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Abstract

Oral anticoagulants are a mainstay for the prevention and treatment of arterial and venous
thrombosis. Direct oral anticoagulants (DOACs) have replaced vitamin K antagonists for
many indications. Currently available DOACs include dabigatran, which inhibits thrombin,
and apixaban, edoxaban, and rivaroxaban, which inhibit factor (F) Xa. A new class of DOACs
is under development. These new DOACs, which include asundexian and milvexian, inhibit
FXla, which is positioned in the intrinsic pathway of coagulation. Anticoagulants that target
FXla have the potential to be safer than the current DOACs because there is emerging
evidence that FXI is essential for thrombosis but mostly dispensable for hemostasis. In
addition to the oral inhibitors of FXla, parenteral inhibitors are also under development.
These include fesomersen, an antisense oligonucleotide that reduces the hepatic synthesis
of FXI; abelacimab, an antibody that binds to FXI and blocks its activation; and osocimab, an
FXla inhibitory antibody. Focusing on these new agents, this article describes the unmet
needs in oral anticoagulation therapy, explains why FXI is a promising target for new oral
anticoagulants, reviews phase 2 clinical data on new agents, describes ongoing phase 3
trials, and provides a perspective on the opportunities and challenges for FXI inhibitors.
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1 | INTRODUCTION

Oral anticoagulants are a cornerstone for the prevention and treat-
ment of arterial and venous thrombosis. Currently available direct oral
anticoagulants (DOACs), which came to the market in 2010, have
taken over from vitamin K antagonists (VKAs) such as warfarin for
many indications because they are at least as effective for stroke
prevention in patients with atrial fibrillation (AF) and treatment of
venous thromboembolism (VTE) and are associated with a lower risk
of serious bleeding, particularly intracranial hemorrhage [1,2].
Furthermore, the currently available DOACs are more convenient to
administer than VKAs because they can be given in fixed doses
without the need for routine coagulation monitoring. With DOACs
now firmly entrenched and with their uptake increasing with the
introduction of generic versions, never have the hurdles in the
development of new oral anticoagulants been higher.

Although VKAs and current DOACs target the distal end of the
coagulation system, new anticoagulants targeting upstream factors in
the contact pathway are under development. Thus, 2 oral factor (F)
Xla inhibitors are under evaluation in phase 3 programs, and efforts to
develop oral FXlla inhibitors are continuing. In addition, parenteral
FXI inhibitors that enable once-monthly dosing are also under eval-
uation in phase 2 or 3 programs for long-term indications. Focusing on
these new agents, this article describes the unmet needs in oral
anticoagulation therapy, explains why FXI is a particularly promising
target for new anticoagulants, describes the pharmacologic properties
of new oral and parenteral anticoagulants under development, re-
views clinical data on new agents, and provides a perspective on the

opportunities and challenges for this new class of anticoagulants.

2 | UNMET NEEDS IN ANTICOAGULATION
THERAPY

The goal of anticoagulation therapy is to attenuate thrombosis with
minimal disruption of hemostasis. Although currently available
DOACs come closer to this goal than VKAs, bleeding is not eliminated.
Thus, even with DOACs, the annual rate of major bleeding in patients
with AF is 2% to 3%, whereas the annual rate of intracranial bleeding
is 0.3% to 0.5% [1]. The fear of bleeding explains, at least in part, why
one-third of patients with AF fail to receive anticoagulant prophylaxis
and, among those administered anticoagulation therapy, why up to
50% are inappropriately treated with low doses of DOACs [3-5].
Therefore, there remains a need for safer anticoagulants.

The currently available DOACs have some limitations other than
the potential for bleeding. For example, rivaroxaban and apixaban
were less efficacious than VKAs in antiphospholipid syndrome [6],
dabigatran and apixaban were less efficacious than warfarin in stroke
prevention in patients with mechanical heart valves [7,8], and rivar-
oxaban was less efficacious than warfarin in preventing cardiovascular
events or death in patients with AF associated with rheumatic heart

disease [9]. Therefore, there is a need for more effective
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FIGURE Uncoupling hemostasis from thrombosis. Blood vessels
are surrounded by a hemostatic envelope of tissue factor (TF) in
the adventitia. Hemostasis is triggered when the adventitia is
breached by vessel injury. The high concentrations of TF
surrounding the vessel initiate explosive generation of thrombin
via the extrinsic pathway (yellow), leading to the formation of a
hemostatic plug that seals the leak. Factor (F) XlI is dispensable for
hemostasis, and feedback activation of FXI by thrombin is of minor
importance for amplification of thrombin generation. Thrombosis is
initiated by lower concentrations of TF exposed at the site of
atherosclerotic plaque rupture or expressed by activated
monocytes or microvesicles. The initial small amounts of thrombin
produced in the common pathway (blue) feedback to activate FXI
when stimulated by polyphosphate or neutrophil extracellular
traps. These polyanions and blood-contacting medical devices can
also bind to FXII and induce its autoactivation. FXlla then activates
FXI to trigger the generation of thrombin via the intrinsic pathway
(green). Source: The figure was adapted from Fredenburgh JC,
Weitz JI. Factor XI as a target for new anticoagulants.
Hamostaseologie 2021;41:104-10. NETs, neutrophil extracellular
traps.

anticoagulants for certain patient populations, and FXI and FXII are

potential targets for these new agents.

