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BACKGROUND
Apixaban and rivaroxaban are the oral anticoagulants most frequently used to treat 
acute venous thromboembolism. However, uncertainty remains about the difference 
in bleeding risk between the two medications.

METHODS
In an international trial with a prospective, randomized, open-label, blinded end-
point design, we assigned, in a 1:1 ratio, eligible patients with acute symptomatic 
pulmonary embolism or proximal deep-vein thrombosis to receive apixaban or riva-
roxaban for 3 months. Apixaban was given at a dose of 10 mg twice daily for 7 
days followed by 5 mg twice daily, and rivaroxaban was given at a dose of 15 mg 
twice daily for 21 days followed by 20 mg daily. The primary outcome was clinically 
relevant bleeding, a composite of major bleeding or clinically relevant nonmajor 
bleeding, as defined according to the International Society on Thrombosis and Hae-
mostasis, during the 3-month trial period. Secondary outcomes included death from 
any cause.

RESULTS
A total of 2760 patients underwent randomization: 1370 to the apixaban group and 
1390 to the rivaroxaban group. A primary-outcome event occurred in 44 of 1345 pa-
tients (3.3%) in the apixaban group and 96 of 1355 patients (7.1%) in the rivaroxaban 
group (relative risk, 0.46; 95% confidence interval [CI], 0.33 to 0.65; P<0.001). Death 
from any cause occurred in 1 patient (0.1%) in the apixaban group and in 4 pa-
tients (0.3%) in the rivaroxaban group (relative risk, 0.25; 95% CI, 0.03 to 2.26). Seri-
ous adverse events unrelated to bleeding or venous thrombosis occurred in 36 patients 
(2.7%) in the apixaban group and in 30 patients (2.2%) in the rivaroxaban group.

CONCLUSIONS
Among patients with acute venous thromboembolism, the risk of clinically relevant 
bleeding was significantly lower with apixaban than with rivaroxaban during the 
3-month treatment period. (Funded by the Canadian Institutes of Health Research 
and others; COBRRA ClinicalTrials.gov number, NCT03266783.)
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Venous thromboembolism is a com-
mon treatable condition, yet it is the third 
most common cause of acute cardiovascu-

lar events and cardiovascular-related death world-
wide.1,2 The incidence of venous thromboembo-
lism in the general population is 1 to 2 cases per 
1000 persons,3,4 and the incidence increases with 
age.5,6 Anticoagulation therapy is needed for a 
minimum of 3 months after venous thromboem-
bolism to prevent recurrent thrombotic events.1,7

Direct oral anticoagulants, including rivaroxa-
ban and apixaban, are the most frequently pre-
scribed treatments for acute venous thromboem-
bolism. In randomized clinical trials, rivaroxaban 
at a dose of 15 mg twice daily for 21 days followed 
by 20 mg daily and apixaban at a dose of 10 mg 
twice daily for 7 days followed by 5 mg twice 
daily were noninferior to vitamin K antagonists 
regarding efficacy (risk of recurrent venous throm-
boembolism).8,9 These trials showed that clinically 
relevant bleeding, a composite of major bleeding 
or clinically relevant nonmajor bleeding, occurred 
in 4.3% of the patients who received apixaban as 
compared with 9.7% of those who received vita-
min K antagonists9 and in 8.1% of patients who 
received rivaroxaban as compared with 8.1% of 
those who received vitamin K antagonists.8 The 
difference between apixaban and rivaroxaban ther-
apy regarding the risk of clinically relevant bleed-
ing was hypothesized to be related to heteroge-
neity in the patient populations and differences in 
the trial designs.8,9 Owing to a lack of trials that 
have compared rivaroxaban with apixaban regard-
ing the risk of bleeding, clinical practice guide-
lines do not recommend one anticoagulant over 
the other.1,7 We conducted the Comparison of 
Bleeding Risk between Rivaroxaban and Apixaban 
(COBRRA) trial to assess whether apixaban was 
superior to rivaroxaban with respect to safety in 
patients with acute venous thromboembolism.

