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BACKGROUND
Patients with noncardioembolic ischemic stroke or transient ischemic attack (TIA) 
are at risk for recurrent stroke. Low factor XI levels are associated with a reduced 
risk of ischemic stroke. Asundexian inhibits activated factor XI. Whether the addi-
tion of asundexian to antiplatelet therapy would be superior to antiplatelet therapy 
alone for the secondary prevention of ischemic stroke is unclear.
METHODS
In this phase 3, double-blind trial, we randomly assigned patients within 72 hours 
after the onset of a noncardioembolic ischemic stroke or high-risk TIA to receive asun-
dexian (50 mg once daily) or placebo, in addition to planned dual or single antiplatelet 
therapy. Patients had at least one of the following: a nonlacunar infarct on imaging, a 
history of atherosclerosis, or evidence of atherosclerotic plaque at any location on 
cerebrovascular imaging. The primary efficacy outcome was ischemic stroke. The 
composite of death from cardiovascular causes, myocardial infarction, or stroke was 
a key secondary outcome. The primary safety outcome was major bleeding.
RESULTS
Among 12,327 patients who underwent randomization (6162 to the asundexian group 
and 6165 to the placebo group), the incidence of ischemic stroke was lower in the 
asundexian group than in the placebo group (6.2% vs. 8.4%; cause-specific hazard 
ratio, 0.74; 95% confidence interval [CI], 0.65 to 0.84; P<0.001). The incidence of the 
composite of death from cardiovascular causes, myocardial infarction, or stroke was 
lower in the asundexian group than in the placebo group. The incidence of major 
bleeding was similar in the asundexian group and the placebo group (1.9% and 1.7%, 
respectively; cause-specific hazard ratio, 1.10; 95% CI, 0.85 to 1.44). The incidence of 
adverse events was 69.3% in the asundexian group and 70.1% in the placebo group; 
the incidence of serious adverse events was 19.2% and 19.5%, respectively.
CONCLUSIONS
Among patients with noncardioembolic ischemic stroke or high-risk TIA treated with 
antiplatelet therapy, asundexian at a daily dose of 50 mg resulted in lower risks of 
ischemic stroke and major cardiovascular events than placebo, without a higher risk 
of major bleeding. (Funded by Bayer; OCEANIC-STROKE ClinicalTrials.gov number, 
NCT05686070.)
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Despite the use of secondary pre-
vention strategies, 5.1% of patients with 
an ischemic stroke or transient ischemic 

attack (TIA) have a recurrent stroke within 1 year.1 
Five years after a minor stroke or TIA, approxi-
mately 22% of persons who had survived the event 
are dead or disabled.2 The risk is incompletely re-
duced by antiplatelet therapy.3,4 Dual antiplatelet 
therapy for 21 to 90 days is recommended for 
minor ischemic stroke or TIA, and antiplatelet 
monotherapy is recommended for moderate-to-
severe stroke and long-term treatment.5,6 Long-
term use of dual antiplatelet therapy is associated 
with a higher risk of major hemorrhage than 
monotherapy, without a lower risk of stroke.7

Factor XI, a coagulation factor, is part of the 
intrinsic pathway and appears to have a minor 
role in hemostasis.8 Genetic factor XI deficiency 
is associated with a reduced risk of ischemic 
stroke without an increase in intracerebral bleed-
ing, and increased levels of factor XI are associ-
ated with a higher risk of ischemic stroke.9,10 The 
apparent dissociation of hemostasis and patho-
logic thrombosis makes factor XI an attractive 
therapeutic target for stroke prevention. Asun-
dexian is an inhibitor of activated factor XI; at a 
dose of 50 mg daily, it inhibits activated factor XI 
by more than 90%.11 In a phase 2 trial involving 
patients with noncardioembolic ischemic stroke, 
asundexian added to antiplatelet therapy ap-
peared to reduce the occurrence of symptomatic 
ischemic stroke without a significant increase in 
the incidence of major or clinically relevant non-
major bleeding.12 We designed the Oral Factor 
Eleven A Inhibitor Asundexian as Novel Anti-
thrombotic Stroke (OCEANIC-STROKE) trial to 
evaluate the efficacy and safety of asundexian 
for secondary stroke prevention in patients with 
ischemic stroke or high-risk TIA.

Me thods

Trial Design and Oversight

We conducted this phase 3, double-blind, event-
driven, randomized, placebo-controlled trial at 
702 centers in 37 countries. Relevant health 
authorities and independent ethics committees 
approved the trial. Written informed consent 
was obtained from all the patients or their le-
gally authorized representatives. An independent 

data and safety monitoring board monitored 
the trial. The trial was conducted according to 
the principles of the Declaration of Helsinki 
and the international ethical guidelines of the 
Council for International Organizations of Med-
ical Sciences.

Bayer sponsored the trial. The first and last 
authors, along with representatives from the spon-
sor and with input from the steering committee, 
developed the protocol (available with the full 
text of this article at NEJM.org). Amendments to 
the protocol are described in the protocol and in 
Table S1 in the Supplementary Appendix (avail-
able at NEJM.org). The steering committee, which 
included Population Health Research Institute 
investigators, external experts, trial leaders in 
each country, and sponsor representatives, over-
saw the conduct of the trial. A list of participating 
investigators and committee members is provided 
in the Supplementary Appendix. Data were en-
tered by site personnel into an electronic case-
record form. The trial database was maintained 
by the sponsor. Confidentiality agreements were 
in place between the sponsor and the authors and 
institutions. These agreements did not limit the 
authors’ access to the data or their ability to ana-
lyze, interpret, and report the results indepen-
dently.

All the data analyses were independently per-
formed at the Population Health Research Insti-
tute. The authors vouch for the completeness 
and accuracy of the data and for the fidelity of 
the trial to the protocol. The first draft of the 
manuscript was written by the first author. Edi-
torial assistance with an earlier version of the 
manuscript was provided by Prime Group of 
Companies and supported by Bayer according to 
Good Publication Practice guidelines. All the au-
thors agreed to submit the manuscript for publi-
cation.

