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BACKGROUND
Factor XIa inhibitors for the prevention and treatment of venous and arterial 
thromboembolism may be more effective and result in less bleeding than conven-
tional anticoagulants. Additional data are needed regarding the efficacy and 
safety of milvexian, an oral factor XIa inhibitor.

METHODS
In this parallel-group, phase 2 trial, we randomly assigned 1242 patients undergo-
ing knee arthroplasty to receive one of seven postoperative regimens of milvexian 
(25 mg, 50 mg, 100 mg, or 200 mg twice daily or 25 mg, 50 mg, or 200 mg once 
daily) or enoxaparin (40 mg once daily). The primary efficacy outcome was venous 
thromboembolism (which was a composite of asymptomatic deep-vein thrombo-
sis, confirmed symptomatic venous thromboembolism, or death from any cause). 
The principal safety outcome was bleeding.

RESULTS
Among the patients receiving milvexian twice daily, venous thromboembolism 
developed in 27 of 129 (21%) taking 25 mg, in 14 of 124 (11%) taking 50 mg, in 
12 of 134 (9%) taking 100 mg, and in 10 of 131 (8%) taking 200 mg. Among those 
receiving milvexian once daily, venous thromboembolism developed in 7 of 28 
(25%) taking 25 mg, in 30 of 127 (24%) taking 50 mg, and in 8 of 123 (7%) taking 
200 mg, as compared with 54 of 252 patients (21%) taking enoxaparin. The dose–
response relationship with twice-daily milvexian was significant (one-sided 
P<0.001), and the 12% incidence of venous thromboembolism with twice-daily 
milvexian was significantly lower than the prespecified benchmark of 30% (one-
sided P<0.001). Bleeding of any severity occurred in 38 of 923 patients (4%) taking 
milvexian and in 12 of 296 patients (4%) taking enoxaparin; major or clinically 
relevant nonmajor bleeding occurred in 1% and 2%, respectively; and serious ad-
verse events were reported in 2% and 4%, respectively.

CONCLUSIONS
Postoperative factor XIa inhibition with oral milvexian in patients undergoing knee 
arthroplasty was effective for the prevention of venous thromboembolism and was 
associated with a low risk of bleeding. (Funded by Bristol Myers Squibb and Jans-
sen Research and Development; AXIOMATIC-TKR ClinicalTrials.gov number, 
NCT03891524.)
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Oral anticoagulants are a mainstay 
for the prevention and treatment of ve-
nous and arterial thromboembolism. Al-

though direct oral anticoagulants have replaced 
vitamin K antagonists for many indications, 
bleeding remains the major side effect. Fear of 
bleeding contributes to the underuse of antico-
agulants in eligible patients with atrial fibrilla-
tion and to the inappropriate use of low-dose 
direct oral anticoagulant regimens.1,2 Therefore, 
the need for safer oral anticoagulants persists.

Factor XI is a promising target for the devel-
opment of safer anticoagulants because it is an 
important driver of thrombus growth but plays 
a subsidiary part in hemostasis.3 Thus, patients 
with congenital factor XI deficiency are at lower 
risk for venous thromboembolism and ischemic 
stroke than those with normal factor XI levels 
but rarely have spontaneous bleeding.4-6

The development of new anticoagulants usu-
ally starts with dose-finding studies involving 
patients undergoing elective knee arthroplasty, 
because efficacy can be objectively and efficiently 
assessed by using venography to determine the 
incidence of deep-vein thrombosis after surgery. 
In such patients, preoperative subcutaneous ad-
ministration of an antisense oligonucleotide that 
reduces factor XI levels or postoperative factor XI 
inhibition with intravenous abelacimab, a factor 
XI–directed antibody, was superior to enoxaparin 
for the prevention of venous thromboembolism.7,8

Milvexian is a selective factor XIa inhibitor 
that is rapidly absorbed after oral administration 
and has a half-life of approximately 12 hours.9 In 
this proof-of-principle phase 2 trial (Antithrom-
botic Treatment with Factor XIa Inhibition to 
Optimize Management of Acute Thromboembolic 
Events in Total Knee Replacement [AXIOMATIC-
TKR]), we compared the efficacy and safety of 
milvexian and enoxaparin in patients undergo-
ing elective knee arthroplasty.

