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Background

The optimal strategy for thromboprophylaxis after major joint replacement has not 
been established. Low-molecular-weight heparins such as enoxaparin predominantly 
target factor Xa but to some extent also inhibit thrombin. Apixaban, a specific fac-
tor Xa inhibitor, may provide effective thromboprophylaxis with a low risk of bleed-
ing and improved ease of use.

Methods

In a double-blind, double-dummy study, we randomly assigned patients undergoing 
total knee replacement to receive 2.5 mg of apixaban orally twice daily or 30 mg of 
enoxaparin subcutaneously every 12 hours. Both medications were started 12 to 24 
hours after surgery and continued for 10 to 14 days. Bilateral venography was then 
performed. The primary efficacy outcome was a composite of asymptomatic and 
symptomatic deep-vein thrombosis, nonfatal pulmonary embolism, and death from 
any cause during treatment. Patients were followed for 60 days after anticoagula-
tion therapy was stopped.

Results

A total of 3195 patients underwent randomization, with 1599 assigned to the apixa-
ban group and 1596 to the enoxaparin group; 908 subjects were not eligible for the 
efficacy analysis. The overall rate of primary events was much lower than anticipated. 
The rate of the primary efficacy outcome was 9.0% with apixaban as compared with 
8.8% with enoxaparin (relative risk, 1.02; 95% confidence interval, 0.78 to 1.32). The 
composite incidence of major bleeding and clinically relevant nonmajor bleeding 
was 2.9% with apixaban and 4.3% with enoxaparin (P = 0.03).

Conclusions

As compared with enoxaparin for efficacy of thromboprophylaxis after knee replace-
ment, apixaban did not meet the prespecified statistical criteria for noninferiority, 
but its use was associated with lower rates of clinically relevant bleeding and it had 
a similar adverse-event profile. (ClinicalTrials.gov number, NCT00371683.)
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The use of heparins, vitamin K antag-
onists, and mechanical methods to prevent 
venous thromboembolism after major joint 

surgery is now standard practice.1 Despite effec-
tive prophylaxis, subclinical venous thrombosis de-
velops soon after surgery in 15 to 20% of patients 
who undergo hip replacement and in 30 to 40% 
of those who undergo knee replacement2; symp-
tomatic venous thromboembolism develops with-
in 3 months after surgery in 2 to 4% of patients 
undergoing hip or knee replacement.3,4

Currently available prophylactic methods have 
practical limitations, since they require subcuta-
neous injection (the heparins) or careful dose ad-
justment (vitamin K antagonists) or tend to be 
cumbersome (mechanical devices). Recent clini-
cal evaluations of orally active direct inhibitors of 
factor Xa5,6 or thrombin7,8 indicate that these new 
drugs (e.g., Xarelto [Bayer] and Pradaxa [Boeh-
ringer Ingelheim]) are no less effective for throm-
boprophylaxis after major joint surgery than 
low-molecular-weight heparins or vitamin K an-
tagonists; they also have similar safety profiles and 
offer the advantage of greater ease of adminis-
tration.

Apixaban is a potent, reversible, direct inhibitor 
of factor Xa.9 In a phase 2 study,10 the dose iden-
tified as appropriate for testing in phase 3 studies 
with patients undergoing major joint surgery was 
2.5 mg twice daily. We report on the efficacy and 
safety of 2.5 mg of apixaban administered twice 
daily, started 12 to 24 hours after completion of 
surgery for elective total knee replacement and 
continued for 10 to 14 days. The postoperative 
regimen of 30 mg of enoxaparin every 12 hours 
was selected as the comparator because this regi-
men is approved by the Food and Drug Adminis-
tration (FDA). Safety was of special importance, 
since the risk of bleeding could limit the use of 
apixaban.11,12

Me thods

Patients

Patients were eligible to participate in the study if 
they were scheduled to undergo total knee replace-
ment surgery for one or both knees, including re-
vision of a previously inserted artificial joint. They 
were excluded if they had active bleeding or a con-
traindication to anticoagulant prophylaxis, or if 
they required ongoing anticoagulant or antiplate-

let treatment. Additional exclusion criteria were 
uncontrolled hypertension, active hepatobiliary dis-
ease, clinically significant impairment of renal 
function, thrombocytopenia, anemia, allergy to 
heparin, and allergy to radiographic contrast dye 
or another contraindication to bilateral venog-
raphy. A complete list of the inclusion and exclu-
sion criteria is provided in the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org.

