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Abstract
Atrial fibrillation (AF) increases the risk of ischemic stroke (IS) and systemic embolism, necessitating thromboprophylaxis 
with direct oral anticoagulants (DOAC), which increase bleeding. Drugs that inhibit factor XI (FXI) have been devel-
oped to provide thromboprophylaxis with lower bleeding risk. We performed a systematic review and meta-analysis of 
randomised controlled trials comparing FXI inhibitors versus DOAC in patients with AF, reporting primary outcomes of 
International Society of Thrombosis and Haemostasis (ISTH) major bleeding or clinically relevant non-major bleeding 
(CRNMB), and exploratory outcomes of ischaemic stroke (IS), intracranial hemorrhage (ICH) and death. Three trials were 
identified. The PACIFIC-AF (Phase 2) and OCEANIC-AF (Phase 3) trials compared asundexian, an oral, small-molecule 
FXIa inhibitor, with apixaban. AZALEA-TIMI 71 (Phase 2) compared abelacimab, a subcutaneous monoclonal antibody 
against FXI/FXIa, with rivaroxaban. FXI inhibitors reduced the composite of major bleeding or CRNMB (pooled-OR 
0.39, 95%CI 0.30–0.50, p = 0.0005), major bleeding (OR 0.30, 95%CI 0.22–0.41, p = 0.004) and CRNMB (pooled-OR 
0.44, 95% CI 0.36–0.55, p = 0.0004) compared to DOAC. Effects were consistent across sex, clinical risk factors and 
concomitant antiplatelet therapy. Exploratory analyses showed FXI inhibitor use was associated with greater risk of IS 
(OR 3.37, 95%CI 2.18–5.19, p = 0.001), similar rate of ICH and lower all-cause mortality (OR 0.82, 95%CI 0.71–0.94, 
p = 0.02) than DOAC. Compared to DOAC, FXI inhibitors significantly reduced major bleeding or CRNMB. Exploratory 
analyses indicate similar risk of ICH, but possible increased IS risk with FXI inhibitors compared to DOAC. Results from 
ongoing trials will help determine the relative usefulness of FXI inhibitors in patients with AF.
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Abbreviations
AF	� Atrial fibrillation
CRNM	� Clinically relevant non-major
DOAC	� Direct oral anticoagulant
TF	� Tissue factor
VTE	� Venous thromboembolism

Introduction

Atrial fibrillation (AF) increases the risk of ischemic stroke 
and systemic embolism five-fold, necessitating treatment 
with anticoagulation, as thromboprophylaxis against throm-
botic events, in the majority of patients. Guidelines recom-
mend the use of direct-acting oral anticoagulants (DOACs) 
over vitamin K antagonists, owing to their greater safety and 
efficacy [1]. However, while safer than vitamin K antago-
nists, DOACs nevertheless carry a significant risk of major 
bleeding, with annual rates reported at between in 2–4% in 
randomised controlled trials [2–4] and 2–5% in real world 
registries [5, 6]. Additionally, there are a significant number 
of individuals who have contraindications to anticoagula-
tion because of an excessively high bleeding risk or who are 
reluctant to take OAC due to the fear of bleeding complica-
tions. Such individuals are exposed to a very high risk of 

stroke and systemic embolism. There is, therefore, an unmet 
need for an anticoagulant that provides thromboprophylaxis 
in patients with AF but with a lower risk of bleeding than 
that afforded by current DOACs.

Interest in targeting factor XI (FXI) as an anticoagulant 
strategy stems from observational data in humans showing 
that individuals with congenital FXI deficiency (haemo-
philia C) have only mild increase in bleeding in response to 
trauma and do not exhibit spontaneous bleeding events or 
increased risk of intracranial hemorrhage, but at the same 
time have a low incidence of stroke and venous thromboem-
bolism (VTE) [7, 8]. This finding, that FXI depletion may 
protect from VTE in the absence of extensive bleeding, is 
supported by laboratory experiments. Deletion of FXI in 
mice reduced arterial thrombus formation in a carotid artery 
model without increasing bleeding [9], and in other animal 
models (rabbit, monkey, baboon) reduced FXI levels attenu-
ated thrombosis without causing bleeding [9–12]. 

Thrombosis in vivo is either triggered by low concentra-
tions of tissue factor (TF) exposed at the sites of endothe-
lial disruption, or by contact with the artificial surfaces of 
medical devices that bind FXII. This leads to the produc-
tion of thrombin, which in turn, through a positive feedback 
mechanism, further activates FXI, amplifying the formation 
of thrombin and fibrin, leading to thrombus growth. Events 

Graphical Abstract

1 3

762



Safety of factor XI inhibitors compared to factor X inhibitors in atrial fibrillation: a systematic review and…

leading to hemostasis are initiated through the TF pathway, 
leading to the downstream activation of FX, resulting in 
thrombin generation and ultimately the formation of a fibrin 
clot. However, the absence of a positive feedback loop in the 
hemostatic pathway means that amount of fibrin produced is 
limited and sufficient to achieve hemostasis, without culmi-
nating in thrombosis. This differential role for FXI, playing 
an important part in thrombosis but a much smaller role in 
hemostasis, led to the concept that inhibition of FXI activity 
may be an attractive antithrombotic therapeutic strategy [13, 
14]. Pharmacotherapies currently being evaluated in clinical 
trials that target FXI do so either by reducing FXI biosyn-
thesis or by directly inhibiting FXI/FXIa [15].

Following earlier randomised clinical trials evaluating 
the safety and efficacy of FXI inhibition in patients at risk 
of VTE, more recent trials have investigated these agents 
in other settings, namely in patients with non-valvular AF, 
acute coronary syndrome and stroke. Whilst there are ongo-
ing phase 3 trials in patients with AF to assess the effec-
tiveness of FXI inhibition in preventing thromboembolic 
complications, it was our aim to assess the existing available 
data from clinical trials regarding the comparative safety of 
FXI inhibitors in comparison to DOACs, in individuals with 
AF.