Me thods

Trial Design and Oversight

We used a randomized, parallel-group, adaptive 
design with blinded outcome adjudication to 
compare milvexian with enoxaparin. The trial 
was open label for treatment assignment to mil-
vexian or enoxaparin, but patients and observers 
(trial personnel and assessors of outcomes) were 
unaware of the milvexian dose regimen.

An operations committee and a steering com-

mittee were responsible for the design and over-
sight of the trial, in collaboration with the spon-
sors (Bristol Myers Squibb and Janssen Research 
and Development). The sponsors were responsi-
ble for data collection, maintenance, and analy-
sis. The institutional review board at each par-
ticipating center approved the protocol, which 
is available with the full text of this article at 
NEJM.org. All the patients provided written in-
formed consent.

The members of the steering committee were 
unaware of the treatment assignments. The opera-
tions committee, whose members were aware of 
the treatment assignments, periodically reviewed 
trial outcomes and adverse events for safety over-
sight and, with guidance from predefined crite-
ria for insufficient efficacy or excessive bleeding, 
made recommendations to the steering commit-
tee to continue the trial unchanged or to discon-
tinue or add milvexian dose regimens.

An independent clinical-events committee 
whose members were unaware of the treatment 
assignments adjudicated all venograms for the 
presence and extent of deep-vein thrombosis, all 
suspected episodes of symptomatic venous throm-
boembolism or bleeding, and all deaths. The first, 
second, and last authors wrote the first draft of 
the manuscript with subsequent input from the 
other authors. No one who is not an author con-
tributed to the writing of the manuscript. The 
authors vouch for the completeness and accuracy 
of the data and for the fidelity of the trial to the 
protocol.

Patients

Patients undergoing elective unilateral total knee 
arthroplasty were eligible if they were 50 years 
of age or older, had a medically stable condition, 
and were appropriate candidates for anticoagu-
lant prophylaxis. The main exclusion criteria were 
contraindications to enoxaparin (e.g., creatinine 
clearance, <30 ml per minute), a history of severe 
hepatic impairment or previous venous throm-
boembolism, the use of long-term antithrom-
botic therapy other than aspirin (≤100 mg per 
day), or the inability to undergo venography. The 
full list of inclusion and exclusion criteria is 
provided in the protocol.

Randomization and Trial Treatment

An adaptive design was used to improve patient 
recruitment for the dose–response evaluation. 
Initially, eligible patients were randomly assigned, 
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in a 1:1:1:1:1:1:2 ratio, to one of seven parallel 
treatment groups, which included four twice-
daily milvexian regimens (25 mg, 50 mg, 100 mg, 
or 200 mg), two once-daily milvexian regimens 
(25 mg or 200 mg), and enoxaparin (40 mg once 
daily), respectively. Randomization was per-
formed postoperatively with the use of a central-
ized interactive Web-based response system and 
was stratified according to the geographic re-
gion of the trial centers. Patients in the mil-
vexian groups were asked to take a total of four 
capsules (active drug or matching placebo) per 
day, two capsules in the morning and two cap-
sules in the evening. In the enoxaparin group, 
the drug was administered subcutaneously at a 
dose of 40 mg once daily. Trial medication was 
started 12 to 24 hours after surgery. A single 
dose of subcutaneous enoxaparin was allowed 
the evening before surgery according to the local 
standard of care. Treatment with milvexian or 
enoxaparin was given for 10 to 14 days after 
surgery.

The operations committee performed one ad 
hoc and one prespecified interim analysis. As a 
result of the ad hoc analysis, which occurred 
when 252 patients had undergone randomiza-
tion, enrollment into the group receiving 25 mg 
of milvexian once daily was stopped because the 
point estimate for the incidence of venous 
thromboembolism was 25%, which met the pre-
specified criteria for insufficient efficacy. A regi-
men of 50 mg of milvexian once daily was then 
added to gain more information about the effi-
cacy and safety of once-daily as compared with 
twice-daily milvexian dosing. On the basis of the 
results of the prespecified interim analysis, 
which was undertaken when at least 50 patients 
with a venogram that could be evaluated or 
with a confirmed symptomatic event were en-
rolled in each of the twice-daily milvexian 
groups, the randomization ratio was modified 
to enable recruitment of approximately 150 pa-
tients into the group receiving 50 mg of mil-
vexian once daily.