Study Design and Medications

We conducted a double-blind, double-dummy, ran-
domized clinical trial. Potentially eligible patients 
were identified during a screening period of up to 
30 days before surgery and randomly assigned to 
one of two study groups with the use of an inter-
active central telephone system. One group of pa-
tients received 2.5 mg of apixaban orally twice 
daily as well as an injection of placebo that mim-
icked injection with enoxaparin. The other group 
received 30 mg of enoxaparin subcutaneously ev-
ery 12 hours along with placebo tablets that were 
identical in appearance to apixaban tablets. The 
randomization was stratified according to study 
site and whether a patient was undergoing replace-
ment of one or both knees, with a block size of 4.

Patients received the first doses of the study 
medications 12 to 24 hours after surgery in order 
to be consistent with FDA label instructions for 
enoxaparin. Treatment was continued for 10 to 14 
days, at which time mandatory bilateral venogra-
phy was performed. All patients underwent a fol-
low-up evaluation 30 days and 60 days after the 
last dose of study medication. After venography, 
continued prophylaxis or treatment for thrombo-
sis was prescribed at the discretion of the inves-
tigator according to local practice. The trial was 
conducted in compliance with the Declaration of 
Helsinki. The protocol was approved by the eth-
ics committee or institutional review board at each 
center, and written informed consent was ob-
tained from each patient before randomization. 
All venograms and all episodes of suspected symp-
tomatic venous thromboembolism, bleeding, myo-
cardial infarction, stroke, thrombocytopenia, or 
death were adjudicated, without knowledge of the 
patient’s assigned treatment, by an independent 
central adjudication committee. The study was 
monitored by an independent data and safety 
monitoring board, which reviewed efficacy and 
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safety data at regular intervals. The chair of the 
board and board members received a fee for their 
professional service from the sponsors of the 
study.

The study was designed and supervised by the 
ADVANCE (Apixaban Dose Orally vs. Anticoagu-
lation with Enoxaparin) steering committee (see 
the Supplementary Appendix for a list of commit-
tee members). Data were collected and analyzed 
by the study sponsors. The statistical-analysis plan 
was approved by the steering committee before the 
database was locked and unblinded. The steering 
committee also wrote the manuscript and made 
the decision to submit it for publication. All au-
thors contributed to the writing of the manuscript 
and had full access to the data and analyses. The 
steering committee vouches for the accuracy and 
completeness of this report.

Study Outcomes

The primary efficacy outcome was the composite 
of adjudicated asymptomatic and symptomatic 
deep-vein thrombosis, nonfatal pulmonary em-
bolism, or death from any cause during the in-
tended treatment period. A secondary efficacy 
outcome was the composite of major thromboem-
bolism (the composite of adjudicated proximal 
deep-vein thrombosis, nonfatal pulmonary em-
bolism and VTE-related death) and death from any 
cause during the intended treatment period. An-
other secondary outcome was symptomatic throm-
boembolism (the composite of adjudicated symp-
tomatic deep-vein thrombosis and nonfatal or 
fatal pulmonary embolism) during the intended 
treatment period. The presence or absence of 
deep-vein thrombosis was assessed with the use 
of bilateral venography13 between day 10 and day 
14. When deep-vein thrombosis was suspected 
on the basis of clinical information, ultrasonog-
raphy or venography was used for confirmation. 
For suspected pulmonary embolism, the diagno-
sis was confirmed or ruled out with the use of 
ventilation–perfusion lung scanning, spiral com-
puted tomography, or pulmonary angiography. For 
deaths, autopsy was performed whenever possible.

The primary safety outcome was bleeding dur-
ing the treatment period or within 2 days after the 
last dose of study medication. Bleeding was evalu-
ated according to discrete categories of severity 
defined before the study began, including major 
bleeding, clinically relevant nonmajor bleeding, 
minor bleeding, and the composite of major bleed-

