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Summary

Background—People with factor XI deficiency have lower rates of ischaemic stroke than the 

general population and infrequent spontaneous bleeding, suggesting that factor XI has a more 

important role in thrombosis than in haemostasis. Milvexian, an oral small-molecule inhibitor 

of activated factor XI, added to standard antiplatelet therapy, might reduce the risk of non-

cardioembolic ischaemic stroke without increasing the risk of bleeding. We aimed to estimate 

the dose–response of milvexian for recurrent ischaemic cerebral events and major bleeding in 

patients with recent ischaemic stroke or transient ischaemic attack (TIA).

Methods—AXIOMATIC-SSP was a phase 2, randomised, double-blind, placebo-controlled, 

dose-finding trial done at 367 hospitals in 27 countries. Eligible participants aged 40 years or 

older, with acute (<48 h) ischaemic stroke or high-risk TIA, were randomly assigned by a web-

based interactive response system in a 1:1:1:1:1:2 ratio to receive one of five doses of milvexian 

(25 mg once daily, 25 mg twice daily, 50 mg twice daily, 100 mg twice daily, or 200 mg twice 

daily) or matching placebo twice daily for 90 days. All participants received clopidogrel 75 mg 

daily for the first 21 days and aspirin 100 mg daily for the first 90 days. Investigators, site staff, 

and participants were masked to treatment assignment. The primary efficacy endpoint was the 
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composite of ischaemic stroke or incident covert brain infarct on MRI at 90 days, assessed in all 

participants allocated to treatment who completed a follow-up MRI brain scan, and the primary 

analysis assessed the dose–response relationship with Multiple Comparison Procedure–Modelling 

(MCP-MOD). The main safety outcome was major bleeding at 90 days, assessed in all participants 

who received at least one dose of the study drug. This trial is registered with ClinicalTrials.gov 

(NCT03766581) and the EU Clinical Trials Register (2017-005029-19).

Findings—Between Jan 27, 2019, and Dec 24, 2021, 2366 participants were randomly allocated 

to placebo (n=691); milvexian 25 mg once daily (n=328); or twice-daily doses of milvexian 25 mg 

(n=318), 50 mg (n=328), 100 mg (n=310), or 200 mg (n=351). The median age of participants was 

71 (IQR 62–77) years and 859 (36%) were female. At 90 days, the estimates of the percentage of 

participants with either symptomatic ischaemic stroke or covert brain infarcts were 16·8 (90·2% CI 

14·5–19·1) for placebo, 16·7 (14·8–18·6) for 25 mg milvexian once daily, 16·6 (14·8–18·3) for 25 

mg twice daily, 15·6 (13·9–17·5) for 50 mg twice daily, 15·4 (13·4–17·6) for 100 mg twice daily, 

and 15·3 (12·8–19·7) for 200 mg twice daily. No significant dose–response was observed among 

the five milvexian doses for the primary composite efficacy outcome. Model-based estimates of 

the relative risk with milvexian compared with placebo were 0·99 (90·2% CI 0·91–1·05) for 25 

mg once daily, 0·99 (0·87–1·11) for 25 mg twice daily, 0·93 (0·78–1·11) for 50 mg twice daily, 

0·92 (0·75–1·13) for 100 mg twice daily, and 0·91 (0·72–1·26) for 200 mg twice daily. No apparent 

dose–response was observed for major bleeding (four [1%] of 682 participants with placebo, two 

[1%] of 325 with milvexian 25 mg once daily, two [1%] of 313 with 25 mg twice daily, five 

[2%] of 325 with 50 mg twice daily, five [2%] of 306 with 100 mg twice daily, and five [1%] 

of 344 with 200 mg twice daily). Five treatment-emergent deaths occurred, four of which were 

considered unrelated to the study drug by the investigator.

Interpretation—Factor XIa inhibition with milvexian, added to dual antiplatelet therapy, did 

not substantially reduce the composite outcome of symptomatic ischaemic stroke or covert brain 

infarction and did not meaningfully increase the risk of major bleeding. Findings from our study 

have informed the design of a phase 3 trial of milvexian for the prevention of ischaemic stroke in 

patients with acute ischaemic stroke or TIA.

Funding—Bristol Myers Squibb and Janssen Research & Development.

Introduction

After a non-cardioembolic mild ischaemic stroke or transient ischaemic attack (TIA), the 

risk of an early recurrent stroke is high,1–4 despite guideline recommendations to use dual 

antiplatelet therapy for 10–90 days followed by antiplatelet monotherapy.5–8 Individuals 

with large artery atherosclerosis underlying acute stroke have a higher risk of recurrent 

stroke than those who have stroke with other causes.5,9 For these patients, only a few 

treatment options are available and alternative secondary prevention strategies are needed.

