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Executive Summary:  

· Rivaroxaban is an oral, direct factor Xa inhibitor that is FDA approved for the 1) prophylaxis of venous thromboembolism (VTE) in patients undergoing total hip replacement (THR) or total knee replacement (TKR) surgery and 2) prevention of stroke and systemic embolism in patients with nonvalvular atrial fibrillation (AF). 
· VTE prophylaxis dosing:  The recommended dose of rivaroxaban is 10 mg orally once daily without regard to food.  Treatment should be initiated at least 6-10 hours after surgery and once hemostasis has been established.  The recommended duration of treatment is 35 days for THR and 12 days for TKR.  Rivaroxaban should be avoided in patients with a CrCl <30 ml/min.
· Stroke prevention in AF dosing: The recommended dose of rivaroxaban is 20 mg orally once daily taken with the evening meal for patients with a creatinine clearance (CrCl) of >50 ml/min.  A reduced dose of 15 mg orally once daily with the evening meal is recommended for patients with a CrCl of 30-50 ml/min.  Patients with a CrCl <30 were excluded from clinical trials, though a 15 mg orally once daily dose is available for patients with a CrCl of 15-30 ml/min based on pharmacokinetic data.  Rivaroxaban should be avoided when CrCl <15ml/min.  Note:  Rivaroxaban exhibits dose-dependent bioavailability; higher doses which are used for AF should be taken with food to enhance absorption.
· Efficacy and Bleeding in DVT Prophylaxis:  The RECORD clinical development program included four phase 3, double-blind, randomized, controlled trials that studied over 12,000 patients for the use of rivaroxaban vs. enoxaparin for the prevention of VTE in patients undergoing THR (RECORD 1 and 2) or TKR (RECORD 3 and 4) surgery.  The studies each differed in design but shared the same primary and secondary endpoints.  Of note, the FDA did not include RECORD 4 in support of the VTE prophylaxis indication for rivaroxaban because of significant concerns with study conduct, oversight, and data collection.    
Overall, rivaroxaban was shown to be superior to enoxaparin for the primary composite endpoint of any DVT (asymptomatic and symptomatic), non-fatal PE, or all-cause mortality in patients undergoing THR or TKR.  Secondary endpoints of major VTE and symptomatic VTE were also lower with rivaroxaban in some of the trials.  A pooled analysis of the RECORD 1-3 studies supports the favorable efficacy with rivaroxaban compared to enoxaparin for the composite endpoint of symptomatic VTE and all-cause mortality at 2 weeks (0.4% vs. 0.8%, respectively; p=0.005).  Rates of major bleeding and clinically relevant bleeding tended to be higher with rivaroxaban based on results from a pooled analysis of RECORD 1-4, though event rates overall were low (0.4% vs. 0.2%; p=0.076).  A similar trend of more bleeding events with rivaroxaban was observed when RECORD 4 data were excluded.  In the elderly population, efficacy and bleeding endpoints tended to be higher in both treatment arms, and the results were directionally similar to those found in the overall population.  
· Efficacy and Bleeding in Stroke Prevention in AF:  The effect of rivaroxaban on the reduction of the risk of stroke or systemic embolism in patients with nonvalvular AF was compared to adjusted-dose warfarin in the phase 3, randomized, double-blind, non-inferiority ROCKET AF trial.  A total of 14,264 patients with a moderate-to-high risk of stroke (mean CHADS2 score of 3.5) were included and treated for a median duration of 590 days.  Over half of the population had a history of prior transient ischemic attack (TIA) or stroke, and about 40% of patients were 75 years or older.  Of note, the mean time in therapeutic range (TTR) for warfarin patients was 55%, which is lower than TTRs reported in recent, major trials.  
Rivaroxaban was found to be non-inferior to warfarin for the primary composite endpoint of stroke (ischemic and hemorrhagic) or systemic embolism, with annual event rates of 1.7% with rivaroxaban vs. 2.2% with warfarin (HR 0.79; 95% CI 0.66-0.96; p <0.001 for non-inferiority).  It is unclear how rivaroxaban compares to warfarin that is better controlled (e.g., higher TTR).  Rivaroxaban was associated with a significantly lower risk of hemorrhagic stroke (annual rates of 0.26% vs. 0.44%; HR 0.59 95% CI 0.37-0.93; p=0.024), though ischemic stroke rates between groups were not significantly different.  Based on subgroup analyses, the treatment effect of rivaroxaban was found to be consistent in patients with renal impairment (where a lower dose was studied), patients with prior TIA/stroke, and the elderly.    

Overall annual rates of major and clinically relevant nonmajor bleeding were not statistically different with rivaroxaban vs. warfarin (14.9% vs. 14.5%).  Significantly more patients on rivaroxaban experienced a ≥2g/dL drop in hemoglobin and received transfusions; however, there were significantly fewer critical, fatal, and intracranial bleeding events with rivaroxaban vs. warfarin.  In the elderly, bleeding events were more frequent in both treatment arms, and there was a trend of more major and nonmajor clinically relevant bleeding with rivaroxaban compared to warfarin.
· Rivaroxaban is contraindicated in patients with active pathological bleeding or severe hypersensitivity reactions to rivaroxaban.  Post marketing-cases of anaphylaxis have been reported.   

· Boxed Warning - Discontinuation in patients with AF:  Patients are at increased risk of thrombotic events when rivaroxaban is discontinued in the absence of alternative anticoagulation.  Increased rates of stroke were observed in clinical trials in patients with AF who permanently discontinued treatment.  If rivaroxaban must be discontinued for a reason other than pathological bleeding, consider administering another anticoagulant.  When patients who had temporary interruptions in treatment during ROCKET AF were examined, there was a trend of more events in the rivaroxaban arm, though the number of events overall was small.   

· Boxed Warning – Spinal/Epidural Hematoma:   Patients treated with rivaroxaban who are receiving neuraxial anesthesia or undergoing spinal puncture have experienced epidural or spinal hematomas that may result in long-term or permanent paralysis.  Consider the benefits and risks when scheduling patients for spinal procedures and before neuraxial intervention in anticoagulated patients or those who will be anticoagulated for thromboprophylaxis.  
· The major risk with rivaroxaban treatment is bleeding.  Bleeding complications were the most commonly reported adverse events.  Frequencies of common non-bleeding adverse events were similar with rivaroxaban and comparators.  Tolerability of rivaroxaban and comparators was similar in the four RECORD studies and in ROCKET AF, though more patients in ROCKET AF discontinued treatment due to mucosal bleeding (hematuria, gastrointestinal, gingival, nose) compared to warfarin.
· Routine coagulation monitoring of rivaroxaban is not required based on the stable pharmacokinetic and pharmacodynamic properties of the drug. There is no known reversal agent or antidote for rivaroxaban, though the drug has a shorter duration of action compared to warfarin.  Unlike warfarin, data on the optimal management of bleeding, including major and life-threatening bleeding, with rivaroxaban is lacking.  General hemostatic measures should be employed.

· Rivaroxaban is a substrate of CYP3A4/5, CYP2J2, and the P-glycoprotein (P-gp) and ATP-binding cassette G2 (ABCG2) transporters.  Inhibitors or inducers may increase or decrease rivaroxaban exposure, respectively.  Concomitant use of rivaroxaban with combined P-gp and strong CYP3A4 inducers and inhibitors should be avoided.  Caution should be exercised when rivaroxaban is combined with weak or moderate inhibitors, particularly in patients with renal impairment, as both elimination pathways are affected.  
· Concomitant use of rivaroxaban and medications that affect hemostasis are expected to increase the risk of bleeding (aspirin, anti-platelet agents, other antithrombotic agents, fibrinolytics, NSAIDs).  
· Rivaroxaban has also been studied for VTE treatment, ACS, and VTE prophylaxis in medically ill patients.  These indications remain off-label at this time.
Introduction 
Rivaroxaban is an oral, direct factor Xa inhibitor that was approved in the US in 2011 for the 1) prophylaxis of venous thromboembolism (VTE) in patients undergoing total hip replacement (THR) or total knee replacement (THR) surgery and 2) prevention of stroke and systemic embolism in patients with nonvalvular atrial fibrillation (AF).  The drug has been available outside of the US for VTE prophylaxis since 2008.

Routine thromboprophylaxis for orthopedic surgery including THR and TKR has been the standard of care for more than 25 years, given the high risk of VTE associated with these surgeries.  Rates of asymptomatic and symptomatic VTE with THR are about 40-60% and 2-5%, respectively, with an incidence of fatal pulmonary embolism (PE) of approximately 0.3% if no prophylaxis is used.  Rates are higher with TKR, though the increased risk for symptomatic VTE following hospital discharge is shorter.
  There has been an increased emphasis on the clinically important outcome of symptomatic VTE, though asymptomatic VTE may sometimes progress to a symptomatic event following hospital discharge.  Several pharmacologic options are available in the US for VTE prophylaxis including unfractionated heparin (UFH), low molecular weight heparins (LMWH), fondaparinux, warfarin, aspirin, and rivaroxaban.  As anticoagulants, these therapies are associated with an increased risk of bleeding.     
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.2  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
	0.5 

	1
	1.5 

	2
	2.5 

	3
	5.3 

	4
	6 

	5 or 6
	6.9 


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.  

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.2,
,
  Newly available agents in the US now include dabigatran and rivaroxaban.

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.3   

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 rivaroxaban 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 
,
,

· Rivaroxaban is an oral, direct factor Xa inhibitor that selectively blocks the active site of Xa and does not require a co-factor.  Rivaroxaban lowers the risk of blood clots by inhibiting both free and prothrombinase-bound or clot-bound factor Xa as well as downstream platelet activation.
Table 1. Pharmacokinetics of rivaroxaban and dabigatran8,9,10, 
 
	Parameter
	Rivaroxaban
	Dabigatran

	Bioavailability


	10 mg dose:  80-100% (unaffected by food)

20 mg dose:  66% (fasting; increased with food)
	3 – 7%

	Cmax
	2-4 hrs
	1-2 hrs

	Protein Binding
	92-95%
	35%

	Metabolism
	CYP3A4/5, CYP2J2, hydrolysis
	Conjugation

	Elimination
	Renal (66%; 36% as unchanged drug)
	Renal (80%)