Eligibility

Patients were eligible if they were at least 18 
years of age with a noncardioembolic ischemic 
stroke or high-risk TIA within 72 hours after the 
onset of symptoms and there was a plan for treat-
ment with dual or single antiplatelet therapy. Pa-
tients with ischemic stroke had a maximum score 
of 15 on the National Institutes of Health Stroke 
Scale (NIHSS; scores range from 0 to 42, with 
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higher scores indicating more severe stroke), 
and high-risk TIA was defined as an ABCD2 score 
of 6 or 7 (on a scale estimating the risk of stroke 
on the basis of age, blood pressure, clinical fea-
tures, symptom duration, and the presence of 
diabetes; scores range from 0 to 7, with higher 
scores indicating a higher risk of stroke).13 Pa-
tients who had been treated with intravenous 
thrombolysis or mechanical thrombectomy were 
permitted to undergo randomization only if at 
least 24 hours had elapsed since treatment. All 
the patients had at least one of the following: 
imaging of the head that showed an acute nonla-
cunar infarct; a history of atherosclerosis, defined 
as coronary artery disease, peripheral vascular 
disease, or documented carotid stenosis of at 
least 50%; or imaging evidence of cerebrovascu-
lar atherosclerosis of any degree involving extra-
cranial or intracranial vessels or the aortic arch. 
Qualifying atherosclerosis on vascular imaging 
did not have to be causally or anatomically re-
lated to the index event. The stroke subtype was 
determined by investigators using previously es-
tablished criteria.14

Patients were excluded if they had a history 
of atrial fibrillation or other condition with an 
indication for anticoagulation; active nontrivial 
bleeding, including parenchymal hematoma on 
cerebral imaging; or a qualifying stroke that was 
related to a procedure or other specific cause, 
such as bacterial endocarditis. Additional details 
of the inclusion and exclusion criteria are avail-
able in the protocol.

Randomization and Treatments

Eligible patients were randomly assigned in a 1:1 
ratio to receive asundexian (at a dose of 50 mg 
once daily) or matching placebo, in addition to 
planned dual or single antiplatelet therapy. Ran-
domization was performed by means of an in-
teractive Web-based system and was stratified 
according to planned antiplatelet treatment as 
determined by the treating physician (dual anti-
platelet therapy with aspirin and a purinergic 
receptor Y12 [P2Y12] inhibitor or single anti-
platelet therapy). The randomization scheme was 
generated by the sponsor. On the basis of new 
pharmacokinetic data, we verified that after pro-
tocol amendment 3, asundexian could be crushed 
before either oral administration or administra-

tion by feeding tube (see the Supplementary Ap-
pendix). The first dose of asundexian or placebo 
was to be given as soon as possible and within 
4 hours after randomization. Patients who were 
found to have atrial fibrillation or another indi-
cation for anticoagulation after randomization 
were treated with open-label anticoagulants, and 
asundexian or placebo was stopped. Patients were 
followed at 1 month and 3 months and then at 
3-month intervals. All the patients, regardless of 
medication status, were followed to trial com-
pletion.

Outcomes

The primary efficacy outcome was the first oc-
currence of ischemic stroke. Ischemic stroke was 
determined to have occurred if there was a new 
focal neurologic deficit or clinically meaningful 
worsening of an existing deficit that persisted 
for at least 24 hours or was associated with im-
aging evidence of infarction and was not at-
tributable to a nonischemic cause. The primary 
safety outcome was major bleeding, as defined 
by the International Society on Thrombosis and 
Haemostasis (ISTH); this outcome included fatal 
bleeding, symptomatic bleeding in a critical area 
or organ, and clinically overt bleeding that re-
sulted in a decrease in hemoglobin level of at 
least 2 g per deciliter or that led to the transfu-
sion of at least 2 units of packed red cells or 
whole blood.15

Secondary efficacy outcomes included any 
stroke (ischemic or hemorrhagic); a composite 
of death from cardiovascular causes, myocardial 
infarction, or stroke; a composite of death from 
any cause, myocardial infarction, or stroke; is-
chemic stroke in the first 90 days; disabling or 
fatal stroke; death from any cause; and TIA. 
Secondary safety outcomes included ISTH major 
or clinically relevant nonmajor bleeding, symp-
tomatic intracranial hemorrhage, hemorrhagic 
stroke, fatal bleeding, and minor bleeding. 
Death from cardiovascular causes was an explor-
atory outcome. Event definitions and a full list 
of the outcomes that are included in this article 
are provided in the Supplementary Appendix. An 
outcome adjudication committee, whose mem-
bers were unaware of the trial-group assign-
ments, classified all ischemic and hemorrhagic 
outcomes.
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Statistical Analysis

After protocol amendment 2, we planned on in-
cluding 12,300 patients in this event-driven trial 
and continuing until at least 830 patients had an 
ischemic stroke confirmed by the adjudication 
committee. The required number of patients was 
determined on the basis of the assumption that 
6.3% of the patients in the placebo group would 
have had an event at 12 months, a type I error rate 
of 5% (two-sided), and 90% power for the trial to 
achieve a hazard ratio of 0.80. We estimated a 
trial duration of approximately 30 months until 
the common end of the treatment period. The 
original sample size of 9300 was increased on the 
basis of a blinded review of data that suggested 
that the original assumptions were not met. An 
interim analysis for futility was added when 460 
patients had had a primary efficacy event.

Analysis of the primary efficacy outcome in-
cluded all the patients who underwent random-
ization. To reflect the actual probability of the 
event of interest over time in the presence of 
competing risks, Aalen–Johansen estimates of 
cumulative risk were generated that treated death 
as the competing event.16 Cause-specific hazard 
ratios with 95% confidence intervals were derived 
from a stratified cause-specific Cox proportional-
hazards regression model. The proportional-
hazards assumptions of the Cox models were 
assessed by plots of weighted Schoenfeld residu-
als over time with the use of a chi-square test.17 
Comparisons were made by means of two- 
sided stratified log-rank tests. Results are re-
ported as point estimates with 95% confidence 
intervals.

