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Abstract
Anticoagulant therapy is a mainstay in the management of patients with cardiovascular disease. The use of conventional 
anticoagulants carries potential side effects, mainly bleeding. Drugs targeting Factor XI (FXI) have been investigated in 
randomized controlled trials as a new option with more favorable outcomes. A comprehensive literature search was con-
ducted to identify relevant studies comparing FXI inhibitors to placebo or standard therapy. The primary outcomes were 
incidence of all bleeding events, major bleeding, and thromboembolism. Secondary outcomes included incidence of all 
adverse events (AE), serious AE, and all-cause mortality. A total of 11 studies involving 10,536 patients were included. 
FXI inhibitors were associated with a trend toward reduction of bleeding events and incidence of thromboembolism com-
pared to the control group (placebo/standard therapy). There was no statistically significant difference between both groups 
in terms of adverse events and all-cause mortality. When compared to enoxaparin, FXI inhibitors significantly reduced the 
risk of bleeding events (RR = 0.42, 95% CI: 0.23–0.76, P = 0.004) and thromboembolism (RR = 0.59, 95% CI: 0.44–0.77, 
P = 0.001). On the other hand, when compared to DOACs, FXI inhibitors were associated with a significant reduction 
in bleeding events but not thromboembolism. Whereas, compared to placebo, FXI inhibitors did not increase the risk of 
bleeding events, adverse events, or all-cause mortality (P > 0.05). FXI inhibitors could be a safer and more potent option 
for prevention of thromboembolism than conventional therapy.
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Introduction

The use of anticoagulants has become a pivotal strategy in 
preventing thromboembolism in many conditions such as 
atrial fibrillation (AF) [1], end-stage renal disease (ESRD) 
[2, 3], venous thromboembolism (VTE) prophylaxis [4–7], 
strokes [8, 9], and myocardial infarction (MI) [10]. Direct 
oral anticoagulants (DOACs) have replaced the traditional 
vitamin K antagonists (VKAs) in many indications in clini-
cal practice because of their several advantages including 
selectivity, more rapid action, and no need for laboratory 
monitoring [11]. Despite their widespread application, 
apprehensions persist regarding the safety profile of antico-
agulants, specifically the occurrence of bleeding events as 
an adverse outcome [12]. The transition to DOACs has not 
eliminated hemorrhagic events in clinical practice, prompt-
ing the quest for safer therapeutic strategies. These events 
can be attributed to the direct impact of factor X and factor 
II inhibition on hemostasis [12].

In recent years, factor XI (FXI) inhibitors have emerged 
as a novel class of anticoagulants, aiming to achieve 
improved efficacy with a more favorable bleeding profile. 
This proposition was based on the fundamental role of FXI 
in thrombus amplification through the activation of throm-
bin (factor II) within a cyclic process, while exhibiting a 
minor role in hemostasis [13, 14]. Importantly, hemosta-
sis initiation is a self-limited process with no additional 
propagation and is mainly dependent on the small amount 
of fibrin produced rather than FXI activation [14]. This 
physiological perspective aligns with observations in con-
genital FXI deficiency (hemophilia C), characterized by 
post-traumatic bleeding rather than spontaneous bleeding, 
and a decreased incidence of venous thromboembolism and 
strokes in the affected individuals [15–17]. Interestingly, a 
recent genetic study using Mendelian randomization (MR) 
analysis showed an association between reduced levels of 
FXI and the lower risk of ischemic strokes and VTE without 
a similar association with increased bleeding tendency [18].

While several phase II randomized clinical trials (RCTs) 
have explored the potential efficacy of FXI inhibitors in 
comparison to DOACs and low molecular weight heparin 
(LMWH), the limitations of sample size and patient selec-
tion in these trials necessitate caution in drawing definitive 
conclusions. Consequently, to address these concerns, we 
performed a systematic review and meta-analysis encom-
passing 11 phase II RCTs. The objective of our meta-analysis 
is to question the previously suggested positive correlations 
indicating the potential of FXI inhibitors to decouple throm-
bosis and hemostasis, thereby offering a safe and effective 
anticoagulant option for the target population.