3 | FXI AND FXII AS TARGETS

Currently available DOACs target FXa or thrombin, which are en-
zymes in the common pathway of coagulation that are essential for
fibrin formation. Because they attenuate fibrin formation, DOACs are
effective for the prevention and treatment of thrombosis. However,
fibrin is a major component of physiologic hemostatic plugs and
pathologic thrombi. Therefore, it is not surprising that the currently
available DOACs are associated with risk of bleeding.

To circumvent inhibition of enzymes in the common pathway,
upstream factors in the intrinsic pathway are being examined as new
targets for anticoagulants. The focus on FXIl and FXI stemmed from

studies in animals that suggested that these factors are important in
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thrombosis but are dispensable for hemostasis [10]. Consequently, by
uncoupling thrombosis and hemostasis, inhibitors of FXIl and FXI have
the potential to be safer than currently available DOACs [11].

FXII or FXI inhibitors can uncouple thrombosis from hemostasis
because although thrombin generation and fibrin formation are hall-
marks of both processes, the pathways for thrombin generation and
the sites of thrombus formation differ [11]. Thrombosis involves the
formation of intravascular thrombi that block blood flow in arteries or
veins. In contrast, hemostasis is a predominantly extravascular pro-
cess that culminates in the formation of hemostatic plugs that stop the
leakage of blood from damaged blood vessels (Figure).

Thrombosis is usually triggered by tissue factor (TF) exposed on
disrupted atherosclerotic plagues or expressed on leukocytes or
extracellular vesicles tethered to activated endothelial cells. TF binds
to circulating FVII or FVIla, and the TF:FVIla complex activates FX to
FXa, which then converts limited amounts of prothrombin into
thrombin. This small amount of thrombin initiates fibrin formation and,
along with FXa, provides positive feedback by activating the key
cofactor proteins FV and FVIIl. The TF:FVIla complex also activates
FIX, and the resultant FIXa, together with its cofactor FVIlla, amplifies
FXa and thrombin generation. However, once the thrombus expands
beyond the site of injury, the TF:FVIla complex can no longer sustain
thrombus growth. Currently, it is believed that FXla drives subsequent
thrombus expansion.

FXI can be activated by FXlla and thrombin [12,13]. Back acti-
vation of FXI by thrombin drives further thrombin generation and
thrombus extension beyond the site of injury. FXI activation by FXlla
enhances this process. FXII is activated when the blood contacts
medical devices such as central venous catheters, mechanical heart
valves, or dialysis circuits [14]. FXII can also be activated by naturally
occurring polyanions such as neutrophil extracellular traps, inorganic
polyphosphate released from activated platelets, or DNA or RNA
released from dead or dying cells [15]. The contribution of these
polyanions to thrombosis in humans, however, is uncertain.

Although intravascular thrombus formation is a hallmark of
thrombosis, hemostasis is a predominantly extravascular event that is
initiated when TF in the hemostatic envelope surrounding blood
vessels is exposed to blood by outside-inside damage to the vessel
wall. The high concentration of TF in the adventitia surrounding blood
vessels triggers explosive generation of thrombin. FXII activation is
not part of this process, which explains why subjects with congenital
FXII deficiency do not experience excessive bleeding. Likewise, FXI is
mostly dispensable for hemostasis because feedback activation of FXI
by thrombin is rarely needed to sustain the formation of hemostatic
plugs. Consequently, spontaneous bleeding is rare in patients with
congenital FXI deficiency and correlates poorly with FXI levels [16].
Furthermore, when bleeding occurs, it is usually mild, and bleeding
after surgery is often localized to the oropharynx or urinary tract,
where there is abundant fibrinolytic activity [17,18]. Spontaneous
bleeds into muscles or joints and life-threatening intracranial or
gastrointestinal bleeding, which are characteristics of hemophilia A or
B, do not occur because of FXI deficiency. Therefore, although

essential for thrombosis, FXI is mostly dispensable for hemostasis. The

TABLE 1 Relative advantages and disadvantages of factor Xl or
factor Xl as targets for new anticoagulants.
FXIl FXI
Epidemiologic data Weak Strong
Risk of bleeding None Low
Level of evidence Preclinical Phase 2 and early
for role in phase 3
thrombosis
Potential for Thrombin-mediated None
bypassing activation of factor
inhibition Xl could bypass
factor Xlla inhibition
Potential for off- May modulate Unlikely
target effects inflammation
by inhibiting kinin
generation

Source: The table was adapted from Fredenburgh JC, Weitz JI. Factor XI
as a target for new anticoagulants. Hamostaseologie 2021;41:104-10.

observations of absent-to-mild bleeding diatheses associated with
deficiencies of FXII and FXI are central to the development of anti-

coagulants targeting these factors.

4 | FXI OR FXIl, WHICH IS THE BETTER
TARGET?

The pros and cons of FXI and FXII as targets are listed in Table 1. FXII
is a safer target than FXI because congenital FXII deficiency is not
associated with bleeding, whereas FXI deficiency is associated with a
mild bleeding diathesis. Nonetheless, most of the attention has been
focused on FXI inhibition because of concerns about the contribution
of FXII to thrombosis initiated by TF, weak epidemiologic data linking
FXII with thrombosis, and potential for feedback activation of FXII by
thrombin to bypass FXlla inhibition. In contrast, regardless of whether
thrombosis is driven by contact of blood with medical devices or
naturally occurring polyphosphates or by TF, FXI plays a central part
because of its activation by both FXIla and thrombin. Furthermore, by
its positioning at the nexus between coagulation and inflammation,
FXI inhibition has the potential to be more effective than inhibition of
FXa or thrombin for suppression of clotting in inflammatory disorders,
such as antiphospholipid syndrome, or clotting induced by medical
devices such as mechanical heart valves. Therefore, FXI appears to be
a more important modulator of thrombosis than FXII.