Methods

This review was conducted in accordance with the guide-
lines set by Preferred Reporting Items for Systemic Reviews 
and Meta-analyses (PRISMA). The study was registered on 
the PROSPERO database (CRD 420250654263).

Search strategy and data extraction

Digital databases (PubMed and Cochrane Library) were 
searched from inception through to 3 March 2025, using 
various combinations of medical subject headings (MeSH) 
(Supplementary List 1). The subsets were combined in vari-
ous combinations, with the search restricted to full-length 
articles published in English in peer-reviewed journals. 
Abstracts were screened and potentially relevant articles 
underwent full-text review.

Two reviewers (RM and SK) independently reviewed 
all titles, or titles and abstracts to identify articles that met 
the study inclusion criteria, with backward snowballing 
to retrieve studies that were missed on the initial database 
search. Selected studies were compared, and disagreement 
resolved by discussion and consensus. Data extraction was 
performed independently and in duplicate by the study 
investigators. Articles selected for the final review were 
checked to avoid inclusion of duplicate data. Data were 

collected from each study on baseline characteristics, con-
comitant antiplatelet therapy, and efficacy and safety clini-
cal outcomes.

Inclusion and exclusion criteria

We included randomised controlled trials only, restricted 
to human studies only, published in English and reporting 
bleeding events.

Study endpoints

The primary efficacy endpoint was the safety profile of FXI 
inhibitors in patients with AF, compared to DOACs, includ-
ing outcomes of major bleeding, clinically relevant non-
major (CRNM) bleeding as classified by the International 
Society of Thrombosis and Haemostasis (ISTH). Second-
ary endpoints included ischemic stroke, stroke or systemic 
embolism, intracranial hemorrhage and death.

Statistical analysis

Outcomes were pooled using crude number of events 
retrieved from each study and compared using a fixed-effect 
or random-effect model according to the heterogeneity 
among the included studies. Treatment effect was reported 
as odds ratio (OR) and 95% confidence interval (CI). 
Pooled ORs with 95% CI were estimated for binary vari-
ables using a random-effects Mantel Hanzel model with the 
method of DerSimonian and Laird [16]. Hartung-Knapp-
Sidik-Jonkman (HKSJ) method was applied for calculat-
ing 95%CI. Heterogeneity between individual studies was 
explored by χ2 statistic and characterized with I [2] statistic. 
A p-value < 0.05 was considered statistically significant.

Included studies were assessed using the Cochrane 
risk-of-bias tool by two authors. As recommended by the 
Cochrane handbook of systematic reviews and meta-anal-
ysis, we performed the quality assessment of each study 
using the Cochrane risk of bias tool. Publication bias such 
as funnel plot, or Egger’s test is not applicable due to low 
number of studies. In addition to a comprehensive analysis 
of all strategies, we performed a meta regression to analyse 
trials separately based on the type of antiplatelet strategy, 
patient sex, chronic kidney disease, coronary artery disease, 
hypertension and heart failure.

Primary analyses were performed using RevMan Version 
5.3.5 software (The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014), and “metafor” and “meta” packages 
in R version 4.3.2 software for meta-regression, and leave-
one-out analysis. The leave-one-out analysis was performed 
to assess sensitivity.
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as partially blinded study (open-label with respect to drug 
allocation, but patients and investigators were blinded to the 
investigational drug dose) (Table 1).

The PACIFIC-AF (Phase 2) and OCEANIC-AF (Phase 
3) trials compared asundexian [17, 18], an oral, small-mol-
ecule anticoagulant that inhibits activated factor XI (FXIa) 
with twice daily apixaban. AZALEA-TIMI 7119 was a Phase 
2 trial assessing the abelacimab, a fully human, monoclonal 
antibody designed bind to the catalytic domain of factor 
XI and prevent its activation to FXIa, given subcutane-
ously once a month, compared with once daily rivaroxaban 

Results

Baseline characteristics

A total of 221studies were identified, leaving 173 after 
removal of duplicates. A further 161were excluded after 
review of the title and/or abstract (Fig. 1). Three trials met 
our inclusion and exclusion criteria, namely PACIFIC-AF 
[17], OCEANIC-AF [18] and AZALEA-TIMI 71 [19]. All 
three were international, multicentre RCTs. The first two 
were designed as double-blinded but third one was designed 

Fig. 1  PRISMA diagram
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Name of trial PACIFIC-AF, 2022 OCEANIC-AF, 2025 AZALEA-TIMI 71, 2025
Study drug & dose Asundexian

20 mg od
Asundexian 
50 mg od

Apixaban 
5 mg bd

Asun-
dexian 
50 mg od

Apixaban 
5 mg bd

Adelacimab 
90 mg o/m

Adelacimab 
150 mg o/m

Rivar-
oxaban 
20 mg od

Study characteristics
Number of patients 251 254 250 7415 7395 427 430 430
Trial design Multinational, randomised, double-blind, 

double-dummy, dose-finding phase 2 trial
Multinational, 
randomised, double-
blind, double-dummy, 
parallel-group, active 
comparator-controlled 
phase 3 trial

Multinational, randomised, partially blind, 
parallel-group, active-controlled phase 2b trial

Duration of treatment 12 weeks Stopped prematurely Stopped prematurely
Total planned trial duration 27 months

Median follow up 
(IQR)

12 weeks (overall 671 patient completed 
treatment phase)

Median: 155 days At the time of recommended termination: 
1.8 years (1.7–1.9); At trial completion: 2.1 
(2.0-2.3)

Primary endpoint Composite ISTH major or clinically 
relevant non-major bleeding

ISTH major bleeding Composite ISTH major or clinically relevant 
non-major bleeding