Anticoagulation after acute ischaemic stroke with standard heparins in unselected patients 

reduces the risk of recurrent ischaemic stroke, deep vein thrombosis, and pulmonary 

embolism but increases the risk of haemorrhagic stroke and other types of bleeding, 

which offset the potential benefits.10 As a result, anticoagulation is not commonly used for 

secondary prevention in people with non-cardioembolic ischaemic stroke. The combination 
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of aspirin and anticoagulation with low-dose rivaroxaban, an inhibitor of activated factor X, 

also reduces the risk of major ischaemic cardiovascular events but increases the risk of major 

bleeding compared with aspirin alone in patients with stable atherosclerotic vascular disease, 

including patients who are stable more than 1 month after non-lacunar ischaemic stroke).11

As factor XI seems to be important for driving thrombus growth but less important in 

haemostasis, effective and safer anticoagulation might be achieved by inhibiting activated 

factor XI.12 Individuals with congenital factor XI deficiency have a lower risk of ischaemic 

stroke and venous thromboembolism than those without this deficiency, whereas high 

plasma concentrations of factor XI are associated with an increased risk of ischaemic 

stroke.13 People who are deficient in factor XI rarely have spontaneous bleeding and, if 

they do, the bleeding is mostly post-traumatic and in tissues with high intrinsic fibrinolytic 

activity, such as the nasopharynx and genitourinary tract.13–16

Phase 2 randomised controlled trials have reported that inhibition or reduction of expression 

of factor XI by antisense oligonucleotides or inhibition of activated factor XI with 

monoclonal antibodies or small molecules is associated with lower rates of venous 

thromboembolism and lower rates of bleeding compared with enoxaparin in patients 

undergoing knee arthroplasty,17–20 lower rates of bleeding compared with apixaban in 

patients with atrial fibrillation,21 and no significant increase in bleeding compared with 

placebo in patients with acute non-cardioembolic ischaemic stroke or acute myocardial 

infarction.22,23

Milvexian (BMS-986177/JNJ-70033093) is an orally administered, direct inhibitor of 

activated factor XI.24 Phase 1 studies have shown that milvexian is safe and well tolerated at 

doses up to 200 mg twice daily and 500 mg once daily.25 A phase 2 randomised controlled 

trial found that milvexian 200 mg once daily and 50–200 mg twice daily after elective 

knee arthroplasty significantly reduced the incidence of venous thromboembolism in a 

dose-dependent manner compared with enoxaparin, with a low risk of bleeding.20

The Antithrombotic treatment with FXIa inhibition to Optimize Management of Acute 

Thromboembolic events for Secondary Stroke Prevention (AXIOMATIC-SSP) study was 

designed primarily to estimate the dose–response effect of milvexian compared with placebo 

on the incidence of the composite outcome of symptomatic ischaemic stroke and covert 

brain infarction at 90 days, and to secondarily assess major bleeding at 90 days, in 

participants with acute non-cardioembolic ischaemic stroke or high-risk TIA.

Methods

Study design and participants

AXIOMATIC-SSP was a phase 2, international, multicentre, randomised, double-blind, 

placebo-controlled, dose-finding clinical trial comparing five doses of milvexian with 

placebo. The trial rationale and design have been published previously.26 The trial protocol 

was approved by all relevant regulatory health authorities, appropriate national ethics 

committees, and local institutional review boards (appendix pp 18–24).26 The trial was 

conducted at 367 stroke centres in 27 countries. The steering committee supervised the 
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conduct of the study. The sponsor selected, contracted, and paid study investigators; 

provided trial medications; and oversaw site monitoring.

Eligible participants were aged 40 years or older with non-cardioembolic ischaemic stroke 

or high-risk TIA seen within 48 h of symptom onset. Qualifying strokes were symptomatic 

non-lacunar acute brain infarcts visible on neuroimaging (CT or MRI) with a US National 

Institutes of Health Stroke Scale (NIHSS) score of 5 or lower. After safety review, the 

NIHSS score inclusion criterion was extended to 7 or lower (see later in this section 

for changes to eligibility). Qualifying TIAs were acute-onset neurological symptoms 

attributable to focal brain ischaemia that cause motor deficits or an ABCD2 (age, blood 

pressure, clinical features, duration of TIA, and presence of diabetes) score of 6 or higher 

with complete resolution of the deficit and no brain infarction on neuroimaging.27 All 

participants had imaging evidence of visible intracranial or extracranial atherosclerotic 

plaque, ulceration, or thrombus of any degree (but not complete occlusion) in a feeding 

artery and a premorbid modified Rankin scale (mRS) score of 3 or lower.26

We excluded individuals with any of the following: a history of haemorrhage in the brain 

or spinal cord or a condition that would exclude anticoagulant therapy; SARS-CoV-2 

infection within 4 weeks before screening; imaging evidence of large vessel dissection; 

an intracranial tumour (other than meningioma) or arteriovenous malformation that could 

explain the qualifying symptoms; an estimated glomerular filtration rate of <15 mL/min 

per 1·73 m2; clinically meaningful liver disease (aspartate aminotransferase or alanine 

aminotransferase >3×upper limit of normal); treatment with strong inducers or inhibitors 

of both P-glycoprotein and cytochrome P450 isoenzyme 3A4 in the 7 days before 

randomisation or planned ongoing treatment during the study; planned use of anticoagulants 

(except for heparins for maintaining the patency of indwelling catheters); or a requirement 

for dual antiplatelet therapy beyond 21 days.

