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Abstract This retrospective study, utilizing U.S. electronic health record (EHR) data from
January 2013 to December 2020, sought to assess whether rivaroxaban and apixaban
had similar effectiveness and safety in the treatment of cancer-associated venous
thromboembolism (VTE) in patients with a cancer type not associated with a high risk
of bleeding. We included adults diagnosed with active cancer, excluding esophageal,
gastric, unresected colorectal, bladder, noncerebral central nervous system cancers
and leukemia, who experienced VTE and received a therapeutic VTE dose of rivarox-
aban or apixaban on day 7 post-VTE, andwere active in the EHR�12months prior to the
VTE. Primary outcome was the composite of recurrent VTE or any bleed resulting in
hospitalization at 3 months. Secondary outcomes included recurrent VTE, any bleed
resulting in hospitalization, any critical organ bleed, and composites of these outcomes
at 3 and 6 months. Inverse probability of treatment-weighted Cox regression was used
to calculate hazard ratios (HRs) with 95% confidence intervals (CIs). We included 1,344
apixaban and 1,093 rivaroxaban patients. At 3 months, rivaroxaban was found to have
similar hazard to apixaban for developing recurrent VTE or any bleed resulting in
hospitalization (HR: 0.87; 95% CI: 0.60–1.27). No differences were observed between
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Introduction

Patients with active cancer are at as high as 12-fold more
likely to develop a venous thromboembolism (VTE) than
thosewithout.1WhenVTE occurs, patientswith cancer carry
up to a threefold higher rate of thrombosis recurrence and
approximately twice the risk of bleeding during anticoagu-
lation.1–3 Therefore, it is critical to utilize anticoagulants that
optimize effectiveness while minimizing bleeding risk when
treating cancer-associated VTE (Ca-VTE). The strength of
recommendation in Ca-VTE guidelines4–9 for oral factor Xa
inhibitors is based on data from randomized controlled trials
(RCTs)10–15 comparing an oral factor Xa inhibitor to low-
molecular-weight heparins (LMWHs) to treat Ca-VTE.
Results of these RCTs suggest that oral factor Xa inhibitors
may reduce thrombosis risk but with potentially more
frequent bleeding; the latter finding was disproportionally
driven by patients with gastrointestinal and genitourinary

malignancies.10 No head-to-head RCT of rivaroxaban versus
apixaban in the treatment of Ca-VTE is available. Therefore,
we sought to evaluate the effectiveness and safety of rivar-
oxaban versus apixaban for Ca-VTE treatment in a retrospec-
tive cohort of patients with active cancer considered at low
risk of bleeding.4–9

Methods

Data Source
The Head-to-Head Observational Study in Cancer Associated
Thrombosis for Rivaroxaban—United States Cohort (H2H-OS-
CAR-US)protocolwasregisteredonClinicalTrials.gov Identifier
(NCT05461807).Weperformeda retrospective cohort analysis
using U.S. Optum De-Identified electronic health record (EHR)
data from January 1, 2012 through December 31, 2020. The
OptumEHRdatabaseprovided longitudinal patient-levelmed-
ical record data for>95million patients seen at approximately

Key Points
• Rivaroxaban and apixaban have similar effectiveness and safety for treatment of cancer-associatedVTE through 6months.
• Clinicians should therefore consider patient preference and adherence when choosing the optimal anticoagulant.

cohorts for this outcome at 6 months (HR: 1.00; 95% CI: 0.71–1.40) or for any other
outcome at 3 or 6 months. In conclusion, patients receiving rivaroxaban or apixaban
showed similar risks of the composite of recurrent VTE or any bleed resulting in
hospitalization in patients with cancer-associated VTE. This study was registered at
www.clinicaltrials.gov as #NCT05461807.
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700þ hospitals and approximately 7,000þ clinics across the
United States and includes data onmedications both electroni-
cally prescribed and self-reported (including over-the-counter
medications), laboratory results, vital signs, body measure-
ments, other clinical observations, and diagnosis and proce-
dure codes.11 Insured and uninsured patients of all ages are
included in the data set. The use of the Optum EHR database
does not involve human subjects research and has been deter-
mined by the New England Institutional Review Board to be
exempt from broad institutional review board approval. All
Optum EHR data are deidentified and follow the Health Insur-
ance Portability and Accountability Act of 1996 to preserve
patient anonymity and confidentiality.

