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Abstract

Thrombosis remains a significant clinical challenge with potential life-threatening consequences.
Despite advancements in anticoagulants, concerns about bleeding and the delicate balance of
thrombotic risks persist, especially in patients with specific comorbidities such as renal insuffi-
ciency, cirrhosis, and those with medical devices. The search for effective anticoagulant therapies
that can prevent thrombotic events while minimizing bleeding risks, has led to the emergence of
factor XI (FXI) inhibition as a promising approach. These inhibitors target FXI using different mech-
anisms of action, routes of administration and durations, offering flexibility for various clinical
conditions. Early findings from phase Il trials have shown a promising trend of reduced bleeding
risks in both venous thrombosis and arterial thromboembolism. The results from these trials, par-
ticularly the ongoing phase lll trials, will yield valuable insights into the efficacy of FXI inhibitors in
preventing thrombosis.

Specific patient populations, including individuals with end-stage renal disease and those with
mechanical devices or blood exposed to artificial surfaces (commonly referred to as artificial con-
tact surfaces associated thrombosis), alongside patients with conditions like thrombotic antiphos-
pholipid syndrome or sickle cell disease, might experience distinct advantages from the applica-
tion of FXI inhibitors. Dedicated clinical studies focusing on these patient groups are crucial to
establish the effectiveness and safety of FXI inhibitors in their management. Moreover, it is imper-
ative to address the development of effective strategies to reverse the anticoagulant effects of FXI
inhibitors, ensuring comprehensive patient management, especially for agents with long half-lives.
This review article provides a comprehensive overview of the current understanding and research
progress in FXI inhibition for thrombosis prevention.

Keywords: Anticoagulant; bleeding; FXI; FXI inhibition; thrombosis

Rationale for FXI Inhibition as

Novel Anticoagulant Principle

Anticoagulants are widely used as the main-
stay treatment for many medical conditions
e.g., the prevention and therapy of venous
thrombosis (VT) and pulmonary embolism
(PE), as well as the prevention of arterial
thromboembolism, including stroke in atrial
fibrillation (AF) [1, 2]. In very low doses and in
combination with acetylsalicylic acid, they
have shown effectiveness in preventing high
risk atherothrombotic events [3]. The main
goal of an anticoagulant is to optimally balance
the prevention of thrombosis without major
impairment of the normal hemostasis. In re-
cent years, various effective and well-tolerated
oral anticoagulant agents have been developed,
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with the most significant advancement being
the introduction of the “direct oral anticoagu-
lants” (DOACs) targeting factor XIla and Xa.
The DOACs have significantly, but not fully,
replaced the standard vitamin K antagonist
(VKA) and, in some cases, parenteral antico-
agulants, such as low-molecular-weight hepa-
rin (LMWH). DOACs have become the pre-
ferred anticoagulant of choice for most patients
due to a lower risk for major bleeding and in
particular because of reduced intracranial
hemorrhages compared to VKA as a class
effect. Regarding prevention and therapy of
thromboembolism, DOACs have been shown
to achieve similar or better results. Nonethe-
less, the individual concerns of bleeding and
the balance of thrombotic risk persist in any

form of anticoagulation, including DOACs.
Significant comorbidities like renal dysfunc-
tion, cirrhosis, thrombotic antiphospholipid
syndrome (APS) or significant mitral valve
disease (stenosis), as well as carriage of pros-
thetic valves or devices and the problems with
artificial surfaces (hearts) remain critical [4-6].

The Unmet Needs

Patients with unmet needs for an improved an-
ticoagulation strategy can be divided into two
distinct groups. The first group comprises of
patients who have an elevated risk of bleeding,
including individuals with renal insufficiency,
a history of prior bleeding events, cancer pa-
tients, and the elderly in general. As assessing
the bleeding risk is challenging and no single
approach is generally applicable, the decision
to initiate, continue or stop anticoagulation
therapy is left to the discretion of the physi-
cian. In cases where the risk of bleeding out-
weighs the risk of thrombosis, anticoagulants
with an improved safety profile could serve as
a valuable, long-awaited treatment option.