Me thods

Trial Design and Oversight
This trial was a pragmatic, international trial with 
a PROBE (prospective, randomized, open-label, 
blinded end-point) design that compared apixaban 
with rivaroxaban in patients with acute venous 
thromboembolism. The trial protocol is available 
with the full text of this article at NEJM.org. The 
first and last authors designed the trial. The mem-

bers of the international steering committee had 
final responsibility for the design and oversight of 
the trial, clinical development and implementation 
of the protocol, writing of the manuscript, and 
decision to submit the manuscript for publication. 
Data analysis was performed at the Ottawa Meth-
ods Centre by two of the authors. An independent 
data and safety monitoring board and a statisti-
cian monitored the progress of the trial and the 
safety of the patients. The institutional review 
board or research ethics board at each of the par-
ticipating sites approved the protocol. The investi-
gators collected the data. The first author wrote 
the first draft of the manuscript. The authors 
vouch for the completeness and accuracy of the 
data and for the adherence of the trial to the pro-
tocol.

Patients provided integrated consent or written 
informed consent, depending on local require-
ments. With the integrated-consent approach, the 
treating physician used an approved script to pro-
vide all pertinent information about the trial to 
the patient during a clinical encounter. Patients 
were then asked to provide oral consent to un-
dergo randomization and receive the assigned 
treatment for at least 3 months. Additional infor-
mation about integrated consent is provided in the 
Supplementary Appendix, available at NEJM.org

The trial was coordinated and sponsored by the 
Ottawa Hospital Research Institute, the National 
Health and Medical Research Council Clinical Tri-
als Centre, the University of Sydney, the Royal 
College of Surgeons in Ireland, and the University 
College Dublin Clinical Research Centre under 
the supervision of the steering committee. Data 
were collected at the trial sites and entered in an 
online database managed by staff at the Ottawa 
Methods Centre of the Ottawa Hospital Research 
Institute. An independent central adjudication com-
mittee whose members were unaware of the treat-
ment assignments reviewed all suspected outcome 
events and causes of death with the use of an 
online platform (VERDICT).

The trial was funded by the Canadian Institutes 
of Health Research, the Medical Research Future 
Fund in Australia, the Royal College of Surgeons 
in Ireland, and the International Network of Ve-
nous Thromboembolism Clinical Research Net-
works. The funders had no role in the trial design, 
trial conduct, data collection and analysis, inter-
pretation of data, or review or preparation of the 
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manuscript. The trial was endorsed by the Interna-
tional Network of Venous Thrombosis Networks, 
the CanVECTOR Network, and the Thrombosis 
and Haemostasis Society of Australia and New 
Zealand.

Trial Population
Adults (≥18 years of age) with symptomatic acute 
venous thromboembolism were eligible for inclu-
sion in the trial. Inclusion criteria were symptom-
atic acute proximal lower-limb deep-vein throm-
bosis or segmental or more proximal pulmonary 
embolism and the ability to provide informed 
consent. Patients were excluded if they had re-
ceived therapeutic anticoagulation therapy for 
more than 72 hours immediately before the en-
rollment visit or had renal insufficiency with a 
creatinine clearance of less than 30 ml per minute 
according to the Cockcroftñ Gault formula.10 Among 
the other exclusion criteria were any contraindica-
tion to rivaroxaban or apixaban as determined 
by the local treating physician, including but not 
limited to active bleeding; active cancer11; a weight 
of more than 120 kg, owing to guidance recom-
mendations at the time of the trial design12; 
known liver disease (Childñ Pugh B or C disease); 
use of contraindicated interacting medications 
(according to information provided in the Supple-
mentary Appendix); current pregnancy or breast-
feeding; or another indication for long-term anti-
coagulation therapy, such as atrial fibrillation.

Randomization and Trial Intervention
Eligible patients were randomly assigned in a 1:1 
ratio to receive 3 months of treatment with riva-
roxaban at a dose of 15 mg twice daily for 21 days 
followed by 20 mg daily or apixaban at a dose 
of 10 mg twice daily for 7 days followed by 5 mg 
twice daily. Randomization was conducted by 
means of a centralized Web-based system and a 
permuted block design with varying block sizes (4 
and 6), with stratification according to renal in-
sufficiency (creatinine clearance, <50 ml per min-
ute vs. ≥50 ml per minute), planned continued use 
of antiplatelet therapy during the trial period (yes 
vs. no), and participating center. Treating clini-
cians and patients were aware of the treatment 
assignments. Patients received local prescriptions 
for the assigned medication that were to be filled 
at local commercial pharmacies. Members of the 
independent central adjudication committee and 

statisticians were unaware of the treatment as-
signments. Trial visits were scheduled to occur at 
enrollment and 2 weeks (with a window of ±1 
week) and 3 months after randomization.