Epidemiologic, Mendelian randomization, and genome-wide as-
sociation studies have revealed links between FXI levels and throm-
bosis, whereas no such links exist for FXIl [19-21]. In epidemiologic
studies, congenital FXI deficiency was protective against VTE,
ischemic stroke, and, at least in 1 study, myocardial infarction (Ml)
[22-24]. In contrast, FXII deficiency is not protective and may even be
associated with an increased risk of VTE [25]. Although FXI was re-

ported to be protective against heart failure in mice [26], there is no
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TABLE 2 Pharmacologic features of factor Xl-directed anticoagulants.
Feature Antisense oligonucleotides
Delivery Parenteral (SC)

Onset of action Delayed
Offset of action Delayed
Renal clearance No
Hepatic metabolism No

Reversal options FFP or FXI concentrate

Antibodies Small molecules
Parenteral (IV or SC) Oral

Immediate (for 1V) Immediate
Delayed Rapid

No Yes

No Yes

FVlla or aPCC FVlla or aPCC

aPCC, activated prothrombin complex concentrate; FFP, fresh frozen plasma; FVIla, activated factor VII; FXI, factor XI; IV, intravenous; SC, subcutaneous.
Source: The table was adapted from Fredenburgh JC, Gross PL, Weitz JI. Emerging anticoagulant strategies. Blood 2017;129:147-54.

evidence that subjects with congenital FXI deficiency are at increased
risk for heart failure.

Mendelian randomization studies suggest that subjects with
higher FXI levels are more prone to ischemic stroke and VTE than
those with normal FXI levels, whereas those with lower FXI levels are
at reduced risk [20]. Furthermore, the extent of elevation in FXI levels
correlates with stroke risk in women taking oral contraceptives
[27,28]. Although FXI levels correlate with the risk of thrombosis,
there is a poor correlation with the risk of bleeding [29,30]. Therefore,
because epidemiologic studies support the role of FXI in thrombosis
and studies in animals demonstrate reduced thrombosis because of
FXI deficiency or inhibition but no increase in bleeding, FXI has

emerged as the preferred target for new anticoagulants.

5 | STRATEGIES TO INHIBIT FXI

Strategies to inhibit FXI include antisense oligonucleotides (ASOs) that
reduce hepatic synthesis of FXI by binding to its messenger RNA and
inducing its degradation; monoclonal antibodies that block FXI activa-
tion, FXla activity, or both; and small molecules that block the active site
of FXla or induce allosteric modulation [31]. Each strategy not only
differs in terms of the mechanism of action but also has unique phar-
macologic characteristics that impact therapeutic indications (Table 2).
Thus, ASOs and antibodies require parenteral administration, whereas
small molecules are given orally. The onset and offset of the action of
these agents also vary. For example, fesomersen, a second-generation
ASO that is conjugated to an N-acetyl galactosamine (GalNAcz)
moiety to promote its uptake by hepatocytes, is more potent and has a
more rapid onset of action than IONIS-FXI Rx, its unconjugated coun-
terpart. Although IONIS-FXI Rx required twice-weekly subcutaneous
injections to start and took 3 to 4 weeks to lower FXI levels to the
therapeutic range [32], fesomersen is administered once monthly and
lowers FXI levels to the therapeutic range within a week. In contrast,
FXI-directed monoclonal antibodies have an immediate effect when
administered intravenously and sustained effects when given subcu-
taneously on a once-monthly basis, whereas small-molecule FXla in-
hibitors, which are given once- or twice-daily, achieve peak drug levels
in 2 to 4 hours after oral administration.

Because of its slower onset of action, bridging therapy is needed if
fesomersen is used for initial treatment of patients with or at high risk
of thrombosis. In contrast, bridging therapy is unnecessary with oral
FXla inhibitors or FXI-directed monoclonal antibodies provided that
the first dose is given intravenously. Oral FXla inhibitors have half-
lives of 8 to 17 hours, whereas fesomersen and monoclonal anti-
bodies have half-lives of >30 days. These long half-lives could be
problematic if there is life-threatening bleeding or urgent surgery is
required. Periprocedural tranexamic acid may prevent or reduce
bleeding in patients taking FXI inhibitors. If reversal is needed, plasma
or FXI concentrate can replace FXI in patients treated with feso-
mersen, and bypassing agents such as recombinant FVIla or activated
prothrombin complex concentrate can overcome the anticoagulant
effect of other agents [33]. With half-lives of <24 hours, reversal is
less likely to be needed for oral FXla inhibitors than for those with
longer half-lives.

Like currently available DOACs, oral FXla inhibitors are cleared,
in part, by the kidneys and metabolized in the liver. Therefore, there is
a potential for drug accumulation in patients with end-stage kidney
disease, drug-drug interactions, and impaired metabolism in patients
with severe liver disease. In contrast, these issues will not be observed
with fesomersen or FXI-directed antibodies because they are not
cleared by the kidneys or metabolized in the liver. Therefore, each
strategy to inhibit FXI has its unique strengths and potential
drawbacks.