The second group that could benefit from a
new treatment option consists of patients for
whom the efficacy of DOACs has been tested
and found to be inferior to VKA, or for whom
there is insufficient evidence to support the use
of DOAG:s. This includes patients with cardio-
vascular devices and/or artificial surfaces ex-
posed to their circulatory system. For instance,
in patients with mechanical heart valves, dab-
igatran and rivaroxaban were found to be less
effective than VKA, and there is a lack of rand-
omized trials comparing other DOACs to VKA
in this population [7]. In dialysis patients, who
have a high risk of bleeding, the benefit-to-risk
ratio of oral anticoagulants is still a subject of
debate. Observational studies have reported
higher rates of bleeding with both VKA and,
although somewhat less, with some DOACs,
including apixaban and rivaroxaban [8]. Pa-
tients with left ventricular assist devices or
under extracorporeal membrane oxygenation

See: http://emh.ch/en/services/permissions.html
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Figure 1: In the event of vessel injury or trauma, the exposure of tissue factor (TF) leads to the for-
mation of a complex with factor Vlla (FVIla). This complex activates factor Xa (FXa) accompanied by
cofactor Va (FVa), resulting in a burst of thrombin (factor lla) formation from prothrombin (factor II).
This process represents the initial phase of coagulation known as the tissue factor or extrinsic
pathway. Thrombin, in turn, establishes a positive feedback loop by activating the release of FVa
from platelets, as well as factor Vllla (FVIlla) and Xla (FXla). Consequently, this amplifies and propa-
gates the production of thrombin beyond the site of injury. On the other hand, when blood comes
into contact with mechanical devices (e.g., mechanical heart valves, dialysis circuits, central venous
catheters), factor Xl (FXII) is triggered and converted to factor Xlla (FXlla), subsequently inducing
factor Xl (FXI) activation. Moreover, FXlla releases plasma kallikrein, which further activates FXlla,
creating a positive feedback loop. FXla then activates factor IX (FIX), culminating in the formation of
FXa, thrombin and fibrin (factor la). This mechanism is referred to as the contact activation or intrin-
sic pathway. Although thrombin and fibrin formation share a common pathway, the processes of
hemostasis and thrombosis differ significantly in terms of the pathway involved and site of throm-
bus formation. Hemostasis typically occurs in response to injury, where substantial exposure to TF
results in the production of a large amount of thrombin leading to the formation of a hemostatic clot
at the site of injury. On the contrary, thrombosis is triggered by compounds associated with en-
dothelial cells, such as TF, neutrophil extracellular traps and platelet polyphosphate. Hence, the
thrombin-mediated FXla mechanism plays a crucial role in maintaining the clot and contributes to

the formation of pathological thrombi.

Fl: Factor |, FIXa: Factor IXa, FV: Factor V, FX: Factor X.

(ECMO) have not been included in rand-
omized controlled trials assessing DOACs [9].

These limitations justified the search for
novel anticoagulants. A search that resulted in
the discovery of a target of the intrinsic coagu-
lation pathway that plays a significant role in
promoting and/or maintaining thrombosis but
appears to be less critical for hemostasis: Fac-
tor XI (FXI).

Lessons Learned from Patients with
Inherited Factor XI Deficiency

FXI deficiency, also known as Rosenthal syn-
drome or hemophilia C, was initially identified
in the 1950s by Rosenthal and his colleagues
[10]. They observed bleeding tendencies over
four generations of a family following surgical
and dental procedures. The rare autosomal
bleeding disorder affects both sexes equally
with a global incidence of 1 in 1,000,000. How-
ever, individuals of Ashkenazi Jewish heritage
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have a much higher prevalence of approxi-
mately 1 in 450. The clinical presentation of
FXI deficiency varies considerably among pa-
tients with many individuals being asympto-
matic and experiencing minimal or no increase
in bleeding, especially in the absence of typical
triggers such as trauma, surgery, or childbirth
[11]. However, some patients have reported
more severe bleeding after trauma or surgery,
particularly in areas prone to fibrinolysis, like
the nasopharynx, mouth or urinary tract [12].
In terms of thrombotic events, individuals
with genetic FXI deficiency exhibit significantly
lower rates of venous thromboembolism (VTE),
stroke and, possibly, myocardial infarction (MI)
compared to the general population. Interest-
ingly, these patients do not experience an elevat-
ed risk of spontaneous bleeding [13]. A study
conducted in Israel with a large cohort of 10,193
patients diagnosed with moderate-to-severe FXI
deficiency (classified as <30% FXI activity) re-

