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Abstract

Rivaroxaban is broadly used for the primary prevention of stroke and systemic embolism in the 

general population with non-valvular atrial fibrillation (AF). However, there is little published 

evidence on the safety and efficacy of rivaroxaban for AF in patients with active cancer. The aim 

of this study was to assess the safety and efficacy of rivaroxaban in patients with active cancer and 

AF. Use of rivaroxaban in cancer patients at Memorial Sloan Kettering Cancer Center (MSKCC) is 

monitored in the setting of a Quality Assessment Initiative. Patients with active cancer and AF, 

treated with rivaroxaban from 1/1/2014 through 3/31/2016 are included in this analysis. Clinical 

endpoints were defined a priori and assessed through text searches of medical records. A total of 

163 evaluable patients were identified. After adjusting for competing risks, the estimated 1 year 

cumulative incidence of ischemic stroke was 1.4% (95% CI=0–3.4%) and major bleeding was 

1.2% (95% CI=0–2.9%). The risk of clinically-relevant non-major bleeding leading to 

discontinuation of anticoagulation at 1 year was 14.0% (95% CI=4.2–22.7%). The cumulative 

incidence of mortality was 22.6% (95% CI=12.2–31.7%) at one year, reflecting an active cancer 

population. One patient died after developing an acute ischemic cerebrovascular insult. In 
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conclusion, the safety and efficacy of rivaroxaban treatment for non-valvular AF in patients with 

active cancer is comparable to the results of the ROCKET-AF study in the general population.
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The new direct oral anticoagulants (DOAC’s) have been established as safe and effective 

alternatives to vitamin K antagonists (VKA’s) in the general patient population, and within 

treatment recommendation guidelines for patients with non-valvular atrial fibrillation 

(AF).1–6 The ROCKET-AF study demonstrated the non-inferiority of rivaroxaban compared 

to VKA’s for prevention of thromboembolism in patients with non-valvular AF.1 Patients 

with a serious concomitant illness associated with life expectancy of < 2 years were 

excluded from this study, thereby limiting the extrapolation of those results to patients with 

active cancer. A post hoc pooled analysis of EINSTEIN PE and EINSTEIN DVT suggested 

that rivaroxaban appears to have reasonable efficacy and safety profiles for individuals with 

cancer-associated venous thromboembolism, as did single-institution cohort studies.7–9 The 

objective of this study was to assess the safety and efficacy of rivaroxaban in non-valvular 

AF patients with active cancer.

Methods

The use of rivaroxaban and associated clinical outcomes in patients with active cancer at 

Memorial Sloan Kettering Cancer Center (MSKCC) is monitored through an ongoing 

Quality Assessment Initiative (QAI). After approval by the Institutional Review Board 

(IRB), all rivaroxaban orders within the institution starting on January 1, 2014 were 

reviewed by the Hematology Service, and clinical data on these patients was entered into the 

QA database.

A Clinical Pathway Guideline (Appendix 1) for the use of rivaroxaban in cancer patients at 

MSKCC was derived at the end of 2013 by the Hematology/Anticoagulation Management 

Service. The Clinical Pathway addresses issues specific to the cancer population, including 

potential absorption defects, excretory organ function, drug interactions, thrombocytopenia, 

and bleeding risk. The recommended dose of rivaroxaban for AF is 20 mg daily.1 For 

patients 75 years or older we recommended 15 mg daily. We did not recommend 

rivaroxaban to patients with a creatinine clearance < 30 mL/min.

Patients with active cancer and AF treated with rivaroxaban from January 1, 2014 through 

February 14, 2016, were identified and are the subject of this analysis. Active cancer was 

defined as evidence of neoplasm on imaging, elevated levels of cancer markers on laboratory 

testing, or ongoing active cancer therapy (chemotherapy, hormone therapy, or radiation 

therapy). We also included patients if they were within 1 month of completion of adjuvant 

cancer therapy or within 1 month of cancer surgery. Patients with squamous cell cancer of 

the skin as their only malignancy, valvular disease (mitral stenosis, artificial heart valve, or 

mitral valve repair), or insufficient documentation were excluded from this analysis.10 

Patients were included regardless of the primary indication for anticoagulation.
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To adjudicate the endpoints, clinical notes were analyzed using an automated text search. 

The terms used to perform the text search are shown in Appendix 2. All clinical notes 

containing at least one keyword were identified and further reviewed by a study investigator. 