6 | PHASE 2 CLINICAL TRIALS

Clinical evaluation of new anticoagulants usually starts in patients
undergoing elective hip or knee replacement surgery because of their
risk of postoperative deep-vein thrombosis, which can be efficiently
detected using venography [31]. The first-generation antisense
oligonucleotide IONIS-FXI Rx [34]; osocimab, a monoclonal antibody
that inhibits FXla [35]; abelacimab [36], an antibody that binds to FXI
and prevents its activation by FXlla or thrombin; and milvexian, an
oral FXla inhibitor [37] have been compared with enoxaparin in such
patients in phase 2 proof-of-concept studies. Exploratory meta-

analyses using postoperative VTE and clinically relevant bleeding (a
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TABLE 3 Comparison of the pharmacologic properties of the oral factor Xa and factor Xla inhibitors.

Characteristic Apixaban Edoxaban
Target FXa FXa
Molecular weight (Da) 460 548
Food effect None None
Tmax (h) 1-2 1-2
Half-life (h) 12 5-11
Renal elimination (%) 27 50
Dose-proportional exposure No Yes
CYP3A4 interaction Yes No
Prolongation of PT Yes Yes
Prolongation of aPTT Minimal Minimal

Rivaroxaban Asundexian Milvexian
FXa FXla FXla
436 593 626
Enhances absorption Minimal Modest
2-3 2-4 2-4
7-11 14-17 8-14
33 14 18

No Yes Yes
Yes No Yes

Yes No No
Minimal Yes Yes

aPTT, activated partial thromboplastin time; CYP, cytochrome P450; FXa, activated factor X; FXla, activated factor XI; PT, prothrombin time; Tmax, time

to maximal concentration.

composite of major and clinically relevant nonmajor bleeding) for ef-
ficacy and safety analyses, respectively, reported a 40% to 50%
reduction in VTE with FXI inhibition compared with that with enox-
aparin and a 59% reduction in bleeding [38,39]. Once proof of concept
was shown, attention shifted from thromboprophylaxis to indications
with greater unmet needs.

In separate phase 2 studies (NCT04534114 and NCT04523220),
fesomersen and osocimab were compared with a placebo in patients
with end-stage kidney disease undergoing hemodialysis, a population
at high risk for atherothrombotic complications and bleeding.
Although the results have not been reported, both studies went to
completion, and fesomersen was reported to be safe and well toler-
ated. In addition, in the ongoing double-blind phase 2 AZALEA TIMI-
71 trial (NCT04755283), the efficacy and safety of once-monthly
subcutaneous injections of abelacimab (90 or 150 mg) and rivarox-
aban (20 mg once daily or 15 mg once daily for those with a creatinine
clearance of <50 mL/min) are being compared in 1200 patients with
AF. Although the results of this event-driven trial have not been re-
ported, recruitment was completed in 2022, and follow-up is
continuing without any safety concerns thus far. Therefore, phase 2
studies with parenteral FXI inhibitors support the concept that FXI
inhibition is both effective and safe, thereby setting the stage for trials
with oral FXI inhibitors.

The oral FXla inhibitors in the most advanced stage of develop-
ment are asundexian (BAY 2433334) [40] and milvexian (BMS-
986177/INJ-70033093) [41,42]. Both are small molecules that bind
reversibly to the active site of FXla and inhibit its activity. As illus-
trated in Table 3, asundexian and milvexian have many features in
common with currently available oral FXa inhibitors. Asundexian and
milvexian are rapidly absorbed after oral administration and have half-
lives that permit once- or twice-daily oral dosing. The specificity of
asundexian and milvexian for FXla is highlighted by the fact that they
prolong the activated partial thromboplastin time in a dose-dependent
manner but have no effect on the prothrombin time. Asundexian and

milvexian have both moved forward into phase 3 based on the results

of the phase 2 trials, which are described below and summarized in
Table 4.

6.1 | Asundexian

6.1.1 | Safety of the Oral Factor Xla Inhibitor
Asundexian Compared with Apixaban in Patients with
Atrial Fibrillation (PACIFIC-AF)

This randomized, double-blind, double-dummy, phase 2 trial enrolled
862 patients with AF who were aged >45 years and were at an
increased risk of bleeding [43]. Participants were randomized to
receive asundexian at doses of 20 or 50 mg once daily or apixaban at 5
mg twice daily, with dose reduction to 2.5 mg twice daily according to
the usual criteria. The primary outcome of the trial was a composite of
major or clinically relevant nonmajor bleeds based on the Interna-
tional Society on Thrombosis and Haemostasis criteria.

Of a total of 753 patients included in the final analysis, 249 and
254 received the 20- and 50-mg doses of asundexian, respectively,
and 250 received apixaban. With the 20-mg asundexian dose, FXla
activity was inhibited by 90% and 81% at the peak and trough,
respectively, whereas with the 50-mg dose, FXla activity was inhibited
by 94% and 92% at the peak and trough, respectively. There were no
major bleeds with asundexian or apixaban. Clinically relevant
nonmajor bleeds occurred in 3 patients in the 20-mg asundexian
group, 1 patient in the 50-mg asundexian group, and 6 patients in the
apixaban group, yielding incidence ratios of 0.50 for 20-mg asundexian
(90% ClI, 0.09-0.97), 0.16 for 50-mg asundexian (90% Cl, 0.01-0.99),
and 0.33 for both asundexian doses (0% Cl, 0.09-0.97). Adverse
events occurred in 47% of patients in each asundexian group and 49%
of those in the apixaban group. The study was underpowered for ef-
ficacy; the efficacy outcome, a composite of ischemic stroke, systemic
embolism, M, or cardiovascular death occurred in 2, 4, and 3 patients

in the 20-mg asundexian, 50-mg asundexian, and apixaban groups,



TABLE 4 Summary of phase 2 trials with asundexian and milvexian.