All illustrations modified from [1, 2, 4-5] and created with Biorender.com.
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vealed that these individuals had roughly half
the risk of cardiovascular events (stroke, tran-
sient ischemic events or MI) compared to the
control group (classified as 250% FXI activity)
[14]. Additionally, their risk of VTE was approx-
imately one-quarter of that observed in patients
with normal FXI levels. Although the patients
with FXI deficiency reported higher rates of pri-
or gastrointestinal bleeding, they did not exhibit
higher rates of major bleeding, including intrac-
erebral hemorrhage. On the other hand, women
with FXI deficiency bleed heavily during child-
birth in approximately 20% [43]. The preclinical
ferric chloride-induced arterial injury mouse
model has also shown that FXI-deficient mice
experience lower thrombosis rates without a
concurrent increase in bleeding [15].
Conversely, elevated levels of FXI may in-
dicate an increased risk of thrombosis. In the
Longitudinal Investigation of Thromboembo-
lism Etiology (LITE), individuals with FXI lev-
els in the highest quintile showed a two-fold
increased VTE risk [16].
case-control study reported up to a five-fold
risk of VTE and a four-fold risk of stroke or
transient ischemic attack (TIA) in patients
with FXI levels above the 95th percentile [17].
Given the data obtained from both FXI de-
ficiency and elevations of FXI, targeting FXI

A retrospective

pharmacologically has emerged as a potential
therapeutic approach with the hope of mini-
mal bleeding.

Development of Agents Targeting FXI
FXI is an inactive form (zymogen) of the blood
coagulation protease called factor XIa (FXIa),
which plays a crucial role in hemostasis by ac-
tivating factor IX (FIX). FXI is composed of
identical subunits forming a disulfide-linked
dimer with a molecular weight of 160 kDa.
Each subunit contains four apple domains
(A1-A4) at the N-terminus, which interact
with FIX and factor XIIa (FXIIa). The C-termi-
nus of FXI consists of the trypsin-like catalytic
domain [18].

FXI is primarily synthesized in hepato-
cytes alongside most coagulation factors, such
as prothrombin (factor II) and factor XII
(FXII). It can be activated not only by FXIIa
but also by FXIa itself and thrombin through a
positive feedback loop. This loop leads to in-
creased thrombin production and amplifica-
tion of the coagulation cascade. In addition,
thrombin can also activate the thrombin-
activatable fibrinolysis inhibitor (TAFI), which
then hampers the breakdown of fibrin clots
and enhances clot stability. Figure 1 shows the
coagulation cascade in detail.

The contact activation (intrinsic) pathway
initiates when blood comes into contact with
artificial surfaces, resulting in FXII activation.

See: http://emh.ch/en/services/permissions.html
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Figure 2: Various types of factor XI (FXI) inhibitors have been developed to target different stages of the coagulation process. Antisense oligonucleo-
tides effectively inhibit the synthesis of hepatic mRNA responsible for FXI production. Antibodies target specific sites on both FXI and factor Xla (FXla),
effectively blocking their activity. Additionally, small molecules and DNA aptamers have demonstrated inhibitory effects on FXla activity.

FXlla: Factor Xlla.

The FXIIa then triggers a FXI activation, sub-
sequently leading to the activation of FIX, fac-
tor X and prothrombin. Therefore, FXII might
be a natural target for inhibiting the intrinsic
pathway. However, data from FXII studies are
conflicting. Studies in patients with FXII defi-
ciency didn't indicate a reduced risk of throm-
botic events. Observational studies also found
no association of FXII with VTE, ischemic
stroke or MI [16, 19]. In contrast, animal ex-
perimental studies have shown protection
against thrombosis [20]. The discrepancy in
FXII studies might stem from the differences
between animal and human coagulation sys-
tems. Additionally, reducing thrombosis with
low concentrations of FXII might be counter-
acted by a reduction in thrombus stability
leading to more embolization.

On the other hand, patients with inherited
FXI deficiency experience both a lower inci-
dence and severity of bleeding episodes. Inhibi-
tion of FXI, similar to FXII inhibition in animal
models, prevents thrombosis triggered by artifi-
cial surfaces. Notably, individuals with FXI defi-
ciency produce lower levels of activated TAFI
and display resistance to its effects [21]. As a
result, they become more susceptible to bleed-
ing from tissues with heightened local fibrino-
Iytic activity. Furthermore, it is worth noting
that a large thrombin burst originating from the
contact activation pathway is adequate to initi-
ate the formation of hemostatic plug, obviating
the need for thrombin amplification. This rea-
soning means that FXI may become dispensa-
ble in normal hemostasis. These findings con-
cur with the observation of relatively mild
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bleeding patterns observed in FXI deficient pa-
tients. Given the current evidence, it appears
that FXI plays a more substantial role in patho-
logical intravascular thrombosis than in normal
hemostasis, potentially making it a better target
for anticoagulants compared to FXII.