Methods

Search strategy & inclusion criteria

This meta-analysis was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) guidelines [19]. We systematically searched 
the literature for the RCTs investigating the safety and effi-
cacy of FXI inhibitors in preventing thromboembolism. The 
search strategy and keywords are available in the supple-
mentary data. Multiple databases were searched, includ-
ing PubMed, Scopus, and ScienceDirect. Inclusion criteria 
involved only English-language articles with an available 
full text. Two reviewers conducted abstract and full-text 
screenings using Rayyan software  [20], with any discrep-
ancies resolved by a third author. Articles were included if 
they were RCT exploring outcomes in adult patients (≥ 18 
years old) at an increased risk of thromboembolism, com-
paring FXI inhibitors to placebo or standard therapy. Exclu-
sion criteria encompassed observational studies, case series, 
case reports, or reviews. The primary outcomes included 
incidence of all bleeding events, major bleeding, and throm-
boembolism. Secondary outcomes included the incidence of 
all adverse events (AE), serious AE (SAE), and all-cause 
mortality. The complete PRISMA flow chart illustrating 
article inclusion is presented in Fig. 1.

Data extraction

Included articles were thoroughly explored by two review-
ers to extract study characteristics (First author, publica-
tion year, study population, intervention group, control 
group, and the study outcomes) and patients’ characteris-
tics (clinical indication, average age, female percentage, 
BMI, comorbidities, prior medications, baseline APTT, and 
FXI activity level). The primary and secondary endpoints 
for this meta-analysis were also extracted from each of the 
included studies.

Quality assessment

The quality of the included RCTs was evaluated indepen-
dently by two reviewers using the Modified Cochrane Risk 
of Bias Assessment Tool [21]. This tool assessed various 
domains of methodological quality in the trials, includ-
ing random sequence generation, allocation concealment, 
blinding of participants and personnel, blinding of outcomes 
assessment, attrition bias due to missing data, reporting bias, 
and other sources of bias [21]. Each domain was assigned 
a rating of low risk, high risk, or unclear risk. Additionally, 
publication bias was examined through the assessment of 
funnel plot asymmetry.
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Statistical analysis

The statistical analysis was conducted using Review Man-
ager software (RevMan) version 5.3. Outcomes were 
included in the analysis if they were reported in two or more 
studies. Effect estimates were assessed as mean differences 
and relative risks, employing the random-effect model. Sen-
sitivity analysis was performed using the leave-one-out test. 
Measures of heterogeneity, including the I2 and Chi2 indices, 
were utilized, with a threshold of greater than 50% indicat-
ing high heterogeneity. Subgroup analyses were conducted 
for relevant outcomes based on the control group and clini-
cal indication if a minimum of two studies were reported 
per the subgroup arm. A two-sided p-value of < 0.05 was 
deemed significant.

Results

Eligible studies

A total of 590 studies were identified through databases. 
Duplicates were removed and the screening process was 
done. A total of 18 articles were retrieved for full-text 
screening. Finally, 11 RCTs were included in this system-
atic review representing a total of 10,536 participants (7625 
patients in the FXI inhibitors group and 2911 patients in the 
control group).

Studies and population characteristics

Four studies compared different FXI inhibitors to enoxapa-
rin [4–7]. Two studies compared FXI inhibitors to apixaban 

Fig. 1  PRISMA flow chart 
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sensitivity analysis was performed and did not resolve 
the heterogeneity.

B.	 Effect of FXI inhibitors on major bleeding events:

11 studies were included and showed no statistically 
significant difference between FXI inhibitors and 
the control group (RR = 0.68, 95% CI: 0.33–1.41, 
P = 0.3), and there was moderate heterogeneity among 
the included studies (I2 = 44%) Fig. 3(B).

C.	 Effect of FXI inhibitors on thromboembolism incidence:

9 studies were included in the meta-analysis. FXI 
inhibitors were found to be associated with a trend 
toward reduction in the risk of thromboembolism 
when compared to the control group (RR = 0.82, 95% 
CI: 0.65–1.04, P = 0.1). The pooled studies showed 
significant heterogeneity with I2 = 68%; Fig.  3(C). 
Leave-one-out sensitivity analysis was performed; 
however, the heterogeneity was not resolved.