ing and clinically relevant nonmajor bleeding. The 
definition of major bleeding was adapted from the 
criteria of the International Society on Thrombo-
sis and Haemostasis for bleeding in nonsurgical 
patients.14 Major bleeding was defined as acute, 
clinically overt bleeding accompanied by one or 
more of the following events: a decrease in the 
hemoglobin level of 2 g per deciliter or more 
within a 24-hour period; a transfusion of 2 or more 
units of packed red cells; bleeding at a critical site 
(i.e., intracranial, intraspinal, intraocular, pericar-
dial, or retroperitoneal bleeding); bleeding into 
the operated joint, requiring an additional opera-
tion or intervention; intramuscular bleeding with 
the compartment syndrome; or fatal bleeding. The 
definition of clinically relevant nonmajor bleed-
ing is provided in the Supplementary Appendix; 
such bleeding included acute, clinically overt bleed-
ing, such as wound hematoma, bruising or ec-
chymosis, gastrointestinal bleeding, hemoptysis, 
hematuria, or epistaxis that did not meet the other 
criteria for major bleeding. The protocol specified 
an analysis of a composite of major and clinically 
relevant nonmajor bleeding. Bleeding was defined 
as minor if it was clinically overt but did not meet 
the criteria for either major or clinically relevant 
nonmajor bleeding. Additional safety outcomes 
were elevated aminotransferase or bilirubin levels 
and arterial thromboembolic events (myocardial 
infarction, acute ischemic stroke, or other sys-
temic thromboembolism) occurring during the 
treatment period or during the 60-day follow-up 
period.

Statistical Analysis

The study plan was based on the hypothesis that 
apixaban would be noninferior to enoxaparin with 
respect to the primary efficacy outcome, with the 
use of a prespecified noninferiority margin in 
which the upper limit of the 95% confidence in-
terval for relative risk did not exceed 1.25 and the 
upper limit of the 95% confidence interval for the 
difference in risk did not exceed 5.6 percentage 
points. Both criteria had to be met to establish non-
inferiority. We also planned to test for superiority 
if apixaban met the prespecified criteria for non-
inferiority. On the basis of previous studies,10 the 
assumed incidences of the primary efficacy out-
come were 16.0% for enoxaparin and 11.2% for 
apixaban. With these incidence data, a one-sided 
type I error of 0.025, and a 30% rate of venograph-
ic studies that could not be evaluated (based on the 
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rates in other studies of venous thromboembo-
lism5,7,10), we calculated that a sample of 3058 pa-
tients would provide 99% power for the statisti-
cal test of noninferiority according to the method 
of Yanagawa et al.15 and would provide 90% pow-
er for the test of superiority with the use of the 
Mantel–Haenszel test. These methods were used 
to calculate the relative risk and difference in risk, 
adjusted according to the stratification for type of 
surgery (one knee vs. both knees). 

The primary efficacy analysis was performed 
with the use of data from all patients who un-

derwent randomization and who had an efficacy 
outcome that could be evaluated. Patients were 
included in the efficacy evaluation if they had a 
venogram that could be evaluated, as determined 
by the adjudication committee, if they had con-
firmed symptomatic deep-vein thrombosis or pul-
monary embolism, or if they died from any cause 
during the intended treatment period. Symptoms 
suggesting venous thromboembolism were as-
sessed in all patients who underwent randomiza-
tion. For the secondary outcome of major venous 
thromboembolism and death from any cause, the 
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1599 Were assigned to receive
apixaban

1596 Were assigned to receive
enoxaparin
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1596 Were included in safety
analysis

1588 Were included in safety
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per-protocol efficacy analysis
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per-protocol efficacy analysis
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Figure 1. Enrollment and Randomization of Study Patients. 

DVT denotes deep-vein thrombosis.
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Table 1. Baseline Characteristics of the Patients.

Characteristic
Subjects Who Underwent  

Randomization
Subjects Eligible for Efficacy  

Analysis

Apixaban 
(N = 1599)

Enoxaparin 
(N = 1596)

Apixaban 
(N = 1157)

Enoxaparin 
(N = 1130)

Female sex — no. (%) 997 (62.4) 986 (61.8) 689 (59.6) 678 (60.0)

Age — yr

Mean 65.9 65.7 66.1 65.5

Range 26–93 33–89 26–93 33–87

Weight — kg

Mean 86.7 86.7 86.7 86.6

Range 41.0–163.7 40.5–163.3 46.5–163.7 40.5–163.3

Body-mass index*

Mean 31.2 31.1 30.9 30.9

Range 18.1–54.7 17.7–57.6 18.1–54.7 17.7–51.6

Race — no. (%)†

White 1515 (94.7) 1515 (94.9) 1108 (95.8) 1076 (95.2)

Black 63 (3.9) 58 (3.6) 33 (2.9) 34 (3.0)

Asian 9 (0.6) 16 (1.0) 7 (0.6) 14 (1.2)

Other 12 (0.8) 7 (0.4)  9 (0.8) 6 (0.5)