Various approaches are being investigated
as potential therapeutic strategies to inhibit the
generation and activity of FXI. These include
antisense oligonucleotides (ASOs) targeting
hepatocytes to reduce FXI synthesis, small
molecules targeting the active or heparin-al-
losteric site on FXIa, monoclonal antibodies
that block activation or inhibit FXIa activity,
and DNA aptamers [22]. Figure 2 illustrates
the various strategies of FXI inhibitors.

These interventions differ in their mecha-
nisms of action and in their routes of adminis-
tration (oral or parenteral), onset and duration
of effect. ASOs, aptamers and monoclonal an-
tibodies require parenteral administration
while small molecules can be also adminis-
tered orally. The varying onset and duration
provide flexibility for different clinical scenari-
os; acute thrombotic events requiring fast-act-
ing agents, and chronic prophylaxis and pre-
vention where longer-acting options appear
more suitable. Furthermore, conditions such
as trauma or surgery which are associated with
a high risk of bleeding complications may ben-
efit from shorter-acting agents.

Considering all these factors, each strategy
has its own strengths and weaknesses for clini-
cal development. Table 1 provides a summery
outlining the main pharmacological character-
istics of each type of drug.

Clinical Data on FXI Inhibitors
Currently, several phase IT and III clinical trials
investigate the use of FXI inhibitors in various
clinical conditions. This includes VTE prophy-
laxis in specific scenarios, such as total knee
arthroplasty (TKA), end-stage renal disease
(ESRD) and cancer-associated thrombosis
(CAT), as well as stroke prevention in patients
with AF, after stroke or MI. Figure 3A gives an
overview of ongoing clinical trials in the be-
forementioned areas.

We conducted a systematical search across
three electronic databases (PubMed, Cochrane
Central Register of Controlled Trials [CEN-
TRAL], Scopus) up until July 31, 2023. The
evaluation of titles, abstracts, full texts (when
applicable) for data extraction from relevant
studies was carried out by the authors in an in-
dependent manner. Detailed summaries of
each clinical trial can be found in table 2.

The results of recent phase II trials have
provided valuable insights into the safety
profile of FXI inhibitors, despite the limited
number of participants involved. A recent me-
ta-analysis, which included eight published
phase II clinical trials of FXI inhibitors, re-
vealed a 51% lower rate of bleeding of any type
regardless of the dosage used [23]. Additional-
ly, there was a 38% reduction in the trial-
defined efficacy endpoint when compared to
LMWH. Interestingly, when comparing FXI
inhibitors to DOACs, no significant differenc-
es were observed in terms of major bleeding or
efficacy endpoints. Moreover, when compared
to placebo, FXI inhibitors were associated with
a 25% increased risk of bleeding, but no differ-
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Table 1: Characteristics, mechanism of action and pharmacologic properties of factor Xl (FXI) inhibitors [modified from 1,
2, 4-6]

Mechanism of Route of Time to peak drug Time to aPTT Half-life
action administration concentration prolongation Renal excretion (T1/2) Interaction
Antibodies
Abelacimab Prevents activation IV or SC 1.75-2 h (V) 1h->5days No (depend mostly 25-30 days* Severe
(MAA868) of circulating FXI - (V) on phagocytic cells obesity:
(zymogen) and 7-21 days (SC) ————————  and the reticuloen- reduced
inhibits formed 11 days (SC) dothelial system) exposure
FXla. (30-45%).
Osocimab Binds to specific \% 1-4h ~2h 30-44 days
(BAY- region adjacent to
1213790) the active site of
FXla.
BAY 1831865 Binds specifically IV or SC 1-2h (IV) 1h (V) 8-9 days
to FXI and several
ligands including 4 days (SC) 5 days (SC)
FIX and FXlla.
Xisomab 3G3 Blocks FXlla-medi- \% 6min—-1h 10-30 min 1148 [ =5
(AB023) ated activation of days
FXI.
Small molecules
Asundexian Inhibits FXla oral ~1-4 h 4 h (fasted) Yes (<15%) 14.2-17.4 h Food (faster
(BAY directly in a - activity in
2433334) reversible manner. 8 h (fed) fasted state).
Milvexian Directly inhibits the oral ~3h 2-4h Yes (<20%) 8.3-13.8 h Eliminates
(BMS- active form of FXla (metabolized via faster when
986177/ with high affinity. cytochrome given in the
JNJ- P450-3A4 mainly presence of
70033093) through the liver) food (T1/2
shortened
by 1.5 h).