Outcomes
The primary outcome was clinically relevant bleed-
ing, a composite of major bleeding or clinically 
relevant nonmajor bleeding, as defined by the In-
ternational Society on Thrombosis and Haemosta-
sis (ISTH). Major bleeding was defined as overt 
bleeding that occurred in a critical site, was as-
sociated with a decrease of at least 2 g per deciliter 
in the hemoglobin level, led to transfusion of 2 or 
more units of packed red cells, or contributed to 
death.13 Clinically relevant nonmajor bleeding was 
defined as bleeding that did not meet the defini-
tion for major bleeding but met at least one of the 
following criteria: resulted in medical interven-
tion by a health care professional, led to hospital-
ization or an increased level of care, or prompted 
face-to-face evaluation by a health care profes-
sional.14

Secondary outcomes included the individual 
components of the primary outcome and recur-
rent symptomatic venous thromboembolism (a 
composite of recurrent deep-vein thrombosis or 
recurrent pulmonary embolism).15 Recurrent deep-
vein thrombosis was defined by a noncompress-
ible area in the popliteal vein or more proximal 
vein on compression ultrasonography that was 
not present at the time of diagnosis or by a con-
stant intraluminal filling defect in the popliteal 
vein or more proximal veins on venography. Re-
current pulmonary embolism was defined by ab-
normalities on ventilationñ perfusion scanning, 
including a new unmatched segmental or more 
proximal perfusion defect; an intraluminal filling 
defect in a segmental or more proximal vessel on 
computed tomographic pulmonary angiography 
that was previously free of thrombi; or a constant 
intraluminal filling defect or a cutoff of a vessel 
of more than 2.5 mm in diameter on pulmonary 
angiography. Other secondary outcomes includ-
ed death from bleeding, death from recurrent 
venous thromboembolism (confirmed on the ba-
sis of a death certificate or autopsy findings), 
death from any cause, and medication adherence 
at each follow-up visit (see the Supplementary 
Appendix). All trial outcomes were adjudicated 
by an independent central adjudication committee 
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whose members were unaware of the treatment 
assignments.

Statistical Analysis
The current trial was designed to have 80% power 
to detect a 33% lower risk (minimum clinically 
meaningful reduction) of clinically relevant bleed-
ing with apixaban than with rivaroxaban at a two-
sided alpha level of 0.05. This design was based 
on the assumption that a primary-outcome event 
would occur in 5.4% of the patients in the apixa-
ban group and in 8.1% of those in the rivaroxaban 
group. We calculated that a minimum of 1352 pa-
tients in each treatment group would be needed to 
detect such a difference in risk. Loss to follow-up 
was less than 1% in the EINSTEIN trials of riva-
roxaban and the AMPLIFY (Apixaban for the Ini-
tial Management of Pulmonary Embolism and 
Deep-Vein Thrombosis as First-Line Therapy) 
trial of apixaban.8,9 Assuming a conservative loss 
to follow-up of 2% in the current trial, we planned 
to enroll 2760 participants (1380 participants per 
treatment group).

The primary outcome of adjudicated clinically 
relevant bleeding was analyzed in the intention-
to-treat population, which included all the pa-
tients who had undergone randomization and 
completed follow-up, with data analyzed accord-
ing to the patient' s assigned treatment group. In 
the prespecified primary-outcome analysis, we 
used a chi-square test to calculate an unadjusted 
odds ratio and its corresponding 95% confidence 
interval. In a sensitivity analysis of the primary 
outcome, we used mixed-effects logistic regres-
sion with adjustment for the stratification variable 
of renal disease (creatinine clearance, <50 ml per 
minute vs. ≥50 ml per minute), continued anti-
platelet use (yes vs. no), age (<75 years vs. ≥75 
years), and sex (male vs. female) and a random 
effect for trial site to calculate an adjusted odds 
ratio and 95% confidence interval.

A time-to-event analysis of the primary out-
come was conducted with the Kaplanñ Meier 
method. The secondary outcomes of major bleed-
ing, clinically relevant nonmajor bleeding, recur-
rent venous thromboembolism, and death from 
any cause were analyzed with unadjusted odds 
ratios and their corresponding 95% confidence 
intervals.