After approximately 450 participants had been randomly assigned and the independent data 

monitoring committee had reviewed the safety and efficacy data, the protocol was changed 

on Oct 9, 2020, to allow enrolment of participants who had received thrombolytic therapy 

or mechanical thrombectomy, or both, for the treatment of the index stroke, as well as 

those with an NIHSS score of 6 or 7. Enrolment after acute standard-of-care treatment was 

permitted if at least 24 h had passed between the acute recanalisation therapy and the first 

dose of study medication, neuroimaging had excluded haemorrhagic transformation of the 

acute brain infarct, and all other study criteria were met.26

Written informed consent was obtained from each participant or their legally authorised 

representative before any study-driven procedures were done. The study was conducted in 

accordance with the Declaration of Helsinki.

Randomisation and masking

Participants were randomly assigned by use of an interactive web-based response system 

(appendix pp 32–35). The system was programmed before the study started and the service 

was provided by an interactive response technology vendor. This vendor had no other 

role besides providing the randomisation service in the study. Eligible participants were 
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randomly allocated (in a 1:1:1:1:1:2 ratio) to receive one of five oral doses of milvexian (25 

mg once daily, 25 mg twice daily, 50 mg twice daily, 100 mg twice daily, or 200 mg twice 

daily) or matching placebo, in addition to open-label uncoated aspirin (100 mg per day) and 

clopidogrel (loading dose of 300–600 mg, followed by 75 mg per day; dose selection is 

described in the appendix pp 39–40). The randomisation scheme originally included 50 mg 

once-daily and 100 mg once-daily groups, but randomisation to these groups was terminated 

to reduce the required sample size but maintain focus on twice-daily dosing (keeping 25 

mg once daily as the lowest dose). All capsules of milvexian and placebo were identical in 

appearance, and all participants received a study medication (milvexian or placebo) twice 

a day to prevent unblinding of the once daily group. Randomisation to the highest dose 

group of 200 mg twice daily was not permitted until the data monitoring committee had 

reviewed the safety and efficacy data in at least the first 800 participants and concurred 

that it was safe to randomly assign participants to this dose. Randomisation to the 200 mg 

twice-daily group began after 1387 participants had been randomly assigned to other doses 

or matching placebo. Investigators, site staff, and participants were masked to treatment 

assignment during the trial until the last participant either completed 90 days of follow-up or 

withdrew early, and the database was locked.

Procedures

Participants were randomly assigned within 48 h of symptom onset. A baseline MRI brain 

scan was done according to a study-specific protocol26 and was recommended before 

randomisation. If the baseline MRI could not be done before randomisation, it could be 

acquired up to 24 h after randomisation but no later than 72 h from symptom onset.

The study drug (milvexian or placebo) was started immediately after randomisation (within 

48 h of symptom onset in all participants) and no later than 6 h after the baseline MRI brain 

scan in those with a baseline MRI scan before randomisation. Clopidogrel was administered 

for 21 days following randomisation, while aspirin and either milvexian or a matching 

placebo were continued until day 90. Participants who were not taking clopidogrel before 

the index event or who had not already received a loading dose of clopidogrel as standard of 

care were loaded with 300–600 mg of clopidogrel. Treatment with aspirin before enrolment 

that was different than 100 mg daily (eg, a loading dose of 300 mg) was allowed. No dose 

adjustments were made to milvexian, aspirin, or clopidogrel after randomisation.

Study visits were scheduled for day 21 (±7 days) and day 90 (±7 days), with a telephone 

contact to assess safety at 60 and 97 days after randomisation The requirement for visits 

to be within specific time windows was relaxed to accept visits without restriction due to 

the unpredictability of measures instituted to combat the COVID-19 pandemic. Adherence 

to the allocated study drug was assessed by interview and pill count at each visit. If the 

study drug was discontinued permanently, participants were followed up as per protocol and 

included in the intention-to-treat analysis.

An end-of-study MRI brain scan was obtained at the day 90 visit (±7 days). During 

the COVID-19 pandemic, we accepted brain scans obtained outside this window. Two 

neuroradiologists masked to treatment allocation read all images independently, and 

disagreements were resolved by consensus between the readers.
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Outcomes

The primary efficacy endpoint was the composite of symptomatic ischaemic stroke during 

the 90 days after randomisation or new covert brain infarction, detected by comparing MRI 

brain scans at baseline and day 90. Site investigators determined symptomatic ischaemic 

strokes according to standardised study definitions (appendix pp 25–26). A diagnosis of 

symptomatic ischaemic stroke required a sustained (>24 h) increase in the NIHSS score of 

3 or more points that was not explained by other factors or was confirmed by imaging as a 

new brain infarct. A new covert brain infarct was determined if the day 90 MRI showed a 

new lesion on the diffusion-weighted imaging (DWI) or fluid-attenuated inversion recovery 

(FLAIR) sequences that was consistent with an ischaemic brain infarct and if the participant 

had not had a new symptomatic ischaemic stroke after randomisation.