	Half-life
	5-9 hrs*
	12 – 17 hrs


*Half-life is increased to 11-13 hrs in the elderly

· Rivaroxaban exhibits dose-dependent bioavailability.  For the 10 mg dose, bioavailability is approximately 80-100% and unaffected by food.  Bioavailability of the 20 mg dose is 66% in a fasting state, though exposure is increased when taken with food (mean area under the curve [AUC] and Cmax increased by 39% and 76%, respectively).  It is recommended that the 15 mg and 20 mg doses be taken with the evening meal. 
· Absorption of rivaroxaban is dependent on the site of drug release in the GI tract.  Administration of rivaroxaban via a feeding tube may result in reduced exposure and should be avoided. 
· Based on in vitro data, rivaroxaban does not inhibit the major cytochrome P450 enzymes CYP1A2, 2C8, 2C9, 2C19, 2D6, 2J2, and 3A4 or induce CYP1A2, 2B6, 2C19, or 3A4.  Rivaroxaban exhibits a low inhibitory potential for P-glycoprotein (P-gp) and ABCG2 transporters. 
· Elderly subjects exhibit increased rivaroxaban exposure (50% higher mean AUC) and terminal half-life.  Gender or extreme body weights (<50 kg or >120 kg) did not influence rivaroxaban exposure, though Japanese subjects were found to have a 50% increased exposure. 
· Results from a 10 mg, single-dose pharmacokinetic/pharmacodynamic study of rivaroxaban (n=32) in subjects with varying degrees of renal function showed increased drug exposure and pharmacodynamic effects with declining renal function.  In ROCKET AF, patients with CrCl 30-50 ml/min who received a reduced dose of rivaroxaban of 15 mg daily had similar outcomes to patients with better renal function. 
Table 2. Pharmacokinetics/pharmacodynamics in renal impairment compared to normal9
	Rivaroxaban Parameter

(% Increase compared to normal)
	Mild

CrCl 50-79 ml/min

N=8
	Moderate

CrCl 30-49 ml/min

N=8
	Severe

CrCl 15-29 ml/min

N=8

	Exposure
	
	
	

	
AUC
	44
	52
	64

	
Cmax
	28
	12
	26

	Factor Xa inhibition
	
	
	

	
AUC
	50
	86
	100

	
Emax
	9
	10
	12

	PT Prolongation
	
	
	

	
AUC
	33
	116
	144

	
Emax
	4
	17
	20


Cmax=maximum concentration; Emax=maximum effect; PT=prothrombin time
· Results from a 10 mg, single-dose pharmacokinetic/pharmacodynamic study of rivaroxaban (n=32) in subjects with varying degrees of hepatic function (normal, mild impairment [Child-Pugh A] and moderate impairment [Child-Pugh B]) showed increased drug exposure and pharmacodynamic effects with declining hepatic function. 
· Rivaroxaban produces a predictable, dose-dependent inhibition of factor Xa activity and prolongation of prothrombin time (PT) as demonstrated in healthy subjects and in patients undergoing orthopedic surgery.  Once daily dosing regimens above 5 mg showed factor Xa inhibition throughout the 24 hour dosing period.  Compared with once daily dosing, twice daily dosing is associated with less fluctuation in PT. 
· At steady state, PT and aPTT are significantly prolonged 2 hours after rivaroxaban administration.  PT and aPTT return to pre-dosing levels at 12 hours after administration. 
FDA Approved Indication(s)9
1) Rivaroxaban is indicated for deep vein thrombosis (DVT) prophylaxis (which may lead to PE) in patients undergoing knee or hip replacement surgery.

2) Rivaroxaban is indicated to reduce the risk of stroke and systemic embolism in patients with nonvalvular AF.  There are limited data to determine the comparative effectiveness of rivaroxaban and warfarin when warfarin therapy is well-controlled. 

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).
Rivaroxaban has been studied for VTE treatment, ACS, and VTE prophylaxis in medically ill patients.  Further details are provided in the Efficacy section.  
Current VA National Formulary Alternatives

For VTE prophylaxis, the following agents are on VA National Formulary:  aspirin, dalteparin, enoxaparin, fondaparinux, UFH, and warfarin.  For stroke/systemic embolism prevention in AF, aspirin, dabigatran, and warfarin are on VA National Formulary.
Dosage and Administration9 
1. Non-valvular AF
CrCl >50 ml/min:  The recommended dose of rivaroxaban is 20 mg orally once daily, taken with the evening meal.
CrCl 30-50 ml/min:  The recommended dose of rivaroxaban is 15 mg once daily, taken with the evening meal.

CrCl 15-30 ml/min:  Patients with CrCl of 15-30 ml/min were not studied in clinical trials.  Based on pharmacokinetic data that suggests similar rivaroxaban exposure, the manufacturer recommends a dose of rivaroxaban 15 mg once daily, taken with the evening meal.

CrCl <15 ml/min:  Avoid rivaroxaban.

Note:  Renal function should be periodically assessed as clinically indicated and therapy adjusted accordingly.  Rivaroxaban should be discontinued in patients who develop acute renal failure while receiving the drug.  
Discontinuation

If rivaroxaban must be discontinued for reasons other than pathological bleeding, consider administering another anticoagulant.  Discontinuing rivaroxaban in the absence of adequate alternative anticoagulation increases the risk of thrombotic events.  (See Boxed Warnings)
Switching from or to warfarin

When switching from warfarin to rivaroxaban, start rivaroxaban as soon as the INR is below 3 to avoid periods of inadequate anticoagulation.  There are no clinical data to guide switching from rivaroxaban to warfarin; however, it may be reasonable to discontinue rivaroxaban and start a parenteral anticoagulant and warfarin at the same time to avoid periods of inadequate anticoagulation.  (See Boxed Warning in prescribing information on the increased risk of thrombotic events when rivaroxaban is discontinued)

Switching from or to anticoagulants other than warfarin  
When switching from another anticoagulant to rivaroxaban, start rivaroxaban when the next dose of anticoagulant is due or at the same time of discontinuation of a continuous infusion (e.g., heparin).  When switching from rivaroxaban to a parenteral anticoagulant, start therapy when the next dose of rivaroxaban would be due.

2. DVT Prophylaxis
The recommended dose of rivaroxaban is 10 mg orally once daily without regard to food.  Treatment should be initiated at least 6-10 hours after surgery once hemostasis has been established.  The recommended duration of treatment is 35 days for THR and 12 days for TKR.

Renal Impairment

Patients with renal impairment are expected to experience increased exposure and pharmacodynamic effects with rivaroxaban.  Patients with CrCl 30-50 ml/min should be observed closely for any signs and symptoms of bleeding.  Rivaroxaban should be avoided in patients with CrCl <30 ml/min and discontinued in patients who develop acute renal failure while receiving the drug.
3. General Dosing Considerations
Hepatic Impairment
Patients with significant hepatic impairment were excluded from clinical studies.  Rivaroxaban should be avoided in patients with moderate (Child-Pugh B) and severe (Child-Pugh C) hepatic impairment and in patients with coagulopathy associated with hepatic disease.
Surgery and Interventions

If an intervention or surgery is needed where anticoagulation must be discontinued due to increased bleeding risk, rivaroxaban should be stopped at least 24 hours prior to the procedure whenever possible.  For urgent/emergent interventions, the increased risk of bleeding should be weighed along with the risks of delaying the procedure.  Rivaroxaban should be restarted as soon as adequate hemostasis is achieved following the procedure.  If oral medications cannot be used following the procedure, an injectable anticoagulant may be considered.
Missed Dose

If a dose is missed, administer as soon as possible on the same day.

Use with Combined P-gp and Strong CYP3A4 Inhibitors or Inducers

Concomitant use of rivaroxaban and combined P-gp and strong CYP3A4 inhibitors (e.g., ketoconazole, itraconazole, lopinavir/ritonavir, ritonavir, indinavir/ritonavir, and conivaptan) should be avoided due to increased rivaroxaban exposure and increased bleeding risk.
Concomitant use of rivaroxaban and combined P-gp and strong CYP3A4 inducers (e.g., carbamazepine, phenytoin, rifampin, St. John’s wort) should be avoided due to decreased rivaroxaban exposure and reduced efficacy.
Administration via Feeding Tube

Rivaroxaban should not be administered via a feeding tube, as impaired absorption may occur. (see Pharmacology/Pharmacokinetics/Pharmacodynamics section)
Efficacy  
Rivaroxaban has been studied in phase 3 trials for the reduction of stroke and systemic embolism in patients with nonvalvular AF and for DVT prophylaxis in patients undergoing THR or TKR surgery, which are the only FDA approved indications at this time.  In addition, rivaroxaban has been studied in phase 3 trials for the following off-label indications:  VTE treatment, VTE prophylaxis in medically ill patients, and acute coronary syndrome (ACS).8  Efficacy results are summarized below per indication.
VTE Prophylaxis in patients undergoing THR or TKR (FDA Approved) 

Efficacy Outcome Measures: 
Primary Endpoint:  Composite of any DVT, non-fatal PE, or all-cause mortality

Secondary Endpoints:  Major VTE (composite of proximal DVT, nonfatal PE, or VTE-related death); symptomatic VTE

The RECORD (Regulation of Coagulation in Orthopedic Surgery to Prevent Deep-Vein Thrombosis and Pulmonary Embolism) clinical development program for rivaroxaban included 4 phase 3 studies (RECORD 1-4) evaluating the use of rivaroxaban vs. enoxaparin for the prevention of VTE in patients undergoing THR (RECORD 1 and 2) or TKR (RECORD 3 and 4) surgery.8  Including a total of 12,383 patients, all studies were randomized, double-blind, multi-national, active comparator, controlled trials and evaluated the same primary and major secondary endpoints.  Superiority testing for rivaroxaban in all studies was conducted in a mITT population, defined as patients who underwent the planned surgery, received study drug, and had adequate assessment for VTE.  The mITT population included 69% of randomized patients in RECORD 1, RECORD 2, and RECORD 3, and 61% of randomized patients in RECORD 4.  The main reason for exclusion of patients was inadequate assessment of VTE.  Additional sensitivity analyses showed overall consistency of the main results in the RECORD studies.  Of note, the FDA did not include RECORD 4 in support of the VTE prophylaxis indication for rivaroxaban because of significant concerns with study conduct, oversight, and data collection.