At the request of the Journal editors, we calcu-
lated relative risks and their corresponding 95% 

confidence intervals for all primary and secondary 
outcomes and used a generalized linear mixed-
effects model with a log link function to calculate 
the adjusted relative risk in the sensitivity analysis 
of the primary outcome. Relative risks are pro-
vided in the main text, and odds ratios, which 
were calculated as prespecified in the statistical 
analysis plan (available with the protocol), are pro-
vided in the Supplementary Appendix. Because the 
event of interest is rare (incidence, <10%), the odds 
ratios were expected to be similar to the relative 
risks.16,17

In the secondary-outcome analyses, the widths 
of the confidence intervals have not been adjusted 
for multiplicity, and the intervals should not be 
used in place of hypothesis testing. The main 
competing risk was death; however, because mor-
tality was very low (<0.5% of the patients), we did 
not adjust for this competing risk in the analyses 
of the primary and secondary outcomes. The 
analyses of the primary and secondary outcomes 
and the mixed-effects logistic-regression analysis 
were conducted according to a complete-case ap-
proach because no data were missing among the 
baseline variables included in the analyses. In the 
prespecified subgroup analyses, unadjusted odds 
ratios and their corresponding 95% confidence 
intervals are provided. All the analyses were con-
ducted in the intention-to-treat population.

R esult s

Patients
From December 13, 2017, to January 23, 2025, 
a total of 2760 patients underwent randomization 
at 32 centers in Canada, Australia, and Ireland 
(Fig. 1). We assigned 1370 patients to receive 
apixaban and 1390 to receive rivaroxaban. After 
the exclusion of 60 patients (2.2%) who had un-
dergone randomization, 1345 patients in the 
apixaban group and 1355 in the rivaroxaban 
group were assessed in the intention-to-treat 
analysis (Fig. 1 and Table S1 in the Supplementary 
Appendix).

Baseline demographic and clinical characteris-
tics appeared to be well balanced between the 
treatment groups (Table 1). The mean age was 
58.3 years, and 1175 patients (43.5%) were female. 
Approximately 10% of the patients reported non-
White race (Table S2). Most of the patients (2087; 
77.3%) had an unprovoked venous thromboem-
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bolism event; 1409 patients (52.2%) had deep-vein 
thrombosis alone, and 1291 (47.8%) had pulmo-
nary embolism with or without deep-vein throm-
bosis. Overall, 429 patients (15.9%) had a history 
of venous thromboembolism.

Primary Outcome and Key Secondary Outcomes
In the intention-to-treat analysis, clinically rele-
vant bleeding during the 3-month trial period oc-
curred in 44 of 1345 patients (3.3%) in the apixa-
ban group and in 96 of 1355 (7.1%) in the 
rivaroxaban group (relative risk, 0.46; 95% confi-
dence interval [CI], 0.33 to 0.65; P<0.001) (Table 2 
and Fig. 2). Findings appeared to be consistent 
across prespecified subgroups (Fig. S1). In the 
sensitivity analysis conducted with a generalized 
linear mixed-effects model, the adjusted marginal 
relative risk was 0.45 (95% CI, 0.32 to 0.64).

Major bleeding occurred in 5 patients (0.4%) in 
the apixaban group and in 32 patients (2.4%) in 
the rivaroxaban group (relative risk, 0.16; 95% CI, 
0.06 to 0.40). Major bleeding resulted in a decrease 
in the hemoglobin level or a blood transfusion in 
all 5 patients in the apixaban group. In the riva-
roxaban group, major bleeding led to a decrease 
in the hemoglobin level or a blood transfusion in 
28 patients and to bleeding in a critical area or 
organ in 4 patients (Table S3). No deaths due to 
bleeding occurred in the treatment groups.

Clinically relevant nonmajor bleeding occurred 
in 39 patients (2.9%) treated with apixaban and in 
67 patients (4.9%) treated with rivaroxaban (rela-
tive risk, 0.59; 95% CI, 0.40 to 0.86). The most 
common types of clinically relevant nonmajor 
bleeding were vaginal bleeding (in 2.7% of the 
patients) and gastrointestinal bleeding (in 0.6%) 
in the apixaban group and vaginal bleeding (in 
3.8%), hematuria (in 1.3%), and gastrointestinal 
bleeding (in 1.0%) in the rivaroxaban group (Table 
S4). Recurrent symptomatic venous thromboembo-
lism occurred in 15 patients (1.1%) in the apixaban 
group and in 14 patients (1.0%) in the rivaroxaban 
group (relative risk, 1.08; 95% CI, 0.52 to 2.23) 
(Fig. 3). Death from any cause occurred in 1 patient 
(0.1%) in the apixaban group and in 4 patients 
(0.3%) in the rivaroxaban group (relative risk, 
0.25; 95% CI, 0.03 to 2.26). No deaths attributed 
to recurrent venous thromboembolism occurred 
in the treatment groups. Odds ratios for the 
primary and secondary outcomes are provided in 
Table S5.