Trial Outcomes

The primary efficacy outcome was venous throm-
boembolism, which was a composite of asymp-
tomatic deep-vein thrombosis (detected by man-
datory unilateral venography performed 10 to 14 
days after surgery), confirmed symptomatic ve-
nous thromboembolism (symptomatic deep-vein 
thrombosis of the leg or nonfatal pulmonary 

embolism), or death from any cause. Unilateral 
venography that is performed only on the oper-
ated leg detects more than 90% of deep-vein 
thromboses in patients undergoing unilateral 
knee arthroplasty and reduces discomfort and 
the risk of allergic reactions or kidney damage 
from the contrast material.7,10

The major secondary efficacy outcomes were 
proximal deep-vein thrombosis (symptomatic or 
asymptomatic), distal deep-vein thrombosis (symp-
tomatic or asymptomatic), nonfatal pulmonary 
embolism, and death. An exploratory efficacy 
outcome was the extent of venous thrombosis on 
venography, which was assessed by the adjudica-
tion committee with the use of predefined cate-
gories.

The principal safety outcome was bleeding of 
any severity, which was defined as the composite 
of major bleeding, clinically relevant nonmajor 
bleeding, and minimal bleeding. Secondary safety 
outcomes were major bleeding, clinically relevant 
nonmajor bleeding, clinically relevant bleeding 
(defined as the composite of major bleeding and 
clinically relevant nonmajor bleeding), and min-
imal bleeding. Bleeding was classified as major 
if it was overt and was associated with a de-
crease in the hemoglobin level of 2 g per decili-
ter or more or resulted in transfusion of 2 or 
more units of blood with a temporal association 
within 24 to 48 hours of the bleeding episode, 
or if it occurred in a critical area or organ or 
contributed to death. Bleeding at the surgical 
site was defined as major only if it warranted 
intervention; caused hemodynamic instability; or 
caused hemarthrosis that delayed mobilization 
or wound healing and resulted in prolonged hos-
pitalization or deep wound infection. Overt bleed-
ing that did not meet the criteria for major 
bleeding, but that warranted medical examina-
tion or intervention or had clinical consequences, 
was classified as clinically relevant nonmajor 
bleeding. Bleeding that did not meet the criteria 
for major or clinically relevant nonmajor bleed-
ing was classified as minimal bleeding.11

Surveillance and Follow-up

Patients were evaluated preoperatively within 30 
days before surgery, at the time of randomiza-
tion, and after surgery on day 1, days 4 and 7 (if 
patients were still hospitalized), days 10 to 14, 
and at 6 weeks (±10 days). Patients were instruct-
ed to report symptoms suggestive of venous 
thromboembolism or bleeding.
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Laboratory Measurements
The activated partial-thromboplastin time and 
prothrombin time were measured in a central 
laboratory with the use of Actin FS and Innovin, 
respectively (Siemens Healthcare). The activated 
partial-thromboplastin time ratio and prothrom-
bin time ratio for each patient were calculated by 
dividing postoperative values by those measured 
preoperatively.

Statistical Analysis

The primary hypothesis was that milvexian would 
reduce the risk of venous thromboembolism dur-
ing the 10-to-14-day treatment period, thereby 
establishing proof of efficacy. The criteria for 
proof of efficacy were defined a priori as either 
a significant dose–response trend with the twice-
daily milvexian regimens or an incidence of 
venous thromboembolism with the combined 
twice-daily milvexian regimens that was signifi-
cantly lower than 30%. A postoperative inci-
dence of venous thromboembolism of 30% was 
chosen as a conservative estimate of the inci-
dence without thromboprophylaxis in patients 
undergoing knee arthroplasty.10 The primary ef-
ficacy outcome focused on twice-daily milvexian 
regimens because with a half-life of approxi-
mately 12 hours, milvexian is suitable for twice-
daily dosing. A prespecified multiplicity correc-
tion was applied for the testing of the two 
components of the primary hypothesis; the family-
wise error rate was controlled at a one-sided 
alpha level of 0.1, with a one-sided alpha level of 
0.05 assigned to each component, to have more 
than 99% power to declare proof of efficacy.