D.	 Effect of FXI inhibitors on the incidence of all adverse 
events:

10 studies reported the all-adverse events as an out-
come. Pooled analysis showed that FXI inhibitors did 
not increase the risk of adverse events when compared 
to the control group (RR = 1.03, 95% CI: 1.00–1.06, 
P = 0.08), and no statistical heterogeneity was found 
(I2 = 0%) Fig. 4(A).

E.	 Effect of FXI inhibitors on the incidence of serious 
adverse events:

9 of the included studies reported serious adverse 
events as an outcome. Pooled analysis showed that 
there was no statistically significant difference between 
FXI inhibitors and the control group (RR = 0.93, 95% 
CI: 0.84–1.04, P = 0.21), and no significant heteroge-
neity was found among studies ((I2 = 0%) Fig. 4(B).

F.	 Effect of FXI inhibitors on all-cause mortality:

6 studies were included in the meta-analysis. The over-
all risk ratio of all-cause mortality showed that there 
was no statistically significant difference between FXI 
inhibitors and the control group (RR = 1.03, 95% CI: 
0.71–1.48, P = 0.88), and there was no heterogeneity 
among the included studies (I2 = 0%) Fig. 4(C).

[1, 6] while another study compared them to rivaroxaban 
(AZALEA-TIMI 71 clinical trial). Five studies compared 
FXI inhibitors to placebo [2, 3, 8–10]. Four studies inves-
tigated the effect and safety of FXI inhibitors in patients 
undergoing total knee arthroplasty (TKA) [4–7] while 
two studies examined the drugs in patients with ESRD [2, 
3]. Two studies had a population of patients with AF [1], 
one had patients with recent MI [10], and two studies had 
patients with ischemic stroke [8, 9]. A background antiplate-
let therapy was given in three studies; in AXIOMATIC-SSP, 
dual antiplatelet therapy (DAPT) for 21 days followed by 
aspirin alone until 90 days; in PACIFIC-Stroke trial, 43% 
of participants received DAPT for a mean duration of 70 
days; in PACIFIC-AMI trial, 79% of participants received 
DAPT until 6 months and 63% until 12 months of follow-
up. The results of all included clinical trials were published 
except for the AZALEA-TIMI 71 clinical trial for which 
the results were reported from the American Heart Associa-
tion Scientific Session 2023. The primary outcomes were 
all bleeding events, major bleeding events, and incidence 
of new or recurrent thromboembolism. A summary of the 
included studies consisting of the first author, year of pub-
lication, population, control group, intervention group, and 
study endpoints is available in Table 1. Baseline characteris-
tics and detailed information about the included studies are 
summarized in Supplementary Table S1.

Risk of bias assessment

The risk of bias graph is illustrated in Fig. 2. The overall 
possibility of bias in the selected studies was low. There 
were some concerns regarding randomization and allocation 
concealment in some studies due to the open-label design. 
Nevertheless, this potential bias was decreased by the blind-
ing of outcomes evaluators. The risk of bias summary is 
illustrated in Supplementary data (Figure S1). The overall 
risk of publication bias was considered low as shown by the 
Funnel Plots in Supplementary Figure S2.

Meta-analysis

A.	 Effect of FXI inhibitors on all-bleeding events:

The meta-analysis of the included 11 studies showed 
that FXI inhibitors were associated with a trend toward 
reduction of all-bleeding events when compared to the 
control group (enoxaparin/DOACs/placebo) in the 
studies populations (RR = 0.72, 95% CI: 0.5–1.05, 
P = 0.09). The pooled results showed significant 
heterogeneity (I2 = 73%) Fig.  3(A). Leave-one-out 
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Study & 
year

Population 
(Indication)

Intervention Control Primary endpoints Secondary endpoints Fol-
low-
up 
(days)

FXI-ASO 
TKA - 
Buller et 
al. 2015

TKA IONIS-FXIRx Enoxaparin Incidence of VTE (symptom-
atic, asymptomatic, unex-
plained death, PE).

