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Abstract
Background: In recent years, many important advances have been seen in anticoagu-
lation therapy. However, bleeding risk is still a major concern. Factor XI (FXI) inhibition 
has emerged as a potential advantageous target to minimize this risk.
Objectives: We conducted a systematic review and meta-analysis of current evidence 
on FXI inhibitors for thromboprophylaxis in major orthopedic surgery.
Methods: We performed a systematic search of electronic databases (PubMed, 
CENTRAL, and Scopus) until May of 2022. Studies were considered eligible if they 
were randomized controlled trials (RCTs) evaluating FXI inhibitors in thromboprophy-
laxis versus low molecular weight heparin (LMWH). For analysis purposes, we consid-
ered efficacy (venous thromboembolism [VTE], symptomatic VTE) and safety (major 
and clinically relevant non-major [CRNM] bleeding events, major bleeding events, 
blood transfusion necessities, adverse events, major adverse events) outcomes.
Results: Overall, four RCTs were included, with a total of 2269 patients, 372 VTE 
events, and 50 major or CRNM bleeding events. Regarding efficacy outcomes, FXI 
inhibitors were associated with a significant reduction in the incidence of VTE events 
(odds ratio [OR] 0.50; 95% confidence interval [CI: 0.36, 0.69]). Concerning safety 
outcomes, FXI inhibitors significantly reduced major or CRNM bleeding events (OR 
0.41; 95% CI [0.22, 0.75]). It was also associated with a lower percentage of patients 
needing a blood transfusion, despite not meeting statistical significance (OR 0.69; 
95% CI [0.32, 1.48]). Incidence of adverse events and major adverse events were simi-
lar between groups.
Conclusion: Factor XI inhibitors showed a significant reduction in the incidence of 
VTE and bleeding events among patients submitted to major orthopedic surgery.
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1 | INTRODUC TION
The balance between the antithrombotic benefit of a drug compared 
to the associated bleeding risk is a dichotomy that extends across 
many aspects of medicine. Despite many significant advances in an-
ticoagulation therapy over the last decades, bleeding risk is still an 
important concern.1–3 This is apparent not only by the bleeding rates 
associated with atrial fibrillation or venous thromboembolism (VTE) 
but also by the rate of patients who are not prescribed this medica-
tion out of fear of this adverse event.1–3

Prevention of VTE in the context of major orthopedic surgery is 
of paramount importance and its indication is unquestioned.4,5 Not 
only is this a period of vulnerability for hemorrhagic events, but it 
also carries a significant risk for thromboembolic events.6 Exposure 
of tissue factor (TF) at the surgical site initiates coagulation via the 
extrinsic pathway and triggers thrombin generation (Figure 1). This 
is thought to be one of the main drivers of postoperative VTE.7 
However, the importance of the intrinsic pathway in the pathogen-
esis of thrombosis is increasingly recognized and wide evidence 
suggests a limited role in normal hemostasis, making this pathway a 
potential therapeutic target.7

Epidemiological and animal studies have identified factor XI (FXI) 
as a desirable target.8 First, congenital FXI deficiency is associated 
with a lower risk of thrombosis events, such as VTE and ischemic 
stroke.7 Second, targeting this factor seems to be a safer option, be-
cause patients with FXI deficiency do not seem to be at increased 
risk for serious bleeding.8 This supports the premise that targeting 
FXI, a key component of the intrinsic pathway, attenuates thrombo-
sis with little disruption of hemostasis.7

Novel agents directed against FXI are in development. They in-
clude biosynthesis inhibitors, antibodies, and small molecules, with a 
wide range of pharmacological properties. Until now, several phase 
II studies have been published with promising results.9–12

With this background, and examining the publications regarding 
FXI inhibitors, we conducted a systematic review with meta-analysis 
to compare the efficacy and safety profile of these new medications 
to low molecular weight heparin (LMWH) in patients undergoing 
major orthopedic surgery.