Medication Adherence
At each follow-up visit, medication adherence as 
reported by the patient was recorded with the 
use of a series of questions that were designed 
to assess adherence in different ways. Complete 
adherence was reported by 65.7% of the patients 
in the apixaban group and by 75.1% of those in 
the rivaroxaban group (Table S6).

Safety
Serious adverse events that were not related to 
bleeding or venous thrombosis occurred in 36 pa-

Figure 1. Randomization and Follow-up.

Eligible patients were randomly assigned in a 1:1 ratio to receive 3 months 
of rivaroxaban at a dose of 15 mg twice daily for 21 days followed by 20 mg 
daily or apixaban at a dose of 10 mg twice daily for 7 days followed by 5 mg 
twice daily. Seven participants met exclusion criteria after randomization 
and were not assessed in the primary analysis; five patients in the apixaban 
group were excluded owing to a weight of more than 120 kg (in 1 patient) 
or the absence of a qualifying venous thromboembolism (in 4), and two pa-
tients in the rivaroxaban group were excluded owing to the absence of a 
qualifying venous thromboembolism. Qualifying venous thromboembolism 
events were proximal deep-vein thrombosis or segmental or more proximal 
pulmonary embolism. Nonqualifying venous thromboembolism events are 
described in Table S1 in the Supplementary Appendix.

2760 Underwent randomization

9753 Patients were assessed for eligibility

6993 Were excluded
683 Declined to participate

6310 Were excluded per protocol

1370 Were assigned to receive apixaban
1363 Received apixaban

7 Did not receive apixaban
2 Withdrew consent
5 Met an exclusion criterion

1390 Were assigned to receive
rivaroxaban

1382 Received rivaroxaban
8 Did not receive rivaroxaban

6 Withdrew consent
2 Met an exclusion criterion

1345 Completed the trial
18 Did not complete trial

4 Withdrew consent
13 Were lost to follow-up

1 Died

1355 Completed the trial
27 Did not complete trial

10 Withdrew consent
15 Were lost to follow-up

2 Died

1345 Were included in the
primary outcome analysis

1355 Were included in the
primary outcome analysis
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tients (2.7%) in the apixaban group and in 30 pa-
tients (2.2%) in the rivaroxaban group (Table S7).

Discussion

The current trial compared the direct oral anti-
coagulants apixaban and rivaroxaban with re-
spect to the risk of bleeding among patients with 

acute pulmonary embolism or proximal deep-vein 
thrombosis. The trial showed that apixaban (at a 
dose of 10 mg twice daily for 7 days followed by 
5 mg twice daily) was superior to rivaroxaban (at 
a dose of 15 mg twice daily for 21 days followed 
by 20 mg daily) regarding the primary outcome of 
clinically relevant bleeding, a composite of major 
bleeding or clinically relevant nonmajor bleeding, 

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Apixaban
(N=1345)

Rivaroxaban
(N=1355)

Age ó  yr 58.0±16.3 58.5±15.8

Female sex ó  no. (%) 597 (44.4) 578 (42.7)

Race or ethnic group ó  no. (%)Ü

White 1182 (87.9) 1218 (89.9)

Black 51 (3.8) 44 (3.2)

Asian 36 (2.7) 31 (2.3)

Hispanic or Latino 21 (1.6) 13 (1.0)

Indigenous or Aboriginal 8 (0.6) 4 (0.3)

Other 38 (2.8) 35 (2.6)

Country ó  no. (%)

Canada 1244 (92.5) 1254 (92.5)

Australia 100 (7.4) 98 (7.2)

Ireland 1 (0.1) 3 (0.2)

Body weight ó  kg 85.9±16.4 85.2±15.8

Body-mass indexá 29.1±5.2 28.9±5.1

Creatinine clearance

Overall ó  ml/min 107.1±38.8 105.6±38.3

<50 ml/min ó  no. (%) 60 (4.5) 63 (4.6)