In patients undergoing THR surgery, rivaroxaban 10 mg orally once daily (started 6-8 hours after surgery) was compared to enoxaparin 40 mg subcutaneously (SC) once daily (started 12 hours before surgery and restarted 6-8 hours after surgery) in the RECORD 1 and RECORD 2 studies.
,
  In RECORD-1, both rivaroxaban and enoxaparin treatments were continued for 35 days.  Rivaroxaban was shown to be superior to enoxaparin for the primary composite endpoint (1.1% vs. 3.7%; absolute risk reduction [ARR] 2.6%; p <0.001) and for the secondary endpoint of major VTE (0.2% vs. 2%; ARR 1.7%; p <0.001).  For the primary composite endpoint, results were primarily driven by differences in rates of any DVT.  No significant differences between treatments were noted for the outcomes of death, nonfatal PE, or symptomatic VTE.  In RECORD-2, extended prophylaxis of rivaroxaban continued for 31-39 days was compared to short-term prophylaxis of enoxaparin continued for 10-14 days.  Extended therapy with rivaroxaban was shown to be superior to short-term treatment with enoxaparin for the primary composite endpoint (2% vs. 9.3%; ARR 7.3%; p <0.0001), the secondary composite end point of major VTE (0.6% vs. 5.1%; ARR 4.5%; p <0.0001), and symptomatic VTE (0.2% vs. 1.2%; ARR 1%; p=0.004).  When symptomatic VTE events were examined by timeframe, fewer events occurred with rivaroxaban during the first 14 days (1 vs. 5 events) and during the placebo extension from day 15 to 39 (2 vs. 10 events).
In patients undergoing TKR surgery, rivaroxaban 10 mg orally once daily (started 6-8 hours after surgery) was compared to two different dosing regimens of enoxaparin in RECORD 3 and RECORD 4.
,
  All study medications were given for a duration of 10-14 days.  In RECORD-3, the European enoxaparin regimen of 40 mg once daily was used (and started 12 hours before surgery then restarted 6-8 hours post-operatively), whereas in RECORD-4, the US enoxaparin dose of 30 mg every 12 hours was used (and started 12-24 hours post-operatively).  In RECORD-3, rivaroxaban was shown to be superior to enoxaparin for the primary composite endpoint (9.6% vs. 18.9%; ARR 9.3%; p <0.001) as well as for the secondary endpoints of major VTE (1% vs. 2.6%; ARR 1.6%; p=0.01) and symptomatic VTE (0.7% vs. 2%; ARR 1.3%; p=0.005).  The number of non-fatal PE events was small, though the between-group difference approached statistical significance and favored rivaroxaban (0 events vs. 4 events; p=0.05).  In RECORD-4, rivaroxaban was found to be superior to enoxaparin for the primary composite endpoint (6.9% vs. 10.1%; ARR=3.2%; p=0.012).  No significant differences between treatments were shown for the endpoints of major VTE, symptomatic VTE, non-fatal PE, or death.
An industry-sponsored, pooled analysis of the RECORD 1, 2, and 3 studies supports the favorable efficacy of rivaroxaban compared to enoxaparin for the primary composite endpoint of symptomatic VTE and all-cause mortality at two-weeks (0.4% vs. 0.8%, respectively; 95% CI 0.23 – 0.79; p=0.005).
  Time-to-event curves showed an early and sustained separation between treatments.   Major and non-major bleeding events were statistically similar between groups, though there were a higher number of bleeding events with rivaroxaban.  Of note, the studies included were different in study design and patient population.
In looking at events by age in the pooled analysis of RECORD 1, 2, 3, and 4, there was a trend of higher events overall in patients older than 75 years compared to younger patients.  However, there was no excess of primary events in the elderly with rivaroxaban vs. warfarin (1.3% vs. 1.8%; HR 0.75; 95% CI 0.35-1.58; p=0.251 for interaction).

Table 3. Phase 3 Study Design with Rivaroxaban for VTE Prophylaxis
	Trial
	Indication
	Treatment
	Duration
	N (MITT)
	Endpoints (same for all trials)

	RECORD-1
	THR
	RIVA 10 mg daily

ENOX 40 mg daily
	35 ± 4 days
	3153
	Primary Efficacy: composite of any DVT, non-fatal PE, and all-cause mortality
Safety:  major bleeding

	RECORD-2
	THR
	EXT-RIVA 10 mg daily

ST-ENOX 40 mg daily
	RIVA: 35 ± 4 days

ENOX: 12 ± 2 days
	1733
	

	RECORD-3
	TKR
	RIVA 10 mg daily

ENOX 40 mg daily
	12 ± 2 days
	1702
	

	RECORD-4
	TKR
	RIVA 10 mg daily

ENOX 30 mg q12h
	12 ± 2 days
	1924
	


EXT=extended treatment; MITT=modified intention-to-treat; ST=short term treatment; THR=total hip replacement; TKR=total knee replacement
Table 4. Summary of Results of Phase 3 Studies with Rivaroxaban for Primary VTE Prophylaxis
	Trial
	%
	%
	% ARR RIVA
	NNT RIVA
	Conclusions

	RECORD-1 (THR)
	RIVA 10
	ENOX 40
	
	
	

	
Any DVT + non-fatal PE + any death*
	1.1
	3.7
	2.6
	39
	· RIVA more effective than ENOX

· Primary endpoint driven by lower rates of any DVT with RIVA

· Major bleeding not statistically different

	
Major VTE*
	0.2
	2
	1.8
	56
	

	
Symptomatic VTE
	0.3
	0.5
	n/a
	n/a
	

	
Major bleeding
	0.3
	0.1
	n/a
	n/a
	

	RECORD-2 (THR; EXT-RIVA vs. ST-ENOX)
	RIVA 10
	ENOX 40
	
	
	

	
Any DVT + non-fatal PE + any death*
	2
	9.3
	7.3
	14
	· EXT-RIVA more effective than ST-ENOX, including symptomatic VTE
· Low and similar rates of major bleeds; non-major bleeds slightly higher with EXT-RIVA (observation only)

	
Major VTE*
	0.6
	5.1
	4.5
	22
	

	
Symptomatic VTE*
	0.2
	1.2
	1
	100
	

	
Major bleeding
	<0.1
	<0.1
	n/a
	n/a
	

	RECORD-3 (TKR)
	RIVA 10
	ENOX 40
	
	
	

	
Any DVT + non-fatal PE + any death*
	9.6
	18.9
	9.2
	11
	· RIVA more effective than ENOX 40 QD (Euro TKR dose), including symptomatic VTE
· Low and similar rates of major and non-major bleeds

	
Major VTE*
	1
	2.6
	1.6
	63
	

	
Symptomatic VTE*
	0.7
	2
	1.3
	77
	

	
Major bleeding
	0.6
	0.5
	n/a
	n/a
	

	RECORD-4 (TKR)
	RIVA 10
	ENOX 30 BID
	
	
	

	
Any DVT + non-fatal PE + any death*
	6.9
	10.1
	3.2
	31
	· RIVA more effective than ENOX 30 BID (US TKR)
· No difference in major or symptomatic VTE

· Slightly higher rates of major and non-major bleeds with RIVA (not statistically different)

	
Major VTE
	1.1
	1.5
	0.4
	n/a
	

	
Symptomatic VTE
	0.7
	1.2
	0.5
	n/a
	

	
Major bleeding
	0.7
	0.3
	n/a
	n/a
	


*p <0.05 for difference between groups; EXT=extended prophylaxis; ST=short-term prophylaxis)
Stroke and systemic embolism prevention in nonvalvular AF (FDA Approved)

Efficacy Outcome Measures:

Primary Endpoint:  Composite of stroke (ischemic or hemorrhagic) and systemic embolism

Secondary Endpoints:  Composite of stroke, systemic embolism, or cardiovascular death; composite of stroke, systemic embolism, cardiovascular death, or MI

The effect of rivaroxaban on the reducing the risk of stroke or systemic embolism in patients with nonvalvular AF was compared to warfarin in the phase 3, randomized, double-blind, multinational, active comparator, non-inferiority ROCKET AF (Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared With Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation) study.
  A total of 14,264 patients with a moderate-to-high risk of stroke (mean CHADS2 score of 3.5) were randomized to receive blinded treatment with adjusted dose warfarin (goal INR of 2-3) or rivaroxaban 20 mg once daily.  The median age was 73 years, with about 40% of patients 75 and older.  Fifty-five percent of patients had history of stroke, TIA, or systemic embolism.  The median duration of treatment and follow-up was 590 days and 707 days, respectively.  Of note, the mean time in therapeutic range (TTR) for warfarin patients was 55%, which is lower than TTRs reported in recent, major trials.  Non-inferiority testing for the primary analysis was conducted in the prespecified per-protocol population, defined as patients who received study drug, had no major protocol violations, and were followed for events while receiving study drug or within 2 days of discontinuation.  

For the primary endpoint, rivaroxaban was found to be non-inferior to warfarin, with event rates of 1.7% per year vs. 2.2% per year with warfarin (HR 0.79; 95% CI 0.66-0.96; p <0.001 for noninferiority).  Analyses conducted in other prespecified patient populations supported the noninferiority of rivaroxaban.  Compared to warfarin, rivaroxaban was associated with a significantly lower risk of hemorrhagic stroke (annual rates of 0.26% vs. 0.44%; HR 0.59 95% CI 0.37-0.93; p=0.024), though ischemic stroke rates between groups were not significantly different.  Per subgroup analysis, no significant interaction was found with respect to age and rate of the primary endpoint (p=0.107).  There was a favorable trend for rivaroxaban vs. warfarin in the elderly (2.67% rivaroxaban vs. 4.03% warfarin; HR 0.67; 95% CI 0.51-0.88).  It is unclear how rivaroxaban compares to warfarin that is better controlled (e.g., higher TTR).
Table 5. Selected outcomes from ROCKET AF with rivaroxaban and warfarin
	Parameter†
	RIVA
% per yr
	WARF
% per yr
	Hazard Ratio
	P value

	1° Endpoint:  Composite of  stroke (ischemic or hemorrhagic) or systemic embolism
	1.7
	2.2
	0.79 (0.66-0.96)
	<0.001
(noninferiority)

	
Hemorrhagic stroke
	0.26
	0.44
	0.59 (0.37-0.93
	0.024

	
Ischemic stroke
	1.34
	1.42
	0.94 (0.75-1.17)
	0.581

	
Non-CNS systemic embolism
	0.04
	0.19
	0.23 (0.09-0.61)
	0.003

	Myocardial infarction
	0.91
	1.12
	0.81 (0.63-1.06)
	0.121

	All-cause mortality
	1.87
	2.21
	0.85 (0.7-1.02)
	0.073

	Major and non-major clinically relevant bleed
	14.9
	14.5
	1.03 (0.96-1.11)
	0.44


 †Primary endpoint based on per-protocol population; all other endpoints based on safety on-treatment population       

Treatment effects based on INR control19,
,
 
Analyses were conducted to evaluate the impact of the quality of the center’s INR control on study outcomes.  Of note, the 55% mean TTR in ROCKET AF is lower than the mean TTR reported in other contemporary, major clinical trials (e.g., 68% in RE-LY; dabigatran vs. warfarin).  Findings from the published ROCKET AF study suggested that the treatment effect of rivaroxaban remained favorable compared to warfarin in the highest quartile of the center’s TTR reflecting the best INR control.  However, in a separate analysis conducted by the FDA using different methods to calculate the center’s TTR, the treatment effect of rivaroxaban was less favorable when the center’s TTR was about 68% or higher.  In total, it remains unclear how rivaroxaban compares to warfarin that is better controlled (e.g., higher TTR).
Time to events in patients discontinuing treatment
Of the patients who completed the study treatment, 92% were transitioned to oral vitamin K antagonist (VKA) therapy at the end of the trial.  Patients that were transitioned from rivaroxaban to warfarin experienced significantly more primary events within the first 30 days of study drug discontinuation than patients receiving warfarin during the study (22 events vs. 6 events; p=0.008).19,21  Possible implicating factors include the lack of provision of overlapping therapy per the study protocol, short half-life of rivaroxaban and slow onset of warfarin.  The median time to reach therapeutic INR after transition off of study drug was 13 days for rivaroxaban-treated patients vs. 3 days for warfarin-treated patients.  A similar trend of higher event rates was observed in patients who discontinued the study prematurely and transitioned from rivaroxaban to warfarin; however, the between-group difference was smaller.21 
Outcomes in patients with previous TIA/stroke

A subgroup analysis of ROCKET AF was conducted to evaluate outcomes in patients with and without a history of stroke/TIA.
  Patients with a history of TIA/stroke included more than 50% of the total population.  For the primary endpoint, annual event rates tended to be higher but were consistent among patients with a history of stroke/TIA (2.79% with rivaroxaban vs. 2.96% with warfarin; HR 0.94; 95% CI 0.77-1.16) compared to those without a previous stroke/TIA (1.44% rivaroxaban vs. 1.88% warfarin; HR 0.77; 95% CI 0.58-1.01; p interaction = 0.23).  In looking at major and nonmajor clinically relevant bleeding, event rates were consistent in patients with a history of stroke/TIA (13.31% rivaroxaban vs. 13.87% warfarin; HR 0.96; 95% CI 0.87-1.07) and without a history of stroke/TIA (16.69% rivaroxaban vs. 15.19% warfarin; HR 1.10; 95% CI 0.99-1.21; p interaction = 0.08).  These results suggest that there are no significant differences in the treatment effect of rivaroxaban when the drug is used for prevention of initial or recurrent stroke.  