Cohort Selection
The population of interest for this study included adult
patients with active cancer excluding esophageal, gastric,
unresected colorectal, bladder, noncerebral central nervous
system cancers, and leukemia,4–9 who were admitted to the
hospital, emergency department, or observationunit for acute
deep vein thrombosis (DVT) and/or pulmonary embolism (PE)
on or after January 1, 2013, andwere treatedwith therapeutic
VTE doses of rivaroxaban or apixaban per electronically en-
tered prescription or patient self-report on day 7 after the
qualifying acute VTE diagnosis (index date). Patients had to be
active in the EHR data set�12months prior to the index event
and had �1 provider visit in the 12 months prior to the acute
VTE event (baseline period). We defined active cancer as
cancer being actively treatedwith systemic therapyor surgery
within 6 months of the index Ca-VTE, or metastatic disease
regardless of time from initial cancer diagnosis or treatment.
We excluded patients if they had an alternative indication for
anticoagulation, were anticoagulated in the 12 months prior,
or were pregnant.

Outcomes
We assessed the primary composite of recurrent VTE (de-
fined by the presence of an appropriate inpatient discharge
diagnosis code in the primary coding position)12 or any bleed
resulting in hospitalization (defined per the Cunningham
algorithm13) at 3 months. Secondary outcomes included a
composite of recurrent VTE or any critical organ bleed
(defined as intracranial, intraspinal, intraocular, retroperito-
neal, intraarticular, pericardial, or intramuscular with com-
partment syndrome); recurrent VTE; any bleed resulting in
hospitalization; and any critical organ bleed at 3 and at
6 months. To evaluate if residual confounding bias might
have influenced the results, we assessed hospitalization for
any pneumonia as a falsification outcome (e.g., an outcome
that is not anticipated to be impacted by anticoagulant
choice and thus should demonstrate a null effect in the
absence of residual confounding).14

Sample Size
This study was powered to demonstrate the choice of rivar-
oxaban versus apixaban in the management of Ca-VTE would
not result in an excessive increase in the composite outcomeof
recurrent VTE or any bleed resulting in hospitalization at

3 months. We hypothesized that rivaroxaban would have
similar effectiveness and safety to apixaban with respect to
the risk of recurrent VTE or any bleed resulting in hospitaliza-
tion, defined as an upper limit of the 95% confidence interval
(CI) for the hazard ratio (HR) of<1.5015 and a one-sided alpha
level of 0.025.15 Assuming a 3-month risk of the primary
outcome of 7%15,16 and no difference between rivaroxaban
and apixaban (i.e., HR: 1.0), we estimated a sample of approxi-
mately 1,900 patients would be required to observe an
expected total of 100 primary outcome events and would
give our study 80% power. Based on previous analyses of this
Optum EHR dataset, we anticipated approximately 6,000
patients experiencing Ca-VTE, of which, >1,000 patients
would have received rivaroxaban and >1,000 would have
received apixaban.16

Statistical Analysis
To adjust for potential confounding between the rivaroxaban
and apixaban cohorts, propensity scores were calculated
using a multivariable logistic regression model.17 The pro-
pensity score model utilized 67 covariates, including demo-
graphics, baseline comorbidities, laboratory values, vital
signs, other clinical observations, systemic cancer treat-
ments and surgeries, and medication use (electronic pre-
scription and over-the-counter). All clinical characteristics
listed in ►Table 1 were included in the propensity score
model. Propensity scoreswere then used to assignweights to
individual patients in the analysis using a stabilized inverse
probability of treatment weighting (IPTW) approach. Ade-
quacy of weighting was assessed by reviewing absolute
standardized differences (ASDs) for all covariates entered
in the propensity score model. An ASD<0.10was considered
to represent adequate balance.17

Given the retrospective nature of the data analysis, the
presence of a comorbid disease diagnosis was made based
upon billing codes and/or supporting laboratory and observa-
tion data. The absence of data for a comorbidity was assumed
to represent the absence of the disease (thus no missing data
for binary comorbidity disease diagnoses). For continuous
laboratory values and observations data, missing data were
imputedusingamultiple imputationapproachbasedona fully
conditional specification linear regressionmodelwithall other
available variables included in the model. No imputation was
performed for missing outcomes data.