- Extent of venous thrombosis.
- Incidence of clinically relevant 
bleeding.
- APTT
- Factor XI levels

90

FOX-
TROT 
- Weitz et 
al. 2020

TKA Osocimab - Enoxaparin
- Apixaban

- Incidence of VTE (symptom-
atic, asymptomatic, unex-
plained death, PE).
- Major or clinically relevant 
non-major bleeding until 10 to 
13 days postoperatively.

- VTE (symptomatic, asymptomatic, 
unexplained death, PE) incidence 150 
after randomization.
- Major or clinically relevant non-
major bleeding until 150 days from 
the beginning of the study.

150

ANT-005 
TKA - 
Verhamme 
et al. 2021

TKA Abelacimab Enoxaparin - VTE incidence between 8 
and 12 days postoperatively 
(symptomatic, asymptomatic, 
unexplained death, PE).
- Major or clinically relevant 
non-major bleeding from 
randomization until venogra-
phy was completed and from 
randomization through day 30.

NA 110

AXIOM-
ATIC-
TKR 
- Weitz et 
al. 2021

TKA Milvexian Enoxaparin - VTE incidence between 10 
and 14 days postoperatively 
(symptomatic, asymptomatic, 
unexplained death, PE).
- Major or clinically relevant 
non-major bleeding.

Stratification of the primary outcome: 
proximal deep-vein thrombosis 
(symptomatic or asymptomatic), 
distal deep-vein thrombosis (symp-
tomatic or asymptomatic), nonfatal 
pulmonary embolism, and death.

42

Walsh et 
al. 2021

ESRD IONIS-FXIRx Placebo - Frequency and severity of 
adverse events, including 
bleeding events”

- Changes over time in FXI antigen, 
FXI activity, aPTT, and INR.
- Plasma IONIS-FXIRx apparent 
terminal elimination half-life and 
concentrations at 3 h
Post-administration (near Cmax), at 
trough (during the treatment period), 
and during the post-treatment period.

162

Lorentz et 
al. 2021

ESRD Xisomab 3G3 Placebo - The number and severity 
of adverse events, includ-
ing hemostatic safety (time 
to achieve hemostasis) at the 
vascular access site.

- Systemic thrombin-antithrombin 
complex levels.
- Pharmacokinetic (PK) and pharma-
codynamic (PD) assessment.

12

PACIFIC-
AF - Pic-
cini et al. 
2022

AF Asundexian Apixaban - Major bleeding or clinically 
relevant non-major bleeding 
according to International 
Society on Thrombosis and 
Hemostasis (ISTH) criteria.

- All bleeding, ISTH major bleeding, 
ISTH clinically relevant non-major 
bleeding, and ISTH minor bleeding.

84

PACIFIC-
Stroke 
- Shoa-
manesh et 
al. 2022

Non-car-
dioembolic 
ischemic
stroke

Asundexian Placebo - Symptomatic recurrent isch-
emic stroke and incident covert 
brain infarcts detected on 
follow-up MRI at 26 weeks.
- Major bleeding and clinically 
relevant non-major bleeding.

- Ischemic stroke, cardiovascular 
death, and myocardial infarction, and 
all-cause mortality at the end of the 
study.
- All bleeding, ISTH-defined major 
bleeding, ISTH-defined clinically 
relevant non-major bleeding, ISTH-
defined minor bleeding, and symp-
tomatic intracerebral hemorrhage 
(non-traumatic).

182

Table 1  Summary of the included studies
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between the two groups in terms of major bleeding 
events (RR = 0.39, 95% CI: 0.06–2.45, P = 0.31), 
all-adverse events (RR = 1.07, 95% CI: 0.93–1.23, 
P = 0.34), and serious adverse events (RR = 0.67, 95% 
CI: 0.39–1.15, P = 0.14). Additionally, FXI inhibitors 
were associated with a 41% reduction in the incidence 
of thromboembolism when compared to enoxapa-
rin group (RR = 0.59, 95% CI: 0.44–0.77, P = 0.001) 
Fig. 5.