The safety endpoint of major bleeding, a secondary endpoint, was ascertained by the 

occurrence of type 3 and type 5 bleeding, according to the Bleeding Academic Research 

Consortium (BARC) classification system, with a slight modification.28,29 The modification 

was that we included symptomatic haemorrhagic transformation of brain infarction in 

the BARC type 3c classification, in addition to intracranial haemorrhage, if new focal 

neurological symptoms caused a deterioration in the NIHSS score of 4 or more points or 

death, and there was symptomatically relevant haemorrhage into at least 30% of the infarct 

volume, corresponding to the Heidelberg criteria classification of parenchymal haematoma 

type 2.29 Bleeding was also assessed with the International Society on Thrombosis and 

Haemostasis (ISTH) and PLATelet inhibition and patient Outcomes (PLATO) criteria.26 

Additionally, occurrence of clinical bleeding of any type with milvexian was compared with 

placebo.

Key secondary efficacy analyses were a descriptive analysis of the primary endpoint, 

individual components of the primary composite efficacy endpoint, and the composite 

of symptomatic ischaemic stroke, myocardial infarction, and all-cause mortality. Other 

secondary endpoints were the volume and number of new brain infarcts detected by MRI; 

measures of stroke severity, neurological function, and cognitive function (NIHSS, mRS 

score, Montreal Cognitive Assessment [MOCA], and Digit Symbol Substitution Test of the 

Wechsler Adult Intelligence Scale, Fourth Edition [WAIS-R]); and pharmacokinetic and 

pharmacodynamic measures. Analyses for these other secondary endpoints are ongoing and 

these endpoints will be reported separately.

Statistical analysis

We aimed to have at least 80% power, with a one-sided type I error of α=0·049, to detect a 

dose–response effect of milvexian on the primary efficacy outcome at 90 days (appendix p 

29).26,30–32

The primary efficacy endpoint analysis population comprised all randomised participants 

who had a symptomatic ischaemic stroke up to day 90 or an evaluable MRI scan from 

the day 90 visit. All other efficacy outcomes were analysed in the intention-to-treat 

population, which comprised all randomized participants, irrespective of treatment initiation 

or discontinuation up to day 90. Because symptomatic ischaemic stroke was both a 
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component of the composite primary endpoint and a secondary outcome in its own right, 

prespecified analyses for symptomatic ischaemic stroke were done in both the primary 

endpoint analysis population and the intention-to-treat population. The safety analysis 

population comprised all participants who received at least one dose of study medication, 

and safety was analysed according to the treatment assigned at randomisation.

We calculated proportions of participants with events by day 90, and relative risks and 

corresponding two-sided 90·2% CIs for the primary endpoint (model-based dose–response 

using a bootstrap procedure), and 95% CIs otherwise, to compare the milvexian groups 

with placebo. The Kaplan-Meier technique was used to estimate and plot the cumulative 

incidence of clinically symptomatic ischaemic strokes and major bleeding over time.

The Multiple Comparison Procedure–Modelling (MCP-MOD) examined whether a dose–

response relationship existed and estimated a fitted incidence for the primary efficacy 

variable based on three candidate models (Emax, logistic, and exponential). The existence 

of a dose–response trend was shown by the significance of at least one of the three candidate 

models at the 0·049 level of significance; model-based estimates for the incidence of the 

primary efficacy endpoint were calculated in each of the treatment groups with the weighted 

average of the three fitted models by use of Akaike’s Information Criterion to determine 

weights, regardless of the significance of the model (appendix pp 29–32).26,33 Sensitivity 

analyses comprised inclusion of MRI scans obtained up to day 106 in the primary efficacy 

analysis, including all randomised participants (counting any event-free participants without 

a day 90 MRI scan as having no event or as having an event) and excluding participants with 

a protocol deviation if at least 5% of participants had such a deviation.

When approximately 1600 participants had been randomly assigned, the sponsor carried 

out an administrative interim analysis with personnel who were not involved in the 

study. As specified in the protocol, no decision regarding study conduct was made as a 

result of this analysis. The aim was to facilitate subsequent planning and development 

of the milvexian secondary stroke prevention programme. The steering committee and all 

personnel involved in the study were masked to the results of this administrative interim 

analysis. An independent data monitoring committee had access to unblinded data and was 

responsible for the safety of participants in the trial and the integrity of the study. Major 

protocol amendments are listed in the appendix (pp 27–28).

This trial is registered with ClinicalTrials.gov (NCT03766581), and the EU Clinical Trials 

Register (2017-005029-19), and is now completed.