Outcomes in patients with renal impairment

A prespecified subgroup analysis of ROCKET AF was conducted to compare outcomes in patients with normal renal function and moderate renal impairment (CrCl 30-49 ml/min).
  Based on pharmacokinetic modeling and an intrinsic increased bleeding risk in patients with renal impairment, a reduced dose of rivaroxaban of 15 mg once daily was chosen for patients with CrCl 30-49 ml/min; patients with CrCl <30 ml/min were excluded.  Patients with moderate renal impairment were older (median 79 yrs), had a higher mean CHADS2 score (3.7), and comprised about 21% of the total population.  Annual primary efficacy event rates were higher in patients with moderate renal impairment, regardless of treatment assignment, compared to patients with CrCl ≥50 ml/min (2.32% rivaroxaban and 2.77% warfarin in CrCl 30-49 ml/min; 1.57% with rivaroxaban vs. 2% with warfarin in CrCl ≥50 ml/min; p for interaction = 0.76).  Similarly, patients with moderate renal impairment experienced more major bleeding or non-major clinically relevant bleeding events than patients with CrCl ≥50 ml/min, regardless of treatment group (17.82% rivaroxaban and 18.28% warfarin in CrCl 30-49 ml/min vs. 14.24% rivaroxaban and 13.67% warfarin in CrCl ≥50 ml/min; p interaction = 0.45).  Overall, efficacy and safety endpoints between rivaroxaban and warfarin were consistent in patients with moderate renal impairment and the overall study population.  Of note, risk of fatal bleeding was lower and GI bleeding was higher with rivaroxaban vs. warfarin in patients with CrCl 30-49 ml/min.  These results suggest that the treatment effect of a reduced dose of rivaroxaban is maintained without a compromise in bleeding safety in patients with moderate renal impairment.
For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials.

ACS (Off-label)

Rivaroxaban has been studied for the treatment of ACS in the phase 3, industry sponsored, double-blind, placebo-controlled, event driven, ATLAS-TIMI 51 (Anti-Xa Therapy to Lower Cardiovascular Events in Addition to Standard Therapy in Subjects with Acute Coronary Syndrome-Thrombolysis in Myocardial Infarction) trial.
  A total of 15,526 patients with a recent ACS (and stabilized) were assigned to receive twice-daily doses of rivaroxaban of 2.5, 5 mg, or placebo for a mean duration of 13 months (up to 31 months).  Patients had a mean age of 62 yrs, and most were on aspirin plus thienopyridine (93%).  For the primary composite endpoint of cardiovascular death, myocardial infarction (MI), or stroke, both doses of rivaroxaban were found to be superior to placebo (8.9% vs. 10.7%; HR 0.84; 95% CI 0.74-0.96; p=0.008).  The rates of the individual components of cardiovascular death and MI were significantly lower with rivaroxaban, though there was no benefit with regard to stroke.  The secondary endpoint of all-cause death, MI or stroke was significantly better with rivaroxaban vs. placebo (9.2% vs. 11%; HR 0.84 95% CI 0.74-0.95; p=0.006).  Subgroup analyses were overall consistently favorable with rivaroxaban, except in patients with previous TIA/stroke, where there was a nonsignificant trend favoring placebo.  The superior efficacy of rivaroxaban was accompanied by a nearly 4-fold increased risk in TIMI major bleeding not associated with coronary artery bypass graft CABG surgery (2.1% vs. 0.6%; HR 3.96; 95% CI 2.46-6.38; p <0.001), including increased intracranial hemorrhage.  When looking at efficacy and safety by rivaroxaban dose, the lower 2.5 mg dose was superior in efficacy with a lower rate of major bleeding compared to the 5 mg dose.     
VTE Treatment (Off-label)
Rivaroxaban has been evaluated for the treatment of symptomatic VTE in the phase 3, industry-sponsored, EINSTEIN clinical program that includes 3 event-driven studies:  1) Acute DVT (published); 2) Acute PE (ongoing); 3) Continued Treatment (published).
 
In the randomized, open-label, Acute DVT study, a total of 3449 patients with acute, symptomatic DVT were randomized to treatment for a duration of 3, 6, or 12 months with 1) rivaroxaban 15 mg twice daily for 3 weeks followed by 20 mg once daily; or 2) enoxaparin 1 mg/kg SC twice daily plus VKA started within 48 hours of randomization (enoxaparin was discontinued when the INR was greater than 2 for 2 consecutive days and the patient received at least 5 days of enoxaparin).  Baseline characteristics were well balanced between groups, and the mean TTR was 58%.  With a mean age of 56 years, the majority of patients presented with unprovoked DVT.  For the primary efficacy endpoint of symptomatic, recurrent VTE, rivaroxaban was found to be noninferior to enoxaparin/VKA therapy (2.1% with rivaroxaban vs. 3% with enoxaparin/VKA; HR 0.68; 95% CI 0.44-1.04; p<0.001 for noninferiority).  Clinically relevant bleeding rates (including major and nonmajor clinically relevant bleeds) were similar between groups (8.1% with both treatments).  No significant between group differences in frequencies of other reported adverse events were noted.

In the Continued Treatment study, a total of 1197 patients with symptomatic VTE who had already been anticoagulated for 6-12 months were assigned to extended treatment with rivaroxaban 20 mg daily or placebo in a double-blind manner for an additional 6 or 12 months.  Rivaroxaban was superior to placebo for prevention of symptomatic, recurrent VTE (1.3% vs. 7.1%; HR 0.18; 95% CI 0.09-0.39; p <0.001).  Rates of major bleeding were low, though there were more rivaroxaban-related major bleeds (4 cases vs. none with placebo; p=0.11) and major or clinically relevant nonmajor bleeds (36 cases vs. 7 cases; HR 5.19; 95% CI 2.3-11.7; p <0.001).  The authors concluded that the benefit-risk ratio of extended treatment with rivaroxaban was favorable, with the prevention of 32 VTE events at the expense of 4 major bleeds and no fatal bleeding.    
VTE prophylaxis in medically ill patients (off-label)
The efficacy and safety of rivaroxaban compared to enoxaparin in the prevention of VTE in acutely ill medical patients was evaluated in the phase 3, international, randomized, blinded, double-dummy, active comparator, unpublished MAGELLAN trial (Multicenter, randomized, parallel group efficacy and safety study for the prevention of venous thromboembolism in hospitalized acutely ill medical patients comparing rivaroxaban with enoxaparin).8,
  A total of 8,101 patients were randomized to receive rivaroxaban 10 mg once daily for 35 +/- 4 days or enoxaparin SC 40 mg once daily for 10 +/- 4 days.  Patients had a mean age of 71 years and were well matched according to baseline characteristics.  For the primary composite endpoint of DVT (asymptomatic or symptomatic), nonfatal PE, and VTE-related death, rivaroxaban was found to be noninferior to enoxaparin at 10 days (2.7% in each group; p=0.0025 for noninferiority) and superior to enoxaparin followed by placebo at 35 days (4.4% vs. 5.7%; p=0.02 for superiority).  Rivaroxaban was associated with a significantly increased risk of bleeding for the entire study period (2.8% vs. 1.2% for days 1-10; 4.1% vs. 1.7% for days 1-35; p <0.0001).  The net clinical benefit, considering efficacy and bleeding, was 9.4% for rivaroxaban patients and 7.8% in enoxaparin/placebo patients.  The authors concluded that further analysis is needed to investigate which subgroups may derive benefit from rivaroxaban.
Adverse Events (Safety Data)

Safety data for rivaroxaban for the labeled indications of stroke prevention in AF and DVT prophylaxis in THR and TKR were primarily derived from the phase 3 trials ROCKET AF, and RECORD 1, 2, 3, and 4.  A total of 13,294 patients were exposed to rivaroxaban during the clinical development program, including 7,111 nonvalvular AF patients for a mean duration of 19 months and 6,183 patients for DVT prophylaxis following THR or TKR.9,
  When safety data were analyzed excluding RECORD 4, results did not change significantly.27
Deaths and Other Serious Adverse Events 

In the pooled data from the DVT prophylaxis studies (RECORD 1-4) that included 12,383 evaluable patients, there were a total of 38 deaths.  A favorable trend was observed for rivaroxaban vs. warfarin (13 [0.2%] deaths vs. 25 [0.4%]) deaths.  The trend remained favorable when RECORD 4 data were excluded.18,27  Other serious adverse events were reported with slightly lower frequency with rivaroxaban (6.6% vs. 8.5%).
In the ROCKET AF trial, there were a total of 1,297 adjudicated deaths.  Overall, rates of death were numerically favorable for rivaroxaban vs. warfarin (624 vs. 673 deaths in the intent-to-treat population).  Serious adverse events were reported in 35% and 36% of patients treated with rivaroxaban and warfarin, respectively.  Anemia, gastrointestinal bleeding, and syncope were reported more frequently in rivaroxaban patients.  
Common Non-Bleeding Adverse Events

DVT prophylaxis:  The most commonly reported (>5% of patients) adverse events in clinical trials included nausea, pyrexia, vomiting, constipation, hypotension, peripheral edema, and anemia.  Frequencies were similar in rivaroxaban and enoxaparin groups.27 
Nonvalvular AF:  The most commonly reported (>5% of patients) adverse events in ROCKET AF included peripheral edema, dizziness, nasopharyngitis, cardiac failure, bronchitis, dyspnea, and diarrhea.  Frequencies were similar in rivaroxaban and warfarin groups.21
Other Adverse Events

Bleeding
The major risk with rivaroxaban treatment is bleeding.  Bleeding complications were the most commonly reported adverse events.  Results are summarized below according to indication.