Drug characteristics
Type of agent Small 

molecule
Small 
molecule

Small 
molecule

Small 
molecule

Small 
molecule

Fully human 
monoclonal 
antibody

Fully human 
monoclonal 
antibody

Small 
molecule

Mode of action Factor XIa 
inhibitor

Factor XIa 
inhibitor

Factor Xa 
inhibitor

Factor XIa 
inhibitor

Factor Xa 
inhibitor

Factor XI 
inhibitor

Factor XI 
inhibitor

Factor Xa 
inhibitor

Route of administration Oral Oral Oral Oral Oral Subcutaneous Subcutaneous Oral
Patient characteristics
Age
mean (SD)
Median (IQR)

73.6 (8.0) 73.1 (8.5) 74.3 (8.3) 73.9 (7.7) 73.9 (7.7) *75 (69–79) *74 (69–78) *74 
(69–79)

Female, n (%) 103 (41) 97(38) 109 (44) 2656 
(35.8)

2558 
(34.6)

195 (45.7) 193 (44.9) 184 
(42.8)

CHA2DS2-VASc score,
Mean (SD)
*Median (IQR)

3.9 (1.4) 3.8 (1.3) 4.1 (1.4) 4.3 (1.3) 4.3 (1.3) *5.0 (4.0–5.0) *5.0 (4.0–5.0) *5.0 
(4.0–6.0)

Single antiplatelet 
therapy, n (%)

35 (14)a 33 (13)a 39 (16)a 742 (10.0)b 743 (10.0)b 98 (23.0) 99 (23.0) 100 
(23.3)

HAS-BLED score, 
median (IQR)

-- -- -- -- -- 2.0 (2.0–3.0) 2.0 (2.0–3.0) 3.0 
(2.0–3.0)

Pattern of atrial fibrillation
First detected or parox-
ysmal, n/total n (%)

122/196 
(62.2)c

115/188 
(61.2)c

117/182 
(64.3)c

2878/7474 
(38.8)

2775/7392 
(37.5)

224/426 (52.6) 220/424 (51.9) 225/428 
(52.6)

Persistent or long-
standing persistent, n/
total n (%)

74/196 
(37.8)

73/188 
(38.2)

65/182 
(35.7)

2209/7414 
(29.6)

2233/7392 
(30.2)

87/426 (20.4) 84/424 (19.8) 97/428 
(22.7)

Permanent, n/total n 
(%)

-- -- -- 2327/7415 
(31.4)

2384/7395 
(32.2)

115/426 (27.0) 20/424 (28.3) 106/428 
(24.8)

Comorbidities
Hypertension, n (%) 226/251 (90) 227/254 (89) 220/250 (88) 6558/7415 

(88.4)
6565/7395 
(88.8)

410/427 (96.0) 417/430 (97.0) 418/430 
(97.2)

Heart failure, n (%) 108/251 (43) 107/254 (42) 117/250 (47) 3456/7415 
(46.6)

3473/7395 
(47.0)

192/427 (45.0) 182/430 (42.3) 206/430 
(47.9)

Coronary artery dis-
ease, n (%)

76/251 (30) 71/254 (28) 85/250 (34) 2496/7415 
(33.7)

2452/7395 
(33.2)

218/427 (51.1) 199/430 (46.3) 205/430 
(47.7)

Diabetes, n (%) 83/251 (33) 74/254 (29) 87/250 (35) 2722/7415 
(36.7)

2748/7395 
(37.2)

223/427 (52.2) 231/430 (53.7) 245/430 
(57.0)

Table 1  Study characteristics and baseline data
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Meta analysis of thromboembolic outcomes and 
mortality

Ischemic stroke occurred more often with FXI inhibitor ver-
sus DOAC (OR 3.37, 95%CI 2.18–5.19, p = 0.001) (Fig. 3a). 
No statistical heterogeneity was observed between stud-
ies (i2 = 0%, p = 0.67). The occurrence of the composite of 
stroke (ischemic and hemorrhagic) and systemic embolism 
was not statistically different between FXI inhibitor and 
DOAC in a random-effect model (OR 2.31, 95%CI 0.57–
9.32) but with a heterogeneity of 60% (p = 0.08) (Fig. 3b). 
To investigate the model sensitivity and understanding het-
erogeneity’s impact, we also tested a fixed-effect model that 
showed a statistically significant greater OR of composite of 
stroke (ischemic and hemorrhagic) and systemic embolism 
in FXI inhibitor arm compared to DOAC (OR 3.01, 95%CI 
2.10–4.31) (Fig.  3c). All-cause mortality was lower with 
FXI inhibition than DOAC (OR 0.82, 95%CI 0.71–0.94, 
p = 0.02) (Fig. 4).

Sensitivity analysis

The sensitivity analysis was conducted by removing one 
study at a time for all outcomes where applicable (leave-
one-out analysis) (Supplementary Fig. 2). While most out-
comes showed minimal change upon study exclusion, the 
pooled OR for ischemic stroke showed mild reduction by 
omitting OCEANIC-AF study, though the direction and sig-
nificance of the effect remained consistent (pooled-OR after 
omitting the study, 2.22, 95%CI, 1.08–4.55, p = 0.03) (Sup-
plementary Fig.  2). Furthermore, leaving OCEANIC-AF 
out for stroke or systemic embolism resulted in a significant 
reduction in pooled OR from 3.01 (95%CI 2.10–4.31) to 
1.52 (95%CI, 0.77–3.01, p = 0.23) (Supplementary Fig. 2).

(Table 1). The demographics of participants, including age, 
sex, type of AF, and clinical risk factors including hyper-
tension, diabetes mellitus, prior stroke or transient isch-
emic attack, chronic kidney disease, heart failure, as well 
as CHA2DS2VASC and HAS BLED scores, are reported in 
Table 1.