The planned sample was 900 patients, with 
an option to increase the sample to approxi-
mately 1200 patients depending on the results of 

the interim analysis or the percentage of pa-
tients with venograms that could not be evalu-
ated. We calculated that the trial would have at 
least 99% power to show proof of efficacy with 
a one-sided alpha level of 5% if 80% or more of 
enrolled patients could be evaluated for efficacy 
and if the incidence of venous thromboembo-
lism ranged from 18% with the lowest twice-
daily regimen of milvexian to 11% with the high-
est twice-daily regimen. It was also prespecified 
that the efficacy of the highest-dose regimen of 
milvexian with acceptable safety would be com-
pared with that of enoxaparin. This comparison 
was estimated to have at least 90% power with a 
one-sided alpha level of 5%.

The primary analysis for efficacy was per-
formed in the modified intention-to-treat popu-
lation, which included all the patients who had 
received at least one dose of a trial medication 
and had a venogram within the prespecified time 
window that could be evaluated, a documented 
symptomatic venous thromboembolic event, or a 
fatal event. Because deep-vein thrombosis after 
knee arthroplasty is often asymptomatic, the 
confirming or ruling out of thrombosis requires 
a venogram that can be evaluated. The incidence 
of venous thromboembolism in the combined 
groups receiving milvexian twice daily was com-
pared with the 30% benchmark with the use 
of the exact binomial test. Evidence for a dose–
response trend with the twice-daily milvexian 
regimens was evaluated with the multiple com-
parison procedures and modeling (MCP-Mod) 
framework with the use of prespecified models 
(see the statistical analysis plan, available with 
the protocol at NEJM.org).12 For analysis of the 
major secondary efficacy outcomes, the Cochran–
Mantel–Haenszel method with trial region as a 
stratification factor was used to calculate the 
risk ratio and the corresponding confidence 
interval for each milvexian group relative to the 
enoxaparin group, and two-sided testing was 
used to compare individual milvexian dose regi-
mens with enoxaparin.

Analysis of safety outcomes was performed 
in the safety population, which included all the 
patients who had undergone randomization and 
had received at least one dose of a trial medi-
cation; the time for analysis included the on-
treatment period plus 2 days. For each bleeding 
outcome, the incidence in each milvexian group 
was compared with that in the enoxaparin group 

Figure 1 (facing page). Enrollment, Randomization,  
and Populations for Analyses.

Enrollment in the group receiving 25 mg of milvexian 
once daily was stopped early by the trial operations com-
mittee after an ad hoc analysis showed insufficient effi-
cacy. A regimen of 50 mg of milvexian once daily was 
then added to the trial regimens. One patient who was 
assigned to receive 100 mg of milvexian twice daily re-
ceived 50 mg twice daily, and another patient who was 
assigned to receive 200 mg of milvexian twice daily re-
ceived 25 mg once daily. For the safety analyses, these 
patients were included in the actual treatment group, 
whereas for the efficacy analyses, they were included  
in the planned treatment group.
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Table 1. Demographic and Clinical Characteristics of the Patients.*

Characteristic Milvexian Twice Daily Milvexian Once Daily Enoxaparin†

25 mg 50 mg 100 mg 200 mg 25 mg 50 mg 200 mg

Modified intention-to-treat 
population

No. of patients 129 124 134 131 28 127 123 252

Age — yr

Median 69 68 67 69 67 68 68 68

Range 51–87 51–87 50–86 50–86 55–77 50–88 50–88 50–90

Female sex — no. (%) 92 (71) 89 (72) 88 (66) 89 (68) 18 (64) 92 (72) 88 (72) 171 (68)

Race — no. (%)‡

White 112 (87) 107 (86) 117 (87) 116 (89) 28 (100) 103 (81) 105 (85) 216 (86)

Asian 16 (12) 15 (12) 14 (10) 14 (11) 0 21 (17) 15 (12)   29 (12)

Black 1 (1) 1 (1) 3 (2) 1 (1) 0 0 0   3 (1)

Other 0 1 (1) 0 0 0 0 3 (2)   2 (1)

Weight — kg

Median 83 79 85 84 82 80 82 81

Range 40–150 44–150 48–130 42–132 56–134 48–181 48–129 41–146

Baseline creatinine clearance  
— ml/min§

Median 86 92 90 94 95 88 91 92

Interquartile range 71–109 75–113 70–118 70–114 72–127 70–105 73–115 72–114

Preoperative enoxaparin  
— no. (%)