DVT prophylaxis:  Based on pooled data from RECORD 1-4, there was a trend of more major bleeding with rivaroxaban compared with enoxaparin (0.4% vs. 0.2%; p=0.076).18,27   There was a similar trend observed when RECORD 4 data were excluded, though bleeding rates were overall the highest in RECORD 4 compared to the other RECORD studies.  Of note, the definition of major bleeding in the RECORD program was unique from other clinical trials in that the RECORD definition did not include surgical site bleeding unless the bleed required re-operation.  Hemorrhagic wound complications were captured separately, and rates were similar between treatment groups.  Overall, the incidence of major bleeding was higher in patients undergoing TKR (0.62% rivaroxaban and 0.36% enoxaparin) compared to THR (0.2% rivaroxaban and 0.09% enoxaparin).  Rates of nonmajor clinically relevant bleeding were higher with rivaroxaban vs. enoxaparin (2.9% vs. 2.3%; p not stated) in the total population.  Subgroup analyses revealed no significant interaction when bleeding outcomes were evaluated by age (p=0.1).  No excess of major plus nonmajor clinically relevant bleeding events with rivaroxaban in patients older than 75 years was observed (3.3% rivaroxaban vs. 4.2% enoxaparin; HR 0.78; 95% CI 0.48-1.26).  Events that occurred more frequently with rivaroxaban included hematuria, rectal bleeding, nosebleeding, and vaginal bleeding.   Per the FDA Medical Review, subgroup analysis suggested that Asians, patients ≤50 kg or >110 kg (or BMI <18.5 or ≥40), and patients with severe renal impairment (CrCl <30 ml/min) may be at a higher risk of major and clinically relevant nonmajor bleeding compared to other patient groups.27    

Table 6. Summary of bleeding outcomes in DVT prophylaxis (RECORD 1-4 studies)18,27  
	Parameter
	RIVA

N=6183

N (%)
	ENOX

N=6200

N (%)

	Major bleeding*
	24 (0.4)
	13 (0.2)

	
Fatal bleeding†
	1 (0.02)
	0

	
Bleeding into critical organ
	3 (0.05)
	5 (0.08)

	
Bleeding requiring re-operation
	12 (0.19)
	7 (0.11)

	
Extra-surgical site bleed with ≥2g/dL drop in Hgb or requiring ≥2 units
	8 (0.13)
	1 (0.02)

	Clinically relevant nonmajor bleeding
	177 (2.9)
	145 (2.3)

	Hemorrhagic wound complication
	100 (1.6)
	105 (1.7)

	Requiring a blood transfusion
	2942 (47.6)
	2935 (47.3)

	Any bleeding adverse event resulting in discontinuation
	47 (0.8)
	36 (0.6)


*p=0.076 between group difference; major bleeding defined as clinically overt extra-surgical site bleeding that was fatal, required re-operation, occurred in a critical organ, caused a ≥2 g/dL drop in Hgb, or required ≥2 units transfusion; †Fatal gastrointestinal bleed in RECORD 4; Note:  Similar trends were seen when RECORD 4 data were excluded, though bleeding rates were highest overall in RECORD 4.
Nonvalvular AF:  

In ROCKET AF, a trend of higher rates of major bleeding and clinically relevant nonmajor bleeding with rivaroxaban vs. warfarin was shown.19  While patients were more likely to experience decreased hemoglobin and require transfusions with rivaroxaban, rates of fatal bleeding, critical bleeding, and intracranial hemorrhage were significantly lower with rivaroxaban.  In both treatment groups, gastrointestinal bleeding was the most common site for major bleeding, and rates were higher with rivaroxaban (3.2% vs. 2.2%).  Bleeding in the US cohort of ROCKET AF (about 15% of the total population) revealed overall higher rates and similar trends as the global cohort.  Concomitant use of aspirin, thienopyridine, and the combination of aspirin plus thienopyridine with study treatment was shown to similarly increase the risk of major bleeding in both treatment groups compared to patients not treated with these agents.  Rates of critical or fatal bleeding tended to favor rivaroxaban-treated patients.  Aspirin users, who comprised 38% of the patient population, experienced an annual increased risk of major bleeding that was nearly 2-fold with rivaroxaban (from 3 to 5.8%) and 1.6 fold with warfarin (3% to 4.8%).  Few patients were on clopidogrel.  In sub-analyses conducted by age, there was a trend of higher bleeding rates overall with advanced age, though no significant interaction was found.  The overall incidence of major and nonmajor clinically relevant bleeding rates with rivaroxaban vs. warfarin was numerically higher with rivaroxaban in patents greater than 75 years (25.8% vs. 23.4%; HR 1.12; 95% CI 1-1.25).19,21  
Table 7. Summary of bleeding outcomes in nonvalvular AF19,21 
	Parameter
	RIVA

N=7111

% per yr
	WARF

N=7125

% per yr
	HR (95% CI)
	P value

	1° Safety Endpoint: major bleed* and nonmajor clinically relevant bleed
	14.9
	14.5
	1.03 (0.96-1.11)
	0.44

	
Major bleeding
	3.6
	3.4
	1.04 (0.9-1.2)
	0.58

	
≥2 g/dL drop in Hgb
	2.8
	2.3
	1.22 (1.03-1.44)
	0.02

	
≥2 units transfusion
	1.6
	1.3
	1.25 (1.01-1.55)
	0.04

	
Critical bleeding
	0.8
	1.2
	0.69 (0.53-0.91)
	0.007

	
Fatal bleeding
	0.2
	0.5
	0.5 (0.31-0.79)
	0.003

	
Intracranial hemorrhage
	0.5
	0.7
	0.67 (0.47-0.93)
	0.02

	
Nonmajor clinically relevant bleeding
	11.8
	11.4
	1.04 (0.96-1.13)
	0.35


*Major bleeding defined as clinically overt bleeding with any of the following:  fatal outcome, involvement of a critical site, drop in Hgb ≥2 g/dL, transfusion ≥2 units, or permanent disability
Adverse events following discontinuation
There was an excess of adverse events that occurred within the first 30 days following discontinuation of study drug in patients on rivaroxaban compared to warfarin in ROCKET AF.  For patients completing the study, there were 22 strokes (18 ischemic; 4 hemorrhagic) and 14 deaths (12 vascular) from day 3 to 30 in patients who received rivaroxaban, compared to 6 strokes (4 ischemic; 2 unknown) and 8 deaths (7 vascular) in patients who received warfarin.  A similar trend of higher event rates was observed in patients who discontinued the study prematurely and transitioned from rivaroxaban to warfarin; however, the between-group difference was smaller.  Rates of MI were low in both groups.21  Although most of the patients on rivaroxaban transitioned to warfarin at study completion, there was a lack of provision of overlapping therapy per the study protocol that may have contributed to the excess events observed with rivaroxaban-treated patients.  The median time to reach therapeutic INR after transition off of study drug was 13 days for rivaroxaban-treated patients vs. 3 days for warfarin-treated patients.   
In the 4 RECORD studies for DVT prophylaxis, there was an excess of cardiovascular events that occurred during the follow-up period with rivaroxaban compared to enoxaparin (16 events vs. 10 events).  Events were as follows:  stroke (5 cases rivaroxaban vs. 1 case enoxaparin); MI (5 cases rivaroxaban vs. 4 cases enoxaparin; and cardiovascular death (6 cases rivaroxaban vs. 3 cases enoxaparin).  Per the FDA review, the data suggest a tendency for increased thrombotic events in the early post-operative period; however, the rates of events were low.27 
Temporary Interruptions in Therapy
Because of the excess events identified when rivaroxaban treatment was permanently discontinued, further analysis was described in the FDA Advisory Committee review to evaluate outcomes in patients who had temporary interruptions in treatment in the ROCKET AF.  About one-third of patients had interruptions in treatment during the study, with a median duration of 6 days.  There was a trend of more events in the rivaroxaban arm (annual event rate of 9.86 events vs. 8.01 events; HR 1.26 (95% CI 0.48-3.25; p=0.64), though the number of events in total was small (17 events).  Per the FDA review, they state that these data do not support an important difference in thrombotic risk with rivaroxaban vs. warfarin during temporary interruptions in therapy; however, results could have been biased in favor of rivaroxaban given the sub-optimal anticoagulation control in the warfarin arm.21       

Hepatotoxicity

The FDA review evaluated the potential for rivaroxaban-induced hepatotoxicity in five clinical studies that evaluated the chronic use of rivaroxaban in the setting of AF or VTE treatment in doses of 10-30 mg daily (duration of >35 days and up to 4 years).27  Proportions of patients experiencing transaminase elevations were generally balanced between groups or lower with rivaroxaban (comparator:  enoxaparin or warfarin).  Hy’s law cases (alanine aminotransferese [ALT] >3x ULN and total bilirubin >2x ULN) were infrequent in all studies and balanced between treatment groups.  The FDA concluded that the risk of hepatotoxicity with rivaroxaban is comparable to the studied control groups.
Other
Other adverse events that occurred more frequently with rivaroxaban than enoxaparin in the RECORD clinical development program included pruritis, wound healing complications, pain in extremity, increased muscle tone and cramping, wound secretion, blister, syncope, and dysuria.27
Tolerability

In the pooled analysis of the DVT prophylaxis studies (RECORD 1-3), 3.7% of patients discontinued rivaroxaban due to adverse events, compared to 4.7% with enoxaparin.9,27  Permanent discontinuation rates of study medication due to adverse events in ROCKET AF were similar between rivaroxaban and warfarin groups (15.7% vs. 15.2%), with more patients discontinuing rivaroxaban due to mucosal bleeding (hematuria, gastrointestinal, gingival, nose).  No differences in non-bleeding adverse events leading to discontinuation were found. 
For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials.
Contraindications9
Rivaroxaban is contraindicated for use in patients with active pathological bleeding or severe hypersensitivity reactions to rivaroxaban.
Boxed Warnings9
Discontinuation of rivaroxaban in patients with non-valvular AF
Patients are at increased risk of thrombotic events when rivaroxaban is discontinued in the absence of alternative adequate anticoagulation.  Increased rates of stroke were observed in clinical trials in patients with AF.  If rivaroxaban must be discontinued for a reason other than pathological bleeding, consider administering another anticoagulant.  (See Safety/Other Adverse Events section for more information) 

Spinal/Epidural Hematoma

Patients treated with rivaroxaban who are receiving neuraxial anesthesia or undergoing spinal puncture have experienced epidural or spinal hematomas that may result in long-term or permanent paralysis.  Consider the benefits and risks when scheduling patients for spinal procedures and before neuraxial intervention in anticoagulated patients or those who will be anticoagulated for thromboprophylaxis.  Factors that can increase the risk of developing epidural or spinal hematomas include:
· Use of indwelling epidural catheters

· Concomitant use of other drugs that affect hemostasis (e.g., NSAIDs, anti-platelet agents, anticoagulants)

· History of traumatic or repeated epidural or spinal punctures

· History of spinal deformity or surgery

Patients should be closely and frequently monitored for signs or symptoms of neurological impairment.  Urgent treatment is required if neurologic compromise is detected.

An epidural catheter should not be removed earlier than 18 hours after the last dose of rivaroxaban.  The next dose of rivaroxaban should not be administered sooner than 6 hours after catheter removal.  If traumatic puncture occurs, rivaroxaban should be held for 24 hours.

Other Warnings and Precautions

Bleeding9
As an anticoagulant, rivaroxaban may cause serious or fatal bleeding (see Adverse Events/Safety section).  Potential benefits and risks should be weighed when considering use of rivaroxaban.  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.  Signs and symptoms of blood loss should be promptly evaluated, and the drug should be discontinued in the setting of acute, pathological bleeding.

