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Aims: The management of anticoagulation therapy in patients with atrial fibrillation (AF) and 

cancer is challenging due to increased thrombotic and bleeding risks. We sought to determine the 

safety and efficacy of rivaroxaban in patients with AF and a history of cancer.  

Methods and Results: ROCKET AF randomized 14,264 patients with AF to rivaroxaban or 

warfarin with a median follow-up of 1.9 years. Cox regression models were used to assess the 

association between cancer history and clinical outcomes, and the relative treatment effect of 

rivaroxaban versus warfarin in these patients. A total of 640 patients enrolled in ROCKET AF 

had a history of cancer, with the most common types being prostate (28.6%), colorectal (16.1%), 

and breast (14.7%) cancer. Patients with a history of cancer were older, more frequently male, 

more likely to have prior VKA use, and had higher rates of overall bleeding (HR 1.30 95% CI 

1.16–1.47; p<0.0001) and non-cardiovascular death (HR 1.47 95% CI 1.04–2.07; p = 0.031) 

compared with those with no cancer history. There were no significant associations between 

cancer history and stroke, venous thromboembolism, or myocardial infarction. The relative 

efficacy of rivaroxaban versus warfarin for prevention of stroke/systemic embolism was similar 

in those with and without a history of cancer (interaction p-value=0.21). 

Conclusion: In ROCKET AF, a history of cancer was associated with a higher risk of bleeding 

and non-cardiovascular death, but not ischemic events. The relative efficacy and safety of 

rivaroxaban compared with warfarin were not significantly different in patients with and without 

a history of cancer. The results of this study are exploratory and should be taken in context of the 

study population, which may not be generalizable to those with advanced malignancy. Further 

investigation is needed to understand optimal anticoagulation strategies in patients with AF and 

cancer.  
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INTRODUCTION 

Atrial fibrillation (AF) affects more than 30 million people and is the most common form of 

arrhythmia worldwide (1). Compared with those in sinus rhythm, patients with AF are at a 

significantly higher risk for thromboembolic events such as stroke or systemic embolism (SE) 

and often require anticoagulation therapy (2). Patients with cancer most commonly develop AF 

during active treatment, radiation therapy, after surgery, or when infectious complications 

develop (3-5). However, several studies have shown that AF is also prevalent at the time of 

cancer diagnosis prior to treatment and in those with a history of cancer (6,7). While the 

mechanistic links between AF and cancer remain unclear, both disease states share a number of 

risk factors including advanced age, smoking, diabetes, and obesity (8).  

 Malignancy is a well-established acquired thrombophilia that increases venous and, to a 

lesser degree, arterial thrombotic risk, with cancer patients experiencing a 4–6-fold increase in 

rates of venous thromboembolism (VTE) compared with the general population (9). 

Furthermore, patients with cancer are often at an increased risk for bleeding due to tumor 

invasion, frequent procedural interventions, endothelial dysfunction, and thrombocytopenia 

stemming from chemotherapy (8). These opposing risks lead to challenges in the selection of 

antithrombotic therapy for patients with AF and concomitant cancer. Warfarin has been the 

mainstay of therapy, however, patients with cancer often have difficulty maintaining a 

therapeutic international normalized ratio (INR) due to warfarin’s numerous pharmacological 

interactions and inconsistent nutritional intake in the setting of anorexia, nausea, and vomiting 

(10). Data on the use of direct oral anticoagulants (DOACs) in patients with AF and cancer are 

sparse, and the lack of an available reversal agent for some of the anticoagulants has led to a 

heightened level of concern about their safety. Using data from the Rivaroxaban Once Daily Oral 
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Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and 

Embolism Trial in Atrial Fibrillation (ROCKET AF), we aimed to describe the clinical 

characteristics and associated outcomes and the efficacy and safety of rivaroxaban compared 

with warfarin in patients with nonvalvular AF and a history of cancer.  

 

METHODS 

The methods used in ROCKET AF (NCT00403767) have previously been reported (11,12). 

Briefly, ROCKET AF was a multicenter, randomized, double-blind, event-driven trial to 

establish the noninferiority of rivaroxaban compared with warfarin in patients with nonvalvular 

AF at increased risk for stroke. Patients with nonvalvular AF, as documented by 

electrocardiography, and a history of stroke or a CHADS2 score ≥2 were included in the study. 