Trial

PACIFIC-
Stroke

PACIFIC-
AMI

AXIOMATIC- 2,366 Noncardioembolic

SSP

Eligibility
PACIFIC-AF 755 Age > 45y, AF,

1,808 Age > 45y,

Experimental Control

CHA,DS,-VASc score
> 2 if male or >3 if
female, increased risk

mg once daily

Asundexian 10, 20, or 50 Placebo
noncardioembolic mg once daily
ischemic stroke, to be

treated with

antiplatelet therapy,

able to have MRI

1,601 Within 5 d of acute Ml Asundexian at 10, 20 or Placebo

50 mg once daily

Milvexian at 25 mg once Placebo
ischemic stroke or daily or 25, 50, 100,
TIA or 200 mg twice daily

Asundexian at 20 or 50 Apixaban at 5 mg twice
daily (2.5 mg twice
daily if the criteria for
dose reduction were
of bleeding met)

Efficacy

Safety

Definition (composite)

Ischemic stroke, systemic Asundexian at 20 mg
embolism, Ml, or CV

death

Ischemic stroke or covert Asundexian at 10 mg

infarction detected
using MRI

CV death, MI, stroke,
stent thrombosis

Result Definition (composite)

ISTH major or clinically
once daily: 2 events, relevant nonmajor
asundexian at 50 mg bleeding

once daily: 4 events,

vs apixaban: 3 events

ISTH major or clinically
once daily: 19%, relevant nonmajor
asundexian at 20 mg bleeding

once daily: 22%,

asundexian at 50 mg

once daily: 20%, vs

placebo 19%

Asundexian at 10 mg
once daily: 6.8%,
asundexian at 20 mg
once daily: 6.0%,
asundexian at 50 mg
once daily: 5.5%, vs
placebo: 5.5%

Ischemic stroke or covert Milvexian at 25 mg once BARC 3 or 5 bleeding

infarction detected
using MRI

daily:
16.2%,milvexian at 25
mg twice daily:
18.5%, milvexian at
50 mg twice daily:
14.1%,

milvexian at 100 mg
twice daily: 14.8%,

milvexian at 200 mg
twice daily: 16.4%,

placebo: 16.6%

Result

Asundexian at 20 mg
once daily: 1.2%,
asundexian at 50 mg
once daily: 0.4%, vs
apixaban: 2.4%

Asundexian at 10 mg
once daily: 4%,
asundexian at 20 mg
once daily: 3%,
asundexian at 50 mg
once daily: 4%, vs
placebo: 2%

BARC 2, 3, or 5 bleeding Asundexian at 10 mg

once daily: 7.6%,
asundexian at 20 mg
once daily: 8.1%,
asundexian at 50 mg
once daily: 10.5%, vs
placebo: 9.0%

Milvexian at 25 mg once
daily: 0.6%,milvexian
at 25 mg twice daily:
0.6%, milvexian at 50
mg twice daily: 1.5%,

milvexian at 100 mg
twice daily: 1.6%,

milvexian at 200 mg
twice daily: 1.5%, vs

placebo: 0.6%

AF, atrial fibrillation; AXIOMATIC-SSP, Antithrombotic Treatment with Factor Xla Inhibition to Optimize Management of Acute Thromboembolic Events for Secondary Stroke Prevention; BARC, Bleeding
Academic Research Consortium; CHA,DS,-VASc, congestive heart failure, hypertension, age >75 (doubled), diabetes, stroke (doubled), vascular disease, age 65 to 74 and sex category (female); CV,
cardiovascular; ISTH, International Society on Thrombosis and Haemostasis; MI, myocardial infarction; MRI, magnetic resonance imaging; PACIFIC-AF, Safety of the Oral Factor Xla Inhibitor Asundexian
Compared with Apixaban in Patients with Atrial Fibrillation; PACIFIC-AMI, Proper Dosing and Safety of the Oral FXla Inhibitor BAY 2433334 in Patients Following an Acute Heart Attack; PACIFIC-Stroke,
Factor Xla Inhibition with Asundexian After Acute Non-cardioembolic Ischemic Stroke; TIA, transient ischemic attack.

Source: The table was adapted from Weitz JI, Eikelboom JW. What is the future of factor Xl linhibitors? Circulation. 2022;146:1899-1902.
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respectively. Therefore, at doses of 20 or 50 mg once daily, asun-
dexian was associated with less bleeding compared with apixaban, but
the trial was underpowered to determine the efficacy of these asun-

dexian doses relative to that of apixaban.

6.1.2 | Proper Dosing and Safety of the Oral FXla
Inhibitor BAY 2433334 in Patients Following an Acute
Heart Attack (PACIFIC-AMI)

The goal of this double-blind, phase 2 trial was to assess the safety and
efficacy of 3 doses of asundexian compared with those of a placebo in
patients with acute MI who were treated with dual-antiplatelet
therapy (DAPT) [44]. A total of 1601 patients were randomized in a
1:1:1:1 manner to receive 50 mg of asundexian once daily (n = 402),
20 mg of asundexian once daily (n = 401), 10 mg of asundexian
oncedaily (n = 397), or placebo (n = 401). All patients were receiving
aspirin (81 mg once daily) and a P,Y 5 inhibitor; ticagrelor or prasugrel
was used by 80% of the patients. Over 99% of the patients underwent
percutaneous coronary intervention for their index event, which was
ST-elevation Ml in 52% and non-ST-elevation Ml in the remainder.