There is no known reversal agent or antidote for rivaroxaban, though the drug has a shorter duration of action compared to warfarin.  Dialysis is not expected to be useful, given the high protein binding of rivaroxaban.  Activated charcoal may be considered to reduce the absorption of rivaroxaban in cases of suspected overdose, though absorption of rivaroxaban is rapid following oral administration (Cmax occurs in 2-4 hours).  There are no data and/or rationale to support the following:  protamine, vitamin K, antifibrinolytics (e.g., tranexamic acid, aminocaproic acid), desmopressin or aprotinin.  There are no clinical trials evaluating the use of prothrombin complex concentrate (PCC), activated prothrombin complex concentrate (APCC), or recombinant factor VIIa in patients who are bleeding.  
In a randomized, double-blind, placebo-controlled cross-over study, a 4-factor PCC (at a dose of 50 IU/kg x1) was shown to reverse the anticoagulant effects of rivaroxaban, as measured by laboratory assay (PT and endogenous thrombin potential) in 12 healthy volunteers.
  While these results using surrogate markers and healthy volunteers are promising, it is unknown whether or not PCC would be safe and effective in patients on rivaroxaban with serious bleeding events.  In addition, the effects of using another dose of PCC or a different PCC product (i.e., 3-factor product) have not been evaluated.
Though clinical data on the optimal management of bleeding with rivaroxaban is lacking, general hemostatic measures should be employed:

· Discontinue treatment with rivaroxaban and investigate the source of bleeding

· 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)
Pregnancy and Lactation9
Rivaroxaban is a FDA Pregnancy Category C drug; no adequate or well-controlled studies have been conducted in pregnant women, and dosing has not been established.  Rivaroxaban crosses the placenta in animals.  Animal reproduction studies did not identify an increased risk of structural malformations, but post-implantation pregnancy loss was observed in rabbits.  Pronounced maternal hemorrhagic complications in rats were observed.  Fetal toxicity (increased resorptions, decreased live fetuses, decreased fetal body weight) was seen in rabbits at 4 times the human exposure administered during organogenesis.  

Rivaroxaban should be used in pregnant women only if the potential benefit justifies the potential risk to mother and fetus.  Use with caution due to the potential for pregnancy related hemorrhage and/or emergent delivery with an oral anticoagulant that is not able to be readily monitored and is not readily reversible.  Females of childbearing potential should discuss pregnancy planning with their physician.     
It is unknown if rivaroxaban is excreted in human milk.  Rivaroxaban and/or its metabolites were excreted in milk of rats.  Because many drugs are excreted in human milk and because of the potential for serious adverse reactions in nursing infants exposed to rivaroxaban, consider discontinuing rivaroxaban while weighing the importance of nursing to the mother. 

Severe Hypersensitivity Reactions9
Post-marketing cases of anaphylaxis have been reported with rivaroxaban.  The drug should not be used in patients with history of a severe hypersensitivity reaction to rivaroxaban.

Postmarketing Safety Experience9,27
Adverse events that have been reported with rivaroxaban following approval outside of the US (for DVT prophylaxis) include:  agranulocytosis, Stevens-Johnson syndrome, hypersensitivity/anaphylaxis, jaundice, cholestasis, cytolytic hepatitis, cerebral hemorrhage, and epidural hematoma.
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, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
Table 8. LA/SA Error Potential

	NME Drug Name
	Lexi-Comp
	First DataBank
	ISMP
	Clinical Judgment

	LA/SA for rivaroxaban 
	None

	None

	None

	Rivastigmine
Rizatriptan

Robaxin

	LA/SA for Xarelto
	None
	None
	None
	Zaroxolyn


Drug-Drug Interactions9
Rivaroxaban is a substrate of CYP3A4/5, CYP2J2, and the P-gp and ATP-binding cassette G2 (ABCG2) transporters.  Inhibitors or inducers may increase or decrease rivaroxaban exposure, respectively.
Inhibitors of CYP3A4 enzymes and/or drug transport systems
Avoid concomitant use of rivaroxaban with combined P-gp and strong CYP3A4 inhibitors (e.g., ketoconazole, itraconazole, lopinavir/ritonavir, ritonavir, indinavir/ritonavir, and conivaptan), as significant increases in rivaroxaban exposure and pharmacodynamic effect may occur and result in an elevated bleeding risk.  See Table 9.

Caution is advised with the concomitant administration of combined P-gp inhibitors and weak or moderate inhibitors of CYP3A4 (e.g., amiodarone, diltiazem, verapamil, quinidine, ranolazine, dronedarone, felodipine, erythromycin, azithromycin) with rivaroxaban, particularly in patients with impaired renal function, since both pathways for rivaroxaban elimination are affected.    

Based on simulated pharmacokinetic data, patients with renal impairment receiving full dose rivaroxaban (i.e., AF dose) concomitantly with combined P-gp and weak or moderate CYP3A4 inhibitors (e.g., amiodarone, azithromycin, dronedarone, diltiazem, eryrthromycin, quinadine, ranolazine, verapamil) are expected to have significant increases in rivaroxaban exposure, since both pathways of elimination are affected.  An increased risk of bleeding was not found in a sub-analysis of ROCKET AF, where patients with a CrCl of 30-49 ml/min (interacting drugs allowed included:  amiodarone, chloramphenicol, cimetidine, diltiazem, erythromycin, verapamil). 
Based on the potential increased risk for bleeding, the manufacturer recommends using combined P-gp and weak to moderate CYP3A4 inhibitors only when potential benefit outweighs the risk for patients with CrCl <50 ml/min.

DVT prophylaxis:  The manufacturer states that no precautions are necessary when rivaroxaban is combined with P-gp and CYP3A4 inhibitors where clinical data suggest an unlikely increased risk of bleeding (e.g., clarithromycin, erythromycin).
Inducers of CYP3A4 enzymes and/or drug transport systems
Avoid concomitant use of rivaroxaban and drugs that are combined P-gp and strong CYP3A4 inducers (e.g., carbamazepine, rifampin, phenytoin, St. John’s wort), as significant decreases in rivaroxaban exposure and pharmacodynamic effect may occur and result in reduced efficacy.  
Table 9. CYP3A4 and Drug Transport Interactions9,

	Drug
	Study Results
	Recommendation

	Combined P-gp and strong CYP3A4 inhibitor
	
	

	Ketoconazole


	Co-administration resulted in steady state increases in rivaroxaban AUC and Cmax by 160% and 70% respectively, with a similar increase in pharmacodynamic effects.
	Avoid combination

	Ritonavir
	Single-dose rivaroxaban AUC and Cmax increased by 150% and 60% respectively, with a similar increase in pharmacodynamic effects.
	Avoid combination

	Clarithromycin


	Single-dose rivaroxaban AUC and Cmax increased by 50% and 40% respectively.  The relatively smaller increase in rivaroxaban exposure with clarithromycin compared to ketoconazole and ritonavir is potentially due to differences in P-gp inhibition.
	AF Indication:  precaution, especially in renal impairment

DVT prophylaxis:  No precautions needed per mfr

	Combined P-gp and moderate CYP3A4 inhibitor
	
	

	Erythromycin
	Single dose rivaroxaban AUC and Cmax increased by 30%.
	AF indication:  precaution, especially in patients with renal impairment; 

DVT prophylaxis indication:  No precautions needed per mfr

	Moderate CYP3A4 inhibitor
	
	

	Fluconazole
	Single dose rivaroxaban AUC and Cmax increased by 40% and 30% respectively.
	Precaution, especially in patients with renal impairment; no specific recommendation per mfr

	Weak CYP3A4 inhibitor
	
	

	Atorvastatin
	No changes in rivaroxaban pharmacokinetic or pharmacodynamic parameters were found upon co-administration.
	No precaution needed

	Combined P-gp and strong CYP3A4 inducer
	
	

	Rifampin
	Co-administration of rivaroxaban and rifampicin decreased AUC and Cmax by 50% and 22% respectively with a similar reduction in pharmacodynamic effect.   
	Avoid concurrent use of rivaroxaban with strong inducers such as rifampin, carbamazepine, phenytoin, St. John’s wort


Pharmacodynamic Interactions9
Concomitant use of rivaroxaban and medications that affect hemostasis are expected to increase the risk of bleeding (aspirin, anti-platelet agents, other antithrombotic agents, fibrinolytics, NSAIDs).  If rivaroxaban is combined with other medications that increase bleeding risk, patients should be promptly evaluated for signs or symptoms of blood loss.
Anticoagulants

In a single-dose interaction study evaluating rivaroxaban and enoxaparin, rivaroxaban pharmacokinetics were unaltered, though enhanced anti-Xa activity was noted.  Similarly, in a single-dose interaction study evaluating rivaroxaban and warfarin, no changes in rivaroxaban pharmacokinetics were seen.  However, an additive effect on factor Xa inhibition and PT were observed.  The manufacturer recommends avoiding the concurrent use of rivaroxaban and other anticoagulants for DVT prophylaxis due to increased bleeding risk.

Aspirin/NSAIDs

No pharmacokinetic or pharmacodynamic interactions were found with rivaroxaban and aspirin or naproxen.  However, concomitant aspirin use (at doses of 100 mg or less) in ROCKET AF was associated with an increased risk of bleeding in the rivaroxaban and warfarin groups.  NSAIDs are also known to increase bleeding risk, and concomitant use of NSAIDs with rivaroxaban or warfarin was not permitted in the ROCKET AF trial.

Clopidogrel

No pharmacokinetic interactions were found between clopidogrel and rivaroxaban.  When a single dose of rivaroxaban was administered to healthy subjects on clopidogrel, a doubling in the bleeding time (from what is seen with either drug alone) was found in 30-45% of subjects.  Of note, patients on combined aspirin plus a thienopyridine were not permitted in the ROCKET AF study.  In the phase 2, dose-ranging ATLAS-TIMI 46 study evaluating the use of rivaroxaban in ACS, combination therapy with rivaroxaban and aspirin plus a thienopyridine was associated with more clinically significant bleeding than rivaroxaban plus aspirin alone.
  In the phase 3 ATLAS-TIMI 51 follow-up study, there was about a 4-fold increased risk of major bleeding when rivaroxaban was added to standard therapy with aspirin plus a thienopyridine (93% of patients were on triple therapy).
Medications affecting gastric pH9
The pharmacokinetics of rivaroxaban are not affected by drugs that raise the gastric pH (e.g., ranitidine, antacids, omeprazole). 

Drug-Lab Interactions8,11
Routine coagulation monitoring of rivaroxaban is not required based on the stable pharmacokinetic and pharmacodynamic properties of the drug.  Dose dependent prolongation of PT, activated partial thromboplastin time (aPTT), and heparin clotting time (HepTest) have been demonstrated in healthy subjects.  If monitoring in a certain clinical situation is desired, the PT is the preferred method of assessing the pharmacodynamics of rivaroxaban.  PT results need to be reported in rivaroxaban plasma concentrations rather than in seconds to reduce variability in results.  Correlation of results is affected by the type of PT reagent used.  Strong agreement has been shown between rivaroxaban plasma concentrations and PT results when tested with the following reagents:  Neoplastin Plus, STA Neoplastine, and Innovin.  INR should not be used, as the test is validated only for vitamin K antagonist.

