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Overview

• Why to look for new direct anticoagulants?

• New drugs and results so far achieved

• Ongoing trials: a new perspective in AF treatment?



DOACs: Pros and Cons

Plus
ü Reduction of bleeding

ü Reduction of intracranial 

haemorrhage

ü No need for monitoring

ü Few food/drug interactions

Limitations
ü Unfavourable results reported in 

mechanical heart valves, 
antiphospholipid syndrome, high 
GI bleeding risk

ü Setting with inadequate testing 
(severe renal impairment, 
extreme body wights, liver 
disease)

ü Still non-negligible interactions 
with drugs
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The coagulation cascade



Uncoupling Haemostasis and Thrombosis

disruption of normal blood flow within vessels. The
hemostatic process is initiated when FVII or its acti-
vated form FVIIa in blood binds to extravascular tis-
sue factor (TF) exposed at the site of blood vessel
injury (Figure 1). The FVIIa:TF complex activates FX
to FXa, which then converts a limited amount of
prothrombin into the key coagulation enzyme
thrombin. This early thrombin generation initiates
fibrin formation and, along with FXa, provides posi-
tive feedback to activate the key cofactor proteins, FV
and FVIII.

The limited amount of thrombin generated early
in hemostasis is only sufficient to initiate the
response to injury. In addition to activating FX, the
FVIIa/TF complex converts FIX to FIXa (Figure 1).
FIXa, with its cofactor factor VIIIa, maintains

thrombin generation over hours to days post-injury
through sustained activation of FX. The importance
of this pathway in hemostasis is reflected by the
severe bleeding disorders associated with inherited
FVIII or FIX deficiency (hemophilia A and hemo-
philia B, respectively) (18).

FXI plays a relatively limited role in hemostasis. In
some individuals, it is required to stem bleeding with
certain types of injuries. During hemostasis, FXI is
thought to be converted to FXIa by thrombin, and this
process consolidates coagulation through activation
of FIX (Figure 1). FXI appears to be most important
with injury to the oropharynx and urinary tract.
Bleeding in patients with congenital FXI deficiency is
relatively mild compared with that in hemophilia A or
hemophilia B, and the spontaneous bleeds into

CENTRAL ILLUSTRATION Hemostasis and Thrombosis

Hsu, C. et al. J Am Coll Cardiol. 2021;78(6):625–631.

Schematic representation of the key differences between hemostasis and thrombosis showing coagulation factor activation pathways and cross sections of a blood
vessel. Two related but distinct processes of coagulation are represented, one characterized by clot formation to seal off a vessel wall injury (hemostasis) and the
other by intraluminal clot formation resulting in obstruction of blood flow (thrombosis). Tissue factor initiates both processes but, whereas FXI plays a subsidiary role in
hemostasis, in thrombosis FXI is required for thrombus growth within the vessel lumen. The predicted relative importance of the pathway components is denoted by
the intensity of shading. Italics denote cofactors. NETs ¼ neutrophil extracellular traps; PP ¼ polyphosphate; TF ¼ tissue factor.
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monocytes or microvesicles that are tethered to endothelial
cells. Thrombus growth and stabilization under these
conditions depends on feedback activation of FXI by
thrombin, which amplifies thrombin generation and fibrin
formation (►Fig. 1). By promoting the back activation of FXI
by thrombin, naturally occurring polyphosphates enhance
this process.

Thrombosis can also be triggered by NETs and medical
devices, such as catheters or heart valves, which bind to FXII
and promote its autoactivation. FXIIa propagates coagulation
by activating FXI, which results in thrombin generation. Back
activation of FXI by thrombin amplifies this process and leads
to thrombus growth and stabilization. Therefore, feedback
activation of FXI is critical for thrombosis and much less
important for hemostasis.

Inhibitors of FXI

With the evidence that it ismore involved in thrombosis than
in hemostasis, the contact system has emerged as a target for
the development of new anticoagulants.4 Although FXII may
be a safer target than FXI because of the lack of a bleeding
diathesis associated with congenital deficiency, the epide-

miological data linking coagulation factor levels with the risk
of thrombosis are stronger for FXI than for FXII.18 Nonethe-
less, FXII inhibitors may be useful for the prevention of
clotting on blood contacting medical devices or extracorpo-
real circuits.