Exclusion criteria included concomitant illness associated with a life expectancy <2 years, 

history of or condition associated with increased bleeding risk, and platelet count <90,000/µL at 

initial screening visit. Patients were randomly assigned to receive 20 mg rivaroxaban once daily 

(15 mg once daily if creatinine clearance 30–49 mL/min) or dose-adjusted warfarin with a target 

INR of 2.5. Point-of-care INR devices were used to generate true or sham INR values depending 

on study group. The primary efficacy endpoint was the composite of all-cause stroke or SE. The 

primary safety endpoint was the composite of major or nonmajor clinically relevant (NMCR) 

bleeding events. The Duke Clinical Research Institute (Durham, NC) coordinated the trial, 

managed the database, and performed the primary analysis independent of the sponsors. The 

present study was funded by an unrestricted research grant from Janssen. The authors are solely 

responsible for the design and conduct of this study, all study analyses, and the drafting and 

editing of this paper.  
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Cancer 

History of cancer was documented at baseline assessment as part of “other medical history.” Site 

investigators specified the location and type of cancer, and text fields were subsequently coded 

using the Medical Dictionary for Regulatory Activities (MedDRA) for consistency. In the 

current study, patients were considered to have a “history of cancer” if 2 conditions were met. 

First, the past medical history must have included any of the following terms: intracranial 

neoplasm; brain cancer; leukemia; lymphoma; lung cancer; colorectal cancer; breast cancer; 

thyroid cancer; endometrial, ovarian, or cervical cancer; renal, bladder, or urinary tract cancers; 

or metastatic cancer. Second, their history of cancer did not include the following terms: benign, 

pre-cancer, skin (except melanoma), basal, and squamous. Baseline medications were reviewed 

to identify patients receiving cancer treatment with hormonal or chemotherapeutic agents. These 

patients are referred to as those with “actively treated cancer.” No additional information on 

cancer stage / treatment was collected.   

 

Clinical Outcomes 

The primary endpoint for this study was stroke or SE. Stroke was defined as a sudden focal 

neurologic deficit of presumed cerebrovascular etiology that persisted beyond 24 hours not due 

to another identifiable cause and confirmed with computed tomography or magnetic resonance 

imaging. SE was defined as abrupt vascular insufficiency associated with clinical or radiological 

evidence of arterial occlusion in the absence of another likely mechanism. Secondary outcomes 

included myocardial infarction (MI), VTE, cardiovascular death, and all-cause mortality. The 

primary safety endpoint was a composite of major and NMCR bleeding events. Major bleeding 

was defined as clinically overt bleeding with any of the following: fatal outcome, involvement of 
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a critical anatomic site (intracranial, spinal, ocular, pericardial, articular, retroperitoneal, or 

intramuscular with compartment syndrome), fall in hemoglobin concentration ≥2 g/dL, 

transfusion of ≥2 units of whole blood or packed red blood cells, or permanent disability. NMCR 

bleeding was defined as overt bleeding not meeting criteria for major bleeding but requiring 

medical intervention, unscheduled contact with a physician, temporary interruption of study 

drug, pain, or impairment of daily activities. All primary, secondary, and safety outcomes were 

adjudicated by an independent clinical events committee blinded to treatment assignment. 

Median follow-up was 1.9 years.  

 

Statistical Analysis  

Baseline characteristics of patients with or without a history of cancer are presented using 

percentages and counts for categorical variables and medians and 25th, 75th percentiles for 

continuous variables. Event rates per 100 patient-years and total events were generated for all 

endpoints. Cox proportional hazards models were used to assess the association between history 

of cancer and primary efficacy and safety outcomes, and treatment effects of rivaroxaban 

compared with warfarin in patients with and without a history of cancer. For efficacy endpoint 

models, the intention-to-treat (ITT) population and observational period were used and adjusted 

for the following covariates: age, sex, body mass index, geographic region, diabetes mellitus, 

prior stroke/transient ischemic attack, congestive heart failure, hypertension, chronic obstructive 

pulmonary disease, paroxysmal AF, diastolic blood pressure, creatinine clearance (calculated 