8 (6) 9 (7) 8 (6) 7 (5) 2 (7) 10 (8) 11 (9)   28 (11)

Type of anesthesia — no. (%)¶

General 29 (22) 25 (20) 31 (23) 34 (26) 5 (18) 29 (23) 26 (21)   57 (23)

Spinal 99 (77) 99 (80) 102 (76) 96 (73) 23 (82) 101 (80) 99 (80) 194 (77)

Epidural 4 (3) 5 (4) 5 (4) 4 (3) 0 6 (5) 3 (2)   7 (3)

Regional 20 (16) 33 (27) 42 (31) 33 (25) 6 (21) 33 (26) 29 (24)   58 (23)

Other 2 (2) 4 (3) 3 (2) 4 (3) 0 1 (1) 4 (3)   9 (4)

Duration of surgery — hr

Median 1.3 1.4 1.4 1.4 1.4 1.4 1.4 1.4

Range 0.5–3.5 0.7–3.1 0.5–6.6 0.6–2.8 0.8–2.8 0.6–3.3 0.7–3.5 0.4–3.5

Tourniquet use — no. (%) 89 (69) 88 (71) 98 (73) 84 (64) 20 (71) 93 (73) 84 (68) 188 (75)

Duration of tourniquet use — hr

Median 1.2 1.1 1.2 1.1 1.3 1.2 1.3 1.2

Range 0.3–15 0.2–23 0.3–10 0.4–10 0.2–19 0.3–20 0.3–15 0.2–15

Time after surgery to ambula-
tion — days

Median 1 1 1 1 1 1 1 1

Range 0–3 0–3 0–4 0̫–4 0–4 0–4 0–6 0–4

Baseline factor XI clotting activity 
 — %‖

Median 109 107 104 110 107 100 102 114

Interquartile range 94–127 91–119 93–119 95–124 89–116 87–117 87–113 100–131
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with the same methods used for evaluation of 
the secondary efficacy outcomes. The Kaplan–
Meier method was used to assess the time to the 
first occurrence of any bleeding with milvexian 
or enoxaparin.

R esult s

Patients

From June 27, 2019, through February 25, 2021, 
a total of 1242 patients underwent randomiza-
tion at 118 centers in 18 countries. The analysis 
populations are provided in Figure  1; all the 
patients were followed for 30 days. The charac-
teristics of the patients at baseline were similar 
across the trial groups (Table 1). Treatment ad-
herence as assessed by counting pills or enoxa-
parin syringes was 80% or higher in 95% of 
randomly assigned patients, and 75% of ran-
domly assigned patients were 100% adherent.

Efficacy

Venograms that could be evaluated were ob-
tained in 1047 of 1219 patients (86%) who re-
ceived a trial medication (Fig.  1); 127 of 923 
patients (14%) in the milvexian groups and 45 of 
296 patients (15%) in the enoxaparin group did 
not undergo venography, had venograms that 
could not be evaluated, or had venograms out-
side the prespecified time window.

Efficacy outcomes are provided in Table  2. 
Among the patients receiving milvexian twice 
daily, venous thromboembolism (primary efficacy 
outcome) developed in 27 of 129 (21%) taking 
25 mg, in 14 of 124 (11%) taking 50 mg, in 12 
of 134 (9%) taking 100 mg, and in 10 of 131 
(8%) taking 200 mg (total daily milvexian doses 
of 50 mg, 100 mg, 200 mg, and 400 mg, respec-
tively). These findings are consistent with a sig-
nificant dose–response relationship (one-sided 
P<0.001). Venous thromboembolism developed 

Characteristic Milvexian Twice Daily Milvexian Once Daily Enoxaparin†

25 mg 50 mg 100 mg 200 mg 25 mg 50 mg 200 mg

Baseline activated partial-throm-
boplastin time — sec**

Median 26 27 26 26 26 26 26 26

Interquartile range 24–28 25–29 25–28 24–28 25–28 25–29 25–28 25–28

Safety population

No. of patients 148 148 149 148 33 150 147 296

Time after surgery to milvexian 
or enoxaparin adminis-
tration — hr

Median 22 22 22 22 22 22 23 22

Range 13–26 13–26 13–25 12–26 13–25 13–26 14–26 7–34

Duration of milvexian or enoxa-
parin treatment — days

Median 12 12 12 12 12 13 12 12

Range 1–16 2–16 4–17 4–16 9–14 6–16 1–16 1–15

*	� The modified intention-to-treat population included all the patients who had received at least one dose of a trial medication and had a 
venogram within the prespecified time window that could be evaluated, a documented symptomatic venous thromboembolic event, or a 
fatal event. The safety population included all the patients who had received at least one dose of a trial medication. Percentages may not 
total 100 because of rounding.