2  |  METHODS

2.1  |  Search of studies and data extraction

We conducted this meta-analysis in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) recommendations.13 We performed a systematic search 
of three electronic databases (PubMed, Cochrane Central Register 
of Controlled Trials [CENTRAL], and Scopus) until May 31, 2022. No 

language restrictions were applied. Table S1 in supporting informa-
tion shows the detailed search strategy. Two authors (JP and JF) 
independently assessed titles, abstracts, and full texts, when ap-
propriate, for eligibility and data extraction. Disagreements were 
resolved by consensus. Studies were considered eligible if they were 
(1) randomized controlled trials (RCTs), (2) comparison of FXI inhibi-
tors versus LMWH for prevention of venous thromboembolism, and 
(3) patients submitted to major orthopedic surgery. Studies were 
excluded if they were: non-randomized studies, without full text 
published, or comparator other than LMWH. Data extraction was 
performed by both authors into a previously defined form. The pro-
tocol was registered in PROSPERO (CRD42022334604). The quality 
of reporting was independently assessed by two investigators (JP 
and JF) using the Cochrane Collaboration's tool.

2.2  |  Clinical outcomes

For analysis purposes, the primary efficacy outcome evaluated was 
the incidence of VTE, which was a composite of asymptomatic VTE 
(detected by mandatory venography of the lower limb undergoing 
surgical intervention) and symptomatic VTE. Safety outcomes ana-
lyzed were: a composite of major and clinically relevant non-major 
(CRNM) bleeding events, incidence of adverse events, and neces-
sity of blood transfusion. Subgroup analyses were done for symp-
tomatic VTE, major bleeding events, and severe adverse events. 
For sensitivity analyses, we examined the performance of FXI in-
hibitor dosages that showed superior efficacy compared to LMWH. 
Outcome events were defined based on the definition used in each 
original study (Table  S2). We performed two sensitivity analyses: 
one for the dosages that showed superior efficacy compared to 
LMWH, to perceive the magnitude of the superiority of these dos-
ages in the reduction of thromboembolism and evaluate the associ-
ated bleeding risk and a second analysis for doses lower than the 
ones that showed superior efficacy to assess the extent of benefit 

K E Y W O R D S
anticoagulants, factor XI, hemorrhage, low molecular weight heparin, meta-analysis, venous 
thromboembolism

Essentials

•	 Bleeding risk is still a major concern when it comes to 
anticoagulation therapy.

•	 Factor XI inhibition has been identified as a desirable 
target to minimize these risks.

•	 Factor XI inhibitors reduced thromboembolic risk after 
major orthopedic surgery.

•	 They were also associated with a lower incidence of 
clinically relevant bleeding events.
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in bleeding risk and evaluate the relative effect in the prevention of 
thromboembolism.

2.3  |  Statistical analysis

The extracted data were analyzed using the open-source statisti-
cal software Review Manager (RevMan) V.5.4.1 (The Cochrane 
Collaboration) to aggregate the meta-analysis results, and ProMeta 
3 software. Odds ratio (OR) and 95% confidence intervals (95% CI) 
were used as summary statistics. Analysis for efficacy outcomes 
was performed for the modified intention-to-treat population. For 
safety outcomes, analysis was performed for the on-treatment pop-
ulation. The pooled OR was estimated using the DerSimonian and 
Laird random effects model due to differences in pharmacologic 
profiles of FXI inhibitors and methodologies of studies. Additionally, 
a fixed effects model was used to explore the typical intervention 
effect from studies included.14 Heterogeneity across studies was 
assessed by I2 using Cochran's Q test. We report prediction inter-
vals for treatment effects on the primary efficacy outcome and the 
composite of major and CRNM bleeding events. Publication bias 
was not assessed as there were inadequate numbers of included 
trials to properly assess a funnel plot, Begg's rank test, or Egger's 
regression test.14

3  |  RESULTS

3.1  |  Included studies and patient characteristics

A total of 52 studies were identified through database searching. 
After removing duplicates, 37 studies were screened. Following 
the application of inclusion and exclusion criteria, four RCTs were 
included, involving 2269 patients (1766 [77.8%] treated with FXI in-
hibitors; Figure 2). A list of characteristics from each study and study 
medication is presented in Table 1.