Others: ONO-7648 (oral), SHR-2285 (oral), BMS-962212 (IV), EP-7041/Frunexian (IV), ONO-5450598 (oral), BMS-986209 (oral), BMS-724296 (IV)

Antisense oligonucleotide

Fesomersen** Blocks hepatic SC ~6h 2-12 weeks No ~2 weeks
(ION- synthesis of FXI by

IS-FXI-Rx / reducing FXI

ISIS 416858 / mRNA.

BAY2306001)

DNA aptamer

FELIAP (12.7 Inhibits FXla-medi- IV or SC Min-h Min-h
AND 11.16 ated activation of

FELIAP) *** FIX.

* Depending on the administration route; ** Pharmacokinetic and pharmacodynamic profile in end-stage renal disease patients; *** No human studies; aPTT: Activated partial thromboplastin time; FIX: Factor IX;

FXla: Factor Xla; FXlla: Factor Xlla; IV: Intravenous; SC: Subcutaneous.

ence was observed in the trial-defined efficacy
endpoint.

Venous Thromboembolism Prophylaxis
and Management

Several clinical trials have been conducted to
evaluate the effectiveness of FXI inhibitors in
preventing postoperative deep vein thrombo-
sis (DVT) in patients undergoing elective
TKA. In the AXIOMATIC-TKR trial [24], dif-
ferent doses of oral milvexian were tested in
1,028 patients. The results showed a dose-de-
pendent reduction in the incidence of VTE,
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with no significant difference in major bleed-
ing events compared to enoxaparin. Interest-
ingly, patients randomized to a low dose of
milvexian had similar rates of VTE as com-
pared with enoxaparin. Monoclonal antibod-
ies, such as osocimab [25] and abelacimab
[26], also demonstrated a reduction in VTE
incidence without an increase in bleeding
events compared to enoxaparin with superior-
ity achieved at higher doses. Of note, apixaban
showed lower rates of bleeding events com-
pared to osocimab. Similarly, in ASO trials,
superior efficacy to enoxaparin was observed

with a high dose of fesomersen (IONIS-FXI-
LRx) with lower bleeding risks [27]. A recent
meta-analysis of four randomized controlled
trials confirmed that FXI inhibitors were asso-
ciated with a significant reduction in VTE inci-
dence and bleeding events of any type in pa-
tients undergoing TKA while there was no
significant difference between the two groups
in terms of adverse events or severe adverse
events [28].

In ESRD patients, fesomersen and AB023
have been found to be well-tolerated with min-
imal risk of bleeding, as demonstrated in two

See: http://emh.ch/en/services/permissions.html
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Table 2: Data from clinical trials with factor Xl (FXI) inhibitors

Phase No. of
Study (status)  patients Treatment Comparator Follow-up Primary outcomes/findings Safety outcomes
Total knee arthroplasty
FXI-ASO TKA ] 274 (per lonis-FXI 200 Enoxaparin Venography Incidence of VTE: Major bleeding/
[27] (pub- protocol and 300 mg 40 mg SC OD 8-12 days after 27% lonis-FXI 200 mg CRNMB:
lished analysis) SC OD before and after surgery. 4% lonis-FXI 300 mg 3% lonis-FXI 200 mg
2015) before and surgery. 30% Enoxaparin 3% lonis-FXI 300 mg
after surgery. 8% Enoxaparin
Adverse events:
79% lonis-FXI 200 mg
81% lonis-FXI 300 mg
65% Enoxaparin
Remarks: 200 and 300 mg lonis-FXI noninferior to enoxaparin. 300 mg lonis-FXI superior to enoxaparin.
FOXTROT [25] Il 600 (per Osocimab Enoxaparin Venography Incidence of VTE: Major bleeding/
(pub- protocol 0.3, 1.8 mg/ 40 mg SC OD 10-13 days 29.9% Osocimab 0.3 mg/kg preop CRNMB:
lished analysis) kg IV (preop). and apixaban after surgery. 11.3% Osocimab 1.8 mg/kg preop 1-4.7% Osocimab
2020) 0.3,0.6,1.2, 2.5 mg BID 28.7% Osocimab 0.3 mg/kg postop 5.9% Enoxaparin
1.8 mg/kg IV (before and after 15.7% Osocimab 0.6 mg/kg postop 2% Apixaban
(postop). surgery). 16.5% Osocimab 1.2 mg/kg postop
17.9% Osocimab 1.8 mg/kg postop Adverse events:
26.3% Enoxaparin 64.4-80.4% Osocimab
14.5% Apixaban 73.5% Enoxaparin
63% Apixaban
Remarks: Postoperative osocimab (0.6, 1.2, 1.8 mg/kg) superior to enoxaparin. Preoperative osocimab 1.8 mg/kg superior to enoxaparin.
ANT-005 [26] 1] 400 Abelacimab Enoxaparin Venography Incidence of VTE: Major bleeding/
(pub- (inten- 30, 75,150 40 mg SC OD 8-12 days after 13% Abelacimab 30 mg CRNMB:
lished tion-to- mg |V after before and after surgery. 5% Abelacimab 75 mg 2% Abelacimab 30 mg
2021) treat surgery. surgery. 4% Abelacimab 150 mg 2% Abelacimab 75 mg
analysis) 22% Enoxaparin 0% Abelacimab
150 mg
0% Enoxaparin
Adverse events:
15% Abelacimab
13% Enoxaparin
Remarks: All abelacimab doses noninferior to enoxaparin. 75 and 150 mg abelacimab superior to enoxaparin.
AXIOMAT- Il 1048 Milvexian 25, Enoxaparin 40 Venography Incidence of VTE: Major bleeding/
IC-TKR [24] (pub- (inten- 50, 100, 200 mg SC OD before ~ 10-14 days 21% Milvexian 25 mg BID CRNMB:
lished tion-to- mg PO BID and after surgery. after surgery. 11% Milvexian 50 mg BID 0-1% Milvexian BID
2021) treat and 25, 50, 9% Milvexian 100 mg BID 0-1% Milvexian OC
analysis) 200 mg PO 8% Milvexian 200 mg BID 2% Enoxaparin
OD after 25% Milvexian 25 mg OD
surgery. 24% Milvexian 50 mg OD Adverse events:

7% Milvexian 200 mg OD
21% Enoxaparin

34-45% Milvexian BID
21-44% Milvexian OD
38% Enoxaparin

Remarks: Significant dose-response relationship with milvexian twice and once daily regimen.

End-stage renal disease

Walsh et al [29] 1] 43 lonis-FXI 200 Placebo 6-13 weeks Reduced FXla activity (day 85): Major bleeding:
(pub- and 300 mg 56% lonis-FXI 200 mg 0% lonis FXI 200 mg
lished SC once and 70.7% lonis-FXI 300 mg 6.7% lonis FXI 300 mg
2021) twice a week. 3.9% Placebo 7.7% Placebo
Not considered related
Hemodialysis circuit thrombosis to treatment.
(week 6-13):
40% lonis-FXI 200 mg Adverse events:
20% lonis-FXI 300 mg 93.3% lonis-FXI
62% Placebo 76.9% Placebo
Lorentz et al 1] 24 Xisomab 3G3 Placebo 21 days Incidence of high-grade dialyzer No clinically relevant
[30] (pub- (AB023) 0.25, clotting (day 3): bleeding events.
lished 0.5 mg/kg IV 75% Xisomab 3G3 0.25 mg/kg Time to hemostasis at
2021) single-dose. 62.5% Xisomab 3G3 0.5 mg/kg vascular access sites
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87.5% Placebo

Mean aPTT values (24 hours):
69.8 + 7.7s (1.6-fold increase from
baseline) Xisomab 3G3 0.25 mg/kg
89.6 + 3.6s (2.2-fold increase from
baseline) Xisomab 3G3 0.5 mg/kg

unchanged.

Adverse events:
12.5% Xisomab 3G3
12.5% Placebo
Considered not related
to study drug.

See: http://emh.ch/en/services/permissions.html
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Table 2: Data from clinical trials with factor Xl (FXI) inhibitors (Continuation)