†	� Enoxaparin was administered subcutaneously at a dose of 40 mg once daily.
‡	� Race was reported by the patient. Three patients in the group receiving 50 mg of milvexian once daily and two in the enoxaparin group 

chose not to report information on race.
§	� Creatinine clearance values were calculated with the use of the Cockcroft and Gault equation.
¶	� Patients may have undergone more than one type of anesthesia.
‖	� The normal range for factor XI clotting activity is 60 to 150%.
**	� The normal range for the activated partial-thromboplastin time is 22 to 29 seconds.

Table 1. (Continued.)
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in 63 of 518 patients (12%) given twice-daily 
milvexian, an incidence significantly lower than 
the prespecified benchmark of 30% (one-sided 
P<0.001). Thus, both proof-of-efficacy criteria 
were met.

Among the patients receiving milvexian once 
daily, venous thromboembolism developed in 7 of 
28 (25%) taking 25 mg, in 30 of 127 (24%) taking 
50 mg, and in 8 of 123 (7%) taking 200 mg; these 
findings are also consistent with a significant 
dose–response relationship (one-sided P<0.001). 
In the enoxaparin group, venous thromboembo-
lism developed in 54 of 252 patients (21%). The 
per-protocol analysis yielded similar efficacy re-
sults (Table S1 in the Supplementary Appendix).

One patient in the enoxaparin group died by 
suicide 1 day after randomization; no deaths 
from pulmonary embolism occurred. Three pa-
tients had symptomatic nonfatal pulmonary 
embolism (one in the enoxaparin group and two 
in the milvexian groups). The extent of thrombo-
sis with milvexian and enoxaparin is shown in 
Table 2.

Bleeding

The bleeding outcomes are provided in Table 3. 
The principal safety outcome of bleeding of any 
severity occurred in 38 of 923 patients (4%) 
given milvexian and in 12 of 296 patients (4%) 
given enoxaparin. Most bleeding episodes were 
in the minimal category and involved the surgi-
cal site. No major bleeding episodes were seen 
with milvexian, and one occurred with enoxapa-
rin. The incidence of clinically relevant bleeding 
(the composite of major bleeding and clinically 
relevant nonmajor bleeding) was 1% with mil-
vexian and 2% with enoxaparin.

Other Safety Outcomes

Adverse events with treatment were reported in 
358 of 923 patients (39%) given milvexian and in 
113 of 296 patients (38%) given enoxaparin, 
whereas serious adverse events were reported in 
2% and 4%, respectively (Table 3 and Tables S2 
and S3). Median hemoglobin levels after surgery 
were similar with milvexian and enoxaparin 
(Fig. S1).

Pharmacodynamic and Pharmacokinetic 
Measures

Milvexian increased the activated partial-throm-
boplastin time ratio in a dose-dependent man-Ta
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ner, whereas enoxaparin had no apparent effect; 
no evidence of a dose-dependent increase in 
bleeding was noted with milvexian (Fig. 2). Nei-
ther milvexian nor enoxaparin increased the 
prothrombin time ratio (Fig. S2).

Discussion

This trial provides proof of principle that mil-
vexian is an effective antithrombotic agent. 

Milvexian significantly reduced the incidence of 
venous thromboembolism after elective knee 
arthroplasty in a dose-dependent manner with 
both twice-daily and once-daily regimens. Fur-
thermore, the incidence of venous thromboem-
bolism was significantly lower with daily mil-
vexian doses of 100 mg or more than that with 
enoxaparin. Although the incidence of any bleed-
ing was 4% with both milvexian and enoxapa-
rin, the incidence of the composite of major 

Figure 2. Activated Partial-Thromboplastin Time (aPTT) Ratios and Bleeding Incidences.