Potential events identified by this first observer were further reviewed by a second physician 

investigator. All available non-MSKCC records were manually reviewed, since they were 

not subject to the text search.

Since the risk of bleeding on anticoagulation decreases with time and not accounting for this 

detail could result in bias, the analysis was performed accounting for the distinct acute and 

chronic phases of anticoagulation. The acute phase consisted of the first 90 days from 

initiation of any anticoagulant, while the chronic phase was defined as occurring after the 

first 90 days of anticoagulation. Some patients had initially been treated with another 

therapeutic anticoagulant (VKA, low-molecular-weight heparin or unfractionated heparin), 

before transitioning to rivaroxaban. Only events that occurred while the patients were on 

rivaroxaban are included in the analysis.

We conducted a time to event analysis. The following primary endpoints were defined a 
priori: stroke, systemic embolism, major bleeding, death, and clinically-relevant non-major 

bleeding (CRNMB) leading to discontinuation of the drug for at least 7 days. Major bleeding 

was as defined by the International Society on Thrombosis and Haemostasis.11 For patients 

transitioning to hospice care, the date of transfer to hospice was considered the date of death 

due to the lack of clinical documentation after such a transfer.

We used a different definition of CRNMB than in ROCKET-AF. We only counted a 

CRNMB episode if it led to discontinuation of rivaroxaban for at least 7 days, while 

ROCKET-AF included as CRNMB instances of a patient contacting the study physician. 

March 31, 2016 was the last day of observation for this analysis. All patients who had not 

reached one of the above-mentioned endpoints were censored on that date. Patients were 

censored if they discontinued rivaroxaban for any reason other than reaching a predefined 

endpoint or transferred their care to another institution without further follow-up at MSKCC. 

Patients were also censored if they no longer had active cancer and were no longer receiving 

cancer directed therapy or if they were more than 3 months after their latest cancer surgery.

The cohort was considered left truncated and right censored, as several individuals had been 

exposed to anticoagulation before starting treatment with rivaroxaban. Survival analysis was 

performed by means of a counting process, whereas individual patients were observed only 

from the day they started rivaroxaban onward, having entered the cohort on the day they 

started anticoagulation with any agent. We performed competing risks analysis for stroke, 

major bleeding, death, and CRNMB leading to discontinuation of rivaroxaban for at least 7 

days. The cumulative incidence was computed for each individual endpoint, treating the 

other three endpoints as competing risks. Additionally, standard univariate analysis was 

performed and pertinent covariates were entered in a Cox Proportional Hazards survival 

model.
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Results

A total of 163 patients with active cancer and AF treated with rivaroxaban were identified 

between January 1, 2014 and February 14, 2016. Baseline information is summarized in 

Table 1. The mean CHA2DS2-VASc was 3.2 and the mean CHADS2 score was 1.7.12 Six 

patients had a CHA2DS2-VASc score of 0. Three of these patients were on anticoagulation 

primarily for pulmonary embolism or a deep venous thrombosis, 2 were on anticoagulation 

for subsequent cardioversion, and 1 had already been on long-term anticoagulation with a 

VKA before transitioning to rivaroxaban.

The mean HAS-BLED score was 1.2.13 Because the INR is not pertinent to the use of 

rivaroxaban, the “labile INR” component from the original HAS-BLED score was not 

included. Therefore, the maximum points for this cohort for the HAS-BLED score was 8 

instead of 9. The majority of patients (n=102) were already in the chronic phase (> 90 days) 

of anticoagulation. Fifty-nine patients were within the initial 90 days of anticoagulation 

(acute phase). In 2 cases the exact start date was not available, but was assumed to be within 

the last 90 days. In those 2 cases the observation start date was postponed by 90 days and 

they were included in the chronic cohort after 90 days.

Thirty-five patients reached a clinical endpoint during the observation period. Endpoints 

were stroke (n=2), major bleeding (n=2), CRNMB leading to discontinuation (n=10), and 

death (n=21). All the individuals with stroke or major bleeding had metastatic cancer, with 

lung/gastrointestinal and gynecological/breast origins for these two outcomes respectively. 

No systemic embolic events were identified. The mean observation period was 175 days 

(range 1 to 365 days). Fifty-four patients were followed up to their 365th day of 

anticoagulation without reaching an endpoint.