Acquisition Cost

Refer to VA pricing sources for updated information.
References
Appendix:  Clinical Trials

A literature search was performed on PubMed using the search terms rivaroxaban and Xarelto. 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 were included.

VTE prophylaxis
	Trial
	Eligibility
	Interventions/Endpoints
	Baseline/Efficacy
	Safety/Conclusions

	RECORD-1
N=3153 (mITT)

MC, DB, RCT
Non-inferiority testing followed by superiority testing
Multi-national

Supported by Bayer Health Care and Johnson & Johnson
	Inclusion criteria

≥18 yrs, planned THR

Exclusion criteria 

Staged, b/l THR; pregnant or nursing; high risk of or active bleeding;  contraindication to enoxaparin or anticipated need for dose adj; inability to obtain b/l venography; substantial liver disease; CrCl <30 ml/min; use of protease inhibitors for HIV; planned IPC; indication for anticoag that cannot be stopped
	Treatments:
RIVA 10 oral daily+ PBO inj 
(started 6-8h after wound closure)

ENOX 40 SC daily + PBO tab

(start 12h prior to sgx; restart 6-8h after wound closure)

Duration:  35 ±4 days; venography performed the day after the last dose of study med unless symptomatic; f/u period - 30-35 days after last dose of study drug

1° Endpoint: Composite of any DVT, nonfatal PE, all-cause death

2° Endpoints: Major VTE (composite of proximal DVT, nonfatal PE, VTE-death); symptomatic VTE; any DVT; death during f/u

Safety Endpoints: Major bleeding (fatal, occurred in critical organ, required reoperation, or clinically overt extra-sgx site bleed with ≥2 g/dL fall in Hgb or ≥2 units of blood); any bleed; nonmajor bleeding, hemorrhagic wound complications; AEs; death
	Baseline:  Mean age 63 yr; 45% male; 92% white; 96% 1° sgx ; 2% hx of VTE; BMI=28

mITT=3153, defined as pts who underwent sgx, took study drug, and had adequate assessment of VTE.  (mITT was 69% of randomized pts; majority of pts excluded due to inadequate assessment of VTE)
Efficacy:

RIVA 10
ENOX 40
n/N

%
n/N

%
Any DVT, nonfatal PE, any death*
18/1595
1.1
58/1558
3.7
Major VTE*
4/1686
0.2
33/1678
2
Symptomatic VTE on tx
6/2193

0.3

11/2206

0.5

DVT*

12/1595

0.8

53/1558

3.4


Proximal*

1/1595

0.1

31/1558

2


Distal only*

11/1595

0.7

22/1558

1.4

Nonfatal PE

4/1595

0.3

1/1558

0.1

Death on tx

4/1595

0.3

4/1558

0.3

Death during f/u

1/1595

0.1

0/1558

0

*P <0.05 between groups
Note:  Sensitivity analysis for 1° outcome support original results and suggest that missing data from patients with inadequate VTE assessment did not affect results (these pts were excluded from mITT)
	Safety:
RIVA 10
(n=2209)

N (%)
ENOX 40
(n=2224)

N (%)
Any AE on tx

1413 (64)

1439 (64.7)

Drug-related AE

270 (12.2)

265 (11.9)

Discontinuation due to AE

85 (3.8)

100 (4.5)

Serious AE
146 (6.6%)
181 (8.1%)
Major bleed
6 (0.3)
2 (0.1)
Nonmajor bleeds
128 (5.8)
129 (5.8)

Clinically relevant bleed
65 (2.9)

54 (2.4)


Wound complication-bleed

34 (1.5)

38 (1.7)

CV events on tx

5 (0.2)

9 (0.4)

CV events during f/u

7 (0.3)

1 (<0.1)

· No statistical difference in major bleeds
· Blood transfusion rates similar between groups

· Most common adverse events were bleeding related

· No signal of hepatotoxicity

Summary/Conclusions:

· RIVA more effective than ENOX

· Composite endpts driven by lower DVT rates with RIVA; similar rates of nonfatal PE, death with both tx
· Observation of higher rate of CV events with RIVA vs. ENOX during f/u


DVT Prophylaxis (cont’d)
	Trial
	Eligibility
	Interventions/Endpoints
	Baseline/Efficacy
	Safety/Conclusions

	RECORD-2
N=1733

(mITT)

MC, DB, RCT

Multi-national

Supported by Bayer Health Care and Johnson & Johnson
	Inclusion criteria

≥18 yrs, planned THR
Exclusion criteria 

Staged, b/l THR; pregnant or nursing; high risk of or active bleeding;  contraindication to enoxaparin or anticipated need for dose adj; inability to obtain b/l venography; substantial liver disease; CrCl <30 ml/min; use of protease inhibitors for HIV; planned IPC; indication for anticoag that cannot be stopped
	Treatments:
Extended ppx: RIVA 10 oral daily x31-39  days + PBO inj x10-14 days
(started 6-8h after wound closure)

Short-term ppx: ENOX 40 SC daily x10-14 days + PBO tab x31-39 days
(start 12h prior to sgx; restart 6-8h after wound closure)

Venography performed the day after the last dose of study med unless symptomatic (day 32-40); f/u period up to 41 days post-op
1° Endpoint: Composite of any DVT, nonfatal PE, all-cause death

2° Endpoints: Major VTE (composite of proximal DVT, nonfatal PE, VTE-death); symptomatic VTE; any DVT; death during f/u

Safety Endpoints: Major bleeding (fatal, occurred in critical organ, required reoperation, or clinically overt extra-sgx site bleed with ≥2 g/dL fall in Hgb or ≥2 units of blood); any bleed; nonmajor bleeding, hemorrhagic wound complications; AEs; death
	Baseline:  Mean age 61 yr; 47% male; 65% white; 94% 1° sgx; ~1-2% hx of VTE; BMI=27

mITT=1733, defined as pts who underwent sgx, took study drug, and had adequate assessment of VTE. (mITT was 69% of randomized pts; majority of pts excluded due to inadequate assessment of VTE)

Efficacy: 

EXT-RIVA 10
ST-ENOX 40
n/N

%
n/N

%
Any DVT, nonfatal PE, any death*
17/864
2
81/869
9.3
Major VTE*
6/961
0.6
49/962
5.1
Symptomatic VTE on tx*
3/1212

0.2

15/1207

1.2

DVT*

14/864

1.6

71/869

8.2


Proximal*

5/864

0.6

44/869

5.1


Distal only *

9/864

1

27/869

2

Nonfatal PE

1/864

0.1

4/869

0.5

Death on tx

2/864

0.2

6/869

0.7

Death during f/u

0/1228

0

2/1229

0.2

*p <0.05 between groups; EXT=extended; ST=short term

Note:  Sensitivity analysis for 1° outcome support original results and suggest that missing data from patients with inadequate VTE assessment did not affect results (these pts were excluded from mITT)
	Safety:
EXT-RIVA

(n=1228)

N (%)
ST-ENOX

(n=1229)

N (%)
Any AE on tx

768(62.5)

807 (65.7)

Drug-related AE

245 (20)

249 (20.3)

Discontinuation due to AE

46 (3.8)

64 (5.2)

Serious AE

90 (7.3)

131 (10.7)

Major bleed
1 (<0.1)
1 (<0.1)
Nonmajor bleeds
80 (6.5)
67 (5.5)

Clinically relevant bleed
40 (3.3)

33 (2.7)


Wound complication-bleed

20 (1.6)

21 (1.7)

CV events on tx

3 (0.2)

4 (0.3)

CV events during f/u

5 (0.4)

0

· Low and similar major rates of major bleeding between groups
· Non-major bleeds numerically higher with EXT-RIVA (not powered to detect statistical difference), though no increase in site bleeds observed

· Blood transfusion rates similar between groups
· Higher rate of skin/tissue disorders with EXT-RIVA (11% vs. 8%) (observation only)
Summary/Conclusions:

· Extended ppx with RIVA more effective than short-term ppx with ENOX, including symptomatic VTE
· Observation of higher rate of CV events with RIVA vs. ENOX during f/u


DVT Prophylaxis (cont’d)
	Trial
	Eligibility
	Interventions/Endpoints
	Baseline/Efficacy
	Safety/Conclusions

	RECORD-3

N=1702 (mITT)

MC, DB, RCT
Non-inferiority testing followed by superiority testing
Multi-national

Supported by Bayer Health Care and Johnson & Johnson
	Inclusion criteria

≥18 yrs, planned TKR

Exclusion criteria 

Pregnant or nursing; high risk of or active bleeding;  contraindication to enoxaparin or anticipated need for dose adj; inability to obtain b/l venography; substantial liver disease; use of protease inhibitors for HIV or fibrinolytics; planned IPC; indication for anticoag that cannot be stopped
	Treatments:

RIVA 10 oral daily+ PBO inj 

(started 6-8h after wound closure)

ENOX 40 SC daily + PBO tab

(start 12h prior to sgx; restart 6-8h after wound closure)

Duration:  10-14 days; venography performed the day after the last dose of study med unless symptomatic; f/u period - 30-35 days after last dose of study drug

1° Endpoint: Composite of any DVT, nonfatal PE, all-cause death

2° Endpoints: Major VTE (composite of proximal DVT, nonfatal PE, VTE-death); symptomatic VTE; any DVT; death during f/u

Safety Endpoints: Major bleeding (fatal, occurred in critical organ, required reoperation, or clinically overt extra-sgx site bleed with ≥2 g/dL fall in Hgb or ≥2 units of blood); any bleed; nonmajor bleeding, hemorrhagic wound complications; AEs; death
	Baseline:  Mean age 68 yr; 32% male (30% RIVA vs. 34% ENOX*); 81% white; 96% 1° sgx ; 3% hx of VTE; BMI=30

mITT=1702, defined as pts who underwent sgx, took study drug, and had adequate assessment of VTE.  (mITT was 69% of randomized pts; majority of pts excluded due to inadequate assessment of VTE)
Efficacy:

RIVA 10
ENOX 40
n/N

%
n/N

%
Any DVT, nonfatal PE, any death*
79/824
9.6
166/878
18.9
Major VTE*
9/908
1
24/925
2.6
Symptomatic VTE on tx*
8/1201

0.7

24/1217

2

DVT*

79/824

9.6

160/878

18.2


Proximal

9/824

1.1

20/878

2.3


Distal only*

70/824

8.5

140/878

15.9

Nonfatal PE‡

0/824

0

4/878

0.5

Death on tx

0/824

0

2/878

0.2

Death during f/u†

0/1201

0

4/1217

0.3

*P <0.05 between groups

‡P=0.06

†P=0.05
Note:  Sensitivity analysis for 1° outcome overall support original results and suggest that missing data from patients with inadequate VTE assessment did not affect results (these pts were excluded from mITT) except in the worst-case scenario (if all pts with missing data had event) where RIVA was not statistically superior to ENOX 40
	Safety:
RIVA 10
(n=1220)

N (%)
ENOX 40
(n=1239)

N (%)
Any AE on tx

776 (63.6)

844 (68.1)