For efficacy outcomes, the type I error rate 
was controlled with the use of a hierarchical test-
ing procedure in a prespecified order, as detailed 
in the protocol. If a test was deemed to be non-
significant, no testing of subsequent outcomes 
was performed. All reported P values are two-
sided. Subgroup analyses were conducted for the 
primary efficacy outcome, as prespecified in the 
protocol and statistical analysis plan.

The analyses of primary and secondary 
safety outcomes included all the patients who 
received at least one dose of asundexian or pla-
cebo (safety population); these analyses included 
all the events that occurred between the first 
intake of asundexian or placebo and up to 2 days 
after permanent discontinuation of the regimen. 

Aalen–Johansen estimates of cumulative risk 
were determined that treated death and prema-
ture discontinuation as competing events. No 
formal hypothesis testing was performed for the 
safety analyses. Adverse events were tabulated 
according to the affected system organ class, 
which was coded in accordance with the Medical 
Dictionary for Regulatory Activities, version 28.1. The 
widths of the confidence intervals for efficacy 
and safety outcomes have not been adjusted for 
multiplicity and should not be used to infer treat-
ment effects.

R esult s

Patients

From January 2023 through February 2025, a 
total of 12,578 patients were assessed for eligi-
bility, of whom 12,327 underwent randomiza-
tion (6162 to the asundexian group and 6165 to 
the placebo group) (Fig. S1). Asundexian or pla-
cebo was never administered to 73 patients. A 
total of 45 patients withdrew consent, and 39 
were lost to follow-up.

The characteristics of the patients at baseline 
were similar in the two treatment groups (Ta-
ble  1 and Table S2). The trial population was 
representative of the population of patients 
with noncardioembolic stroke (Tables S3 and 
S4). The mean age of the patients was 68 years, 
with 3070 patients (24.9%) being older than 75 
years of age and with 33.3% of the patients be-
ing women. Ischemic stroke was the event at 
presentation in 11,677 patients (94.7%), with 
the remaining patients having high-risk TIA. 
Among the patients who presented with stroke, 
3201 (27.4%) received intravenous thrombolysis, 
endovascular therapy, or both. Dual antiplatelet 
therapy was planned at randomization in 7712 
patients (62.6%). Large-artery atherosclerosis 
was the most common stroke subtype at presen-
tation, in 4996 patients (42.8%), with 2639 pa-
tients (22.6%) having small-vessel occlusion and 
3496 (29.9%) having stroke of undetermined 
cause.

The median follow-up in the trial was 567 days 
(interquartile range, 377 to 729) after random-
ization. A total of 1624 of 6124 patients (26.5%) 
permanently discontinued asundexian, and 1598 
of 6130 (26.1%) permanently discontinued placebo 
(Table S5).
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Primary Efficacy Outcome
Ischemic stroke (the primary outcome) occurred 
in 384 patients (6.2%) in the asundexian group 
and in 518 (8.4%) in the placebo group (cause-
specific hazard ratio, 0.74; 95% confidence in-

terval [CI], 0.65 to 0.84; P<0.001) (Table  2, 
Fig. 1A, and Fig. S2A). In the subgroup analysis, 
the effects of asundexian as compared with pla-
cebo were mostly consistent among the sub-
groups (Fig. 2).

Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Asundexian 
(N = 6162)

Placebo 
(N = 6165)

Age — yr 67.7±10.8 67.5±10.9

Female sex — no. (%) 2063 (33.5) 2047 (33.2)

Geographic region — no. (%)

North America 783 (12.7) 782 (12.7)

South America 281 (4.6) 286 (4.6)

Australia, Europe, or Israel 3338 (54.2) 3329 (54.0)

Asia–Pacific 1760 (28.6) 1768 (28.7)

Race — no. (%)†

White 4105 (66.6) 4078 (66.1)

Black 143 (2.3) 139 (2.3)

Asian 1721 (27.9) 1742 (28.3)

Other 193 (3.1) 206 (3.3)

Index event — no. (%)‡

Ischemic stroke 5839 (94.8) 5838 (94.7)

High-risk TIA 323 (5.2) 325 (5.3)

Stroke subtype — no./total no. (%)§¶

Large-artery atherosclerosis 2512/5839 (43.0) 2484/5838 (42.5)

Small-vessel occlusion 1290/5839 (22.1) 1349/5838 (23.1)

Stroke of other determined cause 161/5839 (2.8) 188/5838 (3.2)

Stroke of undetermined cause 1786/5839 (30.6) 1710/5838 (29.3)

Cardioembolism 89/5839 (1.5) 107/5838 (1.8)

Time from index event to randomization — hr 50.5±15.4 50.3±15.4

Intravenous thrombolysis, endovascular therapy, or both  
— no./total no. (%)¶

1608/5839 (27.5) 1593/5838 (27.3)

Intravenous thrombolysis only 1146/5839 (19.6) 1168/5838 (20.0)

Endovascular therapy only 202/5839 (3.5) 169/5838 (2.9)

Median NIHSS score at randomization (IQR)¶‖ 2.0 (1.0–4.0) 2.0 (1.0–4.0)

Planned dual antiplatelet therapy with aspirin and P2Y12  
inhibitor at randomization — no. (%)**

3859 (62.6) 3853 (62.5)

*	� Plus–minus values are means ±SD. IQR denotes interquartile range, P2Y12 purinergic receptor Y12, and TIA transient 
ischemic attack.

†	� Race was reported by the patient.
‡	� Data on the index event were missing for two patients, both in the placebo group.
§	� The stroke subtype was classified according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria.14 

Data were available for 11,676 patients (5838 in the asundexian group and 5838 in the placebo group).
¶	� Data are shown for patients who had ischemic stroke as the index event.
‖	� Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with higher scores indicating 

more severe stroke. The NIHSS score was available for 11,673 patients (5837 in the asundexian group and 5836 in 
the placebo group).

**	� Planned antiplatelet therapy (dual or single) at randomization was a stratification factor.
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Figure 1. Cumulative Incidence of Ischemic Stroke and ISTH Major Bleeding.