using the Cockcroft–Gault equation), heart rate, and abstinence from alcohol use. For safety 

endpoint models, the on-treatment population and observational period were used and adjusted 

for the following covariates: age; sex; region; prior stroke/transient ischemic attack; anemia; 
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prior gastrointestinal bleeding; chronic obstructive pulmonary disease; diastolic blood pressure; 

creatinine clearance; platelets; albumin; and prior aspirin, VKA, or thienopyridine use. All 

exposure-outcome associations are presented as hazard ratios (HRs) with 95% confidence 

intervals (CIs) and P-values derived from adjusted Cox models. All analyses were performed 

using SAS version 9.2 or higher (SAS Institute, Inc., Cary, NC, USA). Outcomes for patients 

with actively treated cancer are presented separately as a descriptive analysis. Given the small 

sample size, no comparative statistics are presented for this group.  

 

RESULTS 

Baseline Characteristics 

Of 14,264 patients in ROCKET AF, a total of 640 patients (4.5%) had a history of cancer at 

baseline. The majority of cancers were solid tumors including prostate, breast, and colorectal 

cancer (Table 1). Patients with a history of cancer were older, more often male, and were more 

likely to have diabetes and prior VKA use. Those with cancer had similar thromboembolic and 

bleeding risks based on CHADS2 and HAS-BLED scores compared with patients without a 

history of cancer (Table 2). For patients taking warfarin, the median time in therapeutic range 

(25th, 75th percentile) was 58% (43, 70%) in those without a history of cancer and 64% (52, 

74%) in those with a history of cancer. The median number of annual INR checks (25th, 75th 

percentile) was 15.1 (13.9, 18.0) in those without a history of cancer and 16.6 (14.6, 20.0) in 

those with a history of cancer.  

 

Clinical Outcomes and History of Cancer  

Event rates for clinical outcomes in patients with and without a history of cancer are presented in 

Table 3. The overall rate of stroke or SE was not significantly different between patients with 
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and without a history of cancer (2.03 vs. 2.28 events/100 patient-years [pt-yrs]; HR 0.86, 95% CI 

0.55–1.33; p=0.50). A trend toward higher rates of VTE was observed in patients with a history 

of cancer compared with those without a history of cancer (0.64 vs. 0.30 events/100 pt-yrs; HR 

1.76, 95% CI 0.84–3.70; p=0.14), although this is based on only 8 events in the cancer group. 

Rates of MI and cardiovascular related deaths were similar between patients with and without a 

history of cancer. As expected, patients with cancer had higher rates of non-cardiovascular 

related death compared with those without a history of cancer (3.19 vs. 1.63 events/100 pt-yrs; 

HR 1.47, 95% CI 1.04–2.07; p=0.031), primarily due to higher rates of death from malignancy in 

this group. In terms of safety outcomes, patients with a history of cancer had higher rates of 

major or NMCR bleeding (22.57 vs. 14.37 events/100 pt-yrs; HR 1.22, 95% CI 1.05–1.41; 

p=0.0091) and any bleeding (43.51 vs. 25.20 events/100 pt-yrs; HR 1.30, 95% CI 1.16–1.47; 

p<0.0001) compared with those without a history of cancer (Figure 1). No significant differences 

in hemorrhagic stroke, intracranial hemorrhage, critical organ bleeding, or fatal bleeding were 

observed based on cancer history.   

 

Treatment Effect of Rivaroxaban versus Warfarin on Clinical Outcomes by History of 

Cancer  

There were no significant differences in treatment effect for rivaroxaban compared with warfarin 

based on cancer history for efficacy or safety outcomes (Table 4). Rates of stroke or SE were not 

significantly different in patients with (HR 0.52, 95% CI 0.22–1.21) or without a history of 

cancer (HR 0.90, 95% CI 0.76–1.06; interaction p=0.21) treated with rivaroxaban compared with 

warfarin. The relative effect of rivaroxaban compared with warfarin for the primary safety 

outcome of major or NMCR bleeding was similar in patients with (HR 1.09, 95% CI 0.82–1.44) 
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and without a history of cancer (HR 1.05, 95% CI 0.97–1.13; interaction p=0.79). Furthermore, 

we did not observe any significant differences in rates of MI or VTE between patients treated 

with rivaroxaban compared with warfarin in either the cancer or non-cancer group. Although 

based on a small number of events, trends of hemorrhagic stroke, intracranial hemorrhage, 

critical organ bleeding, and fatal bleeding were lower among patients treated with rivaroxaban 

compared with warfarin. 