History of venous thromboembolism  
— no. (%)

Deep-vein thrombosis 57 (3.6) 47 (2.9) 42 (3.6) 26 (2.3)

Pulmonary embolism 10 (0.6) 6 (0.4)  7 (0.6) 4 (0.4)

Previous orthopedic surgery — no. (%)

Knee replacement 374 (23.4) 347 (21.7) 249 (21.5) 244 (21.6)

Hip replacement 91 (5.7) 73 (4.6) 65 (5.6) 47 (4.2)

Hip or knee fracture repair 65 (4.1) 62 (3.9) 46 (4.0) 43 (3.8)

Type of surgery — no. (%)

Right side 802 (50.2) 782 (49.0) 588 (50.8) 555 (49.1)

Left side 763 (47.7) 779 (48.8) 548 (47.4) 548 (48.5)

Both sides 34 (2.1) 35 (2.2) 21 (1.8) 27 (2.4)

Type of anesthesia — no. (%) 

General 674 (42.2) 704 (44.1) 472 (40.8) 482 (42.7)

Spinal 947 (59.2) 920 (57.6) 696 (60.2) 673 (59.6)

Regional 440 (27.5) 462 (28.9) 332 (28.7) 340 (30.1)

Other 310 (19.4) 303 (19.0) 228 (19.7) 218 (19.3)

Duration of surgery — hr

Mean 1.53 1.55 1.49 1.53

Range 0.45–13.90 0.08–4.72 0.45–13.90 0.08–4.72 

Use of tourniquet — no. (%) 168 (10.5) 168 (10.5) 114 (9.9) 124 (11.0)

Use of cement — no. (%) 1513 (94.6) 1521 (95.3) 1096 (94.7) 1076 (95.2)
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definition of a venogram that could be evaluated 
was modified to include all venograms with prox-
imal venous segments that could be evaluated 
during the intended treatment period. Efficacy 
outcomes were also analyzed according to a pre-
specified per-protocol definition; the results of this 
analysis are included in the Supplementary Appen-
dix. No interim analysis was performed for this 
study. 

The population for analysis of safety included 
all patients who underwent randomization and 
received at least one dose of study medication. 
The differences in the incidences of bleeding were 
analyzed with the use of the Mantel–Haenszel test. 
The other safety outcomes were analyzed with the 
use of appropriate descriptive methods. All P val-
ues reported for the noninferiority analysis of the 
primary outcome and its components are one-
sided, and all P values reported for bleeding are 
two-sided. All confidence intervals are two-sided, 
95% intervals. To control for type I error, a sequen-
tial test procedure was performed to compare the 

efficacy of apixaban with that of enoxaparin for 
the primary efficacy outcome. The noninferiority 
of apixaban was tested first, with the plan that 
if noninferiority was demonstrated, the superior-
ity of apixaban would be tested. Several sensitiv-
ity analyses were performed to evaluate the robust-
ness of the data, taking into consideration the 
outcomes for patients that were outside the pre-
specified time for performance of venography and 
the outcomes for all randomized patients whose 
venograms could not be evaluated.

R esult s

Patients

The randomized population consisted of 3195 pa-
tients from 129 sites in 14 countries (Fig. 1). The 
demographic and clinical characteristics of the two 
treatment groups were similar at baseline (Table 1), 
and the results of venography were adequate in 
similar proportions of patients in the two groups 
(Fig. 1). The study medication was begun at a 

Table 1. (Continued.)

Characteristic
Subjects Who Underwent  

Randomization
Subjects Eligible for Efficacy 

Analysis

Apixaban 
(N = 1599)

Enoxaparin 
(N = 1596)

Apixaban 
(N = 1157)

Enoxaparin 
(N = 1130)

Indication for surgery — no. (%) 

Osteoarthritis 1291 (80.7) 1283 (80.4)  942 (81.4)  909 (80.4)

Degenerative joint disease 357 (22.3) 367 (23.0) 240 (20.7) 249 (22.0)

Rheumatoid arthritis 33 (2.1) 37 (2.3) 22 (1.9) 20 (1.8)

Other 82 (5.1) 84 (5.3) 53 (4.6) 58 (5.1)

Duration of hospitalization — days

Mean 6.3 6.4 6.2 6.3

Range 2.0–37 2.0–67 2.0–37.0 3.0–46.0

Geographic region — no. (%)