The primary safety endpoint in the two phase 2 trials was 
the composite of ISTH major bleeding or CRNM bleeding, 
while the primary safety endpoint in OCEANIC-AF was 
ISTH major bleeding (Table 2). Other reported exploratory 
endpoints are summarized in Table 3.

All included studies were assessed to have a low risk 
of bias across all domains using the Cochrane risk-of-bias 
tool, indicating high methodological quality (Supplemen-
tary Fig.0;1).

Meta-analysis of bleeding outcomes

Across all doses, FXI inhibitor significantly reduced the 
composite of ISTH major bleeding or CRNM bleeding 
compared to DOAC (pooled-OR 0.39, 95%CI, 0.30–0.50, 
p = 0.0005) and CRNM bleeding to DOAC (pooled-OR 
0.44, 95% CI 0.36–0.55, p = 0.0004) (Fig.  2a-c). Asun-
dexian 50 mg or abelacimab at both doses reduced ISTH 
major bleeding compared to DOAC (OR 0.30, 95%CI 0.22–
0.41, p = 0.004). There was no evidence of statistical het-
erogeneity between studies for all of these three outcomes 
(i2 = 0%). Numerically, the occurrence of ICH was lower 
with FXI inhibitor than with DOAC but this was not sta-
tistically significant (OR 0.41, 95%CI 0.04–4.39, p = 0.25) 
(Fig.  3d). There was moderate heterogeneity between the 
studies (i2 = 48%) although Cochrane’s Q test was not statis-
tically significant (p = 0.15) (Fig. 3d).

Name of trial PACIFIC-AF, 2022 OCEANIC-AF, 2025 AZALEA-TIMI 71, 2025
Study drug & dose Asundexian

20 mg od
Asundexian 
50 mg od

Apixaban 
5 mg bd

Asun-
dexian 
50 mg od

Apixaban 
5 mg bd

Adelacimab 
90 mg o/m

Adelacimab 
150 mg o/m

Rivar-
oxaban 
20 mg od

Previous stroke/TIA, 
n (%)

22/251 (9) 18/254 (7) 25/250 (10) 1389 /7415 
(18.7)

1305/7395 
(17.6)

95 (22.3)
[57/427 (13.3) 
stroke; 38/426 
(8.9) TIA]

84 (19.5)
[59/430 (13.7) 
Stroke; 25/429 
(5.8) TIA]

107/429 
(24.9)

Chronic kidney disease, 
n (%)

55/251 (22)d 84/254 (33)d 77/250 (31)d 1399/7415 
(18.9)e

1357/7395 
(18.4)e

86/425 (20.2)f 90/430 (20.9)f 88/429 
(20.5)f

a: Aspirin ≤ 100 mg/day
b: For > 6 months
c: Only paroxysmal AF
d: Excluded eGFR < 30
e: Excluded eGFR < 25
f: Excluded eGFR < 15

Table 1  (continued) 
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Table 2  Primary and secondary safety endpoints
PACIFIC-AF, 2022 OCEANIC-AF, 2025 AZALEA-TIMI 71, 2025

Study drug & dose Asun-
dexian 
20 mg od

Asun-
dexian 
50 mg od

Apixaban 
5 mg bd

Asundexian 
50 mg od

Apixaban 
5 mg bd

Adelaci-
mab 90 mg 
o/m

Adel-
acimab 
150 mg 
o/m

Rivar-
oxaban 
20 mg 
od

Primary safety endpoints:
ISTH major bleeding, n (%) 0/251 (0) 0/254 (0) 0/250 (0) 17/7373 (0.2) 53/7364 (0.7) 8/425 (1.9) 10/427 

(2.3)
31/428 
(7.2)

ISTH clinically relevant non-major bleed-
ing, n (%)

3/251 (1) 1/254 
(< 1)

6/250 (2) 67/7373 (0.9) 140/7364 
(1.9)

13/425 
(3.1)

16/427 
(3.7)

35/428 
(8.2)

Composite ISTH major or clinically 
relevant non-major bleeding, n (%)

3/251 (1) 1/254 
(< 1)

6/250 (2) 83/7373 (1.1) 188/7364 
(2.6)

21/425 
(4.9)

26/427 
(6.1)

66/428 
(15.4)

Secondary safety endpoints:
Any adverse event, n (%) 118/249 

(47)
120/254 
(47)

122/250 
(49)

2573/7373 
(34.9)

2569/7364 
(34.9)

358/425 
(83.8)

351/427 
(82.6)

348/428 
(81.3)

Any study drug-related adverse event, n 
(%)

29/249 
(12)

26/254 
(10)

37/250 
(15)

385/7373 
(5.2)

502/7364 
(6.8)

-- -- --

Any adverse event leading to discontinu-
ation of trial drug, n (%)

15/249 
(6)

16/254 
(6)

13/250 
(5)

147/7373 
(2.0)

118/7364 
(1.6)

32/425 
(7.5)

29/427 
(6.8)

29/428 
(6.8)

Any serious adverse event, n (%) 22/249 
(9)

20/254 
(8)

13/250 
(5)

582/7373 
(7.9)

599/7364 
(8.1)

158/425 
(37.2)

157/427 
(36.8)

167/428 
(39.0)

Any study drug-related serious adverse 
event, n (%)

4/249 (2) 0/254 (0) 0/250 (0) 27/7373 (0.4) 47/7364 (0.6) -- -- --

Any serious adverse event leading to 
discontinuation of trial drug, n (%)

4/249 (2) 4/254 (2) 4/250 (2) 38/7373 (0.5) 35/7364 (0.5) -- -- --

Adverse event with outcome of death, n 
(%)

1/249 
(< 1)

3/254 (1) 2/250 (1) 29/7373 (0.4) 43/7364 (0.6) -- -- --

All-cause mortality, n (%) 2/251 
(< 1)

4/254 (2) 4/250 (2) 60/7415 (0.8);
73 (1.0)a

71/7395 (1.0);
85 (1.2)a

26/425 
(6.1)