Novel agents directed against FXI include inhibitors of
biosynthesis, antibodies, small molecules, and derivatives of
naturally occurring inhibitors.4Differences inmode of action
and pharmacological properties including oral bioavailabili-
ty endow the various FXI inhibitors with divergent advan-
tages and disadvantages. ASOs that knock down FXI levels,
inhibitory antibodies, and derivatives of natural inhibitors
require parenteral administration, while small molecule
inhibitors can be given orally (►Table 1). Although ASOs,
which are given subcutaneously, take 3 to 4 weeks to lower
FXI levels into the therapeutic range, inhibitory antibodies
have a rapid onset of action, particularly if given intrave-
nously rather than subcutaneously. ASOs and inhibitory
antibodies have long half-lives that enable once monthly
dosing once the target level of inhibition has been achieved.
Finally, FXI ASOs or inhibitory antibodies are ideal for
patients at high risk for bleeding such as those with end-
stage renal disease (ESRD) because they are not renally

Fig. 1 Separating 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
thrombin generation via the extrinsic pathway leading to the formation of a hemostatic plug that seals the leak. FXII 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 on activatedmonocytes. The initial small amounts of thrombin feed
back to activate FXI when stimulated by polyphosphates (polyP) or neutrophil extracellular traps (NETs). These polyanions and blood contacting
medical devices can also bind to FXII and induce its autoactivation. FXIIa then activates FXI to trigger the generation of thrombin via the intrinsic
pathway.

Hämostaseologie Vol. 41 No. 2/2021 © 2021. Thieme. All rights reserved.
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cells. Thrombus growth and stabilization under these
conditions depends on feedback activation of FXI by
thrombin, which amplifies thrombin generation and fibrin
formation (►Fig. 1). By promoting the back activation of FXI
by thrombin, naturally occurring polyphosphates enhance
this process.

Thrombosis can also be triggered by NETs and medical
devices, such as catheters or heart valves, which bind to FXII
and promote its autoactivation. FXIIa propagates coagulation
by activating FXI, which results in thrombin generation. Back
activation of FXI by thrombin amplifies this process and leads
to thrombus growth and stabilization. Therefore, feedback
activation of FXI is critical for thrombosis and much less
important for hemostasis.

Inhibitors of FXI

With the evidence that it ismore involved in thrombosis than
in hemostasis, the contact system has emerged as a target for
the development of new anticoagulants.4 Although FXII may
be a safer target than FXI because of the lack of a bleeding
diathesis associated with congenital deficiency, the epide-

miological data linking coagulation factor levels with the risk
of thrombosis are stronger for FXI than for FXII.18 Nonethe-
less, FXII inhibitors may be useful for the prevention of
clotting on blood contacting medical devices or extracorpo-
real circuits.

Novel agents directed against FXI include inhibitors of
biosynthesis, antibodies, small molecules, and derivatives of
naturally occurring inhibitors.4Differences inmode of action
and pharmacological properties including oral bioavailabili-
ty endow the various FXI inhibitors with divergent advan-
tages and disadvantages. ASOs that knock down FXI levels,
inhibitory antibodies, and derivatives of natural inhibitors
require parenteral administration, while small molecule
inhibitors can be given orally (►Table 1). Although ASOs,
which are given subcutaneously, take 3 to 4 weeks to lower
FXI levels into the therapeutic range, inhibitory antibodies
have a rapid onset of action, particularly if given intrave-
nously rather than subcutaneously. ASOs and inhibitory
antibodies have long half-lives that enable once monthly
dosing once the target level of inhibition has been achieved.
Finally, FXI ASOs or inhibitory antibodies are ideal for
patients at high risk for bleeding such as those with end-
stage renal disease (ESRD) because they are not renally

Fig. 1 Separating 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
thrombin generation via the extrinsic pathway leading to the formation of a hemostatic plug that seals the leak. FXII 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 on activatedmonocytes. The initial small amounts of thrombin feed
back to activate FXI when stimulated by polyphosphates (polyP) or neutrophil extracellular traps (NETs). These polyanions and blood contacting
medical devices can also bind to FXII and induce its autoactivation. FXIIa then activates FXI to trigger the generation of thrombin via the intrinsic
pathway.
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is sufficient if FXI 
level is 10-20% 
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Why targeting Intrinsic Coagulation pathway to 
develop new antithrombotic drugs?

Let’s learn from Hemophilia C, a fXI deficiency-related disease

Also named Rosenthal disease, different from Hemophilia A (f VIII def) and 
Hemophilia B (f IX def)

Described in the 50s’ In pts bleeding for surgery or dental extraction

Very rare (1/1M people), more prevalent among the Iraqi and Ashkenazi Jews

Unpredictable level of bleeding, despite very severe deficiency of fXI



Lower Factor XI Activity and Risk of CV Events and VTE

10,193 individuals Historical Cohort Study from Clalit Health Service in Israel

Preis M. et al. Blood 2017 



De Caterina R. et al Eur Heart J 2023; 44: 280

Mechanism of action of FXI inhibitors

in the pharmacological properties of drugs that target FXI have poten-
tial implications with respect to their therapeutic indications,29,30 as
well as to their safety profile. Beside the risk of bleeding, adverse events
related to the specific pharmacological classes need to be considered:
specifically, mAbs can be immunogenic and might drive acute injection
site and (auto)immune reactions;31 ASOs can exert proinflammatory
effects and induce nephrotoxicity, hepatotoxicity and thrombocyto-
penia.32 Despite this, ASOs, mAbs, small molecules, and natural com-
pounds have been safely evaluated in early-stage clinical trials,
whereas aptamers that target FXI are yet to be tested in humans.