Adjusting for competing risks and considering a one-year period, the estimated cumulative 

incidence for major bleeding was 1.2% (95% CI=0–2.9%), CRNMB leading to 

discontinuation of rivaroxaban, 14% (95% CI=4.2–22.7%), stroke, 1.4% (95% CI=0–3.4%), 

and death, 22.6% (95% CI=12.2–31.7%) (Table 2 and Figure 1). There were no episodes of 

systemic embolism or hemorrhagic stroke. One patient died of a myocardial infarct 

concurrent with an acute ischemic cerebrovascular stroke.

A total of 74 patients were censored before reaching 365 days. Reasons for censoring 

included achievement of clinical remission (n=15), transfer of care to another institution 

(n=8), loss to follow-up (n=5), rivaroxaban discontinuation for unknown reasons (n=2). 9 

patients elected to discontinue rivaroxaban, including 3 due to cost considerations. 24 

patients stopped for medical reasons.

The medical reasons leading to discontinuation of rivaroxaban included: development of 

renal or liver dysfunction, thrombocytopenia, potential drug interaction between rivaroxaban 

and a newly added drug, change in digestive or urinary track after cancer surgery, admission 

for other medical reasons, and no further need of anticoagulation. One patient discontinued 

rivaroxaban and switched to a different anticoagulant after development of an upper 

extremity deep venous thrombosis. Eleven patients reached the end of observation date 
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(03/31/16), prior to 365 days of anticoagulation. The mean observation time for these 

patients was 205 days (range 92 to 350).

A total of 123 invasive procedures were performed during the observation period. In 105 

cases rivaroxaban was held for at least 24 hours. 3 patients underwent emergency 

interventions and rivaroxaban had not been held. Rivaroxaban was not held prior to 

intervention in one case, for unknown reason. No major bleed or ischemic stroke occurred 

during the surgeries or within 72 hours after the intervention. Eight patients were not 

restarted on rivaroxaban after their intervention due to medical reasons.

Nine episodes of moderate thrombocytopenia (platelet count < 50,000/mcl) were recorded. 

The mean duration of thrombocytopenia was 11 days, ranging from 1 to 60 days. In 5 of 

these episodes the dose of rivaroxaban was not adjusted, although 4 of the 5 cases had only a 

single isolated platelet count < 50,000/mcl that resolved upon repeat testing. In 2 cases the 

drug was held transiently. One episode of thrombocytopenia was associated with a CRNMB 

leading to discontinuation of rivaroxaban.

Renal dysfunction (creatinine clearance < 30 ml/min, Cockcroft-Gault) was observed in 5 

patients (total of 8 episodes).14 Rivaroxaban was transiently held and then subsequently 

restarted in 3 episodes, discontinued in 1 case, and not adjusted in 4 cases. No major 

bleeding or stroke occurred during these episodes of renal dysfunction. Other events should 

be noted, although not included in the primary analysis. These include CRNMB episodes 

which did not lead to a discontinuation of rivaroxaban for 7 days or longer (N=24) and 

venous thromboembolic events (N=2).

Univariate analysis did not show any correlation between baseline values and CRNMB, but a 

correlation between cancer stage and death was observed as expected. A Cox Proportional 

Hazards model including age and cancer stage confirmed this association. Due to the low 

event rate of MB as well as stroke, no further analysis was conducted. Other events should 

be noted, although not included in the primary analysis. These include CRNMB episodes 

which did not lead to a discontinuation of rivaroxaban for 7 days or longer (N=24) and 

venous thromboembolic events (N=2).

Discussion

Cancer is associated with a hypercoagulable state as well as increased risk of bleeding. 

Those risks are not adequately captured by current stratification scores (CHADS2 or 

CHA2DS2VASc score).15 Nevertheless, our cancer cohort had similar CHA2DS2-VASc 

scores to the ROCKET-AF study; In the ROCKET-AF study 87% of the patients had a 

CHA2DS2-VASc score greater or equal to 3, compared to 69% for the MSKCC cohort.

There is no established guidance for anticoagulation management of AF, specific to patients 

with active cancer. DOAC’s may be a reasonable anticoagulant choice in cancer patients, 

being much less sensitive to dietary changes or drug interactions than VKA’s and less costly 

and burdensome than LMWH. Additionally, DOAC’s have a shorter half-life than VKA’s 

allowing for more rapid responses to transient episodes of thrombocytopenia or interruption 

for invasive procedures.16
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Findings from this QAI program provide encouraging initial data on the safety and efficacy 

of rivaroxaban in cancer patients with AF. The safety and efficacy event rates in this study 

were similar to those reported in the general population in the ROCKET-AF trial.1 Mortality 

was substantial but largely attributable to underlying malignancy and lower than what was 