 

Actively Treated Cancer 

A total of 50 patients (32 men, 18 women) had actively treated cancer, with the majority 

receiving hormonal therapy for prostate or receptor-positive breast cancer (Table 5). The most 

commonly used agents were leuprolide acetate and bicalutamide in men and anastrozole and 

tamoxifen in women. The number of clinical events were small within this group. Among 

patients on rivaroxaban with actively treated cancer, there was 1 ischemic stroke, 2 deaths, and 7 

major or NMCR bleeding events. Similarly, we observed 1 hemorrhagic stroke, 3 deaths, and 8 

bleeding events among patients treated with warfarin (Table 6). Given the limited sample size 

and small number of events, these data should be interpreted as a descriptive rather than as a 

comparative analysis.  

 

DISCUSSION  

Given the growing prevalence of cancer and AF, providers are likely to encounter an increasing 

number of patients with comorbid conditions. In the present study, we evaluated the clinical 

outcomes and use of rivaroxaban compared with warfarin in patients with a history of cancer 

enrolled in ROCKET AF. A history of cancer was not associated with an increased risk of stroke 
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or SE but was correlated with higher rates of bleeding. The efficacy and safety of rivaroxaban 

versus warfarin was not significantly different regardless of cancer status.   

In the present study, patients with AF and a history of cancer were typically older, likely 

due to the increasing incidence of both conditions with age. These patients were also more likely 

to have previous VKA use, possibly due to longer contact with healthcare providers allowing for 

earlier detection of comorbid AF or previous thrombotic events requiring anticoagulation. 

Interestingly, time in therapeutic range was higher for patients with a history of cancer assigned 

to warfarin. However, these patients required a slightly higher number of INR checks annually, 

possibly due to more frequent follow-up visits given their history of cancer. Malignancy is 

commonly associated with an increased risk for thrombotic events, due to overproduction of 

inflammatory cytokines and procoagulant factors as well as treatment-related adverse effects (8).  

Current stratification systems for thromboembolic and bleeding risk in AF (CHADS2, CHA2DS2-

VASc; HAS-BLED) do not account for patients with concomitant cancer and have not been 

validated in this population. A recent large Danish cohort study showed that increasing 

CHA2DS2-VASc scores were associated with dissimilar changes in ischemic and bleeding risk 

for patients with AF with and without cancer (13). Interestingly, we observed comparable rates 

of stroke or SE in patients with and without a history of cancer in ROCKET AF, similar to 

previously reported results in ORBIT-AF, ARISTOTLE, and ENGAGE AF (14-16). While this 

may seem counterintuitive, these results should be interpreted with the study population in mind. 

One of the exclusion criteria for the original ROCKET AF trial was any concomitant illness 

associated with a life expectancy of less than 2 years, which would likely exclude many patients 

with advanced malignancy. Furthermore, emerging evidence suggests that there may be a 

dichotomy in thromboembolic risk between patients with AF and an active and remote history of 
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cancer (17). The risk for arterial thromboembolism appears to be highest in incidental cancer and 

somewhat attenuates over time (18). As such, these variables will be important to consider in 

future studies on thromboembolic risk assessment in this population.  

At baseline, patients with cancer are at higher risk for bleeding, and this is often 

enhanced by anticoagulation therapy. In the present study, we observed that patients with a 

history of cancer experienced higher rates of major or NMCR and overall bleeding. The cause of 

this increased bleeding is likely multifactorial and may be attributed to bleeding from site of 

active malignancy, myelosuppressive chemotherapy, or other systemic alterations to platelet 

function and coagulation cascade. The perceived increased risk of bleeding in patients with 

cancer is one of the main concerns about the safety of non-VKA oral anticoagulant use in this 

population. Unlike VKAs, factor Xa inhibitors (apixaban, rivaroxaban, and edoxaban) do not 

currently have a widely available reversal agent and are not routinely monitored with laboratory 

testing (19). In the present study, we observed similar rates of major, NMCR, and minor 

bleeding between patients taking rivaroxaban and warfarin regardless of cancer history. Trends 

of hemorrhagic stroke, intracranial hemorrhage, critical organ and fatal bleeding were lower in 

patients treated with rivaroxaban group, although the number of observations are too small to be 

statistically significant.   

