

2430 (20.2)

2458 (20.8)

0.97 (0.92-1.03)

0.34

All-cause death

438 (3.64)

487 (4.13)

0.88 (0.77-1)

0.051

Safety
Major Bleeding
375 (3.11)
397 (3.36%)
0.93 (0.81-1.07)
0.31
Intracranial Bleeding
36 (0.3)
87 (0.74)
0.4 (0.27-0.6)
<0.001
*Primary endpoint; †Based on revised data including events identified following the original RE-LY publication, there were 97 (0.81) events with DABI 150 mg, 75 (0.64) with warfarin; RR 1.27 (0.94-1.71); p=0.12

Outcome

DABI 110
N (%/ yr)

WARF
N, (%/ yr)

RR (95% CI)

P 

Efficacy
Stroke or SEE*

182 (1.53)

199 (1.69)

0.91 (0.74-1.11)

0.34

Hemorrhagic stroke

14 (0.12)

45 (0.38)

0.31 (0.17-0.56)

<0.001

Ischemic stroke

159 (1.34)

142 (1.2)

1.11 (0.89-1.4)

0.35
PE

14 (0.12

11 (0.09)

1.26 (0.57-2.78)

0.56
MI†

86 (0.72)

63 (0.53)

1.35 (0.82-1.87)

0.07
Hospitalization

2311 (19.4)

2458 (20.8)

0.92 (0.87-0.97)

0.003
All-cause death

446 (3.75)

487 (4.13)

0.91 (0.8-1.03)

0.13
Safety
Major Bleeding
322 (2.71)
397 (3.36)
0.8 (0.69-0.93)
0.003

Intracranial Bleeding
27 (0.23)
87 (0.74)
0.31 (0.2-0.47)
<0.001
*Primary endpoint; †Based on revised data including events identified following the original RE-LY publication, there were 98 (0.82) events with DABI 110 mg, 75 (0.64) with warfarin; RR 1.29 (0.96-1.75); p=0.09

Discontinuation: DABI 110/DABI 150/WARF:  19%/21%/16%; 

AEs: GI adverse events more frequent with DABI and more frequently led to discontinuation
Study Assessment

· Superiority testing conducted only after non-inferiority established

· Open-label design with potential for bias
· Efficacy and safety results influenced by quality of INR control with warfarin


AF=atrial fibrillation; ASA=aspirin; CAD=coronary artery disease; CHADS2 score= measure of stroke risk (sum of points for congestive heart failure [1 pt], hypertension [1 pt], age >75 yrs [1 pt], diabetes [1 pt], or prior stroke or transient ischemic attack [2 pts]); CI=contraindication; CrCl=creatinine clearance; DABI=dabigatran; DM=diabetes mellitus; EF=ejection fraction; GI=gastrointestinal; HF=heart failure; HTN=hypertension; LFT=liver function test; MI=myocardial infarction; NVAF=non-valvular atrial fibrillation; NYHA=New York Heart Association; PE=pulmonary embolism; PROBE=prospective, open-label, randomized trial with blinded evaluation of all outcomes; SEE=systemic embolic event; TIA=transient ischemic attack; TTR=time in therapeutic range; VKA=vitamin k antagonist; WARF=warfarin
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