The Factor ELeven Inhibitory APtamer (FELIAP) is a DNA aptamer de-
signed to inhibit FXIa-catalysed S2366 cleavage by binding at or near its ac-
tive site with high affinity.33 Although its potency is limited, FELIAP has

been considered as a lead compound for the development ofmorepotent
FXIa-inhibiting similar compounds. Two RNA aptamers (11.16 and 12.7)
were developed as non-competitive inhibitors of FXIa, binding the FXIa
anion-binding site (ABS2) of the catalytic domain and a charged area on
the FXIa autolysis loop.34 Despite the interest in aptamer development,
existing agents in such class have important pharmacokinetic limitations
and are renally cleared,making them less attractive for clinical evaluation.35

They will not, therefore, be further discussed here below.

Antisense oligonucleotides
ASOs are RNAmolecules that bind to a cellular mRNA, thus preventing
translation and reducing levels of the expressed protein. Two anti-FXI
ASOs, IONIS-FXIRX and fesomersen, have been tested in clinical trials.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Properties of classes of FXI inhibitors currently in development

ASOs Monoclonal
antibodies

Small molecules Natural
inhibitors

Aptamers

Mechanism Block biosynthesis Bind target protein Bind target protein Bind target protein Bind target protein

Administration route SC IV or SC IV or oral IV IV or SC

Administration frequency Weekly to
monthly

Monthly Daily Daily Daily

Onset of action Slow (weeks) Rapid (hours to days) Rapid (minutes to
hours)

Rapid (minutes) Rapid (minutes to
hours)

Offset of action Slow (weeks) Slow (weeks) Rapid (minutes to
hours)

Rapid (hours) Rapid (minutes to
hours)

Renal excretion No No Yes Uncertain No

CYP metabolism No No Yes No No

Potential for drug–drug
interactions

No No Yes Unknown No

ASO, antisense oligonucleotide; IV, intravenous; SC, subcutaneous; CYP, cytochrome P450.

A1

A2
A3

A4

FXI

CD

Monoclonal antibodies
Small molecules
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oligonucleotides DNA

mRNA

Translation
(protein
synthesis)

Figure 2 Mechanism of action of FXI(a) inhibitors currently in development. A, apple domain; CD, catalytic domain.
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IV or SC

IV or oral

IV

IV or SC

Administration frequency

Weekly tomonthly

Monthly

Daily

Daily

Daily

Onset of action

Slow (weeks)
Rapid (hours to days)

Rapid (minutes to
hours)

Rapid (minutes)
Rapid (minutes to

hours)

Offset of action

Slow (weeks)

Slow (weeks)

Rapid (minutes to
hours)

Rapid (hours)

Rapid (minutes to
hours)

Renal excretion

No

No

Yes

Uncertain

No

CYP metabolism

No

No

Yes

No

No

Potential for drug–drug

interactions

No

No

Yes

Unknown

No

ASO, antisense oligonucleotide; IV, intravenous; SC, subcutaneous; CYP, cytochrome P450.

A1

A2
A3

A4

FXI
CD

Monoclonal antibodies
Small molecules

Antisense
oligonucleotides

DNA
mRNA

Translation(proteinsynthesis)

Figure 2 Mechanism of action of FXI(a) inhibitors currently in development. A, apple domain; CD, catalytic domain.
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excreted and drug–drug interactions are unlikely because
they are not metabolized via the cytochrome P450 system
nor are they substrates for P-glycoprotein.

Small molecule inhibitors of FXI such as JNJ-70033093
(formerly BMS-986177), BAY 2433334, and ONO-5450598
can be given orally and have a rapid onset and offset of action,
which enable once or twice daily administration. With some
CYP450 metabolism and renal elimination, drug–drug inter-
actions and accumulation in patients with renal impairment
are potential complications with these agents.