Asundexian inhibited FXla in a dose-dependent manner, and there
was >90% inhibition with the 50-mg asundexian dose. The primary
safety outcome, Bleeding Academic Research Consortium 2, 3, or 5
bleeding at 6 months, occurred in 10.5%, 8.1%, and 7.6% of the pa-
tients in the 50-, 20-, and 10-mg asundexian groups, respectively, and
9.0% of those in the placebo group. Two patients in the 50-mg
asundexian group and 1 in the placebo group had an intracerebral
hemorrhage. The primary efficacy outcome, a composite of cardio-
vascular death, MI, stroke, and stent thrombosis, occurred in 5.5%,
6.0%, and 6.8% of patients in the 50-, 20-, and 10-mg asundexian
groups, respectively, and 5.5% of those in the placebo group. There-
fore, asundexian, in addition to DAPT, in patients undergoing percu-
taneous coronary intervention for Ml did not significantly increase
bleeding compared with the placebo. Recurrent ischemic events were
infrequent, and there was no significant difference between the rates
with asundexian and those with the placebo.

6.1.3 | Factor Xla Inhibition with Asundexian After
Acute Non-cardioembolic Ischemic Stroke (PACIFIC-
Stroke)

The trial was undertaken to assess the safety and efficacy of 3 once-
daily doses of asundexian compared with those of a placebo in pa-
tients with noncardioembolic ischemic stroke who were enrolled
within 48 hours from symptom onset [45]. A total of 1808 patients
were randomized in a double-blind 1:1:1:1 manner to receive 50 mg of
asundexian (n = 447), 20 mg of asundexian (n = 450), 10 mg of
asundexian (n = 455), or a placebo (n = 456). These treatments were
administered for 6 months.

The primary efficacy outcome, the composite of ischemic stroke or

covert stroke on repeat brain imaging at 6 months, occurred in 20.1%,

22.0%, and 18.9% of patients in the 50-, 20-, and 10-mg asundexian
treatment groups, respectively, and 19.1% of those given placebo. The
principal safety outcome, a composite of major or clinically relevant
nonmajor bleeding, occurred in 4.3%, 3.1%, and 4.3% of patients in the
50-, 20-, and 10-mg asundexian treatment groups, respectively, and
2.4% of those given placebo. In a post hoc analysis, recurrent ischemic
stroke or transient ischemic attack (TIA) occurred in 5.4%, 6.2%, and
7.7% of patients in the 50-, 20-, and 10-mg asundexian treatment
groups, respectively, and 8.3% of those given placebo. The hazard ratio
for 50-mg asundexian versus that for placebo was 0.64 (95% Cl, 0.41-
0.98). Rates of hemorrhagic transformation in the 50-, 20-, and 10-mg
asundexian groups were 1.4%, 1.1%, and 0.4%, respectively. There
were no hemorrhagic transformations in the placebo group.
Therefore, asundexian was not associated with an increase in
bleeding. Although asundexian did not reduce the composite of covert
brain infarction or ischemic stroke compared with the placebo, there
appeared to be a reduction in recurrent symptomatic ischemic stroke
or TIA in the 50-mg asundexian group compared with placebo,

particularly among patients with atherosclerosis.

6.2 | Milvexian

6.2.1 | Antithrombotic Treatment with Factor Xla
Inhibition to Optimize Management of Acute
Thromboembolic Events in Total Knee Replacement
(AXIOMATIC TKR)

The goal of this proof-of-principle study was to demonstrate that mil-
vexian has antithrombotic activity [37]. A total of 1242 patients un-
dergoing knee arthroplasty were randomized to 1 of 7 postoperative
regimens of oral milvexian (25, 50, 100, or 200 mg twice daily or 25, 50,
or 200 mg once daily) or subcutaneous enoxaparin (40 mg once daily).
The primary efficacy outcome was VTE, the composite of fatal or
nonfatal pulmonary embolism and symptomatic or asymptomatic deep-
vein thrombosis. With twice-daily milvexian dosing, VTE occurred in 27
of 129 patients (21%) taking 25 mg, 14 of 124 (11%) taking 50 mg, 12 of
134 (9%) taking 100 mg, and 10 of 131 (8%) taking 200 mg, while with
once-daily milvexian dosing, VTE occurred in 7 of 28 patients (25%)
taking 25 mg, 30 of 127 (24%) taking 50 mg, and 8 of 123 (7%) taking
200 mg. In those given enoxaparin, VTE occurred in 54 of 252 patients
(21%). The dose-response relationship with twice-daily milvexian was
significant (1-sided p <.001), and the 12% incidence of VTE with twice-
daily milvexian was significantly lower than the prespecified benchmark
of 30%. Consequently, the 2 prespecified criteria for efficacy were met.
The incidence of bleeding of any severity was 4% with milvexian and
enoxaparin. The incidence of clinically relevant bleeding, a composite of
major and clinically relevant nonmajor bleeding, was 1% with milvexian
and 2% with enoxaparin. Importantly, the incidence of clinically relevant
bleeding was similar across the 16-fold range of milvexian doses.
Serious adverse events were reported in 2% and 4% of patients in the

milvexian and enoxaparin groups, respectively.
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6.2.2 | Antithrombotic Treatment with Factor Xla
Inhibition to Optimize Management of Acute
Thromboembolic Events for Secondary Stroke
Prevention (AXIOMATIC SSP)

The goal of this double-blind trial was to assess the safety and efficacy
of 5 doses of milvexian compared with those of a placebo in patients
with noncardioembolic ischemic stroke or TIA on the background of
atherosclerotic disease who presented within 48 hours of symptom
onset [46]. A total of 2295 patients were randomized in a 1:1:1:1:1:2
manner to receive 25 mg of milvexian once daily (n = 325), 25 mg of
milvexian twice daily (n = 313), 50 mg of milvexian twice daily (n =
325), 100 mg of milvexian twice daily (n = 306), 200 mg of milvexian
twice daily (n = 344), or a placebo (n = 682). All the patients received
clopidogrel (75 mg once daily) and aspirin (100 mg once daily) for 21
days, followed by aspirin alone for 90 days.