22/427 
(5.2)

30/428 
(7.0)

Gastrointestinal bleeding, n (%) -- -- -- -- -- 2/425 (0.5) 2/427 
(0.5)

18/428 
(4.2)

Intracranial haemorrhage, n (%) -- -- -- *3/7373 
(< 0.1)b

18/7364 
(0.2)b

4/425 (0.9) 2/427 
(0.5)

4/428 
(0.9)

Injection site reaction, n (%) -- -- -- -- -- 7/425 (1.6) 12/427 
(2.8)

N/A

a: In full safety population at the end of follow up (beyond the end of treatment)
b: Symptomatic intracranial haemorrhage

Table 3  Exploratory endpoints
PACIFIC-AF, 2022 OCEANIC-AF, 2025 AZALEA-TIMI 71, 2025

Study drug & dose Asun-
dexian 
20 mg od

Asun-
dexian 
50 mg 
od

Apix-
aban 
5 mg 
bd

Asundexian 
50 mg od

Apixaban 5 mg 
bd

Adelacimab 
90 mg o/m

Adelacimab 
150 mg o/m

Rivar-
oxaban 
20 mg 
od

Ischaemic stroke,
n (%)
Events/100 patient-yr (95% CI)

2/251(< 1) 1/254 
(< 1)

0/250 
(0)

85/7415 (1.1)
*3.34 
(2.67–4.08)

21/7395 (0.3)
*0.82 
(0.51–1.21)

10/425 (2.4)
*1.24

10/427 (2.3)
*1.21

5/428 
(1.2)
*0.59

Systemic embolism, n (%)
Events/100 patient-yr (95% CI)

0/251 (0) 0/254 
(0)

0/250 
(0)

-- -- 0/425 (0)
*0

1/427 (0.2)
*0.12

0/428 (0)
*0

Stroke or systemic embolism, n (%)
*Events/100 patient-yr (95% CI)

-- -- -- 98/7415 (1.3)
*3.85 
(3.13–4.65)

26/7395 (0.4)
*1.02 
(0.66–1.44)

11/425 (2.6)
*1.36

10/427 (2.3)
*1.21

7/428 
(1.6)
*0.83

Death from cardiovascular cause, n (%)
*Events/100 patient-yr (95% CI)

1/251 
(< 1)

3/254 
(1)

3/250 
(1)

48/7415 (0.6)
*1.87 
(1.38–2.44)

44/7395 (0.6)
*1.72 
(1.25–2.26)

-- -- --

Myocardial infarction, n (%) 0/251 (0) 1/254 
(< 1)

0/250 
(0)

-- -- -- -- --
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Fig. 2  Primary endpoints of meta-analysis. ISTH clinically relevant non-major bleeding Composite of ISTH major or clinically relevant non-major 
bleeding
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Fig. 3  Exploratory outcomes meta-analysis
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Discussion

To our knowledge, this is the first systematic review and 
meta-analysis of randomised controlled trials compar-
ing FXI inhibition versus DOAC for thromboprophylaxis 
in patients with AF. FXI inhibitors were associated with a 
significant reduction in major bleeding, CRNM bleeding, 
and the composite of major and CRNM bleeding events, 
compared to DOACs. This result is particularly significant 
because it includes results from phase II studies, which 
naturally included subtherapeutic dosages of FXI inhibitors. 
The magnitude of relative risk reduction by FXI inhibition 
compared to DOAC was 70% for major bleeding events and 
56% for CRNM bleeding. The results are consistent among 
the studies included in the meta-analysis, with absence 
of significant heterogeneity. Absolute rates of bleeding 
and major adverse cardiovascular events observed in this 

Meta regression analysis

Meta-regression showed no statistically significant differ-
ence in the effects based on sex, chronic kidney disease, cor-
onary artery disease, diabetes, heart failure or those on single 
antiplatelet therapy with respect to major bleeding, CRNM 
bleeding, composite of major bleeding and CRNM bleeding 
or ischemic stroke (all p > 0.05). As presented in the meta 
regression graphs, as these clinical risk factors increase, the 
log OR ischemic stroke declines (negative slope) although 
this difference was not statistically significant (p > 0.05). In 
contrast, the meta-regression demonstrated a positive asso-
ciation though not statistically significant between heart 
failure and the log OR ischemic stroke (positive slope, 
p = 0.23) (Supplementary Fig. 3).

Fig. 4  Exploratory outcomes of death. Death from cardiovascular cause All-cause mortality

 

1 3

770



Safety of factor XI inhibitors compared to factor X inhibitors in atrial fibrillation: a systematic review and…

trigger [24]. It is possible that in patients with AF, the con-
tribution of the extrinsic (TF) pathway of coagulation has 
been underestimated and TF may play a more significant 
role than previously thought.

All-cause mortality was lower with FXI inhibition than 
DOAC. The mechanism behind this is unclear, although 
likely to at least in part relate to the lower risk of major 
bleeding with FXI inhibition. Additionally, the lower rate of 
minor/nuisance bleeding reported with FXI inhibition could 
have resulted in better treatment compliance in patients 
assigned to FXI inhibitor than those taking DOAC, leading 
to lower risk of venous thromboembolism.

Finally, possible off-target beneficial effects of FXI inhi-
bition have to be considered. FXI activation promotes a pro-
inflammatory phenotype and FXI inhibition in non-human 
primates was shown to reduce C-reactive protein, platelet 
reactivity and endothelial cell activation [25]. Additionally, 
in vitro studies have shown that FXI activation increases 
vascular permeability, a recognized feature of inflamma-
tion, and inhibition of FXI activation was shown to preserve 
endothelial barrier function [26]. 

Meta-regression analyses revealed no statistically signifi-
cant differences in bleeding outcomes, ischemic events, or 
mortality between FXI inhibitor and DOAC when stratified 
by sex, cardiovascular risk factors for ischaemic events, or 
concomitant use of antiplatelet therapy.