3.2  |  Efficacy outcomes

Regarding efficacy outcomes, FXI inhibitors were associated with 
a significantly lower incidence of total VTE (14.5% vs. 23.6%, 
OR [95% CI  =  0.50 [0.36, 0.69]; p  =  <.001) compared to LMWH 
(Figure  3). Heterogeneity for this outcome was non-significant 
(I2 = 36%).

On subgroup analysis, FXI inhibitors were not associated 
with statistically significant lower incidence of symptomatic 
VTE (0.7% vs. 0.8%, OR [95% CI] = 0.78 [0.24, 2.57]; p =  .680; 
Figure S2).

F I G U R E  1  Schematic representation of hemostasis and thrombosis, and mechanism of action of studied drugs. IIa, activated factor II; IXa, 
activated factor IX; LMWH, low molecular weight heparin; TF, tissue factor; Va, activated factor V; VIIa, activated factor VII; VIIIa, activated 
factor VIII; Xa, activated factor X; XIa, activated factor XI; XIIa, activated factor XII
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3.3  |  Safety outcomes

Among patients receiving FXI inhibitors, the incidence of major and 
CRNM bleeding events was significantly lower (1.6% vs. 3.2%, OR 
[95% CI] = 0.41 [0.22, 0.75]; p = .003), with non-significant hetero-
geneity (I2 = 0%; Figure 4).

Major bleeding events were very rare for both FXI inhibitors and 
LMWH—n = 4 (0.2%) and n = 1 (0.2%), respectively. For this reason, 
no analysis was done.

Statistical significance was not met for lower need for blood 
transfusion in patients treated with FXI inhibitors (11.5% vs. 15.3%, 
OR [95% CI]  =  0.69 [0.32, 1.48]; p  =  .350; Figure  S3). Significant 
heterogeneity was identified in this analysis (I2 = 57%).

Incidence of adverse events (50.0% vs. 44.0%, OR [95% CI] = 1.17 
[0.85, 1.62]; p = .340) and severe adverse events (3.7% vs. 4.0%, OR 
[95% CI] = 0.69 [0.42, 1.12]; p = .130) were not significantly different 
between groups (Figures S4 and S5). No significant heterogeneity 
was found for both outcomes (I2 = 47% and 0%, respectively).

3.4  |  Sensitivity analysis

First, we performed an analysis including grouped FXI inhibitor dos-
ages that showed superior efficacy compared to LMWH. These in-
cluded the following doses: 75 mg and 150 mg of abelacimab; 300 mg 
of FXI-ASO; 50 mg twice daily, 100 mg twice daily, 200 mg daily, and 
200 mg twice daily of milvexian; and 1.8  mg/kg of osocimab pre-
operative administration. The analysis showed consistent results for 
the primary efficacy outcome, with lower VTE risk (7.6% vs. 23.6%, 

OR [95% CI] = 0.25 [0.15, 0.42]; p = <.001; Figure 5). Conversely, the 
analysis for incidence of major or CRNM bleeding events compared 
to LMWH did not meet statistical significance for lower bleeding 
risk, despite the lower absolute incidence of these events (1.4% vs. 
3.2%, OR [95% CI] = 0.60 [0.29, 1.24]; p = .160; Figure 6).

Second, we performed an analysis including lower FXI inhibitor 
dosages (grouped). These included: 30 mg of abelacimab; 200 mg 
of FXI-ASO; 25 mg once daily, 25 mg twice daily, and 50 mg once 
daily of milvexian; 0.3 mg/kg pre-op, 0.3 mg/kg post-op, 0.6 mg/kg 
post-op, and 1.2 mg/kg post-op of osocimab. The incidence of VTE 
was not significantly different between groups (21.5% vs. 23.6%, OR 
[95% CI] = 0.85 [0.65, 1.12]; Figure S6). Regarding safety outcomes, 
these dosages showed a significantly lower risk for bleeding events 
(1.5% vs. 3.2%, OR [95% CI] = 0.34 [0.15, 0.80]; Figure S7).