Drug-related AE

146 (12)

161 (13)

Discontinuation due to AE

39 (3.2)

56 (4.5)

Serious AE

90 (7.4)

110 (8.9)

Major bleed
7 (0.6)
6 (0.5)
Nonmajor bleeds
53 (4.3)
54 (4.4)

Clinically relevant bleed
33 (2.7)

28 (2.3)


Wound complication-bleed

25 (2)

24 (1.9)

CV events on tx

4 (0.3)

3 (0.2)

CV events during f/u

0

6 (0.5)

· No statistical difference in major bleeds

· Slightly more RIVA pts received blood transfusions: 51% vs. 46% (observation only)

· Most common adverse events were GI related (nausea, constipation, vomiting) and similar b/t groups
· LFT/bili elevations were low and similar b/t groups and resolved without tx discontinuation
Summary/Conclusions:

· RIVA more effective than ENOX 40 daily (Euro TKR dose), including symptomatic VTE

· Reduction in non-fatal PE with RIVA vs. ENOX 40 approached statistical significance


DVT Prophylaxis (cont’d)
	Trial
	Eligibility
	Interventions/Endpoints
	Baseline/Efficacy
	Safety/Conclusions

	RECORD-4

N=1924 (mITT)

MC, DB, RCT
Non-inferiority testing followed by superiority testing
Multi-national

Supported by Bayer Schering Pharma AG, Johnson & Johnson

	Inclusion criteria

≥18 yrs, planned TKR

Exclusion criteria 

Pregnant or nursing; high risk of or active bleeding;  contraindication to enoxaparin or anticipated need for dose adj; inability to obtain b/l venography; substantial liver disease; severe renal impairment (CrCl <30ml/min); use of strong CYP450 inhibitors such as protease inhibitors or ketoconazole;  planned IPC; indication for anticoag that cannot be stopped
	Treatments:

RIVA 10 oral daily+ PBO inj 

(started 6-8h after wound closure)

ENOX 30 SC q12h + PBO tab

(start 12-24h after wound closure)

Duration:  10-14 days; venography performed the day after the last dose of study med; f/u period - 30-35 days after last dose of study drug

1° Endpoint: Composite of any DVT, nonfatal PE, all-cause death

2° Endpoints: Major VTE (composite of proximal DVT, nonfatal PE, VTE-death); symptomatic VTE; any DVT; death during f/u

Safety Endpoints: Major bleeding (fatal, occurred in critical organ, required reoperation, or clinically overt extra-sgx site bleed with ≥2 g/dL fall in Hgb or ≥2 units of blood); any bleed; nonmajor bleeding, hemorrhagic wound complications; AEs; death
	Baseline:  Mean age 64 yr; 35% male; 67% white; 98% 1° sgx ; 2% hx of VTE; BMI=31

mITT=1924, defined as pts who underwent sgx, took study drug, and had adequate assessment of VTE.  (mITT was 61% of randomized pts; majority of pts excluded due to inadequate assessment of VTE)
Efficacy:

RIVA 10
ENOX 30 BID
n/N

%
n/N

%
Any DVT, nonfatal PE, any death*
67/965
6.9
97/959
10.1
Major VTE
13/1122
1.2
22/1112
2
Symptomatic VTE on tx
11/1526

0.7

18/1508

1.2

Asymptomatic DVT

55/965

5.7

76/959

7.9


Proximal

3/965

0.3

13/959

1.4


Distal only

52/965

5.4

63/959

6.6

Nonfatal PE

4/1526

0.3

8/1508

0.5

Death on tx

2/1526

0.1

3/1508

0.2

Death during f/u

4/1526

0.3

3/1508

0.2

*P <0.05 between groups

Note:  Sensitivity analysis for 1° outcome overall support original results and suggest that missing data from patients with inadequate VTE assessment did not affect results (these pts were excluded from mITT) 
	Safety:
RIVA 10
(n=1526)

N (%)
ENOX 30 BID
(n=1508)

N (%)
Any AE on tx

1222 (80.1)

1216 (80.6)

Drug-related AE

310 (20.3)

295 (19.6)

Discontinuation due to AE

Not stated

Not stated

Serious AE

114 (7.5)

134 (8.9)

Major bleed
10 (0.7)
4 (0.3)
Nonmajor bleeds
155 (10.2)
138 (9.2)

Clinically relevant bleed
39 (2.6)

30 (2)


Wound complication-bleed

21 (1.4)

22 (1.5)

CV events on tx

2 (0.10)

8 (0.5)

CV events during f/u

5 (0.3)

3 (0.2)

· No statistical difference in major bleeds

· LFT elevations were uncommon and similar b/t groups

· LFT+bili elevations occurred in 4 pts (1 RIVA; 3 ENOX) and returned to normal after d/c of drug

Summary/Conclusions:

· RIVA more effective than ENOX 30 BID (US TKR dose); no difference in major or symptomatic VTE
· Trend of higher bleeding rates with RIVA though not statistically different

· Note:  FDA excluded RECORD 4 in support of the VTE prophylaxis indication due to significant concerns with study conduct, oversight, and data collection.


Stroke Prevention in AF
	Trial
	Eligibility
	Interventions/Endpoints
	Baseline/Efficacy/Conclusions
	Safety

	ROCKET AF
N=14,264

MC, DB, RCT

Non-inferiority testing conducted

(PP=13,962)

Multi-national

Supported by Johnson & Johnson Pharma R&D and Bayer Healthcare

	Inclusion criteria 
≥18 yrs; NVAF; prior cardio/ ischemic stroke, TIA, SEE or ≥2 of: HF or LVEF ≤35%; HTN; ≥75 yrs; DM; if female: post menopausal, sgx sterile, abstinent, or on effective birth control, neg preg test 
Exclusion criteria

Prosth valve or hemodynamically sig MS; planned cardioversion; transient AF; atrial myxoma or LV thrombus; endocarditis; active bleed; increased bleed risk (e.g., major sgx or trauma in last 30d, GIB in last 6 mos, hx of critical organ bleed, hemorrhagic disorder, intracranial neoplasm, AVM, aneurysm), planned major sgx; uncontrolled HTN; plt <90K/L; severe stroke in last 3 mos; any stroke in last 14 d; TIA in last 3d; need for anticoag other than AF; ASA >100 mg/d; ASA+thienopyridine or IV antiplts in last 5d; fibrinolytics in last 10d; NSAIDs; strong CYP3A4 inhibitor or inducer; anemia; preg or nursing; CI to warfarin; HIV; CrCl <30 ml/min; sig liver disease; drug/EtOH abuse in last 3 yrs; allergy 
	Treatments:
RIVA 20 mg oral daily+ PBO

(15 mg for CrCl 30-49 ml/min)
WARF oral daily (INR 2-3)+ PBO

Duration:  Event-driven;
Median tx: 590 days

Median f/u: 707 days

1° Endpoint: composite of stroke (ischemic or hemorrhagic) and SEE

2° Endpoints: composite of stroke, SEE, CV death; composite of stroke, SEE, CV death, MI; individual components

Safety Endpoints: major (defined as clinically overt with death, involvement of critical site, fall in Hgb ≥2g/dL, transfusion of ≥2 units, or permanent disability) and nonmajor clinically relevant bleeding events
	Baseline: Mean age 73 yr; TTR=55%; 60% male; 55% previous TIA, stroke, SEE; 38% on ASA; median CHADS2=3.5
PP=13,962, defined as all pts who received study drug, had no protocol violation, and were followed for events while receiving study drug or within 2 days of discontinuation

Efficacy:

Endpoint
RIVA 20
WARF
n/N

%†
n/N

%†
1° Endpt: Any stroke or SEE‡
188/6958
1.7
241/7004
2.2
Stroke, SEE, or CV death*
346/7061
3.1
410/7082
3.6
Stroke, SEE, MI, or CV death*
433/7061
6.1
519/7082
7.3
Hemorrhagic stroke*
29/7061
0.4
50/7082
0.7
Ischemic stroke
149/7061
2.1
161/7082
2.3
SEE

5/7061

0.1

22/7082

0.3

All-cause death

208/7061

3

250/7082

3.5

CV death

170/7061

2.4

193/7082

2.7

†% in annual rates; ‡PP population; p <0.001 for noninferiority; *p <0.05 for superiority vs. warfarin in safety population
Note:  Primary efficacy analyses on the PP population showed noninferiority (p <0.05); ITT population supported noninferiority but not superiority

Summary/Conclusions:

· RIVA noninferior to WARF in a moderate-to-high risk population with suboptimal INR control

· Noninferiority of RIVA vs. WARF not established when warfarin used skillfully

· Similar major bleeds with RIVA/WARF; more transfusions, Hgb drop with RIVA; less intracranial, fatal, critical bleeds
	Safety:
RIVA 20
(n=7111)

N (%)
WARF
(n=7125)

N (%)
Any AE on tx

5791 (81.4)

5810 (81.5)

Discontinuation due to AE

1118 (15.7)

1082 (15.2)

Serious AE

2489 (35)

2598 (36.5)

RIVA 20
(n=7111)

N (%)†
WARF
(n=7125)

N (%)†
Major+nonmajor clinically relevant bleed

1475 (14.9)

1449 (14.5)

Major bleed
395 (3.6)
386 (3.4)
Nonmajor clinically relevant bleed
1185 (11.8)
1151 (11.4)
≥2 g/dL Hgb drop*
305 (2.8)
254 (2.3)
Transfusion*
183 (1.6)
149 (1.3)
Critical bleed*

91 (0.8)

133 (1.2)

Fatal bleed*

27 (0.2)

55 (0.5)

†% in annual rates; *p <0.05 
AEs 3-30d after permanent discontinuation in study completers:
RIVA 20
WARF
Stroke

22

6


Ischemic

18

4


Hemorrhagic

4

0


Unknown

0

2

Death

14

8


Vascular

12

7

· LFT elevations were uncommon and similar b/t groups
· More major bleeds in pts on ASA
· More strokes after permanent discontinuation of RIVA in study completers


AE=adverse event; AF=atrial fibrillation; ASA=aspirin; AVM=arteriovenous malformation; CrCl=creatinine clearance; CV=cardiovascular; DB=double-blind; DM=diabetes mellitus; DVT=deep vein thrombosis; ECG=electrocardiogram; GI=gastrointestinal; GIB=gastrointestinal bleed; HF=heart failure; HIV=human immunodeficiency virus; HTN=hypertension; IPC=intermittent pneumatic compression; ITT=intent to treat; LFT=liver function test; LV=left ventricular; LVEF=left ventricular ejection fraction; MC=multicenter; mITT=modified intention to treat – defined as patients who underwent surgery, took study drug, and were assessed for venous thromboembolism; MS=mitral stenosis; n/N=number of pts with outcome/total pts; NVAF=nonvalvular atrial fibrillation; NSAIDs=non-steroidal anti-inflammatory drugs; PBO=placebo; PC=placebo-controlled; PE=pulmonary embolism; PP=per protocol; ppx=prophylaxis; RCT=randomized controlled trial; SEE=systemic embolic event; TIA=transient ischemic attack; VTE=venous thromboembolism
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