Two naturally occurring Kunitz-type inhibitors against
FXIa have been described. Fasxiator, an extract from the
venom of the banded krait snake, binds to FXIa with high
affinity and prolongs the time to occlusion in a murine
FeCl3-induced carotid artery thrombosis model.19 Ir-CPI is a
dual FXIIa and FXIa inhibitor isolated from the salivary
glands of the tick Ixodes ricinus. Ir-CPI attenuated arterial
and venous thrombosis in murine models,20 prolonged the
time to catheter occlusion in rabbits, and reduced clotting
on an extracorporeal circuit in sheep to the same extent as
heparin.21 Although a phase 1 study of Ir-CPI in healthy
volunteers is underway (clinicaltrials.gov; NCT04653766),
neither Fasxiator nor FXI-directed aptamers22 have been
evaluated in humans.

Potential Indications for FXI Inhibitors

New anticoagulants targeting FXI face an uphill battle given
the success of the DOACs. The challenge will be even greater,
as generic versions of the DOACs result in reduced cost and
increased utilization. Consequently, FXI inhibitors will need
to find niches where DOACs are contraindicated or their
utility has not been established. Such indications include
prevention of major adverse cardiovascular events in
patients with ESRD on hemodialysis, prevention of clotting
on medical devices such as central venous catheters,
mechanical heart valves, or ventricular assist devices or

for secondary prevention in patients with noncardioembolic
stroke.23 Finally, FXI inhibitors may also be useful for stroke
prevention in patients with AF who are at high risk for
bleeding or may provide a safer platform than DOACs
when used in conjunction with single- or dual-antiplatelet
therapy.

Clinical evaluation of new anticoagulants often starts in
patients undergoing joint replacement surgery because such
patients are at high risk of postoperative asymptomatic
deep-vein thrombosis (DVT), which can be detected on
routine venography. Although these asymptomatic thrombi
are of questionable clinical relevance, they enable evaluation
of the antithrombotic efficacy of new anticoagulants relative
to that of a comparator such as enoxaparin. In addition,
excess postoperative bleeding from thewound helps identify
doses of new anticoagulants that may be too high. Once
effective and safe doses are identified, these doses can then
be evaluated in other clinical indications.

Clinical Trials with FXI Inhibitors

Agents that inhibit FXI are at various stages of development
and testing in humans. None has reached phase 3 evaluation;
completed and ongoing phase 2 studies with each agent will
briefly be described (►Table 2).

Antisense oligonucleotides: The drug that has pro-
gressed furthest is IONIS-FXIRx (IONIS416858), an ASO that
attenuates FXI biosynthesis. Maximum reductions take 3 to
4weeks of treatment and restoration of FXI to baseline levels
is delayed for several weeks after treatment is stopped. In a
phase 2 study, this ASO was compared with enoxaparin for
postoperative thromboprophylaxis in 300 patients undergo-
ing elective knee arthroplasty. Patients received subcutane-
ous injections of IONIS-FXIRx at doses of 200 or 300mg
starting 35 days prior to surgery.24 These doses were chosen
because, in a phase 1 study, they reduced FXI levels by
approximately 60 and 80%, respectively. Venography

Table 1 Properties of anticoagulants targeting FXI

Antibodies Small molecules Natural inhibitors ASOs Aptamers

Mechanism Bind target protein Bind target protein Bind target protein Block biosynthesis Bind target protein

Administration
route

IV or SC IV or oral IV SC IV or SC

Administration
frequency

Monthly Daily Daily Weekly to monthly Daily

Onset of action Rapid
(hours to days)

Rapid
(minutes to hours)

Rapid (minutes) Slow (weeks) Rapid
(minutes to hours)

Offset of action Slow (weeks) Rapid
(minutes to hours)

Rapid (hours) Slow (weeks) Rapid
(minutes to hours)

Renal excretion No Yes Uncertain No No

CYP metabolism No Yes No No No

Potential for
drug–drug
interactions

No Yes Unknown No No

Abbreviations: ASO, antisense oligonucleotide; CYP, cytochrome P450; IV, intravenous; SC, subcutaneous.
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Novel Factor XI Inhibitors

Abelacimab
Osacimab

Asundexian
Milvexian

FXI-LICA
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Primary safety EP= ISTH major and NM clinically relevant bleeding
Quantification of fXI inhibition
Exploratory efficacy EP= stroke, SE, CV death, MI

PACIFIC AF Trial: randomized double-blind, active comparator

Piccini JP  et al. Lancet  2022



PACIFIC AF Trial: randomized double-blind double dummy

Piccini JP  et al. Lancet  2022; 399: 1383
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major bleeding. Ten patients experienced a non-major 
clinically relevant bleeding event and 48 had any 
bleeding event. In general, bleeding rates were lower in 
those treated with asundexian compared with apixaban. 
The ratio of incidence proportions for the primary 
endpoint for asundexian once daily versus apixaban 
twice daily was 0·33 (90% CI 0·09–0·97) for pooled 
asundexian, 0·50 (0·14–1·68) for asundexian 20 mg, 
and 0·16 (0·01–0·99) for asundexian 50 mg. The ratio 
of incidence proportions for all bleeding events for 
asundexian once daily versus apixaban twice daily was 
0·42 (0·26–0·67) for pooled asundexian, 0·46 
(0·23–0·83) for asundexian 20 mg, and 0·38 
(0·16–0·68) for asundexian 50 mg. Additional data, 
including rates of alternative bleeding classification 
events, are shown in the appendix (p 18).