Shown is the cumulative incidence of ischemic stroke (primary efficacy outcome) (Panel A) and of major bleeding 
defined according to International Society on Thrombosis and Haemostasis (ISTH) criteria (primary safety out-
come) (Panel B). Cause-specific hazard ratios are shown (with a competing risk of death for the primary efficacy 
outcome and competing risks of death and premature discontinuation for the primary safety outcome). P values 
were obtained from a log-rank test with stratification according to baseline intention of dual antiplatelet therapy 
use. Cumulative-incidence curves were estimated by the Aalen–Johansen method, with truncation at day 820. Analy-
ses were performed for the full follow-up time; the maximum follow-up in the trial was 957 days for ischemic stroke 
and 958 days for major bleeding. In both panels, the inset shows the same data on an expanded y axis.

B Cumulative Incidence of ISTH Major Bleeding
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Overall
Age

<65 yr
65–75 yr
>75 yr

Sex
Female
Male

Geographic region
North America
South America
Australia, Israel, or western Europe
Eastern Europe
Asia–Pacific

Race
White
Black
Asian
Other

Hypertension before randomization
No
Yes

Diabetes before randomization
No
Yes

History of stroke or TIA before index event
No
Yes

Medical history of atherosclerosis
No
Yes

Vascular imaging evidence of atherosclerosis
No
Yes

Acute nonlacunar infarct on imaging of head
No
Yes

Type of index event
Ischemic stroke
TIA

Stroke subtype
Large-artery atherosclerosis
Small-vessel occlusion
Stroke of other determined cause
Stroke of undetermined cause
Cardioembolism

Time from index event to randomization
≤24 hr
>24–48 hr
>48–72 hr
>72 hr

Intravenous thrombolysis or endovascular therapy for 
index stroke

Intravenous thrombolysis only
Endovascular therapy only
Intravenous thrombolysis and endovascular therapy
Neither intravenous thrombolysis nor endovascular therapy 

NIHSS score for index stroke at randomization
≤3
4–7
≥8

Planned dual antiplatelet therapy with aspirin and
a P2Y12 inhibitor

No
Yes

Cause-Specific Hazard Ratio (95% CI)Asundexian PlaceboSubgroup

0.74 (0.65–0.84)

0.73 (0.58–0.92)
0.76 (0.61–0.94)
0.72 (0.56–0.92)

0.70 (0.55–0.89)
0.75 (0.64–0.88)

0.69 (0.50–0.96)
0.48 (0.25–0.91)
0.75 (0.60–0.94)
0.62 (0.42–0.91)
0.86 (0.68–1.08)

0.74 (0.63–0.88)
0.28 (0.13–0.62)
0.79 (0.63–1.01)
0.86 (0.47–1.60)

0.73 (0.52–1.02)
0.74 (0.64–0.85)

0.77 (0.64–0.92)
0.70 (0.58–0.86)

0.73 (0.61–0.86)
0.77 (0.62–0.95)

0.74 (0.62–0.88)
0.74 (0.60–0.91)

0.58 (0.35–0.97)
0.75 (0.66–0.86)

0.72 (0.60–0.86)
0.76 (0.63–0.92)

0.73 (0.64–0.84)
0.83 (0.49–1.38)

0.82 (0.68–0.98)
0.68 (0.49–0.94)
0.84 (0.36–1.96)
0.61 (0.46–0.81)
0.58 (0.17–1.95)

1.22 (0.70–2.11)
0.83 (0.67–1.03)
0.66 (0.55–0.78)
0.22 (0.02–2.08)

0.54 (0.39–0.75)
0.71 (0.32–1.57)
0.50 (0.22–1.11)
0.80 (0.69–0.94)

0.74 (0.63–0.87)
0.73 (0.56–0.95)
0.71 (0.41–1.20)

0.68 (0.54–0.86)
0.77 (0.65–0.90)

384/6162 (6.2)

128/2313 (5.5)
152/2318 (6.6)
104/1531 (6.8)

114/2063 (5.5)
270/4099 (6.6)

60/783 (7.7)
14/281 (5.0)

132/2425 (5.4)
42/913 (4.6)

136/1760 (7.7)

235/4105 (5.7)
8/143 (5.6)

123/1721 (7.1)
18/193 (9.3)

58/1225 (4.7)
326/4937 (6.6)

214/4028 (5.3)
170/2134 (8.0)

238/4852 (4.9)
146/1310 (11.1)

224/4172 (5.4)
160/1990 (8.0)

23/528 (4.4)
361/5634 (6.4)

193/3173 (6.1)
191/2989 (6.4)

358/5839 (6.1)
26/323 (8.0)

203/2512 (8.1)
59/1290 (4.6)
9/161 (5.6)

83/1786 (4.6)
4/89 (4.5)

27/335 (8.1)
152/2190 (6.9)
204/3592 (5.7)

1/45 (2.2)

54/1146 (4.7)
11/202 (5.4)
9/260 (3.5)

284/4231 (6.7)

240/4087 (5.9)
95/1385 (6.9)
23/365 (6.3)

119/2303 (5.2)
265/3859 (6.9)

518/6165 (8.4)

176/2308 (7.6)
197/2318 (8.5)
145/1539 (9.4)

159/2047 (7.8)
359/4118 (8.7)

86/782 (11.0)
29/286 (10.1)

175/2419 (7.2)
68/910 (7.5)

160/1768 (9.0)

314/4078 (7.7)
25/139 (18.0)

156/1742 (9.0)
23/206 (11.2)

84/1297 (6.5)
434/4868 (8.9)

281/4050 (6.9)
237/2115 (11.2)

325/4820 (6.7)
193/1345 (14.3)

300/4165 (7.2)
218/2000 (10.9)

40/550 (7.3)
478/5615 (8.5)

266/3158 (8.4)
252/3007 (8.4)

485/5838 (8.3)
33/325 (10.2)

247/2484 (9.9)
90/1349 (6.7)
13/188 (6.9)

127/1710 (7.4)
8/107 (7.5)

24/356 (6.7)
181/2150 (8.4)
310/3630 (8.5)

3/29 (10.3)

99/1168 (8.5)
13/169 (7.7)
18/256 (7.0)