North America 1018 (63.7) 1022 (64.0) 755 (65.3) 739 (65.4)

Europe 308 (19.3) 300 (18.8) 227 (19.6) 217 (19.2)

Latin America 223 (13.9) 220 (13.8) 137 (11.8) 134 (11.9)

Asia and Pacific islands 50 (3.1) 54 (3.4) 38 (3.3) 40 (3.5)

Estimated creatinine clearance >60 ml/
min — no. (%)

1388 (86.8) 1377 (86.3)  999 (86.3)  991 (87.7)

* The body-mass index is the weight in kilograms divided by the square of the height in meters.
† Race was self-reported.
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mean (±SD) of 20.3±3.5 hours postoperatively in 
the apixaban group and at 20.2±3.7 hours in the 
enoxaparin group. The mean duration of treatment 
with study medication was 11.7±2.5 days in the 
apixaban group and 11.6±2.5 days in the enox-
aparin group.

Efficacy

The statistical criterion for the noninferiority of 
apixaban as compared with twice-daily adminis-
tration of enoxaparin was not met. The primary 
efficacy outcome occurred in 104 of 1157 patients 
(9.0%) in the apixaban group, as compared with 
100 of 1130 patients (8.8%) in the enoxaparin group 
(relative risk, 1.02; 95% confidence interval [CI], 
0.78 to 1.32; P = 0.06 for noninferiority; difference 
in risk, 0.1 percentage point; 95% CI, –2.2 to 2.4; 
P <0.001). Table 2 lists the efficacy outcomes and 
their individual components. The results of the 
sensitivity analyses for the primary efficacy out-
come are provided in the Supplementary Appendix.

The secondary outcome of major venous throm-
boembolism (the composite of adjudicated proxi-
mal deep-vein thrombosis, nonfatal pulmonary 
embolism, and VTE-related death) and death from 
any cause occurred in 26 of 1269 patients (2.1%) 
in the apixaban group and in 20 of 1216 patients 
(1.6%) in the enoxaparin group (relative risk, 
1.25; 95% CI, 0.70 to 2.23; difference in risk, 
0.36%; 95% CI, –0.68 to 1.40). Symptomatic ve-
nous thromboembolism (a composite of symptom-
atic deep-vein thrombosis and nonfatal or fatal 
pulmonary embolism) occurred in 19 of 1599 pa-
tients receiving apixaban (1.2%; 95% CI, 0.75 to 
1.87) and 13 of 1596 patients receiving enoxaparin 
(0.81%; 95% CI, 0.46 to 1.41) (relative risk, 1.46; 
95% CI, 0.72 to 2.95; difference in risk, 0.4 per-
centage point; 95% CI, –0.3 to 1.1). Follow-up for 
60 days after the last dose of study medication 
was completed in 1562 of the 1599 patients (97.7%) 
assigned to apixaban and in 1554 of the 1596 
patients (97.4%) assigned to enoxaparin. During 
the 60-day follow-up period, symptomatic venous 
thromboembolism occurred in 4 of 1562 patients 
(0.3%) in the apixaban group and in 7 of 1554 
patients (0.5%) in the enoxaparin group.

Safety

Major bleeding events (Table 3) occurred in 11 of 
1596 patients (0.7%) who received apixaban and 
in 22 of 1588 patients (1.4%) who received enox-
aparin (adjusted difference in event rates accord-
ing to type of surgery, −0.81%; 95% CI, −1.49 to 

−0.14%; P = 0.053). The composite outcome of ma-
jor bleeding and clinically relevant nonmajor bleed-
ing occurred in 46 patients (2.9%) in the apixaban 
group and 68 patients (4.3%) in the enoxaparin 
group (adjusted difference in event rates according 
to type of surgery, −1.46%; 95% CI, −2.75 to −0.17%; 
P = 0.03).

With respect to other safety measures (Table 4), 
elevated aminotransferase or bilirubin levels were 
uncommon in both groups. The criteria for hepato-
toxicity were not met in any patient receiving 
apixaban (95% CI for proportion of patients, 0 to 
0.3%). Arterial thromboembolic events during the 
combined treatment and follow-up period oc-
curred in two patients (0.1%) who received apixa-
ban and in six patients (0.4%) who received 
enoxaparin. The incidences of reported adverse 
events and serious adverse events were similar in 
the two groups.

A total of nine patients died during the treat-
ment and follow-up period (three in the apixaban 
group and six in the enoxaparin group). Pulmo-
nary embolism was the adjudicated cause of death 
in four patients (two in each group).