3.5  |  Fixed effects analyses

Fixed effects analyses are available in the Table S3 in supporting in-
formation. Results are roughly similar to random effects model with 
the exception of the borderline lower incidence of necessity of blood 
transfusion in patients receiving FXI inhibitors (OR [95% CI] = 0.64 
[0.41, 0.99]).

3.6  |  Quality assessment and risk of bias

The risk of bias evaluation is reported in Figure S1 in supporting in-
formation. Overall studies were evaluated as “some concerns” due 

F I G U R E  2  Flow diagram of the research strategy and study selection process
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to the open-label design for study treatment assignment to partici-
pants and investigators. However, this potential source of bias was 
attenuated by the blinded evaluation of outcomes. The small num-
ber of studies included did not allow any reliable analysis of publica-
tion bias.

4  |  DISCUSSION

To our knowledge, this is the first meta-analysis of RCTs compar-
ing FXI inhibition versus LMWH for thromboprophylaxis in patients 
submitted to major orthopedic surgery. FXI inhibitors were associ-
ated with a significant reduction both in VTE and major or CRNM 
bleeding events.

Inhibition of FXI was associated with a relative risk reduc-
tion of about 50% in total (asymptomatic and symptomatic) VTE 
events. This result is very significant because it arises from phase 
II studies, which naturally included subtherapeutic dosages of FXI 

inhibitors. The magnitude of relative risk reduction of VTE events 
increased to almost 75% in the sensitivity analysis including opti-
mized dosages of FXI inhibitors. The results are consistent among 
the studies included in the meta-analysis, as evidenced by the 
non-significant heterogeneities. Absolute rates of VTE for LMWH 
observed in this meta-analysis are roughly in line with contempo-
rary landmark clinical trials of thromboprophylaxis in patients sub-
mitted to total knee replacement. The incidence of VTE in patients 
receiving LMWH was 23.6% in our meta-analysis, 18.9% in the 
Regulation of Coagulation in Orthopedic Surgery to Prevent Deep 
Vein Thrombosis and Pulmonary Embolism (RECORD) 3 study, and 
27.8% in the Pentasaccharide in Major Knee Surgery Study.15,16

In addition to lowering the risk of thromboembolism, FXI in-
hibitors exhibited a significant reduction in the risk of major or 
CRNM bleeding compared to LMWH. The magnitude of relative 
risk reduction was approximately 55% and was mainly driven by 
a reduction in CRNM bleeding events. In the sensitivity analysis 
comparing the relative benefit of more effective dosages of FXI 

F I G U R E  3  Forest plot comparing factor XI inhibitors versus low molecular weight heparin regarding the incidence of venous 
thromboembolism
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to LMWH, the reduction in major or CRNM bleeding events was 
39% but did not reach statistical significance. Notwithstanding 
this fact, no significant heterogeneity was found in these safety 
analyses. Again, absolute rates of major or CRNM bleeding events 
observed in this meta-analysis were superimposed with those re-
ported in previous similar clinical trials. The incidence of major 

or CRNM bleeding in patients receiving LMWH was 3.2% in our 
meta-analysis, 2.7% in the RECORD 3 study, and 4.3% in the 
Apixaban Dose Orally Versus Anticoagulation with Enoxaparin 
(ADVANCE) trial.3

On further subgroup evaluation comparing FXI inhibitors to 
LMWH, despite showing a lower absolute rate of necessity of blood 

F I G U R E  4  Forest plot comparing factor XI inhibitors versus low molecular weight heparin regarding the incidence of major or clinically 
relevant non-major bleeding events

F I G U R E  5  Forest plot for the sensitivity analysis comparing factor XI inhibitors dosages that showed superior efficacy to low molecular 
weight heparin regarding the incidence of venous thromboembolism
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transfusion the difference did not meet statistical significance. This 
result and heterogeneity present are probably justified by the low 
number of events and studies included in this analysis. Moreover, 
the incidence of adverse events and major adverse events did not 
differ between groups, with both analyses showing non-significant 
heterogeneity. All in all, no sign of harm associated with the use of 
FXI inhibitors was raised by this meta-analysis.