The rates of thrombotic and cardiovascular events are 
shown in table 2. For the exploratory thrombotic 
composite endpoint of cardiovascular death, myocardial 
infarction, ischaemic stroke, or systemic embolism, 
two events occurred in those treated with asundexian 
20 mg, four in those treated with asundexian 50 mg, and 
three in those treated with apixaban. Two ischaemic 
strokes occurred in those treated with asundexian 20 mg, 
one in those treated with asundexian 50 mg, and none in 
those treated with apixaban.

The rate of any adverse event occurring was similar in 
the three treatment groups: 118 (47%) with asundexian 
20 mg, 120 (47%) with asundexian 50 mg, and 
122 (49%) with apixaban (table 3). The rates of adverse 
events leading to discontinuation of the study drug were 
also similar in the three treatment groups: 15 (6%) with 
asundexian 20 mg, 16 (6%) with asundexian 50 mg, and 
13 (5%) with apixaban. There was one death in those 
treated with asundexian 20 mg, three in those treated 
with asundexian 50 mg, and two in those treated with 
apixaban.

Discussion
This randomised dose-finding study in patients with 
atrial fibrillation showed that FXIa inhibition with 
asundexian had lower rates of bleeding events compared 
with inhibition with apixaban.

The trial had three major findings. First, asundexian at 
20 mg and 50 mg doses led to similar reliable 
suppression of FXIa with once daily dosing. Second, 
asundexian treatment resulted in significantly lower 
rates of bleeding compared with apixaban. Finally, 
similar to apixaban, asundexian is well tolerated; only 
1 in 20 participants discontinued the drug due to an 
adverse event. Taken together, these findings add to 
increasing evidence around FXIa as a therapeutic target, 
and specifically provide rationale for larger clinical 
outcome studies with asundexian. Bleeding remains an 
important limitation of oral anticoagulation. Although 
DOACs provide safer and more reliable stroke 
prevention compared with vitamin K antagonism, the 

Figure 1: FXIa activity at steady state after 4 weeks of treatment with asundexian
Vertical bars indicate the percent reduction in FXIa activity when compared with baseline. FXIa=activated 
coagulation factor XI. LLOQ=lower level of quantification.
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any treatment group. ISTH=International Society on Thrombosis and Haemostasis.

Pr
op

or
tio

n 
of

 p
ar

tic
ip

an
ts

 w
ith

 ev
en

t (
%

)

100

12

10

8

6

4

2

0
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 ISTH minor bleeding
All bleeding

Asundexian 20 mg Asundexian 50 mg

0·33 (0·09–0·97)

0·16 (0·01–0·99)

0·50 (0·14–1·68)

Asundexian pooled Apixaban

Asundexian 
20 mg 
(n=251)

Asundexian 
50 mg 
(n=254)

Apixaban 
(n=250)

Total 
(n=755)

Cardiovascular death, myocardial infarction, 
ischaemic stroke, or systemic embolism

2 4 3 9

Cardiovascular death 1 3 3 7

Myocardial infarction 0 1 0 1

Ischaemic stroke 2 1 0 3

Systemic embolism 0 0 0 0

All-cause mortality 2 4 4 10

Data are numbers of participants.

Table 2: Exploratory thrombotic endpoints

Vertical Lines represent the % 
redisual activity compared to 
baseline

FXIa activity at steady state after 4 weeks 
of treatment with asundexian
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major bleeding. Ten patients experienced a non-major 
clinically relevant bleeding event and 48 had any 
bleeding event. In general, bleeding rates were lower in 
those treated with asundexian compared with apixaban. 
The ratio of incidence proportions for the primary 
endpoint for asundexian once daily versus apixaban 
twice daily was 0·33 (90% CI 0·09–0·97) for pooled 
asundexian, 0·50 (0·14–1·68) for asundexian 20 mg, 
and 0·16 (0·01–0·99) for asundexian 50 mg. The ratio 
of incidence proportions for all bleeding events for 
asundexian once daily versus apixaban twice daily was 
0·42 (0·26–0·67) for pooled asundexian, 0·46 
(0·23–0·83) for asundexian 20 mg, and 0·38 
(0·16–0·68) for asundexian 50 mg. Additional data, 
including rates of alternative bleeding classification 
events, are shown in the appendix (p 18).