FXI inhibitors vs. DOACs

Three studies involving 2722 patients compared 
FXI inhibitors to DOACs. The FOXTROT [6] and 

Subgroup analysis based on the control group

FXI inhibitors vs. enoxaparin

Four studies involving 2589 patients compared 
FXI inhibitors to enoxaparin. One study involved 
IONIS-FXIRx [5], one study involved osocimab [6], 
one study involved abelacimab [4], and one study 
involved milvexian [7] in comparison to enoxaparin. 
The pooled analysis demonstrated that FXI inhibitors 
were associated with a 58% reduction in the incidence 
of bleeding events when compared to enoxaparin 
group (RR = 0.42, 95% CI: 0.23–0.76, P = 0.004), 
and no heterogeneity was found among the included 
studies (I2 = 0%). Whereas, no difference was found 

Fig. 2  Risk of bias graph 

Study & 
year

Population 
(Indication)

Intervention Control Primary endpoints Secondary endpoints Fol-
low-
up 
(days)

AXIOM-
ATIC-SSP 
- Sharma 
et al. 2024

Ischemic 
stroke or 
high-risk 
TIA

Milvexian Placebo - Ischemic stroke during the 
treatment period or new covert 
brain infarction.

- Major bleeding was determined 
by the occurrence of types 3 and 5 
bleeding, according to the Bleed-
ing Academic Research Consortium 
(BARC).
- Volume and number of new infarcts 
detected by MRI imaging and the rate 
of clinical bleeding.

90

PACIFIC-
AMI - 
Rao et al. 
2022

Recent MI Asundexian Placebo - Bleeding Academic Research 
Consortium (BARC) type 2, 3, 
or 5 bleeding.
- Cardiovascular death, 
recurrent MI, ischemic or 
hemorrhagic stroke, or stent 
thrombosis.

- Incidence of all bleeding events.
- Individual components of the com-
posite outcome.

368

AZALEA-
TIMI 
71–2023

AF Abelacimab Rivaroxaban - Major or clinically relevant 
non-major bleeding.

- Incidence rate of ischemic stroke, 
systemic embolism, and all-cause 
mortality.

657

TKA Total Knee arthroplasty; ESRD End-stage renal disease; AF Atrial fibrillation; MI Myocardial infarction; TIA Transient ischemic attack; 
VTE Venous thromboembolism; PE Pulmonary embolism; APTT Activated partial thromboplastin time; INR International normalized ratio; 
ISTH International Society on Thrombosis and Hemostasis; BARC Bleeding Academic Research Consortium

Table 1  (continued) 
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FXI inhibitors vs. placebo

Five studies involving 5810 patients compared FXI 
inhibitors to placebo. One study involved IONIS-
FXIRx [2], one study involved Xisomab 3G3 [3], 
one study involved milvexian [9], and two studies 
involved asundexian [8, 10] in comparison to placebo. 
FXI inhibitors were not associated with an increased 
risk of all-bleeding (RR = 1.09, 95% CI: 0.86–1.39, 
P = 0.47) or major bleeding events (RR = 1.13, 95% 
CI: 0.61–2.06, P = 0.7). Moreover, no difference was 
found between the two groups in terms of all-adverse 
events (RR = 1.02, 95% CI: 0.97–1.07, P = 0.47), seri-
ous adverse events (RR = 0.95, 95% CI: 0.82–1.11, 
P = 0.54), all-cause mortality (RR = 1.24, 95% CI: 
0.77–1.98, P = 0.38), or incidence of thromboembo-
lism (RR = 1.02, 95% CI: 0.88–1.18, P = 0.79) Fig. 7.

PACIFIC-AF [1] trials compared osocimab and asun-
dexian to apixaban. Whereas AZALEA-TIMI 71 study 
compared abelacimab to rivaroxaban. FXI inhibitors 
were associated with a 62% reduction in the incidence 
of bleeding events (RR = 0.38, 95% CI: 0.19–0.74, 
P = 0.005) and a 77% reduction in the incidence of 
major bleeding events (RR = 0.23, 95% CI: 0.1–0.55, 
P = 0.001). Moreover, both groups were comparable 
without significant difference in terms of all-adverse 
events (RR = 1.03, 95% CI: 0.98–1.09, P = 0.23) and 
serious adverse events (RR = 0.93, 95% CI: 0.8–1.09, 
P = 0.37). On the other hand, no difference in the inci-
dence of thromboembolism was found between the 
two groups (RR = 1.35, 95% CI: 0.83–2.17, P = 0.22) 
Fig. 6.