Baseline characteristics were analyzed using descriptive
statistics for unweighted and stabilized IPTW cohorts.17

Categorical data were reported as percentages and continu-
ous data asmedianswith accompanying interquartile ranges
or means� standard deviations. Kaplan–Meier analysis was
performed to generate time-to-event curves. We fit Cox
proportional hazards regression models with robust sand-
wich estimators to compare event rates over time for rivar-
oxaban versus apixaban for all outcomes. The only
independent variable included into Cox regression models
was anticoagulant received. Results of Cox regression analy-
ses were reported as HRs with 95% CIs. Data management
and statistical analysis was performed using SAS version 9.4
(SAS Institute, Cary, North Carolina) and IBM SPSS version
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28.0 (IBM Corp., Armonk, NewYork). The proportional hazard
assumption was tested based on Schoenfeld residuals and
found to be met for all outcomes. Patients were censored in
the Cox models at the first incidence a patient experienced
end-of-EHR activity (based on “Last Month Active” data avail-
able in the Optum EHR) or reached the end of data availability
in the Optum data set. Due to lack of prescription fill claims
data in the data set,11 it was anticipated that we would be
unable to accurately assess patient time on anticoagulation for
a substantial proportionof thestudypopulation. Patientswere
therefore analyzed using an intent-to-treat approach (where-
by patients were evaluated based on their anticoagulant
received on day 7 and were not censored at therapy switch
or discontinuation). Time from treatment initiation to end
of follow-up was considered the time under risk. A p-value
<0.05 was considered significant in all cases. No adjust-
ments for multiple hypothesis testing were performed.

Research Reporting
This article was written in accordance with the reporting of
studies conducted using observational routinely collected
health data statement for pharmacoepidemiology guidance.18

Role of Funding Source
This study was supported by Bayer AG, Berlin, Germany. The
corresponding author had full access to all the data in the
study and had final responsibility for the decision to submit
for publication.

Data Sharing Statement
Data used in this study were obtained from Optum under a
license to Bayer AG (and provided to Dr. Coleman under a
third-party agreement) and are not publicly available.

Results

Patient Characteristics
TheEHRdata set included105,463patientswhohad aprimary
hospital, emergency department, or observation unit billing
code for VTE. Of these, 12.5% were adult patients with a
diagnosis of cancer and had their VTE on or after January 1,
2013. Approximately 27% of these patients lacked evidence of
active cancer (cancer treatmentwithin6monthsormetastatic
disease). Additional patients were excluded from the analysis
because they were not receiving rivaroxaban or apixaban on
day 7 post-Ca-VTE diagnosis, had an alternative indication for
full-dose anticoagulation, or were pregnant. This left a total of
2,437 patients with active cancer experiencing a Ca-VTE and
treated with either rivaroxaban (n¼1,093) or apixaban
(n¼1,344) available for analysis (►Fig. 1).

After IPTW, characteristics of patients receiving rivaroxaban
and apixaban were similar for all covariates included in the
propensity scoremodel (►Table 1). Of includedpatients, 29.0%
were �75 years of age, 56.9% were female, 20.6% had a body
mass index (BMI) �35kg/m2, and 18.7% had an estimated
glomerular filtration rate (eGFR) <60mL/minute at baseline.
TheCa-VTEeventwasaPE�DVTin45.6%ofpatients,37.7%had
metastatic disease, and 46.9% received active cancer treatment

within 4 weeks of the Ca-VTE event. Themost common cancer
types (>10% prevalence) included breast (23.5%), lung (20.1%),
prostate (14.6%), and hepatobiliary (12.1%).

Main Results
At 3 months, rivaroxaban and apixaban were found to be
associatedwith a similar hazard of developing the composite
of recurrent VTE or any bleed resulting in hospitalization (5.3
vs. 6.0% for rivaroxaban and apixaban [referent], respective-
ly; HR: 0.87, 95% CI: 0.60–1.27) (►Fig. 2, ►Table 2). No
significant differences were observed between anticoagula-
tion cohorts for this outcome at 6 months (HR: 1.00, 95% CI:
0.71–1.40) or for any other outcome at 3 or 6 months
(►Supplementary Figs. S1–S4, available in theonlineversion).

Falsification Outcome
No statistical difference between the rivaroxaban or apix-
aban cohorts was observed for our a priori chosen

Fig. 1 Patient inclusion and exclusion from the study. Of 14,618
patients with Ca-VTE initially identified, 12,181 were excluded,
resulting in a final study population of 2,437 patients with cancer
types for which oral factor Xa inhibitors are recommended according
to guidelines and receiving either rivaroxaban or apixaban for inclu-
sion in the analysis. Ca-VTE, cancer-associated venous thromboem-
bolism; CNS, central nervous system.
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falsification outcome of pneumonia at 3 (8.8 vs. 8.4%; HR:
1.06, 95% CI: 0.75–1.48) or 6 months (11.3 vs. 11.4%; HR:
1.00, 95% CI: 0.75–1.33) (►Fig. 3).