The results of FXI inhibitors compared to LMWH in patients 
undergoing total knee replacement challenge the paradigm of 
anticoagulant therapy. Higher efficacy in the reduction of throm-
botic events is typically obtained at the expense of increased risk 
of bleeding. This paradigm has even been compared to navigating 
between Scylla and Charybdis from Greek mythology, a metaphor 
for thrombotic and hemorrhagic risks using anticoagulant ther-
apy.17 This model results from conventional anticoagulant therapy 
that blocks the common pathway represented by factors X and II. 
All anticoagulants available in clinical practice, administered orally 
or parenterally, act in the common pathway of the coagulation 
cascade.18 This pharmacodynamic effect ensures the inhibition of 
fibrin generation, essential for the formation of venous, arterial, 
or intracardiac pathological thrombus, but blocks hemostasis in 
cases of vascular injury associated with hemorrhage. The initiation 
of hemostasis is mainly driven by the extrinsic pathway with the 
exposure of subendothelial TF and activation of circulating factor 
VII that triggers the common pathway (Figure 1). Thrombin (factor 
IIa) can activate the intrinsic pathway through FXI to amplify the 
common pathway in cases of insufficient hemostasis.7 This role of 
the intrinsic pathway in hemostasis is described by some authors 
as minor, but of paramount importance in joints and skeletal mus-
cle that express low levels of TF.7,19 On the other hand, animal 
studies of gene-specific knockout of coagulation factors denote 
that the intrinsic pathway plays a major role in thrombosis.20 Mice 
deficient for factor XII, the initiating link of the intrinsic pathway, 
and FXI demonstrated reduced thrombus formation in thrombosis 
models. Epidemiological evidence also supports the crucial role of 
the intrinsic pathway in thrombosis. Indeed, patients with congen-
ital FXI deficiency have a reduced risk of VTE, and elevated plasma 
FXI levels are associated with an increased risk of VTE.20 In this 
context, inhibition of the intrinsic pathway through reduced FXI 
activity can decrease the risk of thrombosis without compromising 
hemostasis through maintenance of the extrinsic pathway.

Our results highlight the importance of the intrinsic pathway in 
thrombus stabilization and growth, predicting important research in 
other thrombosis fields such as treatment and secondary prevention 
of VTE, stroke prevention in atrial fibrillation, intracardiac thrombus, 
atherothrombosis, and possibly in several unmet needs of thrombo-
prophylaxis like mechanical heart valves, ventricular assist devices, 
and end-stage renal disease.

4.1  |  Limitations

Our study has some limitations that should be acknowledged. First, 
the small number of published trials regarding this subject is a limi-
tation. All included trials were open label concerning assignment 
to drug treatment. Nevertheless, to minimize bias, outcomes were 
adjudicated by a blinded core committee in every trial. Also, no sig-
nificant differences between modified intention-to-treat and per-
protocol analysis were found in any of the included studies.

The strength of our conclusion regarding safety outcomes is 
limited by the low incidence of clinically relevant bleeding events, 
especially major bleeding ones. Another limitation is the fact that 
this meta-analysis includes different types of agents, with distinct 
mechanisms, administration routes, dosages, and half-lives. Although 
the end pathophysiologic result seems to be roughly the same, these 
findings may not be generalizable. This may explain some heteroge-
neity between studies, which was addressed by the use of the ran-
dom effects method. Also, due to the low number of included studies, 
heterogeneity analysis should be interpreted with caution.14 In fact, 
the prediction intervals for the primary efficacy outcome and the 
composite of major and CRNM bleeding events raise the possibility 
of a lower treatment effect in future phase III studies. Furthermore, 
because these were phase II studies, the most effective and safe 
dose for each drug is still under evaluation. The small number of 
studies also precluded the possibility to assess publication bias.

5  |  CONCLUSION

Factor XI inhibitors reduce the risk of VTE among patients submitted 
to major orthopedic surgery while also reducing the risk of bleeding 
events compared to LMWH.

F I G U R E  6  Forest plot for the sensitivity analysis comparing factor XI inhibitors dosages that showed superior efficacy to low molecular 
weight heparin regarding the incidence of major or clinically relevant non-major bleeding events
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