Fig. 3  Forest Plot for FXI 
inhibitors vs. control group 
(enoxaparin/DOACs/placebo) 
of (A) All-bleeding events (B) 
Major bleeding events (C) 
Thromboembolism
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significant difference was found between both groups 
with regards to all-bleeding events, major bleeding 
events, thromboembolism, and all-cause mortality 
(P > 0.05) supplementary figure S4.

Atrial fibrillation

Two studies involving 2037 patients compared FXI 
inhibitors (asundexian and abelacimab) to apixaban 
[1] and rivaroxaban (AZALEA-TIMI 71) in patients 
with AF. FXI inhibitors were associated with a signifi-
cant reduction in all-bleeding events (RR = 0.29, 95% 
CI: 0.18–0.48, P = 0.001) and major bleeding events 
(RR = 0.22, 95% CI: 0.09–0.53, P = 0.001) when com-
pared to DOACs. Whereas, no statistically significant 
difference was found between the two groups in terms 
of the incidence of thromboembolism, all-adverse 
events, serious adverse events, or all-cause mortality 
(P > 0.05) supplementary figure S5.

Subgroup analysis based on the clinical indication

Total knee arthroplasty (TKA)

Four studies involving 2689 patients compared FXI 
inhibitors (IONIS-FXIRx, osocimab, abelacimab, and 
milvexian) to enoxaparin [4–7] and apixaban [6] in 
patients undergoing TKA. FXI inhibitors were found 
to be associated with a trend toward reduction in 
the incidence of all-bleeding events, major bleeding 
events, and serious adverse events. Furthermore, FXI 
inhibitors were associated with a significant reduc-
tion of 34% in the incidence of thromboembolism 
compared to the control group (RR = 0.66, 95% CI: 
0.54–0.79, P = 0.001) supplementary figure S3.

Ischemic stroke

Two studies involving 4142 patients compared FXI 
inhibitors (milvexian and asundexian) to placebo in 
patients with non-cardioembolic stroke [8, 9]. No 

Fig. 4  Forest Plot for FXI inhibi-
tors vs. control group (enoxa-
parin/DOACs/placebo) of (A) 
All adverse events (B) Serious 
adverse events (C) All-cause 
mortality
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Various comparisons produced intriguing results in the 
subgroup analysis. FXI inhibitors have demonstrated a sig-
nificant decrease in the occurrence of bleeding events and 
thromboembolism compared to enoxaparin, indicating a 
superior effectiveness and safety profile in this particular 
situation. On the other hand, when compared to DOACs, 
FXI inhibitors were associated with a significant reduction 
in bleeding events but not thromboembolism. Nevertheless, 
the disparities did not exhibit statistical significance in com-
parison to placebo, suggesting that the advantages of FXI 
inhibitors may change based on the comparator and patient 
cohort.

Therapeutic anticoagulation has been one of the most 
studied topics in the history of medicine with continuous 
evolutions and recommendations [22]. The history of thera-
peutic anticoagulation has evolved significantly over the 
years, with the initial use of vitamin K antagonists (VKAs) 

Discussion

In our meta-analysis, we examined eleven phase 2 RCTs 
involving 10,536 participants. This study sheds light on FXI 
inhibitors’ effectiveness as anticoagulants. According to the 
major results, FXI inhibitors do not affect bleeding episodes 
or significant bleeding events when compared to control 
groups (DOACs, enoxaparin, and placebo). More impor-
tantly, FXI inhibitors showed higher efficacy in reducing 
the incidence of thromboembolism. In terms of distinguish-
ing thrombosis and hemostasis, FXI inhibitors outperform 
traditional anticoagulants. The ability of FXI inhibitors to 
minimize the likelihood of thromboembolic events while 
not significantly increasing the risk of bleeding resolves a 
fundamental safety problem associated with anticoagulant 
treatment.