Discussion

To our knowledge, this is the first head-to-head comparative
study of rivaroxaban and apixaban for the treatment of Ca-
VTE. This was a large study including 2,400þ patients with
active cancer, excluding esophageal, gastric, unresected colo-
rectal, bladder, noncerebral central nervous system cancers,

and leukemia, andwhoexperiencedan incidentVTEevent.We
found no significant difference in the hazard of developing the
composite outcome of recurrent VTE or any bleed resulting in
hospitalization at 3 months between rivaroxaban- and apix-
aban-treated patients (HR: 0.87, 95% CI: 0.60–1.27). The HR of
0.87 in combinationwith anupper limit of the 95%CI of 1.27 (a
value less than the 1.5 margin determined to be acceptable a
priori15) lends strength to our interpretation that these two
oral factor Xa inhibitors have similar effectiveness and safety.
The present study also did not find statistically significant
differences in the composite outcome of recurrent VTE or any

Fig. 2 Time to recurrent VTE or bleeding-related hospitalization in
rivaroxaban and apixaban patients. Kaplan–Meier curve for the
composite of recurrent VTE or bleeding-related hospitalization
(rivaroxaban¼ solid line, apixaban¼dashed line). VTE, venous
thromboembolism.

Table 2 Outcomes of stabilized IPTW-weighted rivaroxaban and apixaban cohorts at 3 and 6 months

Outcome Rivaroxaban,
n¼ 1,093, %

Apixaban
n¼1,344, %

sIPTW,a

HR (95% CI)

3 months

Recurrent VTE or bleeding-related hospitalization 5.3 6.0 0.87 (0.60–1.27)

Recurrent VTE 3.8 4.2 0.92 (0.59–1.42)

Bleeding-related hospitalization 2.4 2.3 1.05 (0.59–1.88)

Critical organ bleed 0.2 0.4 0.49 (0.09–2.59)

Recurrent VTE or critical organ bleed 3.8 4.5 0.85 (0.56–1.31)

6 months

Recurrent VTE or bleeding-related hospitalization 7.5 7.5 1.00 (0.71–1.40)

Recurrent VTE 5.1 4.9 1.05 (0.71–1.57)

Bleeding-related hospitalization 3.5 3.3 1.06 (0.63–1.79)

Critical organ bleed 0.3 0.7 0.44 (0.13–1.51)

Recurrent VTE or critical organ bleed 5.2 5.3 0.98 (0.66–1.44)

Abbreviations: IPTW, inverse probability of treatment weighting; sIPTW, stabilized inverse probability of treatment weighting; VTE, venous
thromboembolism.
aPropensity score model for sIPTW included demographics, laboratory values, clinical observations, comorbidities, cancer type, systemic cancer
treatments, and concomitant noncancer medications.

Fig. 3 Time to pneumonia (falsification outcome) in rivaroxaban and
apixaban patients with Ca-VTE. Kaplan–Meier curve for the falsifica-
tion outcome of pneumonia (rivaroxaban¼ solid line, apixaban¼
dashed line). Ca-VTE, cancer-associated venous thromboembolism.
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bleed resulting inhospitalization at 6months, or differences in
the composite of recurrent VTE or critical organ bleed, recur-
rent VTE, bleeding-related hospitalization, or critical organ
bleed alone at 3 or 6months. Finally, the falsification outcome
of pneumonia was found to have similar incidence rates
between the rivaroxaban and apixaban cohorts, supporting
aminimal impactofpotential residual confoundingbiasonour
study main findings.

Our results in the present head-to-head comparative
study are consistent with the findings of a “living” network
meta-analysis (NMA) of RCTs,19 even after our exclusion of
patients with esophageal, gastric, unresected colorectal,
bladder, noncerebral central nervous system cancers, and
leukemia. In the NMA performed by Riaz and colleagues,19

no differences were observed in patients’ odds of develop-
ing recurrent VTE or major bleeding (odds ratio [OR]: 1.10;
95% credible interval [CrI]: 0.56–2.12), recurrent VTE alone
(OR: 0.84; 95% CrI: 0.35–1.93), major bleeding alone (OR:
1.57; 95% CrI: 0.54–4.54), or mortality (OR: 0.95; 95% CrI:
0.60–1.49) when comparing rivaroxaban and apixaban
(referent). Comparisons of rivaroxaban or apixaban to
edoxaban in the NMA also did not show significant differ-
ences in these same outcomes with edoxaban. We were
unable to assess edoxaban’s effectiveness and safety in
comparison to rivaroxaban or apixaban in the present
study due to edoxaban’s low usage in the United States.
Future real-world studies comparing edoxaban to apixaban
and/or rivaroxaban should be performed in countries
where edoxaban has sufficient utilization in the treatment
of Ca-VTE.