The incidence of the primary efficacy outcome, the composite of
symptomatic ischemic stroke and covert brain infarction on repeat
brain imaging at 90 days, did not differ between milvexian and pla-
cebo. Symptomatic ischemic stroke or TIA occurred in 4.6%, 3.8%,
4.0%, 3.5%, and 7.7% of the patients in the 25-mg milvexian once-
daily, 25-mg milvexian twice-daily, 50-mg milvexian twice-daily, 100-
mg milvexian twice-daily, and 200-mg milvexian twice-daily groups,
respectively, and 5.5% of those in the placebo group. Any Bleeding
Academic Research Consortium bleeding occurred in 0.8%, 8.6%,
12.3%, 13.1%, and 10.2% of the patients in the 25-mg milvexian once-
daily, 25-mg milvexian twice-daily, 50-mg milvexian twice-daily, 100-
mg milvexian twice-daily, and 200-mg milvexian twice-daily groups,
respectively, and 7.9% of those given placebo. There were no fatal
bleeds, and symptomatic intracranial hemorrhage was rare. Therefore,
milvexian was not associated with a reduction in the incidence of
recurrent symptomatic ischemic stroke or covert brain infarction at
90 days compared with placebo, but post hoc analysis suggested that
there was a reduction in recurrent symptomatic ischemic stroke.
Milvexian was not associated with a significant increase in bleeding
compared with the placebo.

7 | PHASE 3 CLINICAL TRIALS

Abelacimab, asundexian, and milvexian are currently under phase 3
evaluation. The ongoing trials with each of these agents are briefly

described below and are summarized in Table 5.

7.1 | Abelacimab
Abelacimab is being compared with placebo in patients with AF
deemed unsuitable for oral anticoagulants and with apixaban or dal-

teparin in patients with cancer-associated VTE.

jm | 1699

7.1.1 | Study to evalLuate the efflcacy and Safety of
abelLacimab in High-risk Patients With Atrial Fibrillation
Who Have Been Deemed Unsuitable for Oral
anticoagulation (LILAC-TIMI 76)

This is a multicenter, double-blind, placebo-controlled superiority trial
that will randomize 1900 patients with AF who have been deemed
unsuitable for oral anticoagulation to receive subcutaneous abelaci-
mab (150 mg once monthly) or placebo (NCT05712200). Enrolled
patients will have at least 1 risk factor for bleeding such as severe
kidney disease, use of concomitant antiplatelet therapy, history of a
critical site bleed, or risk for bleeding such as frailty, multiple falls, or

chronic use of nonsteroidal anti-inflammatory drugs.

7.1.2 | A Study Comparing Abelacimab to Apixaban
in the Treatment of Cancer-associated VTE (ASTER)

This is a randomized, open-label, blinded endpoint evaluation trial
comparing abelacimab (150 mg intravenously, followed by 150 mg
subcutaneously once monthly thereafter) with apixaban (10 mg twice
daily for 7 days, followed by 5 mg twice daily thereafter) in 1655
patients with cancer-associated VTE who are deemed eligible for
apixaban therapy (NCT05171049).

7.1.3 | A study comparing abelacimab to dalteparin in
the treatment of gastrointestinal/genitourinary cancer
associated VTE (MAGNOLIA)

This is a randomized, open-label, blinded endpoint evaluation trial
comparing abelacimab (in the same dosing regimen used in ASTER)
with subcutaneous dalteparin (200 units/kg once daily for the first
month, followed by 175 units/kg once daily thereafter) in 1020 pa-
tients with gastrointestinal/genitourinary cancer-associated VTE
considered to be at a high risk of bleeding (NCT05171075). The
treatments were administered for 6 months in both the ASTER and
MAGNOLIA trials.

7.2 | Asundexian
In the Oral faCtor Eleven A iNhibitor asundexlan as novel antith-
rombotiC (OCEANIC) program, asundexian is being compared with

apixaban in patients with AF and with a placebo in those with stroke.