Discussion

Our first objective in conducting this study was 
to assess apixaban for noninferiority to enoxaparin 
as thromboprophylaxis in patients undergoing 
knee replacement. The prespecified noninferior-
ity criteria were not met for the primary efficacy 
outcome — a composite of any venous thromboem-
bolism plus death from any cause. This outcome 
was observed in 9.0% of patients who received 
apixaban and 8.8% of those who received enox-
aparin. The assumptions made in establishing the 
criteria for noninferiority and calculating the sam-
ple size were based on previous clinical trials in 
which the adjudication of outcome events was con-
sistent with ours and venous thromboembolism 
rates were about 16% in the control groups giv-
en enoxaparin every 12 hours after knee replace-
ment.10,16

In our trial, the 8.8% incidence of the primary 
efficacy outcome in patients treated with enox-
aparin was only 55% of the predicted rate. This 
result made it difficult to meet the prespecified 
criteria for noninferiority. The point estimate for 
the relative risk of the primary efficacy outcome 
was 1.02 (95% CI, 0.78 to 1.32); this 95% confi-
dence interval indicates that a relative increase 
in risk with apixaban of more than 32% can be 
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plausibly ruled out. The 95% confidence interval 
for the difference of 0.1 percentage point between 
the primary-outcome rates in the apixaban and 
enoxaparin groups was –2.2% to 2.4%, making it 
unlikely that a true efficacy advantage of enox-
aparin would exceed 2.4%. Given the advantage of 
apixaban with respect to the composite outcome 
of major bleeding and clinically relevant nonma-
jor bleeding, we conclude that our study shows 
that apixaban and enoxaparin have a similar ef-
ficacy that is within limits that should be accept-
able to clinicians. 

The inability to obtain venograms that can be 
evaluated for all patients is a practical limitation 
of this and other studies of thromboprophylaxis 
after major orthopedic surgery.5-8,10,16-20 It is un-
likely that rates of deep-vein thrombosis among 
the patients in our study who did not undergo 

venography would have differed between the two 
groups, since the study was randomized, with 
stratification according to study center, and we 
used a double-blind design. The rates of veno-
graphic studies that could be evaluated, the rea-
sons for not performing venography, and the 
characteristics of the patients with venograms that 
could not be evaluated were similar in the two 
groups (Fig. 1). The sensitivity analyses of the data 
for the primary efficacy outcome support our con-
clusions about efficacy. Including the patients who 
underwent venography outside the allowed time 
window did not change the outcome.

The rates of symptomatic venous thromboem-
bolism and related death were low both with 
apixaban and with enoxaparin (1.2% and 0.8%, 
respectively), although patients treated with apixa-
ban had a higher rate of pulmonary embolism 

Table 2. Efficacy Outcomes for Patients Who Underwent Randomization.*

Outcome Patients with Events
Relative Risk 

(95% CI)
Difference in Risk 

(95% CI)

Apixaban Enoxaparin

no./total no. (%) 95% CI no./total no. (%) 95% CI

Intended treatment period

All VTE and death from any 
cause 

104/1157 (9.0) 7.47–10.79 100/1130 (8.8) 7.33–10.66 1.02 (0.78 to 1.32) 0.11 (–2.22 to 2.44)

Major VTE and death from 
any cause†

26/1269 (2.0) 1.39–3.01 20/1216 (1.6) 1.06–2.55 1.25 (0.70 to 2.23) 0.36 (–0.68 to 1.40)

Symptomatic VTE and VTE-
related death

19/1599 (1.2) 0.75–2.95 13/1596 (0.8) 0.46–1.41 1.46 (0.72 to 2.95) 0.38 (–0.30 to 1.06)