While rivaroxaban has substantially fewer pharmacological and nutritional interactions 

compared with warfarin, there are still factors that should be taken into consideration. Many 

oncologic medications can affect CYP3A4 activity and P-glycoprotein (P-gp) mediated 

transport, important pathways in non-VKA oral anticoagulant elimination (20). As the toxicity 

profiles of targeted chemotherapeutic agents improve, patients may remain on treatment with 

these medications for longer durations. A small subset of patients in the current study were 
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receiving treatment for cancer with hormonal or chemotherapeutic agents, primarily for prostate 

or breast cancer. Several of these medications, most notably tamoxifen, anastrozole, and 

bicalutamide may potentially inhibit CYP3A4 activity (21). Based on a small number of 

observations, rivaroxaban appears to be reasonably well tolerated among patients with AF and 

actively treated cancer. However, there are not enough data to quantify the relative risk of 

anticoagulation in patients receiving hormonal or chemotherapy agents.  

Overall, these promising results are exploratory and concordant with previously 

published studies on the use of apixaban and edoxaban in patients with AF and a history of 

cancer (15,16). Furthermore, a recently published observational study using a large healthcare 

claims database showed that patients with AF and active cancer treated with DOACs compared 

with warfarin had similar rates of stroke and bleeding with lower rates of VTE (22). While the 

decision to initiate anticoagulation and the choice of agent should be made on a case-by-case 

basis, this culmination of evidence should give providers a measure of confidence when 

considering DOACs in this population. However, it should be noted that there is limited 

information on cancer staging in many of these studies, and the use of anticoagulation in patients 

with AF and advanced malignancy remains an area of active investigation.  

 

Limitations  

The present study has the following limitations. First, this is a post hoc analysis and should be 

regarded as hypothesis generating rather than confirmatory. Second, the cancer population 

included in the study is heterogeneous, as there is no information available regarding the staging, 

timing of cancer diagnosis, or chemotherapeutic response in these patients. History of cancer was 

defined by baseline medical history collection with limited information on whether cancer was 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjqcco/advance-article-abstract/doi/10.1093/ehjqcco/qcy040/5097870 by U

N
IV O

F W
ESTER

N
 AU

STR
ALIA user on 26 Septem

ber 2018



 13 

active or remote or whether it was a new occurrence or recurrence of malignancy. Additionally, 

the exclusion criteria used for ROCKET AF likely precluded patients with advanced malignancy, 

metastatic cancer, or those at a significantly increased risk for bleeding from enrolling in the 

trial. As such, there is a selection bias in which cancer patients were enrolled in the study and the 

present study population may not be generalizable to all cancer patients in clinical practice. 

Finally, the study population is small compared with the overall trial population and our analyses 

may be subject to residual confounders despite multivariate risk adjustment.   

 

Conclusion 

In ROCKET AF, patients with a history of cancer had similar rates of stroke or SE but higher 

rates of major or NMCR bleeding compared with those without a history of cancer. Furthermore, 

there was no difference in the treatment efficacy and safety of rivaroxaban compared with 

warfarin in patients with or without a history of cancer. The findings in this study are exploratory 

and further studies are needed to understand the optimal use of anticoagulation therapy in this 

high-risk population.  
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Figure Legends 

Figure 1 and Summarizing Figure. Kaplan-Meier curves for primary safety endpoint of 

composite of major and NMCR bleeding by history of cancer 

One-sentence Summary: The efficacy and safety of rivaroxaban compared with warfarin was 

similar in patients with atrial fibrillation with and without a history of cancer. 
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Table 1.  History of cancer in the ROCKET AF patient population 

 

 All Randomized Patients* 

N 14,264 

Any history of cancer 640 (4.5%) 

Any metastatic cancer 4 (<0.1%) 

Type of cancer  Patients with Cancer†  

Prostate cancer 183 (28.6%) 

Colorectal cancer  103 (16.1%) 

Breast cancer 94 (14.7%) 

Genitourinary cancer  78 (12.2%) 

Gynecologic cancer  42 (6.6%) 

Melanoma  38 (5.9%) 

Leukemia or lymphoma  33 (5.2%) 

Head and neck cancer  25 (3.9%) 

Lung cancer  20 (3.1%) 

Gastrointestinal cancer  19 (3.0%) 

Thyroid cancer  16 (2.5%) 

Brain cancer 2 (0.3%) 

Other cancer  19 (3.0%) 

Unspecified cancer type 25 (3.9%) 

Data presented as no. (%). 