721 | OCEANIC-AF

This is a multicenter, double-blind, double-dummy, randomized phase

3 trial that will compare the efficacy and safety of asundexian and
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TABLE 5 Ongoing phase 3 clinical trials with factor Xl inhibitors.
Drug Trial name (NCT) Indication Comparator N Sponsor
Abelacimab LILAC-TIMI 76 (NCT05712200) patients with AF deemed unsuitable Placebo 1900 Anthos
for oral anticoagulation
ASTER (NCT05171049) Cancer-associated VTE Apixaban 1655
MAGNOLIA (NCT05171075) Gastrointestinal/genitourinary Dalteparin 1020
cancer-associated VTE
Asundexian OCEANIC-AF (NCT05643573) AF Apixaban 18000 Bayer
OCEANIC STROKE (NCT05686070) Secondary stroke prevention Placebo 9300
Milvexian LIBREXIA-AF (NCT 05757869) AF Apixaban 15 500 BMS and Janssen
LIBREXIA-Stroke (NCT05702034) Secondary stroke prevention Placebo 15 000
LIBREXIA-ACS (NCT05754957) ACS Placebo 16 000

ACS, acute coronary syndrome; AF, atrial fibrillation; ASTER, A Study Comparing Abelacimab to Apixaban in the Treatment of Cancer-associated VTE;
BMS, Bristol-Myers Squibb; LIBREXIA-AF, A Study of Milvexian Versus Apixaban in Participants With Atrial Fibrillation; LIBREXIA-ACS, A Study of
Milvexian in Participants After a Recent Acute Coronary Syndrome; LIBREXIA-Stroke, A Study of Milvexian in Participants After an Acute Ischemic
Stroke or High-Risk Transient Ischemic Attack; LILAC-TIMI 76, Study to evalLuate the efflcacy and Safety of abeLacimab in High-risk Patients With Atrial
Fibrillation Who Have Been Deemed Unsuitable for Oral anticoagulation; MAGNOLIA, A study comparing abelacimab to dalteparin in the treatment of
gastrointestinal/genitourinary cancer associated VTE; NCT, National Clinical Trial; OCEANIC, Oral faCtor Eleven A iNhibitor asundexlan as novel

antithrombotiC; VTE, venous thromboembolism.

apixaban (5 mg twice daily or 2.5 mg twice daily for those with at least
2 of 3 dose reduction criteria) for the prevention of stroke or systemic
embolism in 18 000 participants with AF (NCT05643573).

7.2.2 | OCEANIC STROKE

This is a multicenter, double-blind, randomized phase 3 trial that will
compare asundexian with a placebo for the prevention of ischemic
stroke in 9300 participants after acute noncardioembolic ischemic
stroke or high-risk TIA against the background of systemic or cere-
brovascular atherosclerosis. All participants will receive background
DAPT or single-antiplatelet therapy (NCT05686070).

7.3 | Milvexian

In the LIBREXIA program, milvexian is being compared with apixaban
in patients with AF and with a placebo in those with stroke and acute
coronary syndrome (ACS).

7.3.1 | A Study of Milvexian Versus Apixaban in
Participants With Atrial Fibrillation (LIBREXIA-AF)

This is a multicenter, double-blind, double-dummy, randomized phase
3 trial that will compare the efficacy and safety of milvexian with
those of apixaban (5 mg twice daily or 2.5 mg twice daily for those
with at least 2 of 3 dose reduction criteria) for the prevention of
stroke or systemic embolism in 15 500 participants with AF
(NCT05757869).

7.3.2 | A Study of Milvexian in Participants After an
Acute Ischemic Stroke or High-Risk Transient Ischemic
Attack (LIBREXIA-STROKE)

This is a multicenter, double-blind, randomized phase 3 trial that will
compare milvexian with a placebo for the prevention of ischemic
stroke in 15 000 participants after acute noncardioembolic ischemic
stroke or high-risk TIA. All the participants will receive background
DAPT or single-antiplatelet therapy (NCT05702034).

7.3.3 | A Study of Milvexian in Participants After a
Recent Acute Coronary Syndrome (LIBREXIA-ACS)

This is a multicenter, double-blind, randomized phase 3 trial that will
compare milvexian with a placebo in 16 000 participants within 7 days
after ACS. All participants will receive background DAPT or single-
antiplatelet therapy (NCT05754957).

8 | CONCLUSIONS AND FUTURE DIRECTIONS

The evidence from available phase 2 trials suggests that unlike the
currently available DOACs, drugs that target FXI reduce thrombosis
without a dose-dependent increase in bleeding, thereby raising the
potential for a more favorable benefit-risk profile. Large phase 3 trials
are needed to determine whether asundexian and milvexian can
prevent stroke without increasing bleeding in AF. This is a high bar to
achieve because numerous postmarketing studies have confirmed the
efficacy and safety of DOACs for this indication, particularly apixaban
[47,48].
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Asundexian and milvexian may reduce recurrence in patients with
noncardioembolic stroke, but choosing the right dose requires a bal-
ance between efficacy and safety. Capitalizing on the benefits of dual-
pathway inhibition with aspirin and low-dose rivaroxaban seen in the
Anti-Xa Therapy to Lower Cardiovascular Events in Addition to
Standard Therapy in Subjects with Acute Coronary Syndrome-
Thrombolysis in Myocardial Infarction 46 [48,49] and Cardiovascular
Outcomes for People Using Anticoagulation Strategies trials [47,50],
the LIBREXIA-ACS trial will evaluate whether extended treatment
with milvexian safely reduces recurrent ischemic events when started
within 7 days after ACS and continued for several years.

Abelacimab, the first parenteral FXI inhibitor to undergo phase 3
evaluation, is being studied in patients with AF and cancer-associated
VTE, trials that may identify a role for parenteral FXI inhibitors. The
safety of abelacimab will be revealed in the LILAC trial, in which it is
being compared with a placebo in patients with AF at a high risk of
bleeding, and in the ASTER and MAGNOLIA trials, in which it is being
compared with apixaban and dalteparin, respectively, in patients with
cancer-associated VTE, a population at higher risk for bleeding than
those without active cancer. Therefore, the future of FXI inhibitors
appears bright, but the promise of uncoupling thrombosis from he-
mostasis requires confirmation in large phase 3 trials.
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