The rates of thrombotic and cardiovascular events are 
shown in table 2. For the exploratory thrombotic 
composite endpoint of cardiovascular death, myocardial 
infarction, ischaemic stroke, or systemic embolism, 
two events occurred in those treated with asundexian 
20 mg, four in those treated with asundexian 50 mg, and 
three in those treated with apixaban. Two ischaemic 
strokes occurred in those treated with asundexian 20 mg, 
one in those treated with asundexian 50 mg, and none in 
those treated with apixaban.

The rate of any adverse event occurring was similar in 
the three treatment groups: 118 (47%) with asundexian 
20 mg, 120 (47%) with asundexian 50 mg, and 
122 (49%) with apixaban (table 3). The rates of adverse 
events leading to discontinuation of the study drug were 
also similar in the three treatment groups: 15 (6%) with 
asundexian 20 mg, 16 (6%) with asundexian 50 mg, and 
13 (5%) with apixaban. There was one death in those 
treated with asundexian 20 mg, three in those treated 
with asundexian 50 mg, and two in those treated with 
apixaban.

Discussion
This randomised dose-finding study in patients with 
atrial fibrillation showed that FXIa inhibition with 
asundexian had lower rates of bleeding events compared 
with inhibition with apixaban.

The trial had three major findings. First, asundexian at 
20 mg and 50 mg doses led to similar reliable 
suppression of FXIa with once daily dosing. Second, 
asundexian treatment resulted in significantly lower 
rates of bleeding compared with apixaban. Finally, 
similar to apixaban, asundexian is well tolerated; only 
1 in 20 participants discontinued the drug due to an 
adverse event. Taken together, these findings add to 
increasing evidence around FXIa as a therapeutic target, 
and specifically provide rationale for larger clinical 
outcome studies with asundexian. Bleeding remains an 
important limitation of oral anticoagulation. Although 
DOACs provide safer and more reliable stroke 
prevention compared with vitamin K antagonism, the 

Figure 1: FXIa activity at steady state after 4 weeks of treatment with asundexian
Vertical bars indicate the percent reduction in FXIa activity when compared with baseline. FXIa=activated 
coagulation factor XI. LLOQ=lower level of quantification.
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Figure 2: Safety endpoints according to treatment assignment
Horizontal bars show the ratio of incidence proportions (90% CIs) between asundexian and apixaban for the primary 
endpoint, ISTH major bleeding or clinically relevant non-major bleeding. No ISTH major bleeding events occurred in 
any treatment group. ISTH=International Society on Thrombosis and Haemostasis.
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Asundexian 20 mg Asundexian 50 mg

0·33 (0·09–0·97)

0·16 (0·01–0·99)

0·50 (0·14–1·68)

Asundexian pooled Apixaban

Asundexian 
20 mg 
(n=251)

Asundexian 
50 mg 
(n=254)

Apixaban 
(n=250)

Total 
(n=755)

Cardiovascular death, myocardial infarction, 
ischaemic stroke, or systemic embolism

2 4 3 9

Cardiovascular death 1 3 3 7

Myocardial infarction 0 1 0 1

Ischaemic stroke 2 1 0 3

Systemic embolism 0 0 0 0

All-cause mortality 2 4 4 10

Data are numbers of participants.

Table 2: Exploratory thrombotic endpoints
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suppression of FXIa with once daily dosing. Second, 
asundexian treatment resulted in significantly lower 
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adverse event. Taken together, these findings add to 
increasing evidence around FXIa as a therapeutic target, 
and specifically provide rationale for larger clinical 
outcome studies with asundexian. Bleeding remains an 
important limitation of oral anticoagulation. Although 
DOACs provide safer and more reliable stroke 
prevention compared with vitamin K antagonism, the 
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endpoint, ISTH major bleeding or clinically relevant non-major bleeding. No ISTH major bleeding events occurred in 
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Safety Endpoints

↓81%

↓90% ↓92% ↓94%



PACIFIC AF Trial: exploratory efficacy EPs

ü First study testing Asundexian vs. Active comparator (Apixaban)

ü Near complete inhibition of FactorXIa with both dosages

ü Asundexian well tolerated with few adverse effects

ü Reduced bleeding compared to apixaban with both dosages of 
asundexian

Piccini JP  et al. Lancet  2022; 399: 1383



Phase III trials with small molecules Factor XI(a)