The relevance of these findings is that there is poten-
tially a new anticoagulant strategy to reduce major bleeding 
compared to standard-of-care (FXa inhibitors), and whilst 
our study specifically analyzed patients with an indication 
for anticoagulation for thromboprophylaxis of AF, other 
patients with indications for anticoagulation may also ben-
efit from such a strategy to reduce major bleeding. This 
includes patients with as venous thromboembolism, particu-
larly patients with cancer, as well as for secondary preven-
tion of stroke and in patients with acute coronary syndrome 
[27]. Such a strategy to reduce bleeding may be particularly 
relevant for patients with AF who have had a prior bleed on a 
DOAC, or are at increased risk of bleeding [28]. The risk of 
OAC-related bleeding increases with age and includes those 
with uncontrolled hypertension, solid tumors or hematolog-
ical malignancies, liver or renal dysfunction, prior stroke or 
cerebral small vessel disease or amyloid angiopathy, those 
with anemia, thrombocytopenia, those the excessive alcohol 
intake or those who require concomitant antiplatelet medi-
cations. Additionally, there is undeniably a cohort who are 
undertreated with DOAC because of concerns around frailty 
and falls-risk, in whom the lower risk of bleeding afforded 
by FXIa inhibitor compared to that with DOACs, may favor 
the use of thromboprophylaxis. The exploratory analyses 
indicating similar risk of intracranial hemorrhage with FXI/
FXIa inhibitors and DOACs, if borne out in the ongoing 

meta-analysis for DOACs are roughly in line with landmark 
clinical trials of thromboprophylaxis in patients with AF [5]. 

Since two of the 3 trials assessed here were not pow-
ered to assess ischemic endpoints, our secondary analyses 
have to be considered exploratory. Use of FXI inhibitor 
was associated with a 3.37-fold increased risk of ischemic 
stroke, but similar incidence of overall (ischemic and hem-
orrhagic) stroke and systemic embolism with no heteroge-
neity observed between studies. This raises concerns about 
the possible effectiveness of these drugs for thrombopro-
phylaxis, compared to DOAC. However, notably, the Phase 
2 trials, PACIFIC-AF and AZALEA-TIMI 71 were powered 
to assess bleeding (safety) and not ischemic events (effi-
cacy for thromboprophylaxis) [17, 19]. Although using the 
fixed-effect model, the risk of stroke or systemic embolism 
was significantly greater with FXI inhibitor versus DOAC, 
excluding the OCEANIC-AF trial rendered the increased 
risk non-significant. The substantial heterogeneity observed 
across studies further highlights the discrepancy and the con-
siderable influence of the OCEANIC-AF trial on the overall 
results. The reason for the increased risk of ischemic stroke 
seen with FXIa inhibition compared to DOAC is unclear, 
but some possible mechanisms are worthy of discussion. 
Firstly, in dose-finding studies, the effectiveness of asun-
dexian was gauged by the degree of FXI inhibition. How-
ever, the extent of FXI inhibition may not directly reflect 
efficacy of the drug on thrombin generation or even on fibrin 
generation. A differential impact of apixaban and asundexian 
on thrombin generation is supported by pharmacodynamic 
studies in vitro [20]. Furthermore, pharmacokinetic studies 
showed that the inhibition constant (Ki) of asundexian for 
FXIa is 1.0 nM [20], whereas the Ki for apixaban against 
FXa is 0.08 nM [21, 22]. This may be pertinent for dos-
ing. While the half-lives of milvexian and asundexian are 
roughly similar, the OCEANIC-AF trial with asundexian 
was terminated prematurely for non-inferiority while the 
phase 3 trial with milvexian, LIBREXIA-AF has finished 
recruiting and is now in follow-up(x), without premature 
closure due to efficacy concerns. However, it is notewor-
thy that the selected dose of milvexian in LIBREXIA-AF 
(ClinicalTrials.gov ID No. NCT05757869) at 100 mg twice 
daily is 4-fold higher than the dose of asundexian studied in 
OCEANIC-AF (50 mg daily). Furthermore, milvexian has 
been reported to have greater potency in the FXIa enzyme 
inhibition assay in vitro compared to that reported for asun-
dexian [23, 24]. Lastly, perhaps the setting of AF may not 
be the right thrombotic target for FXI/FXIa inhibition. Since 
FXI inhibitors target the intrinsic pathway of coagulation, it 
is not surprising that early studies in vitro showed that asun-
dexian was less effective at inhibiting thrombin generation 
in the presence of high concentrations of tissue factor (TF) 
compared to that when low amounts of TF were used as 
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in the studies, and notably, OCEANIC-AF was terminated 
prematurely on the advice of the Independent Data Moni-
toring Committee due to an inferior efficacy of asundexian 
cmpared with apixaban for the prevention of stroke and sys-
temic embolism.

The studies included two drugs with different mecha-
nisms of action, namely FXI vs. FXIa inhibition, different 
routes of administration (oral versus subcutaneous), and 
very different half-lives, as well as different dosages. Fur-
thermore, the comparator DOAC was asundexian in the 
PACIFIC-AF and OCEANIC-AF trials [17, 18], a drug 
given twice daily with a half-life of approximately 13 hours 
[29] and rivaroxaban, given once daily with a half-life of 
5–13 hours [29] in the AZALEA-TIMI 71 study [19]. 

The primary endpoint in all trials included ISTH major 
bleeding, but only the two phase 2 trials also evaluated 
CRNM bleeding. We used trial-level data for outcomes 
assessment; hence, we could not conduct an in-depth analy-
sis of major bleeding events (e.g. gastrointestinal bleeding, 
fatal bleeding). We have not analyzed some patient-level 
characteristics (e.g. specific bands of CHA2DS2VASc score, 
hypertension, advanced age) or specific clinical setting 
(e.g. post-PCI, patients with cancer, prior bleeding) where 
the benefit of reduced bleeding risk may be particularly 
important. Specifically, in trial level data available, there is 
insufficient information provided on subgroups such as the 
CHA2DS2VASc score, bleeding risk score, breakdown by 
renal function or age bands of enrolled patients to be able to 
perform such subgroup analyses.