Role of the funding source

AXIOMATIC-SSP was sponsored by Bristol Myers Squibb and Janssen Pharmaceuticals, 

which designed the trial in collaboration with the principal investigator and steering 

committee. The sponsor collected data, did the statistical analysis, and contributed to 

interpretation of the data, and funded editorial support. The sponsor reviewed and provided 

comments on the manuscript, but sponsor approval was not required for submission of the 

manuscript for publication.
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Results

Between Jan 27, 2019, and Dec 24, 2021, 2799 individuals were screened, and 2366 

(85%) were randomly allocated to either placebo (n=691) or one of five doses of milvexian 

(n=1635; figure 1; table 1). 22 participants were randomly allocated to 50 mg once daily 

milvexian and 18 to 100 mg once daily milvexian, before randomisation to these groups 

was terminated; data from these two dose groups are included in baseline characteristics 

(combined milvexian group in table 1 and by dose in the appendix pp 2–3), patient 

disposition (figure 1), and safety, but not in the efficacy tables.

Baseline demographic and clinical characteristics were balanced between treatment groups 

(table 1, appendix pp 2–3, 7). The median age of participants was 71 years (IQR 62–77), 

834 (35%) of 2366 participants were aged 75 years or older, 859 (36%) were female, 1884 

(80%) were White, 408 (17%) were Asian, and 48 (2%) were Black. Ischaemic stroke was 

the index event for the majority of participants. For those with stroke (n=1790), the median 

NIHSS score at randomisation was 2 (IQR 1–3) and 1722 (96%) of participants had a 

NIHSS score of 0–5.

Before randomisation, 271 (11%) of 2366 participants received acute treatment for 

ischaemic stroke (intravenous administration of tissue plasminogen activator, endovascular 

treatment, or both); 656 (28%) participants were taking aspirin and 274 (12%) were taking 

clopidogrel.

The median time from the index event to the first dose of study drug was 35·2 h (IQR 

27·3–44·0), and 393 (17%) of 2366 participants were treated with the study drug within 24 

h of symptom onset. We completed a baseline MRI brain scan in 1940 (82%) participants 

within 48 h of symptom onset.

32 randomised participants (nine in the placebo group and 23 in the milvexian groups) did 

not receive any study drug (figure 1). Vital status was known at the end of the trial for 

2295 (97%) of 2366 randomised participants, including those who completed the study and 

those who died. 23 (1%) of 2366 participants died before the end of the study, four (<1%) 

were lost to follow-up, 66 (3%) withdrew consent, and one participant withdrew for another 

reason.

Exposure to the study drug was similar between the placebo and milvexian groups; 502 

(74%) of 682 participants assigned placebo and 1187 (72%) of 1652 assigned milvexian 

received the study drug for at least 84 days (ie, within the window for the 90-day follow-up 

visit), and the mean duration of study drug exposure was 76·3 (SD 29·0) days in the placebo 

group, and 74·9 (30·4) days in the combined milvexian group.

Overall, 585 (25%) of 2366 randomised participants did not complete the 90-day treatment 

phase (162 [23%] of 691 in the placebo group and 423 [25%] of 1675 in the milvexian 

group), mainly due to adverse events (82 [12%] of 691 in the placebo group and 271 [16%] 

of 1675 in the milvexian group). Among treated participants, a new diagnosis of atrial 

fibrillation was the most common reason for discontinuation of treatment (25 [4%] of 682 

participants in the placebo group and 52 [3%] of 1652 in the milvexian group). COVID-19-
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related discontinuations, including intercurrent COVID-19 (three [<1%] of 691 participants 

in the placebo group and nine [1%] of 1675 in the milvexian group), site closures, or 

inability to collect key safety information, or a combination of the above, accounted for 

treatment discontinuations in 16 (2%) of 691 participants in the placebo group and 32 (2%) 

of 1675 participants in the milvexian group. Occurrence of symptomatic ischaemic stroke 

constituted an adverse event and a primary outcome event, and 37 (nine [1%] of 682 in the 

placebo group and 28 [2%] of 1652 in the milvexian group) ischaemic stroke events led 

to treatment discontinuation. Across milvexian doses, discontinuation due to adverse events 

ranged from 44 (14%) of 325 in the 25 mg once-daily group to 79 (23%) of 344 in the 

200 mg twice-daily groups. The day 90 MRI scan was completed in 2139 (90%) of 2366 

participants.

At 90 days after randomisation, the primary efficacy outcome of the composite of 

symptomatic ischaemic stroke or covert brain infarcts occurred in 104 (17%) of 625 

participants in the placebo group, 50 (16%) of 308 participants in the milvexian 25 mg 

once-daily group, 53 (18%) of 287 participants in the 25 mg twice-daily group, 43 (14%) 

of 306 participants in the 50 mg twice-daily group, 41 (15%) of 277 participants in the 

100 mg twice-daily group, and 52 (16%) of 317 participants in the 200 mg twice-daily 

group who had an evaluable MRI image from the day 90 visit (table 2; appendix p 12). No 

significant dose–response was detected for the primary efficacy outcome because each of 

the p values corresponding to the three candidate models did not reach significance at the 

0·049 level. Model-based estimates of relative risk compared with placebo were 0·99 (90·2% 

CI 0·91–1·05) with 25 mg milvexian once daily, 0·99 (0·87–1·11) with 25 mg twice daily, 

0·93 (0·78–1·11) with 50 mg twice daily, 0·92 (0·75–1·13) with 100 mg twice daily, and 0·91 

(0·72–1·26) with 200 mg twice daily.