All DVT‡ 89/1142 (7.8) 6.37–9.51 92/1122 (8.2) 6.73–9.97

Symptomatic DVT 3/1599 (0.2) 0.04–0.59 7/1596 (0.4) 0.20–0.93

Proximal DVT§ 9/1254 (0.7) 0.36–1.39 11/1207 (0.9) 0.49–1.65

All pulmonary emboli 16/1599 (1.0) 0.61–1.64 7/1596 (0.4) 0.20–0.93

Fatal 2/1599 (0.1) 0–0.49 0 0–0.30

Death 3/1599 (0.2) 0.04–0.59 3/1596 (0.2) 0.04–0.59

Intended Follow-up period 

Symptomatic DVT 3/1562 (0.2) 0.04–0.60 2/1554 (0.1) 0.01–0.51

All pulmonary emboli 1/1562 (0.1) 0–0.41 5/1554 (0.3) 0.12–0.78

Fatal 0 0–0.30 2/1554 (0.1) 0.01–0.51

Death 0 0–0.30 3/1554 (0.2) 0.04–0.60

* The total number is the number of patients who had a bilateral venogram that was deemed suitable for evaluation, had a VTE, or died from 
any cause. Each event was counted only once per subject, but subjects could be counted in multiple categories. Relative risk was calculated 
as the rate of efficacy for apixaban minus the rate of efficacy for enoxaparin divided by the rate of efficacy for enoxaparin. Difference in risk 
was calculated as the rate of efficacy for apixaban minus the rate of efficacy for enoxaparin. DVT denotes deep-vein thrombosis, and VTE ve-
nous thromboembolism.

† Major VTE was defined as proximal DVT, nonfatal pulmonary embolism, or fatal pulmonary embolism. The total number is the number of 
patients who had a bilateral proximal venogram that was deemed suitable for evaluation, had a major VTE, or died from any cause.

‡ The total number is the number of patients who had a bilateral venogram that was deemed suitable for evaluation or had a VTE.
§ The total number is the number of patients who had a bilateral proximal venogram that was deemed suitable for evaluation or had a proxi-

mal DVT.
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Table 3. Summary of Bleeding Events That Occurred during the Treatment Period.*

Outcome Apixaban (N = 1596) Enoxaparin (N = 1588)
Difference in Risk 

(95% CI) P Value

no. (%) 95% CI no. (%) 95% CI

Adjudicated major bleeding events 11 (0.7) 0.4–1.3 22 (1.4) 0.9–2.1 –0.81 (–1.49 to 0.14) 0.05

Days from first dose of study drug to event 3.3±3.47 3.9±3.52

Diagnostic criteria for major bleeding event

Clinically overt bleeding 10 (0.6) 22 (1.4)

Decrease in hemoglobin of ≥2 g/dl within  
24 hr

10 (0.6) 16 (1.0)

Transfusion of ≥2 units of packed red cells 9 (0.6) 18 (1.1)

Bleeding at a critical site

Intracranial bleeding 0 1 (<0.1)

Bleeding from any intraspinal, intraocular, 
pericardial, intramuscular, or retro-
peritoneal location

0 0

Fatal bleeding 0 1 (<0.1)

Hemarthrosis 1 (<0.1) 4 (0.3)

Other 3 (0.2) 5 (0.3)

Bleeding at surgical site†

Total 8 (0.5) 14 (0.9)

Hematoma 2 (0.1) 2 (0.1)

Hemarthrosis 0 3 (0.2)

Hemarthrosis with intervention 0 2 (0.1)

Bruising or ecchymosis 1 (<0.1) 1 (0.1)

Other surgical site 5 (0.3) 7 (0.4)

Nonsurgical bleeding events 3 (0.2) 10 (0.6)

Total

Bruising or ecchymosis 0 1 (<0.1)

Intracranial hemorrhage 0 1 (<0.1)

Gastrointestinal bleeding 1 (<0.1) 6 (0.4)

Other 2 (0.1) 2 (0.1)

Adjudicated clinically relevant nonmajor  
bleeding events

35 (2.2) 1.6–3.1 47 (3.0) 2.2–3.4 –0.77 (–1.87 to 0.33)

Days from first dose of study drug to event 4.3±3.69 4.3±3.19

Bleeding at surgical site†

Total 22 (1.4) 35 (2.2)

Hematoma 7 (0.4) 16 (1.0)

Hemarthrosis 2 (0.1) 2 (0.1)

Hemarthrosis with intervention 1 (<0.1) 0

Bruising or ecchymosis 7 (0.4) 10 (0.6)

Other 7 (0.4) 11 (0.7)

Nonsurgical bleeding events

Total 13 (0.8) 11 (0.7)

Hematoma 1 (<0.1) 2 (0.1)

Bruising or ecchymosis 6 (0.4) 2 (0.1)

Epistaxis 1 (<0.1) 1 (<0.1)

Gastrointestinal 0 4 (0.3)

Other 5 (0.3) 3 (0.2)
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(1.0% vs. 0.4%). These differences could have oc-
curred by chance. Data from the two ongoing 
phase 3 studies of the use of apixaban after ma-
jor joint surgery may provide further insight into 
this observation.