observed in the CLOT study which featured a similar population treated with dalteparin for 

venous thromboembolic disease.17 The cumulative incidence of stroke adjusting for 

competing risks was 1.4% at 1 year in this cancer cohort, similar to the 1.7% per year 

outcome for stroke and systemic embolism in the rivaroxaban group in the as-treated safety 

population of ROCKET-AF.1

The cumulative, 12 month rate of major bleeding in our cohort was 1.2%. This compares 

favorably with the 3.6% rate in the rivaroxaban group in ROCKET-AF. 1 The major bleeding 

rate was 5.1 per 100 patient years in the cancer arm of the ORBIT-AF registry. 18 The cancer 

arm of the ORBIT-AF registry pooled patients with a VKA and dabigatran. Our cohort 

cannot be directly compared to ROCKET-AF, as ours is a retrospective cohort, and 

ROCKET-AF was a randomized, prospective clinical trial. Several sources of bias could 

account for a lower observed risk of major bleeding, including not accounting for transient 

periods off anticoagulation and the selection of a more favorable subset of patients by 

treating clinicians. But with these limitations in mind, we do not see evidence of trends 

towards inferior safety or efficacy with use of rivaroxaban for treatment of AF in patients 

with active cancer.

There are some other limitations to our cohort analysis. Rivaroxaban is cleared in the urine, 

and therefore our institutional guidelines recommend against use of rivaroxaban in patients 

with active gastrointestinal or genitourinary lesions, due to an expected high risk of bleeding 

in those sites. This could lead to selection bias and to a less vulnerable patient population up 

front.

This cohort also does not include all patients with active cancer and AF at MSKCC, as some 

individuals received anticoagulation care at the hands of their local internist or cardiologist, 

which in theory could affect the internal validity of our study. However, since the vast 

majority of MSK patients receive most or all of their care within the institution and our 

electronic records include documentation from outside medical encounters, this potential 

source of error would be minor.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Cumulative incidence for competing risks. *Clinically-relevant non-major bleeding leading 

to discontinuation of rivaroxaban for at least 7 days.
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Table 1

Baseline Characteristics of Patients

Characteristic

Mean age in years (range) 72 (32–93)

Women 71 (44%)

Cancer stage of solid tumors*

  I 6 (4%)

  II 8 (6%)

  III 12 (9%)

  IV 81 (59%)

  NED 5 (4%)

  Recurrent 25 (18%)

Cancer type

  Lung 31 (19%)

  Hematologic Malignancy 24 (15%)

  Gastrointestinal 20 (12%)

  Genitourinary 18 (11%)

  Breast 16 (10%)

  Other 54 (33%)

CHA2DS2-VASc Score

  0 6 (4%)

  1 12 (7%)

  2 32 (20%)

  3 55 (34%)

  4 31 (19%)

  5 15 (9%)

  6 7 (4%)

  7 4 (2%)

  8 1 (1%)

  9 0

Modified HAS-BLED Score†

  0 18 (11.1%)

  1 96 (58.9%)

  2 40 (24.5%)

  3 9 (5.5%)

  4 to 8 0

Creatinine Clearance (mL/min)‡

  ≥50 148 (91%)

  <50 10 (6%)

  Unknown 5 (3%)

NED: no evidence of disease
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*
Cancer staging was not applied to brain tumors and hematological malignancies.

†
The “labile INR” criterion was omitted.

‡
Creatinine clearance was estimated using the Cockroft-Gault formula.14
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Table 2

Cumulative Incidence of Competing Risks for Patients in the Acute, Chronic and Combined Phases of 

Anticoagulation*

Acute Phase
N=59

Chronic Phase
N=138

Combined Period
N=163

Ischemic Stroke (95% CI) 0 1.8% (0–4.3) 1.4% (0–3.4)

Major bleeding (95% CI) 0 1.5% (0–3.6) 1.2% (0–2.9)

Death (95% CI) 11.4% (1.4–20.3) 14.2% (7.3–20.5) 22.6% (12.2–31.7)

CRNMB (95% CI) 9.8% (0.2–18.4) 5.4% (1.1–9.5) 14.0% (4.2–22.7)

*
Cumulative incidence estimates for the chronic phase are conditional to reaching day 90 of anticoagulation without sustaining an event. The 

chronic phase was defined as lasting 275 days and the combined period encompasses 365 days.

CRNMB: Clinically-relevant non-major bleeding leading to discontinuation of rivaroxaban for at least 7 days.
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