Sensitivity analyses for the primary endpoint comprised all randomised participants 

(counting any event-free participants without a day 90 MRI scan as having no event 

or as having an event) and MRI scans obtained only up to day 106 in the primary 

efficacy analysis, and excluded participants with a protocol deviation potentially affecting 

interpretation of key endpoints. Results in sensitivity analyses were consistent with the main 

analysis (appendix pp 36–38).

The occurrence of covert brain infarcts could be ascertained only in the primary analysis 

population defined as having paired baseline and day 90 MRI scans (table 2), whereas 

symptomatic ischaemic stroke could be identified in the entire intention-to-treat population 

(appendix p 13). The incidence of incident covert brain infarcts was similar across treatment 

groups, with no apparent treatment effect (primary analysis population; table 2). In the 

intention-to-treat population, symptomatic ischaemic stroke was reported in 38 (5%) of 691 

participants in the placebo group, 15 (5%) of 328 participants in the 25 mg milvexian 

once-daily group, 12 (4%) of 318 participants in the 25 mg twice-daily group, 13 (4%) 

of 328 participants in the 50 mg twice-daily group, 11 (4%) of 310 participants in the 

100 mg twice-daily group, and 27 (8%) of 351 participants in the 200 mg twice-daily 

group (appendix p 13). Compared with placebo, there were fewer ischaemic strokes in all 

milvexian dose groups except for the 200 mg milvexian twice-daily group. These findings 

were consistent across predefined subgroups of index event type, age, and sex (appendix 
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p 14). Most symptomatic ischaemic strokes occurred within 30 days of randomisation 

(appendix p 15).

Myocardial infarction and all-cause death were rare (table 3; appendix pp 4–5). The 

secondary composite endpoint of ischaemic stroke, myocardial infarction, or all-cause death 

occurred in 42 (6%) of 691 placebo-assigned participants and 17 (5%) of 328 participants 

in the 25 mg milvexian once-daily group, 15 (5%) of 318 participants in the 25 mg twice-

daily group, 16 (5%) of 328 participants in the 50 mg twice-daily group, 16 (5%) of 310 

participants in the 100 mg twice-daily group, and 33 (9%) of 351 participants in the 200 

mg twice-daily group (table 3). Treatment-emergent deaths (ie, those that occurred on or 

after the date of the first dose of study drug and within 7 days of the last dose) occurred 

in five participants and were considered not related to the study drug in four instances by 

the investigator (table 4). One participant randomly assigned to 100 mg milvexian had an 

unwitnessed treatment-emergent death due to an unknown cause, which was considered to 

be related to the study drug by the site investigator.

The safety outcome of the composite of modified BARC type 3 and type 5 bleeding 

occurred in four (1%) of 682 participants treated with at least one dose of placebo, two (1%) 

of 325 participants assigned to 25 mg milvexian once daily, two (1%) of 313 participants 

assigned to 25 mg twice daily, five (2%) of 325 participants assigned to 50 mg twice 

daily, five (2%) of 306 participants assigned to 100 mg twice daily, and five (1%) of 

344 participants assigned to 200 mg twice daily (table 4). There was no meaningful dose–

response with respect to bleeding, acknowledging the small number of events (figure 2; 

table 4). Intracranial haemorrhage (including symptomatic haemorrhagic transformation of 

ischaemic stroke) occurred in two (<1%) participants who received placebo, three (1%) 

participants who received 50 mg milvexian twice daily, and one participant who received 

200 mg milvexian twice daily. There were no fatal bleeding events.

Any BARC type bleeding was observed in 54 (8%) of 682 participants treated with placebo, 

35 (11%) of 325 participants treated with 25 mg milvexian once daily, 27 (9%) of 313 

participants treated with 25 mg twice daily, 40 (12%) of 325 treated with 50 mg twice daily, 

40 (13%) of 306 treated with 100 mg twice daily, and 35 (10%) of 344 treated with 200 

mg twice daily. Most participants who had a bleeding event did so by day 21 (appendix p 

16). The results of the secondary composite safety outcome of major bleeding and clinically 

relevant nonmajor bleeding by ISTH criteria are shown in the appendix (p 6).