Fig. 5  Forest Plot for FXI 
inhibitors vs enoxaparin of (A) 
All-bleeding events (B) Major 
bleeding events (C) All adverse 
events (D) Serious adverse events 
(E) Thromboembolism
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FXI plays a fundamental role in thrombosis. Pathological 
thrombosis is initiated through two primary pathways: the 
contact pathway and the tissue factor pathway. In both sce-
narios, FXI is activated by the generated thrombin during 
the initial phase which further motivates thrombus growth 
and propagation [12, 25]. Moreover, individuals with ele-
vated FXI levels showed increased susceptibility to venous 
thromboembolism (VTE) [26], whereas those with FXI 
deficiency exhibited a lower risk of thrombosis, including 
DVT and less prominent activation of the hemostatic sys-
tem compared to the general population [17, 27]. Consider-
ing the different roles of FXI in hemostasis and thrombosis 
outlined earlier, the inhibition of FXI presents a compelling 
strategy to separate the positive therapeutic outcomes from 
the adverse effects associated with anticoagulant treatments. 
In essence, targeting FXI offers the potential to decrease the 
risk of thrombotic complications without concomitantly 
elevating the probability of bleeding, a significant concern 
with alternative anticoagulants.

such as warfarin, which served as the cornerstone of anti-
coagulation therapy for several decades [23]. However, 
the introduction of direct oral anticoagulants (DOACs) 
marked a significant shift in anticoagulation therapy and has 
replaced the traditional VKAs in many clinical scenarios, 
offering advantages such as consistent and predictable anti-
coagulation, oral administration, and a good safety profile 
[11, 24]. More recently, the focus has shifted to Factor XI 
inhibitors, which have shown promise in early clinical tri-
als, demonstrating increased safety and efficacy compared 
with traditional anticoagulants [12, 13].

Emerging evidence demonstrates a differential role of 
FXI in hemostasis and thrombosis. On one hand, Hemostasis 
commences with the interaction between tissue factor and 
activated factor VII (TF-FVIIa) in the tissue factor pathway. 
This interaction then leads to a series of events that eventu-
ally lead to fibrin and hemostatic clot formation [13, 14]. 
FXI has a minor role in hemostasis limited to its activation 
to FXIa by thrombin which in turn stabilizes the final hemo-
static clot by activation of FIX [14, 25]. On the other hand, 

Fig. 6  Forest Plot for FXI inhibi-
tors vs DOACs of (A) All-bleed-
ing events (B) Major bleeding 
events (C) All adverse events 
(D) Serious adverse events (E) 
Thromboembolism
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Implications of subgroup analysis

FXI inhibitors vs. enoxaparin

The subgroup analysis, specifically comparing FXI inhibi-
tors to enoxaparin in patients undergoing TKA, dem-
onstrates that FXI inhibitors effectively decrease the 
occurrence of bleeding events and thrombosis. This discov-
ery is particularly noteworthy because patients undergoing 
major surgeries such as TKA are prone to both bleeding 

Several phase 2 RCTs investigating the efficacy of FXI 
inhibitors in the prevention of thromboembolism and their 
safety profile in comparison to the current standard of care 
(DOACs and enoxaparin) or placebo have been published. 
These trials included patients from various clinical scenar-
ios including TKA, AF, MI, ischemic stroke, and ESRD.

Fig. 7  Forest Plot for FXI 
inhibitors vs placebo of (A) 
All-bleeding events (B) Major 
bleeding events (C) All adverse 
events (D) Serious adverse events 
(E) All-cause mortality (F) 
Thromboembolism
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Specific patient subgroups

TKA

FXI inhibitors demonstrate a propensity for decreasing 
bleeding events and significantly reducing the occurrence 
of thromboembolism in individuals undergoing TKA. This 
finding is particularly significant for the management of 
patients before, during, and after orthopedic surgeries, as 
it involves the delicate task of weighing the potential risks 
of blood clot formation and excessive bleeding. However, 
it’s noteworthy that in the included trials, the majority of 
thromboembolism events were identified through screen-
ing venography, many of which were asymptomatic [13]; 
hence, the necessity for larger phase 3 clinical trials focus-
ing on clinical endpoints.