EMERALD Il 213 lonis-FXI 200,  Placebo ~9 months Major bleeding/CRNMB:
(NCT03358030) (com- 250, 300 mg 3.8% lonis-FXI 200 mg
pleted) SC weekly. 5.6% lonis-FXI 250 mg
6% lonis-FXI 300 mg
5.7% Placebo
Serious adverse events:
11.32% lonis-FXI 200 mg
37.04% lonis-FXI 250 mg
26% lonis-FXI 300 mg
18.87% Placebo
RE-THINc ] 307 Fesomersen Placebo 6 months Major bleeding/CRNMB:
ESRD (com- 40, 80, 9% Fesomersen 40 mg
(NCT04534114) pleted) 120 mg SC. 9.1% Fesomersen 80 mg
6.1% Fesomersen 120 mg
9.7% Placebo
Serious TEAE:
11.7% Fesomersen 40 mg
5.1% Fesomersen 80 mg
6.6% Fesomersen 120 mg
12% Placebo
CONVERT ] 686 Osocimab Placebo 6 months Cumulative incidence risk of major bleeding and CRNMB:
(NCT04523220) (com- 105,210 mg 3.57% Osocimab 210 mg loading followed by 105 mg for
pleted) SC single 6 months or 105 mg for 12 months
loading dose 4.32% Osocimab 105 mg loading followed by 52.5 mg for
followed by 6 months or 52.5 mg for 12 months
monthly 6.09% Placebo
maintenance
doses of Cumulative incidence risk of moderate, severe and serious
52.5, 105 mg. adverse events:
38.84% Osocimab 210 mg loading followed by 105 mg for
6 months or 105 mg for 12 months
38.37% Osocimab 105 mg loading followed by 52.5 mg for
6 months or 52.5 mg for 12 months
32.17% Placebo
MK-2060-007 1] 489 MK-2060 Placebo 17 months Time to first arteriovenous graft thrombosis.
(NCT05027074) (active, (moAb). Time to each arteriovenous graft thrombosis (first and
not recurrent).
recruit- Adverse events.
ing) Major bleeding, CRNMB.
Atrial fibrillation
PACIFIC-AF [31] I 7551 Asundexian Apixaban 5 mg 12 months Major bleeding/CRNMB: Adverse events:
(pub- 20,50mg PO BID (2.5 mg 1.2% Asundexian 20 mg 47% Asundexian
lished OD. BID2). 0.39% Asundexian 50 mg 49% Apixaban
2022) 2.4% Apixaban
Inhibition of FXla activity
at trough:
81% Asundexian 20 mg
92% Asundexian 50 mg
AZALEA-TIMI 1l 1200 Abelacimab Rivaroxaban 20 17 months Major bleeding, CRNMB.
71 (active, SC monthly. mg PO OD (15
(NCT04755283) not mg OD2).
recruit-
ing)
LILAC I} 1900 Abelacimab Placebo ~30 months Time to first ischemic stroke, systemic embolism, MI, VTE
(NCT05712200) (recruit- 150 mg SC. or ALI.
ing) Major bleeding (BARC type 3c/5).
CV mortality, all-cause mortality.
OCEANIC-AF 1] 18,000 Asundexian Apixaban 5or2.5 34 months Time to first composite of stroke or systemic embolism.
(NCT05643573) (recruit- mg BID. Time to first major bleeding (ISTH criteria).
ing) Time to first CV death, all-cause mortality.
Cancer-associated thrombosis
ASTER 1] 1655 Abelacimab Apixaban 10 mg 6 months Time to first VTE recurrence (proximal DVT, new/fatal PE).
(NCT05171049) (recruit- 150 mg. followed by 5 mg. Time to first major bleeding (ISTH criteria) or CRNMB.
ing)
MAGNOLIA 1] 1020 Abelacimab Dalteparin 200 6 months Time to first VTE recurrence (proximal DVT, new/fatal PE).
(NCT05171075) (recruit- 150 mg. 1U/kg/day Time to first major bleeding (ISTH criteria) or CRNMB.
ing) followed by 150
1U/kg/day.
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Table 2: Data from clinical trials with factor Xl (FXI) inhibitors (Continuation)

Acute ischemic stroke or transient ischemic attack

PACIF- Il 18083 Asundexian Placebo 6 months Ischemic stroke/CBI: Major bleeding/
IC-STROKE [32] (pub- 10, 20, 50 mg 18.9% Asundexian 10 mg CRNMB:
lished PO OD. 22% Asundexian 20 mg 4% Asundexian 10 mg
2022) 20.1% Asundexian 50 mg 3% Asundexian 20 mg
19.1% Placebo 4% Asundexian 50 mg
2% Placebo
AXIOMAT- ] 23664 Milvexian 25 Placebo 3 months New ischemic stroke/new CBI: Maijor bleeding
IC-SSP [33] (com- mg PO OD; 16.7% Milvexian 25 mg OD (BARC type 3 and 5):
pleted, 25, 50, 100, 16.6% Milvexian 25 mg BID 0.6% Milvexian 25 mg
prelimi- 200 mg BID. 15.6% Milvexian 50 mg BID oD
nary 15.4% Milvexian 100 mg BID 0.6% Milvexian 25 mg
results) 15.3% Milvexian 200 mg BID BID
16.8% Placebo 1.5% Milvexian 50 mg
BID
1.6% Milvexian
100 mg BID
1.5% Milvexian
200 mg BID
0.6% Placebo
Adverse events:
58.5% Milvexian
25 mg OD
59.4% Milvexian
25 mg BID
59.1% Milvexian
50 mg BID
63.1% Milvexian
100 mg BID
61.3% Milvexian
200 mg BID
58.5% Placebo
OCEAN- 1] 9300 Asundexian Placebo 31 months Time to first ischemic stroke.
IC-STROKE (recruit- Time to first major bleeding (ISTH criteria).
(NCT05686070) ing) Time to first CV death, Ml or stroke.
LIBREX- 1] 15,0005 Milvexian Placebo 41 months Time to first ischemic stroke.
IA-STROKE (recruit- Time to first CV death, Ml or stroke.
(NCT05702034) ing) Time to first major adverse vascular event.
Acute myocardial infarction (Ml)
PACIFIC-AMI 1l 16016 Asundexian Placebo 12 months CV death, MI, stroke or stent Major bleeding
[34] (pub- 10, 20, 50 mg thrombosis: (BARC type 2, 3, 5):
lished oral OD. 6.8% Asundexian 10 mg 7.5% Asundexian
2022) 5.9% Asundexian 20 mg 10 mg