Although the adverse events associated with milvexian were similar to those seen with 

placebo (table 4), more adverse events were reported in the renal and urinary disorder 

system organ class in the 200 mg milvexian twice-daily group (47 [14%] of 344) compared 

with the placebo (25 [4%] of 682), 25 mg once daily (nine [3%] of 325), 25 mg twice daily 

(eight [3%] of 313), 50 mg twice daily (ten [3%] of 325), and 100 mg twice daily (nine [3%] 

of 306) groups.
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Discussion

This phase 2, randomised, dose-finding trial of milvexian versus placebo, in addition to 

standard dual antiplatelet therapy, for participants with acute non-lacunar ischaemic stroke 

or high-risk TIA, had six main findings. First, there was no significant dose–response across 

milvexian doses (ranging from 25 mg once daily to 200 mg twice daily) for the primary 

composite efficacy endpoint of symptomatic ischaemic stroke and incident covert brain 

infarction. Second, there was no significant dose–response for the main composite safety 

endpoint of major bleeding, which was infrequent (1–2%) in the trial population. Third, 

in a prespecified secondary analysis, milvexian was associated with fewer symptomatic 

ischaemic strokes than placebo at all doses except for 200 mg twice daily. Fourth, milvexian 

had no effect on covert infarcts; across all participants, this type of event contributed 

66% (227 of 343) of primary outcome events. Fifth, there were some increases in major 

bleeding (BARC type 3), of mostly gastrointestinal origin, at milvexian doses of 50 mg 

twice daily and higher. Sixth, there was no meaningful increase in intracranial haemorrhage 

or symptomatic haemorrhagic transformation of brain infarction (modified BARC type 3c) 

with milvexian versus placebo, and there was no fatal bleeding (BARC type 5) in the study. 

These findings suggest a range of milvexian doses (between 25 mg twice daily and 100 mg 

twice daily) that could be appropriate for further investigation in a properly powered phase 3 

trial.

AXIOMATIC-SSP is the largest clinical trial of activated factor XI inhibition added 

to standard antiplatelet therapy for secondary stroke prevention. Systematic bias was 

minimised by the randomised, double-blind, placebo-controlled design. Vital status follow-

up was complete in 97% of participants, with attrition balanced between groups. The 

primary composite endpoint comprised a spectrum of infarct severity combining covert and 

symptomatic infarcts. The primary composite outcome event rate of 17% in the placebo 

group was consistent with the pre-study estimated rate of 15% in the placebo group 

that underpinned the sample size calculations, and the reduction in the relative risk of 

symptomatic ischaemic stroke with 100 mg milvexian twice daily (0·65; 95% CI 0·33 to 

1·25) was consistent with the pre-study estimated 32% reduction in the relative risk of the 

composite primary efficacy endpoint with 100 mg milvexian twice daily. This effect size 

would be clinically important if replicated in an appropriately powered phase 3 study.

A recently completed dose-finding trial of another inhibitor of activated factor XI 

for secondary stroke prevention showed similar results for the composite endpoint of 

symptomatic ischaemic stroke and covert brain infarcts.22 No treatment effect on covert 

stroke was apparent in either trial.22 The discordance in the presence of a reduction in 

symptomatic ischaemic stroke and the absence of an effect on MRI evidence of covert 

brain infarction in both trials suggests that MRI evidence of covert brain infarction might 

not be a valid marker of symptomatic ischaemic stroke or response to anticoagulation.33–35 

Covert infarcts might be caused by haemodynamic or inflammatory mechanisms that do not 

respond to anticoagulants. It is also possible that inhibition of activated factor XI reduces the 

size of pathological thrombi but might not suppress small thrombi underlying covert infarcts. 

The potential modification of the effect of treatment by infarct topography requires further 

research in adequately powered datasets.
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Although the number of bleeding events was low, we found no consistent dose–response 

in major bleeding and no meaningful increase in intracerebral haemorrhage with milvexian 

added to dual antiplatelet therapy for secondary stroke prevention. Similar findings were 

noted in a recent trial of another activated factor XI inhibitor in participants with acute 

myocardial infarction.23 These results are in contrast to the dose-dependent increase in 

bleeding, shown with the addition of activated factor X inhibitors to dual antiplatelet 

therapies in individuals with acute coronary syndromes36,37 and is consistent with the 

hypothesis that activated factor XI does not play a major role in haemostasis.

The increase in ischaemic stroke events in the 200 mg milvexian twice daily group 

compared with placebo is unexplained. It contrasts with the efficacy of 200 mg milvexian 

twice daily in the AXIOMATIC-TKR study of patients undergoing knee replacement 

surgery, which showed a significant reduction in venous thromboembolism with this dose 

compared with enoxaparin.20 Discontinuation due to adverse events was twice as high in 

the 200 mg milvexian twice-daily group as in the placebo group because ischaemic stroke 

was defined as both an adverse event and an outcome event in our trial. We found a higher 

incidence of renal adverse events in the 200 mg twice-daily dose group than in the placebo 

or other dose groups. This finding was not seen in animal studies,25 in which exposure 

was higher than in our study, nor in the phase 2 knee replacement study.20 We were not 

able to identify any potential mechanisms that could link milvexian with renal dysfunction 

related to therapeutic effects or off-target effects. Randomisation to the 200 mg milvexian 

twice-daily group did not begin until 1387 participants had been randomly assigned, so we 

cannot exclude a potential influence of unmeasured confounders in this dose group and, 

given the small number of events in this group, we also cannot exclude a random chance 

finding.