355/4245 (8.4)

321/4079 (7.9)
130/1375 (9.5)
33/382 (8.6)

174/2312 (7.5)
344/3853 (8.9)

no. of events/total no. of patients (%)

0.20 1.00 2.00

Placebo BetterAsundexian Better
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Secondary Efficacy Outcomes

Efficacy outcomes are shown in Table 2. Ischemic 
or hemorrhagic stroke occurred in 404 patients 
(6.6%) in the asundexian group, as compared 
with 545 patients (8.8%) in the placebo group 
(cause-specific hazard ratio, 0.74; 95% CI, 0.65 to 
0.84; P<0.001). Death from cardiovascular causes, 
myocardial infarction, or stroke occurred in 568 
patients (9.2%) in the asundexian group, as com-
pared with 685 patients (11.1%) in the placebo 
group (cause-specific hazard ratio, 0.83; 95% CI, 
0.74 to 0.92; P<0.001). Death from any cause, 
myocardial infarction, or stroke occurred in 649 
patients (10.5%) in the asundexian group, as com-
pared with 757 patients (12.3%) in the placebo 
group (cause-specific hazard ratio, 0.85; 95% CI, 
0.77 to 0.95; P = 0.003).

The risk of ischemic stroke in the first 90 
days was not significantly lower in the asun-
dexian group than in the placebo group (183 
patients [3.0%] and 218 patients [3.5%], respec-
tively; cause-specific hazard ratio, 0.84; 95% CI, 
0.69 to 1.02; P = 0.08). Consequently, further hy-
pothesis testing was not conducted. The inci-
dence of disabling or fatal stroke was 2.1% in 
the asundexian group and 3.0% in the placebo 
group (cause-specific hazard ratio, 0.69; 95% CI, 
0.55 to 0.87). The risks of death from any cause 
and of death from cardiovascular causes were 
similar in the trial groups. The net clinical ben-
efit outcomes are shown in Table S6.

Bleeding and Adverse Events

ISTH major bleeding occurred in 117 of 6124 
patients (1.9%) who received asundexian and in 

107 of 6130 patients (1.7%) who received placebo 
(cause-specific hazard ratio, 1.10; 95% CI, 0.85 
to 1.44; P = 0.46) (Table 3, Fig. 1B, Fig. S2B, and 
Table S7). A total of 339 patients (5.5%) who 
received asundexian and 307 (5.0%) who re-
ceived placebo had major or clinically relevant 
nonmajor bleeding (cause-specific hazard ratio, 
1.12; 95% CI, 0.96 to 1.30; P = 0.16). The inci-
dence of other secondary safety outcomes, in-
cluding symptomatic intracranial hemorrhage, 
hemorrhagic stroke, fatal bleeding, and minor 
bleeding, was similar in the two trial groups.

The incidence of adverse events was 69.3% in 
the asundexian group and 70.1% in the placebo 
group. Serious adverse events were reported in 
1177 patients (19.2%) who received asundexian 
and in 1196 (19.5%) who received placebo. De-
tails of serious adverse events and adverse events 
according to system organ class are shown in 
Tables S8 and S9, respectively.

Discussion

Among patients with noncardioembolic stroke 
or high-risk TIA who were taking antiplatelet 
therapy and treated within 72 hours after symp-
tom onset, the risk of ischemic stroke was lower 
with asundexian than with placebo (6.2% vs. 
8.4%), without a higher risk of major bleeding. 
The annualized rate of ischemic stroke was ap-
proximately that expected in this population 
(6.0 events per 100 patient-years in the placebo 
group).1 Patients in the asundexian group also 
had a lower risk of the composite of death from 
cardiovascular causes, myocardial infarction, or 
stroke than those in the placebo group. Our re-
sults are consistent with those of epidemiologic 
and mendelian randomization studies that have 
shown a correlation between factor XI levels 
and the occurrence of ischemic stroke, with 
lower levels of factor XI associated with a re-
duced risk.9,10,18

The risk of major bleeding was not higher 
with asundexian added to antiplatelet therapy 
than with placebo, and the risks of symptomatic 
intracranial hemorrhage, hemorrhagic stroke, 
and fatal bleeding were similar to those ob-
served with placebo. Our findings are consistent 
with the results of a phase 2 stroke trial that 
showed no increase in the risk of major bleeding 

Figure 2 (facing page). Subgroup Analyses of the Primary 
Efficacy Outcome: Ischemic Stroke.

Shown are subgroup analyses for the primary efficacy 
outcome, ischemic stroke. Cause-specific hazard ratios 
are shown (with a competing risk of death). Confidence 
intervals are not adjusted for multiplicity and may  
not be used for inference. Race was reported by the 
patient. The stroke subtype was classified according  
to the Trial of Org 10172 in Acute Stroke Treatment 
(TOAST) criteria. National Institutes of Health Stroke 
Scale (NIHSS) scores range from 0 to 42, with higher 
scores indicating more severe stroke. Arrows indicate 
that the confidence interval extends outside the 
graphed area. P2Y12 denotes purinergic receptor Y12, 
and TIA transient ischemic attack.
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or clinically relevant nonmajor bleeding with 
asundexian added to antiplatelet therapy.12 A 
pooled analysis of phase 2 trials of asundexian 
suggested that the risk of major bleeding with 
asundexian was similar to that seen with place-
bo.19 Persons who are born with factor XI defi-
ciency have a mild bleeding diathesis with infre-
quent spontaneous bleeding and no apparent 
increased risk of intracerebral bleeding as com-
pared with those born without a deficiency.20-22 
The observed lower risk of ischemic stroke with-
out a significant increase in bleeding validates 
factor XIa as a therapeutic target with the poten-
tial to uncouple pathologic thrombosis from 
hemostasis.