*Includes patients in both the ITT (n=14,171) and safety (n=14,236) cohorts. 
†Percent for each type of cancer is shown for all patients with history of cancer (n=640), patients may have more 

than 1 type of cancer and can be included in more than 1 group. 
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Table 2.  Study population and baseline characteristics  

Variable 

History of Cancer 

(n=640) 

No History of Cancer 

(n=13,596) 

Randomized to rivaroxaban 309 (48%) 6802 (50%) 

Age, median (25th, 75th), yrs 77 (72, 81) 72 (65, 78) 

Female 217 (34%) 5428 (40%) 

Type of atrial fibrillation   

 Persistent 508 (79%) 11,017 (81%) 

 Paroxysmal 125 (20%) 2386 (18%) 

 New onset / newly diagnosed 7 (1%) 193 (1%) 

CHADS2 score, mean (SD) 3.5 (1.0) 3.5 (0.9) 

CHADS2 score   

 1 0 <1% (3) 

 2 95 (15%) 1760 (13%) 

 3 264 (41%) 5939 (44%) 

 4 186 (29%) 3899 (29%) 

 5 74 (12%) 1735 (13%) 

 6 21 (3%) 260 (2%) 

HAS-BLED score, mean (SD) 2.9 (0.9) 2.8 (0.9) 

HAS-BLED score   

 0 1 (<1%) 90 (1%) 

 1 23 (4%) 956 (7%) 

 2 204 (32%) 4054 (30%) 

 3 269 (42%) 5647 (42%) 

 4 122 (19%) 2465 (18%) 

 5 20 (3%) 353 (3%) 

 6 1 (<1%) 17 (<1%) 
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Variable 

History of Cancer 

(n=640) 

No History of Cancer 

(n=13,596) 

Presenting characteristics, median (25th, 75th)   

 BMI, kg/m2 28.0 (25.4, 32.0) 28.2 (25.1, 32.0) 

 Systolic blood pressure, mm Hg 130 (120, 140) 130 (120, 140) 

 Diastolic blood pressure, mm Hg 78 (70, 82) 80 (70, 85) 

 Heart rate, beats/min 72 (64, 83) 76 (68, 86) 

 Creatinine clearance, mL/min*  1.1 (0.9, 1.3) 1.0 (0.9, 1.2) 

Baseline comorbidities   

 Prior stroke, TIA, or non-CNS embolism 305 (48%) 7489 (55%) 

 Hypertension 574 (90%) 12,313 (91%) 

 Diabetes 286 (45%) 5397 (40%) 

 Congestive heart failure 338 (53%) 8556 (63%) 

 COPD 111 (17%) 1382 (10%) 

Medications   

 Prior VKA use 513 (80%) 8376 (62%) 

 Prior chronic ASA use 192 (30%) 5002 (37%) 

 ACE-inhibitor/ARB at baseline 453 (71%) 10,130 (75%) 

 Beta blocker at baseline 436 (68%) 8814 (65%) 

 Digitalis at baseline 227 (35%) 5241 (39%) 

 Diuretic at baseline 388 (61%) 8102 (60%) 

Data presented as % (no.), unless otherwise indicated. ACE=angiotensin converting enzyme; ARB=angiotensin 

receptor blocker; ASA=acetylsalicylic acid; BMI=body mass index; CNS=central nervous system; COPD=chronic 

obstructive pulmonary disease; SD=standard deviation; TIA=transient ischemic attack; VKA=vitamin K antagonist.  

*Calculated using the Cockroft-Gault equation. 
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Table 3.  Adjusted hazards for efficacy and safety endpoints in patients with and without a history of 

cancer   

 

History of Cancer 

Events/100 pt-yrs 

(Total Events) 

No History  

of Cancer 

Events/100 pt-yrs 

(Total Events) 

History vs.  