Limitations of the study included a study treatment completion rate of 75%, mainly due 

to adverse events and operational difficulties during the COVID-19 pandemic. The study 

treatment completion rate was similar between treatment groups but might have reduced 

our power to detect a dose–response. Women were a minority of the trial population, 

similar to other stroke trials.38 We included covert brain infarcts as a surrogate for clinical 

ischaemic stroke in the composite primary outcome to enable sufficient statistical power to 

detect a dose–response in this phase 2, dose-finding trial. As anticipated, incident covert 

brain infarcts contributed most of the primary outcome events, but the validity of MRI 

evidence of covert brain infarction as a surrogate marker of symptomatic stroke in studies of 

antithrombotic therapy is uncertain.34,35

The results of this phase 2 study showed that the combination of anticoagulation with 

milvexian and standard antiplatelet treatment in patients with acute ischaemic stroke or 

TIA and visible arterial atherosclerosis did not result in a consistent dose–response for the 

composite primary endpoint of ischaemic stroke and covert infarct. Similarly, no meaningful 

dose–response was observed for the safety endpoints of BARC modified type 3 and type 

5 bleeding. A phase 3 trial (NCT05702034) is ongoing to assess whether the reduction in 

symptomatic ischaemic stroke with the 25 mg milvexian twice-daily dose versus placebo, 

with an acceptable bleeding profile, can be confirmed in a larger and broader population of 

patients with acute TIA or ischaemic stroke.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

Observational data from individuals with inherited factor XI deficiency have led us to 

hypothesise that adding a novel inhibitor of activated factor XI, milvexian, to standard 

antiplatelet therapy after ischaemic stroke or transient ischaemic attack (TIA) might 

reduce the risk of brain infarction without meaningfully increasing the risk of bleeding 

complications. We searched PubMed for randomised clinical trials without any language 

restrictions, published from database inception to May 14, 2023, using the search 

terms “ischaemic stroke” OR “transient ischaemic attack” AND “factor XI inhibitor” 

OR “milvexian” AND “clinical trial” OR “randomised trial”. Before initiation of our 

study, no studies examining factor XI inhibitors for secondary stroke prevention had 

been conducted. A phase 2b dose-finding trial assessing another factor XI inhibitor 

(asundexian) for stroke prevention was conducted concurrently with our study; the 

results of this trial were not available before our study was completed. This trial did 

not demonstrate a significant dose–response for the composite endpoint of symptomatic 

stroke or covert brain infarction.

Added value of this study

AXIOMATIC-SSP is, to the best of our knowledge, the largest phase 2 dose-finding 

trial of an inhibitor of activated factor XI for secondary stroke prevention and the only 

such trial of milvexian. Milvexian, at doses ranging from 25 mg once daily to 200 mg 

twice daily, did not produce a dose–response for the primary composite endpoint of 

symptomatic ischaemic stroke and incident covert brain infarction. However, milvexian 

was associated with numerically fewer symptomatic ischaemic strokes than placebo 

at all doses except for 200 mg twice daily. Milvexian was also associated with an 

increase in major bleeding events (Bleeding Academic Research Consortium [BARC] 

type 3), mostly gastrointestinal, at doses of 50 mg twice daily and higher. Milvexian did 

not increase the incidence of symptomatic intracerebral haemorrhage (BARC type 3c) 

compared with placebo, and there were no fatal bleeding events (BARC type 5).

Implications of all the available evidence

Although we found no significant dose–response relationship for the composite 

efficacy endpoint of symptomatic ischaemic stroke or covert brain infarction, the 

reduction in occurrence of symptomatic ischaemic stroke with a range of doses of 

milvexian is consistent with the findings of the phase 2 trial of milvexian for venous 

thromboembolism prophylaxis after knee arthroplasty. Our data have informed the dose 

selection for a phase 3 randomised, placebo-controlled trial (NCT05702034) that has 

been initiated to assess the safety and efficacy of milvexian for the prevention of 

ischaemic stroke in patients with acute TIA or ischaemic stroke.
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Figure 1: Trial profile
The shaded boxes show dose groups that were terminated early. The outcome event of 

stroke was also counted as an adverse event. *The primary analysis population comprised all 

patients with a primary endpoint event up to day 90 or an evaluable MRI from the day 90 

visit.
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Figure 2: BARC type 3 and type 5 bleeding events
BARC type 3 bleeding events: haemoglobin drop 3 g/dL, requiring transfusion or surgery, or 

intracerebral haemorrhage. No type 5 (ie, fatal) bleeding events were observed. The figure 

includes all patients who received at least one dose of study drug, except for those in the 

dose groups that were terminated early. BARC=Bleeding Academic Research Consortium. 

RR=relative risk.
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