The inclusion of common stroke subtypes (in-
cluding small-vessel occlusion) suggests that the 
results are broadly applicable to patients with 
noncardioembolic ischemic stroke. Our trial in-
cluded patients with higher NIHSS scores and 
those treated with thrombolytic agents and 
mechanical thrombectomy, which broadens the 
generalizability of our results beyond that of 
trials examining dual antiplatelet therapy for 
TIA and minor stroke that excluded such pa-
tients.6,23,24

Previous attempts at combination antithrom-
botic therapy for long-term secondary stroke 
prevention have been unsuccessful because of a 
lack of efficacy, an increased risk of bleeding, or 
both.7,25-27 One exception was the demonstration 
that low-dose rivaroxaban added to aspirin was 
associated with a lower rate of stroke than aspirin 
alone among patients with stable atherosclerosis 
but with an increased rate of major bleeding.28,29 
Although that trial was not a secondary stroke 
prevention trial, our results showed a similar 
benefit by combining a clotting factor inhibitor 
with antiplatelet therapy. Antiplatelet monothera-
py is the most common long-term treatment at 
present. Our results showed that the addition of 
asundexian is an effective and safe therapeutic 
option for patients treated with antiplatelet ther-
apy for secondary stroke prevention.

A few limitations of the trial should be con-
sidered. First, although the inclusion criteria for 
stroke severity were broad, the trial included 
relatively few patients with an NIHSS score of 
8 or higher. Second, the percentage of patients 
who were enrolled after a high-risk TIA, al-
though consistent with that in a prevention trial 
that enrolled in the early time window (within 

72 hours after symptom onset),23 was low, at ap-
proximately 5%. Asundexian or placebo was dis-
continued by approximately 26% of the patients; 
however, the percentages of patients who discon-
tinued were similar in the two trial groups and 
correspond with percentages seen in similar tri-
als.24,30 The percentage of Black patients enrolled 
was small (2.3%).

In this placebo-controlled trial, patients with 
noncardioembolic ischemic stroke or high-risk 
TIA who had been assigned to receive asun-
dexian with background antiplatelet therapy had 
a lower risk of subsequent ischemic stroke, with-
out a higher risk of hemorrhagic stroke or major 
bleeding, than those treated with antiplatelet 
therapy alone.

Supported by Bayer.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
A data sharing statement provided by the authors is available 

with the full text of this article at NEJM.org.
We thank Robert G. Hart for providing insightful advice and 

guidance during protocol development and trial planning; Stu-
art J. Connolly (deceased), who added deep experience to scien-
tific and operational decisions during trial execution; Sebastian 
Ameriso (deceased), who ably led sites in Argentina and added 
depth and wisdom to the steering committee; and the staff of 
Prime Group of Companies for editorial assistance with earlier 
versions of the manuscript, including assistance with figure for-
matting, proofreading, and submission.

Author Information
Mukul Sharma, M.D.,1 Qiang Dong, M.D.,2 Teruyuki Hirano, 
M.D.,3 Scott  E. Kasner, M.D.,4,5 Jeffrey  L. Saver, M.D.,6 Jaime 
Masjuan, M.D., Ph.D.,7 Andrew M. Demchuk, M.D.,8 Charlotte 
Cordonnier, M.D., Ph.D.,9 Daniel Bereczki, M.D.,10 Georgios 
Tsivgoulis, M.D., Ph.D., D.M.Sci.,11 Roland Veltkamp, M.D.,12-14 
Ivan Staikov, M.D., Ph.D.,15 Hee‑Joon Bae, M.D., Ph.D.,16 
Bruce C.V. Campbell, M.B., B.S., Ph.D.,17,18 Andrea Zini, M.D.,19 
I‑Hui Lee, M.D., Ph.D.,20,21 Martin Kovar, M.D.,22 Robert Mikulik, 
M.D., Ph.D.,23 Robin Lemmens, M.D., Ph.D.,24,25 José M. Ferro, 
M.D., Ph.D.,26 Thompson Robinson, M.D.,27 Hanne Chris-
tensen, M.D., Ph.D.,28 Serefnur Ozturk, M.D.,29 Ronen R. Leker, 
M.D.,30 Peter Turcani, M.D., Ph.D.,31 Agnieszka Slowik, M.D., 
Ph.D.,32 Pablo Amaya, M.D.,33 Fan Kee Hoo, M.D.,34 Gian Marco 
De  Marchis, M.D.,35,36 Michael Knoflach, M.D.,37 P.N. Sylaja, 
M.D.,38 Jukka Putaala, M.D., Ph.D.,39 Jonathan M. Coutinho, M.D., 
Ph.D.,40 H. Bart van der Worp, M.D., Ph.D.,41 Evija Miglane, M.D., 
Ph.D.,42 Vaidas Matijošaitis, M.D., Ph.D.,43 Arne  G. Lindgren, 
M.D., Ph.D.,44,45 Gisele Sampaio Silva, M.D., Ph.D.,46,47 Else Char-
lotte Sandset, M.D., Ph.D.,48 Saule T. Turuspekova, M.D., Ph.D.,49 
Pierre Amarenco, M.D.,50 Kevin N. Sheth, M.D.,51 Eric E. Smith, 
M.D.,8 John W. Eikelboom, M.B., B.S.,1 Raed A. Joundi, M.D., D.
Phil.,1 Karleen Schulze, M.Math.,1 Lizhen Xu, Ph.D.,1 Laura Heen-
an, M.Sc.,1 Pablo Colorado, M.D.,5 Lars Keller, M.D.,52 Eva Muehl-
hofer, M.D.,52 Christoph Neumann, Ph.D.,52 Hardi Mundl, M.D.,52 
and Ashkan Shoamanesh, M.D.1

1 McMaster University, Population Health Research Institute, 
Hamilton Health Sciences, Hamilton, ON, Canada; 2 Depart-
ment of Neurology, Huashan Hospital Fudan University, Shang-
hai; 3 Department of Stroke and Cerebrovascular Medicine, Kyo-
rin University School of Medicine, Mitaka, Japan; 4 Department 

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Universitaet Basel on April 20, 2026. 