Conclusion

Compared to treatment with a DOAC, FXI inhibition sig-
nificantly reduced the incidence of ISTH major bleeding, 
CRNM bleeding or the composite of these. Exploratory 
analyses indicate similar risk of intracranial hemorrhage, 
but possible increased ischemic stroke risk with FXI inhibi-
tors compared to DOAC. The results of ongoing trials are 
awaited to build on this early evaluation of the safety and 
efficacy of FXI inhibitor use in patients with AF.
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Phase 3 studies, would imply that use of FXIa inhibitors 
would not be preferred over DOACs in those with prior 
stroke, cerebral small vessel disease or amyloid angiopathy. 
Furthermore, DOACs would continue to be preferrable over 
FXI/FXIa inhibitors for those at high ischemic risk, and/or 
those at low risk of bleeding risk, but FXIa inhibitors may 
be preferred for those at lower ischemic and higher bleed-
ing risks.

An ongoing large, double-blind, randomized Phase 3 
trial (LIBREXIA-AF) is evaluating another small molecule 
oral FXIa inhibitor, milvexian, compared to asundexian, 
to reduce the risk of the composite stroke and non-central 
nervous system systemic embolism in ~ 20,000 patients 
with AF (ClinicalTrials.gov ID No. NCT05757869). The 
trial has finished recruiting and is in follow up. Impor-
tantly, compared to OCEANIC-AF, where asundexian was 
given as a once-a-day 50 mg dose, in LIBREXIA-AF, mil-
vexian is given at a dose of 100 mg twice daily, in effect 
fourfold higher dose per 24  h period than for asundexian 
in OCEANIC-AF. This will help clarify the effectiveness 
and safety of higher dose oral FXIa inhibition compared to 
DOAC. Furthermore, many patients have absolute or rela-
tive contraindications to DOAC. The LILAC -TIMI 76 trial 
(ClinicalTrials.gov ID No. NCT05712200) is an ongoing 
randomized, double blind phase 3 trial investigating the effi-
cacy and safety of the FXI inhibitor abelacimab, given sub-
cutaneously once a month, compared to placebo in ~ 1,900 
patients with AF deemed unsuitable for anticoagulation, 
which is still recruiting. After the publication of these phase 
3 trials, further publication of subgroup analyses, including 
by age, risk factors for bleeding, degree of renal function 
and concomitant antiplatelet therapy will help identify the 
optimal niche for FXI/XIa inhibitors in treating patients 
with AF.

Limitations

The strength of our study is the consistent reporting of the 
primary outcome of major bleeding endpoints across the 
three trials included and the low risk of bias for all studies, 
suggests that the findings are unlikely to be affected by sys-
tematic errors or study design flaws. However, our results 
should be considered in relation to both general limitations 
of meta-analyses, as well as the specific limitations of this 
study. Due to the small number of studies available, together 
with heterogeneity in the pharmacokinetics of the drugs and 
comparators, our analysis should be interpreted with cau-
tion. Importantly, two of the 3 studies included were not 
individually powered to assess the effects on ischemic end-
points, so our findings in that regard have to be considered 
exploratory. While that is a limitation, this is also where a 
meta-analysis may be helpful. Follow up duration varied 

1 3

772

https://doi.org/10.1007/s11239-025-03142-x
https://doi.org/10.1007/s11239-025-03142-x


Safety of factor XI inhibitors compared to factor X inhibitors in atrial fibrillation: a systematic review and…

11.	 Crosby JR, Marzec U, Revenko AS et al (2013) Antithrombotic 
effect of antisense factor XI oligonucleotide treatment in Pri-
mates. Arter Thromb Vasc Biol 33:1670–1678

12.	 Gailani D, Cheng Q, Xu L, Ogletree M, Wang X (2004) Effect of 
factor XI or factor IX deficiency on an arterial occlusion model. 
Blood 104:3501

13.	 Hsu C, Hutt E, Bloomfield DM, Gailani D, Weitz JI (2021) Factor 
XI Inhibition to uncouple thrombosis from hemostasis. J Am Coll 
Cardiol 78:625–631

14.	 Ali AE, Becker RC (2024) The foundation for investigating factor 
XI as a target for Inhibition in human cardiovascular disease. J 
Thromb Thrombolysis 57:1283–1296

15.	 Ali AE, Becker RC (2024) Factor XI: structure, function and 
therapeutic Inhibition. J Thromb Thrombolysis 57:1315–1328

16.	 DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. 
Control Clin Trials 7:177–188

17.	 Piccini JP, Caso V, Connolly SJ et al (2022) Safety of the oral fac-
tor XIa inhibitor asundexian compared with Apixaban in patients 
with atrial fibrillation (PACIFIC-AF): a multicentre, randomised, 
double-blind, double-dummy, dose-finding phase 2 study. Lancet 
399:1383–1390

18.	 Piccini JP, Patel MR, Steffel J et al (2025) Asundexian ver-
sus Apixaban in patients with atrial fibrillation. N Engl J Med 
392:23–32

19.	 Ruff CT, Patel SM, Giugliano RP et al (2025) Abelacimab ver-
sus Rivaroxaban in patients with atrial fibrillation. N Engl J Med 
392:361–371

20.	 Vassart J, Didembourg M, Morimont L et al (2024) Asundexian in 
atrial fibrillation: can pharmacodynamic data explain the failure? 
Thromb Res 236:236–239

21.	 Wong PC, Crain E (2022) Calibration and validation of the rab-
bit model of electrolytic-mediated arterial thrombosis against the 
standard‐of‐care anticoagulant Apixaban. Pharmacol Res Per-
spect 10:e00963