Asundexian (Bayer) Milvexian (BMS, Janssen)

STOPPED



Failure of OCEANIC-AF trial may not dampen future of 
fXIa inhibitors

On Nov. 19, Bayer announced 
that OCEANIC-AF was stopped 
due to failure of efficacy 
compared with apixaban

The news came as a surprise, as phase 1 and 2 studies of 
factor XI and factor XIa inhibitors, including asundexian, 
milvexian & abelacimab had been successful

McMaster University, Hamilton, Ontario, Canada



MILVEXIAN

Milvexian is a direct-acting, reversible, high affinity 
inhibitor of activated fXI; orally administered determines 

concentration-dependent prolongation of aPTT



Properties Clinical Results

Tmax after oral administration 4 hours

T1/2 13 to 16 hours

Metabolism Substrate of cyt P450 3A4 &P-gp,
No significant circulating metabolite

Hepatic impairment Mild impairment: ↑30% Cmax & AUC
Moderate: ↑41%  Cmax and 23% AUC

Renal Impairment Cmax similar for all renal function groups

Time to reach steady-state 
condition

3-6 days of oral administration twice daily

MILVEXIAN



CONFIDENTIAL –FOIA Exemptions Apply in U.S. 1

Status: Approved, Date: 09 December 2022

Janssen Research & Development*

Clinical Protocol

A Phase 3, Randomized, Double-Blind, Double-Dummy, Parallel Group, Active-Controlled
Study to Evaluate the Efficacy and Safety of Milvexian, an Oral Factor XIa Inhibitor, Versus

Apixaban in Participants with Atrial Fibrillation

LIBREXIA-AF

A Phase 3 Active-controlled Study of Milvexian for Prevention of Cardioembolic Events in
Participants with Atrial Fibrillation

Protocol 70033093AFL3002;Phase 3

Version:Original

JNJ-70033093; BMS-986177 (Milvexian)

*Janssen Research & Development is a global organization that operates through different legal entities in
various countries/territories. Therefore, the legal entity acting as the sponsor for Janssen Research &
Development studies may vary, such as, but not limited to Janssen Biotech, Inc.; Janssen Products, LP;
Janssen Biologics, BV; Janssen-Cilag International NV; Janssen, Inc; Janssen Pharmaceutica NV; Janssen
Sciences Ireland UC; Janssen Biopharma Inc., or Janssen Research & Development, LLC. The term
“sponsor” is used throughout the protocol to represent these various legal entities; the sponsor is identified
on the Contact Information page that accompanies the protocol.

Studies conducted at sites in the United States (US) will be conducted under US Food & Drug
Administration Investigational New Drug (IND) regulations (21 CFR Part 312).

Regulatory Agency Identifier Number(s)

IND: 152005
EU CT: 2022-501419-15-00

Status: Approved
Document Date: 09 December 2022
Prepared by: Janssen Research & Development, LLC
EDMS Number: EDMS-RIM-705324, 1.0

GCP Compliance: This study will be conducted in compliance with Good Clinical Practice, and applicable regulatory
requirements.

Confidentiality Statement

The information provided herein contains Company trade secrets, commercial or financial information that the Company
customarily holds close and treats as confidential.  The information is being provided under the assurance that the recipient will
maintain the confidentiality of the information under applicable statutes, regulations, rules, protective orders or otherwise.

JNJ-70033093; BMS-986177 (Milvexian)
Clinical Protocol 70033093AFL3002 Original

CONFIDENTIAL –FOIA Exemptions Apply in U.S. 9

Status: Approved, Date: 09 December 2022

1.2. Schema

A schematic overview of the study is provided in Figure 1.

Figure 1: Schematic Overview of the Study
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4. Hemodynamically significant valve disease that will potentially require surgical valve
replacement during the study as determined by the investigator

5. Any condition other than AF that requires chronic anticoagulation at the discretion of the
investigator and/or local guidelines, such as mechanical heart valves. However, participants
with an indication for chronic antiplatelet therapy after placement of a bio-prosthetic non-
mechanical valve (eg, transcatheter aortic valve replacement [TAVR]) do not satisfy this
exclusion criterion and are eligible for study participation

6. Any condition that, in the opinion of the investigator, contraindicates anticoagulant therapy, or
would, with anticoagulation, have an unacceptable risk of bleeding, or would interfere with the
study endpoint assessments, eg, large cerebral infarct volume, active/recent major bleeding,
known hereditary bleeding diathesis.