Panel A shows box plots of aPTT ratios with the various doses of milvexian and with enoxaparin. The median is in
dicated by the horizontal line in the box; the top and bottom of the box indicate the upper and lower limits, respec-
tively, of the interquartile range; and the vertical lines above and below the box indicate the maximum and minimum 
values, respectively. Panel B shows the incidences of any bleeding and clinically relevant bleeding (defined as the 
composite of major bleeding and clinically relevant nonmajor bleeding) according to trial group.
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Milvexian for Prevention of Venous Thromboembolism

bleeding and clinically relevant nonmajor bleed-
ing was low across total daily doses of mil-
vexian that ranged from 25 to 400 mg. There-
fore, postoperative factor XIa inhibition with 
milvexian was effective for preventing venous 
thromboembolism and was associated with a 
low risk of clinically relevant bleeding.

The lower incidence of venous thromboembo-
lism and the tendency for less extensive throm-
bosis with higher doses of milvexian than with 
enoxaparin highlight the role of factor XI in the 
pathogenesis of venous thrombosis after sur-
gery. This concept is supported by the obser
vation that an antisense oligonucleotide that 
reduces factor XI levels and abelacimab, an 
antibody that binds factor XI and prevents its 
activation, also are more effective than enoxapa-
rin for thromboprophylaxis after knee arthro-
plasty.7,8 However, the antisense oligonucleotide 
and abelacimab require parenteral administra-
tion, whereas milvexian is given orally.

The findings with milvexian contrast with 
those with osocimab, an antibody that inhibits 
factor XIa. When administered as a single intra-
venous injection 12 to 24 hours after surgery, 
osocimab was noninferior but not superior to 
enoxaparin for the prevention of venous throm-
boembolism after knee arthroplasty.13 These 
divergent results may reflect differences in the 
extent of factor XIa inhibition. Alternatively, as 
a small molecule, milvexian may gain better 
access to factor XIa generated at sites of throm-
bus formation. Regardless of mechanism, the 
current data indicate that postoperative factor 
XIa inhibition with milvexian provides effective 
thromboprophylaxis against venous thrombo-
embolism. Additional studies are needed to de-
termine the efficacy of milvexian for the preven-
tion of arterial thrombosis.

Milvexian treatment increased the activated 
partial-thromboplastin time ratio, a finding con-
sistent with selective inhibition of factor XIa. 
Despite the dose-dependent increase in the acti-
vated partial-thromboplastin time ratio, no dose–
response relationship was seen with respect to 
bleeding, a finding consistent with the poor 
correlation between the extent of prolongation 

of the activated partial-thromboplastin time and 
the propensity for bleeding in patients with con-
genital factor XI deficiency.4 This dissociation 
probably reflects the fact that factor XI activation 
is essential for clot formation in the activated 
partial-thromboplastin time assay but is mostly 
dispensable for hemostasis.3

Some methodologic aspects of our trial re-
quire comment. First, the strength of our con-
clusion regarding the low incidence of clinically 
relevant bleeding with milvexian is limited by 
the modest sample. Further studies are needed 
to confirm the safety of milvexian alone or in 
combination with antiplatelet drugs. Second, the 
trial was open label with respect to assignment 
to milvexian or enoxaparin. However, to mini-
mize bias, the trial was blinded with respect to 
assignment to a milvexian regimen, and all out-
comes were adjudicated by a committee whose 
members were unaware of treatment assign-
ments. Third, the inclusion of minimal bleeding 
in the principal safety outcome ensured that all 
suspected bleeding events were documented and 
centrally adjudicated. With the open-label de-
sign, however, a potential for bias in favor of 
enoxaparin existed because investigators might 
be more vigilant for bleeding with an experi-
mental agent than with an agent that has been 
used for years. Because of stricter definitions, 
the potential for bias was lessened in the assess-
ment of clinically relevant bleeding, the outcome 
most often used for safety assessment in this 
patient population.7,8,13

In our trial, oral milvexian reduced the risk of 
postoperative thromboembolism among patients 
undergoing knee arthroplasty in a dose-dependent 
manner without increasing the risk of bleeding 
as compared with enoxaparin. Further studies 
are needed to determine whether oral anticoagu-
lants that target factor XIa can dissociate throm-
bosis from hemostasis.
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