n engl j med 394;15  nejm.org  April 16, 20261478

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

of Neurology, University of Pennsylvania Perelman School of 
Medicine, Philadelphia; 5 Bayer, Whippany, NJ; 6 University of 
California, Los Angeles, David Geffen School of Medicine, Los 
Angeles; 7 Department of Neurology, Hospital Universitario 
Ramón y Cajal, University of Alcalá, Madrid; 8 University of Cal-
gary, Calgary, AB, Canada; 9 University of Lille, INSERM, Centre 
Hospitalier Universitaire de Lille, Lille, France; 10 Semmelweis 
University, Budapest, Hungary; 11 Second Department of Neu-
rology, National and Kapodistrian University of Athens, School 
of Medicine, “Attikon” University Hospital, Athens; 12 Depart-
ment of Neurology, Alfried Krupp Krankenhaus Essen, Essen, 
Germany; 13 Department of Brain Sciences, Imperial College 
London, London; 14 Department of Neurology, University Hos-
pital Heidelberg, Heidelberg, Germany; 15 Department of Neu-
rology, Acibadem City Clinic University Hospital Tokuda, Sofia, 
Bulgaria; 16 Seoul National University College of Medicine, 
Seoul National University Bundang Hospital, Seongnam, 
South Korea; 17 Department of Medicine and Neurology, Mel-
bourne Brain Centre at the Royal Melbourne Hospital, Univer-
sity of Melbourne, Parkville, VIC, Australia; 18 Florey Institute of 
Neuroscience and Mental Health, University of Melbourne, 
Parkville, VIC, Australia; 19 Maggiore Hospital, IRCCS Istituto 
delle Scienze Neurologiche di Bologna, Azienda Unità Sanitaria 
Locale di Bologna, Bologna, Italy; 20 Taipei Veterans General 
Hospital, Taipei, Taiwan; 21 National Yang Ming Chiao Tung 
University, Taipei, Taiwan; 22 Nemocnice Na Homolce, Prague, 
Czech Republic; 23 International Clinical Research Center and 
Department of Neurology, St. Anne’s University Hospital Brno, 
Brno, Czech Republic; 24 Department of Neurosciences, Experi-
mental Neurology, KU Leuven, Leuven, Belgium; 25 Department 
of Neurology, University Hospitals Leuven, Leuven, Belgium; 

26 Centro Hospitalar de Lisboa Norte, Lisbon, Portugal; 27 Uni-
versity of Leicester, Leicester, United Kingdom; 28 Bispebjerg og 
Frederiksberg Hospital, Copenhagen; 29 Selcuk University Fac-
ulty of Medicine, Department of Neurology, Neurointensive 
Care, Stroke Center, Konya, Turkey; 30 Department of Neurolo-
gy, Stroke Unit, Hadassah–Hebrew University Medical Center, 
Jerusalem, Israel; 31 First Department of Neurology, Comenius 
University in Bratislava, Bratislava, Slovakia; 32 Department of 
Neurology, Jagiellonian University, Medical College, Krakow, 
Poland; 33 Fundación Valle del Lili, Cali, Colombia; 34 Depart-
ment of Neurology, Faculty of Medicine and Health Sciences, 
Universiti Putra Malaysia, Serdang; 35 University Research and 
Teaching Hospital, HOCH Kantonsspital St. Gallen, St. Gallen, 
Switzerland; 36 Faculty of Medicine, University of Basel, Basel, 
Switzerland; 37 Medical University of Innsbruck, Innsbruck, Aus-
tria; 38 Sree Chitra Tirunal Institute for Medical Sciences and 
Technology, Thiruvananthapuram, India; 39 Department of Neu-
rology, University of Helsinki and Helsinki University Hospital, 
Helsinki; 40 Amsterdam University Medical Center, Amsterdam; 
41 University Medical Center Utrecht, Utrecht, the Netherlands; 
42 P. Stradins Clinical University Hospital, Riga, Latvia; 43 Lithua-
nian University of Health Sciences, Kaunas, Lithuania; 44 Depart-
ment of Clinical Sciences Lund, Neurology, Lund University, 
Lund, Sweden; 45 Department of Neurology, Skåne University 
Hospital, Lund, Sweden; 46 Universidade Federal de São Paulo, 
São Paulo; 47 Hospital Israelita Albert Einstein, São Paulo; 48 Oslo 
University Hospital, Oslo; 49 Asfendiyarov Kazakh National Medi-
cal University, Almaty, Kazakhstan; 50 Department of Neurolo-
gy, Bichat Hospital and University of Paris Cité, Paris; 51 Yale 
University School of Medicine, New Haven, CT; 52 Bayer, Wup-
pertal, Germany.

References
1.	 Amarenco P, Lavallée PC, Labreuche J, 
et al. One-year risk of stroke after transient 
ischemic attack or minor stroke. N Engl  
J Med 2016;​374:​1533-42.
2.	 Hobeanu C, Lavallée PC, Charles H, et 
al. Risk of subsequent disabling or fatal 
stroke in patients with transient ischaemic 
attack or minor ischaemic stroke: an in-
ternational, prospective cohort study. Lan-
cet Neurol 2022;​21:​889-98.
3.	 Writing Committee for the PERSIST 
Collaborators. Long-term risk of stroke 
after transient ischemic attack or minor 
stroke: a systematic review and meta-analy-
sis. JAMA 2025;​333:​1508-19.
4.	 Kolmos M, Christoffersen L, Kruuse 
C. Recurrent ischemic stroke — a system-
atic review and meta-analysis. J Stroke 
Cerebrovasc Dis 2021;​30:​105935.
5.	 Kleindorfer DO, Towfighi A, Chaturvedi 
S, et al. 2021 Guideline for the prevention of 
stroke in patients with stroke and transient 
ischemic attack: a guideline from the Amer-
ican Heart Association/American Stroke 
Association. Stroke 2021;​52(7):​e364-e467.
6.	 Wang Y, Wang Y, Zhao X, et al. Clopi-
dogrel with aspirin in acute minor stroke 
or transient ischemic attack. N Engl J Med 
2013;​369:​11-9.
7.	 Diener H-C, Bogousslavsky J, Brass 
LM, et al. Aspirin and clopidogrel com-
pared with clopidogrel alone after recent 
ischaemic stroke or transient ischaemic 