Ischemic stroke

There were no notable disparities in bleeding events, throm-
boembolism, or overall mortality between FXI inhibitors 
and placebo in patients with non-cardioembolic stroke. This 
highlights the necessity for further investigation into the 
function of FXI inhibitors in the prevention of strokes, spe-
cifically in distinguishing between different types of strokes 
and risk factors that are specific to each patient.

AF

The findings revealed a notable reduction in bleeding events 
with FXI inhibitors compared to DOACs. However, no dif-
ference was observed between the two groups regarding the 
incidence of thromboembolism, all adverse events, serious 
adverse events, or all-cause mortality. While these results 
suggest that FXI inhibitors may offer a favorable bleeding 
risk profile compared to DOACs, this should be interpreted 
cautiously due to the limited number of the included studies 
(2 studies); therefore, further investigation is warranted to 
fully elucidate their efficacy and safety profile in atrial fibril-
lation management.

Limitations

Although the meta-analysis offers valuable insights, it is 
not devoid of limitations. The presence of diverse patient 
categories and indications in the studies examined, such as 
TKA, ESRD, AF, and ischemic stroke, introduces heteroge-
neity that could affect the applicability of the findings. The 
presence of heterogeneity was particularly evident in the 
examination of the occurrence of thromboembolism, with 
notable differences observed among the studies. Another 

and thromboembolic complications. The observed decrease 
of 58% in bleeding events and 41% in thromboembolism 
incidence indicates that FXI inhibitors can offer a safer and 
more efficient method of anticoagulation in this surgical 
setting. The absence of notable disparities in major bleed-
ing and serious adverse events, however, calls for prudence 
and highlights the necessity for further investigation into 
the risk-benefit characteristics of FXI inhibitors in surgical 
contexts. Our results are consistent with a recent study that 
showed a significant reduction in the incidence of bleeding 
events and thromboembolism among patients undergoing 
major orthopedic surgeries [28].

FXI inhibitors vs. DOACs

The data indicates a decreased occurrence of both all-
bleeding and major bleeding episodes with FXI inhibitors in 
comparison to DOACs. The similarity in the risk of throm-
boembolism, all-adverse events, and serious adverse events 
between FXI inhibitors and DOACs indicates that they 
have a comparable safety profile. Nevertheless, due to the 
limited availability of evidence and the low number of the 
included studies in this comparison (3 studies), it is impera-
tive to conduct further direct comparative trials to ascertain 
the comparative effectiveness and safety of FXI inhibitors in 
relation to DOACs, especially in patient populations where 
DOACs such as apixaban and rivaroxaban is currently the 
preferred therapeutic choice such as AF.

FXI inhibitors vs. placebo

When comparing FXI inhibitors to placebo in a large group 
of patients, there was no higher occurrence of any bleeding, 
major bleeding episodes, serious side events, or mortality 
from any cause. This discovery is noteworthy as it empha-
sizes the safety of FXI inhibitors, especially in comparison 
to a group that did not get any treatment. Nevertheless, 
the absence of a significant decrease in the occurrence of 
thromboembolism in comparison to a placebo indicates 
that, although FXI inhibitors are safe, their effectiveness in 
reducing thromboembolic events in some populations may 
be lower than anticipated. In this particular comparison, our 
results were different from a recent meta-analysis which 
demonstrated a 25% increase in the incidence of all bleed-
ing events with FXI inhibitors when compared to placebo 
[29]. This underscores the significance of performing more 
focused investigations to ascertain specific patient cohorts 
that would derive the greatest advantage from FXI inhibitor 
treatment.
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Such research would help in better understanding of FXI 
inhibitors’ role as anticoagulant therapy, advocate for per-
sonalized medicine approaches, and determine the optimal 
patient demographics and clinical situations for their appli-
cation. This approach will guarantee that the prospective 
advantages of FXI inhibitors are used effectively and safely 
in all aspects of anticoagulant treatment.

Supplementary Information  The online version contains 
supplementary material available at https://doi.org/10.1007/s11239-
024-02986-z.
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