22.	 Luettgen JM, Bozarth TA, Bozarth JM et al (2006) In vitro evalu-
ation of apixaban, a novel, potent, selective and orally bioavail-
able factor Xa inhibitor. Blood 108:4130

23.	 Wong PC, Crain EJ, Bozarth JM et al (2022) Milvexian, an orally 
bioavailable, small-molecule, reversible, direct inhibitor of factor 
xia: in vitro studies and in vivo evaluation in experimental throm-
bosis in rabbits. J Thromb Haemost 20:399–408

24.	 Heitmeier S, Visser M, Tersteegen A et al (2022) Pharmacologi-
cal profile of asundexian, a novel, orally bioavailable inhibitor of 
factor XIa. J Thromb Haemost 20:1400–1411

25.	 Kohs TCL, Vu HH, Jordan KR et al (2024) Activation of coagula-
tion FXI promotes endothelial inflammation and amplifies plate-
let activation in a nonhuman primate model of hyperlipidemia. 
Res Pr Thromb Haemost 8:102276

26.	 Puy C, Moellmer SA, Pang J et al (2024) Coagulation factor XI 
regulates endothelial cell permeability and barrier function in 
vitro and in vivo. Blood 144:1821–1833

27.	 Caterina RD, Prisco D, Eikelboom JW (2022) Factor XI inhibi-
tors: cardiovascular perspectives. Eur Hear J 44:280–292

28.	 Gorog DA, Gue YX, Chao T-F et al (2022) Assessment and miti-
gation of bleeding risk in atrial fibrillation and venous throm-
boembolism: A position paper from the ESC working group on 
thrombosis, in collaboration with the European heart rhythm 
association, the association for acute cardiovascular care and the 
Asia-Pacific heart rhythm society. Europace 24:1844–1871

29.	 Anon ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​e​​m​​a​​.​e​u​r​​o​​p​a​​.​​e​​u​​/​​e​n​/​d​​o​c​u​​m​e​​​n​t​s​​/​p​r​o​​​d​u​c​​t​-​​i​n​f​​o​r​m​
a​​​t​i​o​​n​/​​e​l​​i​​q​u​i​​s​​-​e​​p​a​r​​-​p​​r​o​d​u​c​t​-​i​n​f​o​r​​m​a​​t​i​o​n​_​e​n​.​p​d​f

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Declarations

Disclosures  RILM, SG, JHL have no disclosures to declare. MF re-
ports proctorship and speaker fees from Meril, Abbott and Biosen-
sors, and previous speaker fees from Medtronic, AstraZeneca, and 
Chiesi. DAG reports previous institutional research grant from Bayer, 
Medtronic and AstraZeneca, speaker’s fees from Chiesi, advisory 
board for Janssen, BMS and Chiesi.

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

1.	 Gelder ICV, Rienstra M, Bunting KV et al (2024) 2024 ESC 
guidelines for the management of atrial fibrillation developed in 
collaboration with the European association for Cardio-Thoracic 
surgery (EACTS). Eur Hear J 45:3314–3414

2.	 Halperin JL, Hankey GJ, Wojdyla DM et al (2014) Efficacy and 
safety of Rivaroxaban compared with warfarin among elderly 
patients with nonvalvular atrial fibrillation in the Rivaroxaban 
once daily, oral, direct factor Xa Inhibition compared with vita-
min K antagonism for prevention of stroke and embolism trial in 
atrial fibrillation (ROCKET AF). Circulation 130:138–146

3.	 Giugliano RP, Ruff CT, Braunwald E et al (2013) Edoxaban 
versus warfarin in patients with atrial fibrillation. N Engl J Med 
369:2093–2104

4.	 Granger CB, Alexander JH, McMurray JJ et al (2011) Apixaban 
versus warfarin in patients with atrial fibrillation. N Engl J Med 
365:981–992

5.	 Ruff CT, Giugliano RP, Braunwald E et al (2014) Comparison of 
the efficacy and safety of new oral anticoagulants with warfarin 
in patients with atrial fibrillation: a meta-analysis of randomised 
trials. Lancet 383:955–962

6.	 Potpara TS, Lip GYH (2017) Postapproval observational studies 
of Non–Vitamin K antagonist oral anticoagulants in atrial fibrilla-
tion. JAMA 317:1115–1116

7.	 Preis M, Hirsch J, Kotler A et al (2017) Factor XI deficiency is 
associated with lower risk for cardiovascular and venous throm-
boembolism events. Blood 129:1210–1215

8.	 Salomon O, Steinberg DM, Koren-Morag N, Tanne D, Seligsohn 
U (2008) Reduced incidence of ischemic stroke in patients with 
severe factor XI deficiency. Blood 111:4113–4117

9.	 WANG X, CHENG Q, XU L et al (2005) Effects of factor IX 
or factor XI deficiency on ferric chloride-induced carotid artery 
occlusion in mice. J Thromb Haemost 3:695–702

10.	 Tucker EI, Marzec UM, White TC et al (2009) Prevention of vas-
cular graft occlusion and thrombus-associated thrombin genera-
tion by Inhibition of factor XI. Blood 113:936–944

1 3

773

https://www.ema.europa.eu/en/documents/product-information/eliquis-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/eliquis-epar-product-information_en.pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	﻿Safety of factor XI inhibitors compared to factor X inhibitors in atrial fibrillation: a systematic review and meta-analysis
	﻿Abstract
	﻿Graphical Abstract
	﻿Introduction
	﻿Methods
	﻿Search strategy and data extraction
	﻿Inclusion and exclusion criteria
	﻿Study endpoints
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Meta-analysis of bleeding outcomes
	﻿Meta analysis of thromboembolic outcomes and mortality
	﻿Sensitivity analysis
	﻿Meta regression analysis

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