The risk of bleeding is a critical issue for sur-
geons and their patients. The apixaban regimen 
was associated with a lower risk of major bleed-
ing (P = 0.053) and with a lower risk of major and 
nonmajor clinical bleeding, as compared with the 
enoxaparin regimen (P = 0.03).

The rates of death and symptomatic venous 
thromboembolism were higher during the 2-month 
follow-up period after the end of active prophy-
laxis among patients who received enoxaparin 
than among those who received apixaban. Con-

sequently, the cumulative number of patients who 
had symptomatic venous thromboembolism or 
who died was similar in the two treatment groups 
by the end of the study period. There was no sign 
of hepatic toxic effects and no evidence of an in-
crease in the risk of arterial thromboembolism in 
either group during treatment or the follow-up 
period.17,18

In interpreting differences in outcome rates 
among clinical trials, it is prudent to allow for the 
possibility of an influence by the adjudicating team. 
We therefore relied on the previous experience of 
the same team used during the phase 2 program 
when projecting a probable rate of venous throm-
boembolism in the enoxaparin group of 16%. We 
cannot explain why the rate was 8.8% in our study, 

Table 3. (Continued.)

Apixaban (N = 1596) Enoxaparin (N = 1588)
Difference in Risk 

(95% CI) P Value

no. (%) 95% CI no. (%) 95% CI

Adjudicated major or clinically relevant  
nonmajor bleeding events

46 (2.9) 2.2–3.8 68 (4.3) 3.4–5.4 –1.46 (–2.75 to 0.17) 0.03

All bleeding events 85 (5.3) 4.3–6.6 108 (6.8) 5.7–8.2 –1.52 (–3.18 to 0.13) 0.08

Minor bleeding events 39 (2.4) 40 (2.5)

* All data are numbers and percentages of patients except for days from first dose of study drug to event, which are given as means ±SD. 
There may have been more than one bleeding event per patient; thus, the total number of bleeding events may be greater than the total 
number of patients with major or clinically relevant nonmajor bleeding.

† Numbers are from investigator reports.

Table 4. Summary of Safety Outcomes during the Intended Treatment and Follow-up Periods.* 

Outcome Apixaban, 2.5 mg Twice Daily (N = 1596) Enoxaparin, 30 mg Every 12 Hr (N = 1588)

Treatment 
Period

Follow-up 
Period Total

Treatment 
Period

Follow-up 
Period Total

number (percent)

AT >3 times ULN on same date 16 (1.0) 2 (0.1) 18 (1.1) 25 (1.6) 3 (0.2) 27 (1.7)

Total serum bilirubin >2 times ULN 2 (0.1) 1 (<0.1) 2 (0.1) 8 (0.5) 0 8 (0.5)

AT >3 times ULN and bilirubin >2 times 
ULN on same date

0 0 0 2 (0.1) 0 2 (0.1)

Thrombocytopenia† 0 0 0 2 (0.1) 0 2 (0.1)

Myocardial infarction 1 (<0.1) 1 (<0.1) 2 (0.1) 4 (0.3) 1 (<0.1) 5 (0.3)

Stroke 0 0 0 2 (0.1) 0 2 (0.1)

One or more serious adverse events 123 (7.7) 14 (0.9) 135 (8.5) 123 (7.7) 15 (0.9) 136 (8.6)

* AT denotes serum alanine aminotransferase and aspartate aminotransferase, and ULN upper limit of the normal range.
† Thrombocytopenia was defined as a decline in the platelet count to less than 100,000 per cubic millimeter for subjects with a postsurgery 

value of more than 150,000 per cubic millimeter or more than a 50% decline if the baseline (postsurgery) value was 150,000 per cubic milli-
meter or less.
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but rates of close to 10% were recorded with the 
use of enoxaparin every 12 hours after knee re-
placement in two recent trials that also evaluated 
a new anticoagulant and engaged the same ad-
judication team.19,20 A plausible explanation is that 
rates of postoperative thrombosis rates are de-
creasing, perhaps because of improved anesthetic 
and surgical techniques and patient care, including 
encouraging patients to walk much sooner after 
surgery than had previously been the case.21,22

Our results support the view that specific fac-
tor Xa inhibition has the potential to combine 
effective thromboprophylaxis with a low risk of 
bleeding and may have a favorable benefit-to-risk 

ratio as compared with that for low-molecular-
weight heparins.
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