7. Known presence of atrial myxoma or left ventricular thrombus
8. Active endocarditis
9. Current active liver disease (eg, acute hepatitis, known cirrhosis), including participants

receiving antiviral treatment for hepatitis
10. Require dialysis at time of randomization
11. Patients with eGFR <25 mL/min/1.73 m2 at screening
12. History of any significant drug allergy (such as anaphylaxis, Stevens-Johnson Syndrome, toxic

epidermal necrolysis, drug reaction with eosinophilia and systemic symptoms [DRESS]).
13. Hospitalized for acute heart failure at the time of randomization.
14. Known allergies, hypersensitivity, or intolerance to milvexian or its excipients (refer to the

milvexian IB).
15. Unable to swallow medications, as determined by the investigator at screening

Prior/Concomitant Therapy

16. Planned use of any disallowed therapies as noted in Section 6.8, Concomitant Therapy,
including isoniazid (INH)

Prior/Concurrent Clinical Study Experience

17. Received an investigational intervention or used an invasive investigational
medical device within 4 weeks before the planned first dose of study intervention
or is currently enrolled in an investigational interventional study

Diagnostic Assessments

18. Any of the following laboratory results, based on local laboratory, outside of the
ranges specified below prior to randomization, confirmed by repeat:

a. Platelet count <50,000 mm3

b. ALT >3x ULN
c. Total bilirubin J1.5x ULN unless an alternative causative factor such as

Gilbert’s syndrome is identified
d. Hemoglobin <8.0 g/dL

Other Exclusions
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1. PROTOCOL SUMMARY

1.1. Synopsis

A Phase 3, Randomized, Double-Blind, Double-Dummy, Parallel Group, Active-Controlled Study to
Evaluate the Efficacy and Safety of Milvexian, an Oral Factor XIa Inhibitor, Versus Apixaban in
Participants with Atrial Fibrillation

A Phase 3 Active-controlled Study of Milvexian for Prevention of Cardioembolic Events in Participants  with
Atrial Fibrillation

DESCRIPTION OF COMPOUND

Milvexian (JNJ-70033093; BMS-986177) is a direct-acting, reversible, high-affinity inhibitor of activated human
coagulation Factor XI (Factor XIa or FXIa), a serine protease involved in the intrinsic pathway of the coagulation
cascade. It is being co-developed under a collaboration agreement between Bristol Myers Squibb Company and
Janssen Pharmaceuticals, Inc. as an orally administered anticoagulant for the potential prevention and/or treatment
ofatherothrombotic and thromboembolic events.

BENEFIT-RISK ASSESSMENT

Milvexian is part of a new class of anticoagulants that may have clinical benefits in patients with AF. Study
participants will receive high-quality medical care and assessments on a regular basis for the duration of the study.
Measures are in place to minimize identified and potential risks of milvexian, which are justified by the potential
benefits that may be afforded to participants with AF. Based on a comprehensive and detailed review of the
available safety and efficacy data/information for milvexian, compared to apixaban, we anticipate a comparable
benefit in the occurrence of the stroke and systemic embolism in the context of a reduced risk of bleeding.

OBJECTIVES AND ENDPOINTS

Objectives Endpoints

Primary

To evaluate if milvexian is non-inferior to apixaban 
for the composite of stroke and non-CNS systemic 
embolism.

Time to the first occurrence of composite endpoint
of stroke and non-CNS systemic embolism.

Secondary

To evaluate if milvexian is superior to apixaban in 
reducing risk of the principal safety endpoint family: 

� ISTH major bleeding 

� Composite of ISTH major and CRNM bleeding

� Time to the first occurrence of ISTH major
bleeding

� Time to the first occurrence of the composite of
ISTH major and CRNM bleeding

To evaluate if milvexian is superior to apixaban for 
the composite of CV death, MI, stroke and non-CNS 
systemic embolism. 

Time to the first occurrence of composite endpoint
of CV death, MI, stroke, and non-CNS systemic
embolism.

To evaluate if milvexian is superior to apixaban as 
assessed by CV death.

Time to CV death.

To evaluate if milvexian is superior to apixaban as 
assessed by the composite of all-cause death, MI, 
stroke and non-CNS systemic embolism. 

Time to the first occurrence of composite endpoint
of all-cause death, MI, stroke and non-CNS systemic
embolism.



In conclusion

• Epidemiological and experimental evidence suggests that inhibiting the 
contact pathway and especially factor XI (FXI) achieves thrombosis
prevention with minimal interference on the haemostatic process

• FXI inhibitors will not necessarily replace currently available direct oral
anticoagulants, but provide drugs in those clinical settings in which DOACs
are contraindicated or in which their usefulness has not been fully
established

•Finally, an equally effective treatment strategy, but with a better safety
profile, will be particularly useful in clinical contexts with a higher bleeding
risk