Continued antiplatelet use ó  no. (%) 36 (2.7) 35 (2.6)

Qualifying venous thromboembolism diagnosis ó  no. (%)ß

Deep-vein thrombosis alone 691 (51.4) 718 (53.0)

Pulmonary embolism with or without deep-vein thrombosis 654 (48.6) 637 (47.0)

Provoked venous thromboembolism¶ 322 (23.9) 290 (21.4)

Unprovoked venous thromboembolism 1022 (76.0) 1065 (78.6)

History of venous thromboembolism ó  no. (%)∥ 210 (15.6) 219 (16.2)

*  Eligible patients were randomly assigned in a 1:1 ratio to receive 3 months of rivaroxaban at a dose of 15 mg twice daily 
for 21 days followed by 20 mg daily or apixaban at a dose of 10 mg twice daily for 7 days followed by 5 mg twice daily. 
Plusñ minus values are means ±SD. Percentages may not sum to 100 because of rounding.

Ü   Race and ethnic group were reported by the patient.
á   Body-mass index is the weight in kilograms divided by the height in square meters.
ß   Qualifying venous thromboembolism diagnosis indicates the diagnosis that led to enrollment and participation in the 

trial.
¶   Provoked venous thromboembolism was defined as venous thromboembolism related to surgery, hospitalization, 

trauma, leg fracture or lower-limb cast, immobilization for at least 3 days, estrogen therapy, pregnancy, or postpartum 
status.

∥  History of venous thromboembolism indicates a medical history of venous thromboembolism before the qualifying 
thrombosis event.
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during the 3-month trial period. There was no ap-
parent difference in the risk of the secondary 
outcome of recurrent venous thromboembolism 
between the two groups.

Clinical practice guidelines recommend direct 
oral anticoagulants as first-line therapy for acute 
venous thromboembolism because these agents 
have a better safety profile than vitamin K antago-
nists.1,7,18 Prospective direct comparison trials have 
been lacking, which has limited recommendations 
for the preference of apixaban or rivaroxaban. 
Minimizing bleeding complications during treat-
ment is an important consideration in the man-
agement of acute venous thromboembolism.19 In 
the pivotal registration trials for apixaban and 
rivaroxaban, differences in the risk of clinically 
relevant bleeding were noted between the two 
direct oral anticoagulants and vitamin K antago-
nists, whereas the risk of recurrent thrombosis 
was similar.8,9 These findings prompted deeper 
consideration of the differences in bleeding risks 
with respect to the trial design and participant 
characteristics.20,21 Our trial confirms the lower 
risk of clinically relevant bleeding with apixaban 
than with vitamin K antagonists that was seen 
in the AMPLIFY trial.9 In the present trial, the 
3-month incidence of clinically relevant bleeding 
was significantly lower in the apixaban group 
than in the rivaroxaban group. The most common 
types of bleeding in the apixaban group were 
vaginal bleeding (in 2.7% of the patients) and 

gastrointestinal bleeding (in 0.6%), with a lower 
incidence of vaginal bleeding than in the AMPLIFY 
trial (5.4%).9,22 In the rivaroxaban group, the most 
common types of bleeding were vaginal bleeding 
(in 3.8% of the patients), hematuria (in 1.3%), and 
gastrointestinal bleeding (in 1.0%). The incidence 
of vaginal bleeding in the rivaroxaban group 
was lower in our trial than in the EINSTEIN 
trials (9.5%).8,22

Our trial does not explain the difference in 
bleeding risk between patients treated with apixa-
ban and those treated with rivaroxaban. Antico-
agulant adherence at 3 months was lower in the 
apixaban group than in the rivaroxaban group 
(65.7% vs. 75.1%). However, the percentage of 
patients with recurrent venous thromboembolism 
during the 3-month trial period was approximate-
ly 1% in each group. Nonetheless, emphasizing 
anticoagulation adherence and discussing barriers 
to adherence with patients are critical to the man-
agement of acute venous thromboembolism. In 
our trial, the difference in the risk of clinically 
relevant bleeding may be related to the dose of 
rivaroxaban, given that most of the difference 
seems to have occurred during the first 3 weeks of 
treatment, a period when rivaroxaban was given at 
a dose that was 50% higher than the maintenance 
dose (Fig. 2). Despite this factor, the risk of recur-
rent venous thromboembolism appeared to be 
similar in each treatment group. Further evalua-
tion in clinical trials is needed to confirm whether 

Table 2. Clinical Outcomes during the Trial Period.