attack in high-risk patients (MATCH): ran-
domised, double-blind, placebo-controlled 
trial. Lancet 2004;​364:​331-7.
8.	 Weitz JI, Fredenburgh JC. Factors XI 
and XII as Targets for New Anticoagulants. 
Front Med (Lausanne) 2017;​4:​19.
9.	 Salomon O, Steinberg DM, Koren-
Morag N, Tanne D, Seligsohn U. Reduced 
incidence of ischemic stroke in patients 
with severe factor XI deficiency. Blood 2008;​
111:​4113-7.
10.	 Gill D, Georgakis MK, Laffan M, et al. 
Genetically determined FXI (Factor XI) 
levels and risk of stroke. Stroke 2018;​49:​
2761-3.
11.	 Heitmeier S, Visser M, Tersteegen A, 
et al. Pharmacological profile of asun-
dexian, a novel, orally bioavailable inhibi-
tor of factor XIa. J Thromb Haemost 2022;​
20:​1400-11.
12.	 Shoamanesh A, Mundl H, Smith EE, et 
al. Factor XIa inhibition with asundexian 
after acute non-cardioembolic ischaemic 
stroke (PACIFIC-Stroke): an international, 
randomised, double-blind, placebo-con-
trolled, phase 2b trial. Lancet 2022;​400:​
997-1007.
13.	 Johnston SC, Rothwell PM, Nguyen-
Huynh MN, et al. Validation and refine-
ment of scores to predict very early stroke 
risk after transient ischaemic attack. Lan-
cet 2007;​369:​283-92.
14.	 Adams HP Jr, Bendixen BH, Kappelle 

LJ, et al. Classification of subtype of acute 
ischemic stroke. Definitions for use in a 
multicenter clinical trial: TOAST: Trial of 
Org 10172 in Acute Stroke Treatment. 
Stroke 1993;​24:​35-41.
15.	 Schulman S, Kearon C, Subcommittee 
on Control of Anticoagulation of the Sci-
entific and Standardization Committee of 
the International Society on Thrombosis 
and Haemostasis. Definition of major 
bleeding in clinical investigations of anti-
hemostatic medicinal products in non-
surgical patients. J Thromb Haemost 2005;​
3:​692-4.
16.	 Aalen OO, Borgan Ø, Gjessing HK. 
Survival and event history analysis: a pro-
cess point of view. New York:​ Springer 
Science+Business Media, 2008.
17.	 Grambsch PM, Therneau TM. Propor-
tional hazards tests and diagnostics based 
on weighted residuals. Biometrika 1994;​
81:​515-26 (https://doi​.org/​10​.1093/​biomet/​
81​.3​.515).
18.	Georgi B, Mielke J, Chaffin M, et al. 
Leveraging human genetics to estimate 
clinical risk reductions achievable by in-
hibiting factor XI. Stroke 2019;​50:​3004-12.
19.	 Eikelboom JW, Mundl H, Alexander 
JH, et al. Bleeding outcomes in patients 
treated with asundexian in phase II trials. 
J Am Coll Cardiol 2024;​83:​669-78.
20.	Gomez K, Bolton-Maggs P. Factor XI 
deficiency. Haemophilia 2008;​14:​1183-9.

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Universitaet Basel on April 20, 2026. 

https://doi.org/10.1093/biomet/81.3.515
https://doi.org/10.1093/biomet/81.3.515


n engl j med 394;15  nejm.org  April 16, 2026 1479

Asundexian for Secondary Stroke Prevention

21.	 Salomon O, Steinberg DM, Seligshon 
U. Variable bleeding manifestations char-
acterize different types of surgery in pa-
tients with severe factor XI deficiency en-
abling parsimonious use of replacement 
therapy. Haemophilia 2006;​12:​490-3.
22.	Seligsohn U. Factor XI deficiency in 
humans. J Thromb Haemost 2009;​7:​Suppl 
1:​84-7.
23.	 Johnston SC, Amarenco P, Denison H, 
et al. Ticagrelor and aspirin or aspirin 
alone in acute ischemic stroke or TIA. N 
Engl J Med 2020;​383:​207-17.
24.	 Johnston SC, Easton JD, Farrant M, et 
al. Clopidogrel and aspirin in acute ische-

mic stroke and high-risk TIA. N Engl J Med 
2018;​379:​215-25.
25.	 Sacco RL, Diener H-C, Yusuf S, et al. 
Aspirin and extended-release dipyridamole 
versus clopidogrel for recurrent stroke.  
N Engl J Med 2008;​359:​1238-51.
26.	Benavente OR, White CL, Pearce L, et 
al. The Secondary Prevention of Small Sub-
cortical Strokes (SPS3) study. Int J Stroke 
2011;​6:​164-75.
27.	 Bath PM, Woodhouse LJ, Appleton JP, 
et al. Antiplatelet therapy with aspirin, 
clopidogrel, and dipyridamole versus clopi-
dogrel alone or aspirin and dipyridamole 
in patients with acute cerebral ischaemia 

(TARDIS): a randomised, open-label, phase 
3 superiority trial. Lancet 2018;​391:​850-
9.
28.	Eikelboom JW, Connolly SJ, Bosch J, 
et al. Rivaroxaban with or without aspirin 
in stable cardiovascular disease. N Engl  
J Med 2017;​377:​1319-30.
29.	 Sharma M, Hart RG, Connolly SJ, et 
al. Stroke outcomes in the COMPASS trial. 
Circulation 2019;​139:​1134-45.
30.	 Johnston SC, Amarenco P, Albers GW, 
et al. Ticagrelor versus aspirin in acute 
stroke or transient ischemic attack. N Engl 
J Med 2016;​375:​35-43.
Copyright © 2026 Massachusetts Medical Society.

journal archive at nejm.org

Every article published by the Journal is now available at NEJM.org, beginning  
with the first article published in January 1812. The entire archive is fully searchable,  

and browsing of titles and tables of contents is easy and available to all.  
Individual subscribers are entitled to free 24-hour access to 50 archive articles per year. 
Access to content in the archive is also being provided through many institutional 

subscriptions.

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Universitaet Basel on April 20, 2026. 