No History of Cancer 

HR (95%CI) 

P-value 

Efficacy outcomes     

N* 636 13,507   

Stroke or systemic embolism 2.03 (24) 2.28 (549) 0.86 (0.55–1.33) 0.50 

Ischemic stroke 1.35 (16) 1.64 (397) 0.72 (0.40–1.29) 0.27 

Hemorrhagic stroke 0.39 (4) 0.35 (75) 0.99 (0.31–3.18) 0.99 

VTE: PE / DVT 0.64 (8) 0.30 (78) 1.76 (0.84–3.70) 0.14 

MI 1.27 (15) 1.06 (257) 0.96 (0.56–1.62) 0.87 

All-cause death 6.71 (80) 4.61 (1132) 1.21 (0.96–1.54) 0.11 

    Cardiovascular death 3.52 (42) 2.99 (733) 1.05 (0.76–1.45) 0.76 

    Non-Cardiovascular death  3.19 (38) 1.63 (399) 1.47 (1.04–2.07) 0.031 

Safety outcomes     

N† 640 13,596   

Major or NMCR bleeding 22.57 (193) 14.37 (2731) 1.22 (1.05–1.41) 0.0091 

Major bleeding 5.57 (56) 3.43 (725) 1.17 (0.88–1.54) 0.29 

Hemoglobin drop ≥2 g/dL 3.86 (39) 2.45 (520) 1.11 (0.80–1.55) 0.53 

Transfusion ≥2 units 2.26 (23) 1.45 (309) 0.97 (0.62–1.50) 0.88 

Critical organ bleeding 1.27 (13) 0.98 (211) 0.81 (0.37–1.74) 0.58 

Fatal bleeding 0.58 (6) 0.35 (76) 1.41 (0.60, 3.28) 0.98 

Intracranial hemorrhage 0.68 (7) 0.61 (132) 0.68 (0.23–2.00) 0.48 

Any bleeding (major, NMCR, minor) 43.51 (304) 25.20 (4284) 1.30 (1.16–1.47) <.0001 

*Efficacy outcomes analyzed using intent-to-treat (ITT) population. †Safety outcomes are analyzed using on-

treatment population. Event rates are unadjusted. Event rate=Events / 100 pt-years. CI=confidence interval; 
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DVT=deep vein thrombosis; HR=hazard ratio; MI=myocardial infarction; NMCR=nonmajor clinically relevant; 

PE=pulmonary embolism; VTE=venous thromboembolism.  
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Table 4. Treatment comparisons for efficacy and safety endpoints among patients with and without a history of cancer  

                                 History of Cancer No History of Cancer  

 

Rivaroxaban 

Events/ 

100 pt-yrs 

(Total Events) 

Warfarin  

Events/  

100 pt-yrs 

(Total Events) HR (95% CI) 

Rivaroxaban 

Events/ 

100 pt-yrs 

(Total Events) 

Warfarin 

Events/ 

100 pt-yrs 

(Total Events) HR (95% CI) 

Treatment × 

Cancer 

Interaction 

P-value 

Efficacy outcomes        

N* 307 329  6754 6753   

Stroke or systemic embolism 1.36 (8) 2.71 (16) 0.52 (0.22–1.21) 2.15 (259) 2.40 (290) 0.90 (0.76–1.06) 0.21 

Ischemic stroke 0.68 (4) 2.03 (12) 0.35 (0.11–1.09) 1.66 (201) 1.62 (196) 1.03 (0.85–1.26) 0.065 

Hemorrhagic stroke 0.20 (1) 0.57 (3) 0.36 (0.04–3.50) 0.26 (28) 0.44 (47) 0.61 (0.38–0.97) 0.66 

VTE: PE / DVT 0.65 (4) 0.64 (4) 1.09 (0.27–4.37) 0.27 (35) 0.33 (43) 0.81 (0.52–1.27) 0.69 

MI 1.20 (7) 1.35 (8) 0.85 (0.31–2.36) 1.01 (123) 1.10 (134) 0.94 (0.74–1.20) 0.85 

All-cause death 5.40 (32) 8.00 (48) 0.66 (0.42–1.04) 4.47 (548) 4.76 (584) 0.94 (0.84–1.06) 0.14 