Outcome
Apixaban
(N=1345)

Rivaroxaban
(N=1355)

Relative Risk
(95% CI)*

Primary outcome

Clinically relevant bleedingÜ 44 (3.3) 96 (7.1) 0.46 (0.33ñ 0.65)á

Secondary outcomes

Major bleeding 5 (0.4) 32 (2.4) 0.16 (0.06ñ 0.40)

Clinically relevant nonmajor bleeding 39 (2.9) 67 (4.9) 0.59 (0.40ñ 0.86)

Death from bleeding 0 0

Recurrent symptomatic venous thromboembolism 15 (1.1) 14 (1.0) 1.08 (0.52ñ 2.23)

Death from recurrent venous thromboembolism 0 0

Death from any cause 1 (0.1) 4 (0.3) 0.25 (0.03ñ 2.26)

*  Analyses of secondary outcomes were not adjusted for multiplicity, and the widths of the confidence intervals should 
not be used in place of hypothesis testing.

Ü   Clinically relevant bleeding was defined as a composite of major bleeding or clinically relevant nonmajor bleeding.
á   P<0.001 for the comparison of the apixaban group with the rivaroxaban group.
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the rivaroxaban dosing regimen contributed to the 
observed bleeding risks. Findings regarding the 
primary outcome were consistent across pre-
specified subgroups (Fig. S1). The 3-month mor-
tality was low in each treatment group, a finding 
that is also consistent with published data.23

Our trial has limitations. The open-label design 
could have introduced ascertainment bias. Emerg-
ing data during the trial may have influenced 
physician perceptions about the bleeding risk with 
apixaban and rivaroxaban. However, ascertain-
ment bias is unlikely because the bleeding events 
that were assessed in the trial are by definition 
overt and require a visit to a medical facility. Also, 
it is unlikely that knowledge of the anticoagulant 
received would have influenced the decision to 
transfuse or proceed with an intervention. We col-
lected data only during the first 3 months of anti-
coagulation therapy; whether the differences in 
bleeding risk persist beyond this time period is 
unknown. The bleeding definitions used in the 
current trial do not incorporate the use of health 
care resources for the management of bleeding, 
nor do they consider patient perceptions about 
clinical severity and the effects of bleeding on 
quality of life.

Among additional limitations are the exclu-
sion of patients with a body weight of more than 
120 kg in accordance with the ISTH guidance at 
the time of the trial design,12 which limits data on 
patients with overweight or obesity. Patients with 
cancer-associated thrombosis were also excluded 
from the trial because low-molecular-weight hepa-
rin was standard care at the time of the trial de-
sign. Pivotal registration trials of apixaban and 
rivaroxaban in that population were completed 
after our trial began. Diversity according to race 
and ethnic group was limited in the trial popula-
tion. Finally, the trial was not powered to detect 
differences in the risk of recurrent venous throm-
boembolism. Findings from our trial should not 
be extrapolated to other indications, including 
extended secondary prevention of venous throm-
boembolism with a full or reduced dose of direct 
oral anticoagulants, cancer-associated acute ve-
nous thromboembolism, and atrial fibrillation; 
a clinical trial assessing bleeding risk with riva-
roxaban and apixaban in patients with atrial fi-
brillation is ongoing (ClinicalTrials.gov number, 
NCT04642430).

Among patients with acute venous thrombo-
embolism, the risk of clinically relevant bleeding 

Figure 3. Recurrent Venous Thromboembolism.

Shown are Kaplanñ Meier curves for the first episode of recurrent symp-
tomatic venous thromboembolism, a composite of recurrent deep-vein 
thrombosis or recurrent pulmonary embolism, during the 3-month treat-
ment period (secondary outcome). The inset shows the same data on an 
enlarged y-axis. Shading indicates 95% confidence intervals.
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Figure 2. Clinically Relevant Bleeding.

Shown are Kaplanñ Meier curves for the first episode of clinically relevant 
bleeding, a composite of major bleeding or clinically relevant nonmajor 
bleeding, during the 3-month treatment period (primary outcome). The in-
set shows the same data on an enlarged y-axis. Shading indicates 95% con-
fidence intervals.
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at 3 months was significantly lower with apixa-
ban than with rivaroxaban.
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