Multiple medical organizations have published guidance
recommending an oral factor Xa inhibitor preferentially
over LMWH for the treatment of Ca-VTE in patients with
cancer types not associated with a high risk of bleeding
when taking an oral factor Xa inhibitor after careful consid-
eration of cancer-specific bleeding risk, potential drug–drug
interactions, availability of treatment options, and patient
preference.4–9 Patient preference for anticoagulant treat-
ment in VTE appears to favor once-daily intake of oral
treatments that do not require dose adjustment or biomo-
nitoring.20 Rivaroxaban is administered once daily in Ca-
VTE after an initial 21 days of twice-daily dosing. In
comparison, apixaban is administered twice daily for the
entire course of Ca-VTE treatment. Once-daily dosing of
direct-acting oral anticoagulants has also been found to be
associated with better medication adherence compared to
twice-daily dosing in the setting of nonvalvular atrial
fibrillation.21

Since this study utilized a retrospective cohort design and
was based on routinely collected data, various biases may
have affected our results.22 Misclassification bias is always a
concern in retrospective analyses. We attempted to attenu-
ate this risk by using validated coding algorithms to identify
active cancer diagnoses, covariates, and outcomes. The use of
an EHR data set also provided us with laboratory and
observation values reducing our reliance on billing codes
to identify the presence or absence of many key covariates
(e.g., BMI, eGFR, anemia, thrombocytopenia, etc.). Moreover,

we limited identification of recurrent VTE to the presence of
�1 of a validated set of VTE-associated billing codes restrict-
ed to the primary coding position during an inpatient
encounter (previously shown to have a positive predictive
value of about 95%).12 To detect bleeding-related hospital-
izations, we used the validated Cunningham algorithm.13 To
address the risk of confounding bias, our analysis used a
stabilized IPTW approach to balance many important base-
line covariates between rivaroxaban- and apixaban-treated
patients.17 Despite our use of stabilized IPTW, residual
confounding bias from unmeasured covariates in nonran-
domized studies cannot be fully ruled out, even though the
lack of difference observed for our falsification analysis does
add some reassurance. As we utilized an EHR data set11 that
did not have corresponding claims data for prescriptions, we
were unable to formally assess persistence to rivaroxaban or
apixaban. The choice of utilizing the anticoagulant used on
day 7 as the “intention-to-treat” index anticoagulant therapy
wasmade to prevent early therapy switching within the first
7 days (i.e., from a heparin to rivaroxaban or apixaban) from
impacting our results. Lastly, becausewe evaluated a U.S. Ca-
VTE population without cancer types associated with high
risk of bleeding; our results and conclusions are most
generalizable to that population. While it may be of clinical
interest to compare rivaroxaban versus apixaban in patients
with Ca-VTE with specific high-risk bleeding cancer types,
available sample sizes were not yet large enough to carry out
robust analyses in this study.

Conclusion

Among adult patients with active cancers, excluding esoph-
ageal, gastric, unresected colorectal, bladder, noncerebral
central nervous system cancers, and leukemia, and
experiencing an acute VTE, rivaroxaban appeared to be at
least as effective and safe as apixaban at 3 months. No
statistically significant differences were observed in any
outcome between the anticoagulant cohorts at 3 or
6 months. Given the similar effectiveness and safety of
rivaroxaban and apixaban in Ca-VTE treatment, prescribers
should consider patient preference, adherence, and other
patient-specific factors when choosing the optimal
anticoagulant.

What Is known about This Topic?

• Cancer patients experiencing venous thromboembo-
lism (Ca-VTE) carry an approximately threefold higher
rate of thrombosis recurrence and nearly twice the risk
of bleeding during anticoagulation treatment.

• Guidelines recommend oral factor Xa inhibitors over
LMWH for the treatment of Ca-VTE in patients with
cancer types not associatedwith a high riskof bleeding
when taking an oral factor Xa inhibitor.

• No head-to-head trials comparing rivaroxaban and
apixaban for the treatment of Ca-VTE are available.
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What Does This Paper Add?

• Among patients with active cancers associated with a
lower riskof bleeding on an oral factor Xa inhibitor and
experiencing an acute VTE, rivaroxaban had similar
effectiveness and safety to apixaban at 3 months and
6 months.

• Given the similar effectiveness and safety of rivarox-
aban and apixaban in Ca-VTE treatment, this study
suggests prescribers consider patient preference, ad-
herence, and other patient-specific factors when
choosing optimal anticoagulation therapy.
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