Cardiovascular death 2.87 (17) 4.17 (25) 0.68 (0.37–1.27) 2.91 (357) 3.06 (376) 0.96 (0.83–1.11) 0.29 

Non-Cardiovascular death  2.53 (15) 3.83 (23) 0.64 (0.33–1.23) 1.56 (191) 1.70 (208) 0.91 (0.74–1.10) 0.32 

Safety outcomes        

N† 309 331  6,802 6,794   

Major or NMCR bleeding 23.63 (97) 21.59 (96) 1.09 (0.82–1.44) 14.54 (1378) 14.19 (1353) 1.05 (0.97–1.13) 0.79 

Major bleeding 4.67 (23) 6.44 (33) 0.71 (0.42–1.21) 3.55 (372) 3.31 (353) 1.11 (0.95–1.28) 0.12 
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Hemoglobin drop ≥2 g/dL 4.05 (20) 3.68 (19) 1.08 (0.58–2.02) 2.71 (285) 2.20 (235) 1.28 (1.07–1.52) 0.61 

Transfusion ≥2 units 1.80 (9) 2.70 (14) 0.68 (0.29–1.57) 1.64 (174) 1.25 (135) 1.39 (1.11–1.75) 0.10 

Critical organ bleeding 0.40 (2) 2.11 (11) 0.19 (0.04–0.87) 0.84 (89) 1.13 (122) 0.75 (0.57–0.98) 0.082 

Fatal bleeding 0 1.14 (6) — 0.25 (27) 0.45 (49) 0.57 (0.35–0.91) — 

Intracranial hemorrhage 0.20 (1) 1.14 (6) 0.17 (0.02–1.41) 0.51 (54) 0.72 (78) 0.71 (0.51–1.01) 0.19 

Any bleeding (major, NMCR, 

minor) 

46.61 (152) 40.79 (152) 1.15 (0.92–1.44) 25.44 (2152) 24.97 (2132) 1.04 (0.98–1.10) 0.39 

*Efficacy outcomes analyzed using intent-to-treat (ITT) population. †Safety outcomes are analyzed using on-treatment population. Event rates are unadjusted. 

Event Rate = Events / 100 pt-years. CI=confidence interval; DVT=deep vein thrombosis; HR=hazard ratio; MI=myocardial infarction; NMCR=nonmajor 

clinically relevant; PE=pulmonary embolism; VTE=venous thromboembolism.  
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Table 5. Concomitant anti-cancer medications  

Medication Total*  Men Women 

Anastrozole 9 0 9 

Leuprolide acetate 9 9 0 

Tamoxifen 7 0 7 

Bicalutamide 7 7 0 

Goserelin 6 6 0 

Buserelin 3 3 0 

Cyproterone acetate 3 3 0 

Flutamide 3 3 0 

Letrozole 2 0 2 

Triptorelin 2 2 0 

5-fluorouracil 1 1 0 

Chlorambucil 1 1 0 

Histrelin 1 1 0 

Melphalan 1 1 0 

Methotrexate 1 1 0 

Nilutamide 1 1 0 

Oxaliplatin 1 1 0 

*8 patients had 2 medications reported each for a total of 58 observations in 50 patients. 
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Table 6. Outcomes in patients with actively treated cancer 

 Total Rivaroxaban Warfarin 

Efficacy outcomes     

N* 48 22 26 

Stroke or systemic embolism  2 1 1 

Ischemic stroke 1 1 0 

Hemorrhagic stroke 1 0 1 

VTE: PE / DVT 2 1 1 

MI 0 0 0 

All-cause death 5 2 3 

Cardiovascular death 2 1 1 

Non-Cardiovascular death  3 1 2 

Safety outcomes    

N† 50 23 27 

Major or NMCR bleeding 15 7 8 

Major bleeding 3 1 2 

Any bleeding 25 11 14 

*Efficacy outcomes analyzed using intent-to-treat (ITT) population. †Safety outcomes are analyzed using on-

treatment population. DVT=deep vein thrombosis; MI=myocardial infarction; NMCR=nonmajor clinically relevant; 

PE=pulmonary embolism; VTE=venous thromboembolism. 
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