5.4% Asundexian 50 mg
5.5% Placebo

8% Asundexian 20 mg
10.4% Asundexian

50 mg
9% Placebo

Serious adverse
events:

20% Asundexian
10 mg

21.2% Asundexian
20 mg

17.7% Asundexian
50 mg

21.83% Placebo

1) 14% were on aspirin® 100 mg. 2) Dose reduction if criteria were met. 3) 57% on aspirin® alone. 43% DAPT with clopidogrel for 70 days followed by aspirin® alone. 4) DAPT with clopidogrel for 21 days followed by

aspirin® alone. 5) Patients receiving antiplatelet therapy (SAPT/DAPT). 6) 80% DAPT with prasugrel/ticagrelor. 20% DAPT with clopidogrel. ALI: Acute limb ischemia; aPTT: Activated partial thromboplastin time; BARC:
Bleeding Academic Research Consortium; BID: Twice a day; CRNMB: Clinically relevant non-major bleeding; CV: Cardiovascular; DAPT: Dual antiplatelet therapy; DVT: Deep vein thrombosis; FXla: Factor Xia; ISTH: In-
ternational Society on Thrombosis and Haemostasis; IV: Intravenous; MI: Myocardial infarction; moAb: Monoclonal antibody; OD: Once daily; PE: Pulmonary embolism; PO: orally; postop: after surgery; preop: before
surgery; SAPT: Single antiplatelet therapy; SC: subcutaneous; TEAE: Treatment emergent adverse event; VTE: Venous thromboembolism.

small studies involving 43 and 24 patients re-
spectively [29, 30]. Larger phase II trials are
currently underway investigating ASO (fes-
omersen) and monoclonal antibodies (osoci-
mab, MK-2060) interventions with 200-700
participants. The main goal of these trials is to
assess bleeding rates and adverse events com-
pared to placebo.

FXI inhibitors have also shown potential
in the prevention of CAT. Active phase III tri-
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als, namely ASTER [NCT05171049] and
MAGNOLIA [NCT05171075], are currently
ongoing with a large number of participants
(1,655 and 1,020 respectively). These trials
evaluate the effects of abelacimab on VTE re-
currence and bleeding compared to apixaban
(ASTER) and dalteparin (MAGNOLIA).
These studies aim to provide further insights
into the role of FXI inhibitors in patients with
malignancy.

Atrial Fibrillation

The PACIFIC-AF trial [31] aimed to assess the
effectiveness of oral asundexian in 755 patients
with established AF requiring anticoagulation
therapy. After twelve months, the trial revealed
that both the 20 mg and 50 mg daily doses of
asundexian had lower bleeding rates compared
to the standard dosing of apixaban, while both
groups had similar adverse events rate (47% in
the asundexian and 49% in the apixaban
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Figure 3: A) Ongoing clinical trials evaluating the effectiveness of factor XI (FXI) inhibitors in two
key areas: venous thromboembolism (VTE) prophylaxis and prevention of arterial thrombosis.

B) Promising prospects for the application of FXI inhibitors in patients with mechanical devices
(e.g., prosthetic heart valves), individuals requiring extracorporeal membrane oxygenation (ECMO)

and those with left ventricular-assisted devices.

AF: Atrial fibrillation; CAT: Cancer-associated thrombosis; ESRD: End-stage renal disease;
MI: Myocardial infarction; TKA: Total knee arthroplasty.

* Unpublished/ongoing trials.

groups). These promising results led to the
initiation of the OCEANIC-AF trial
[NCT05643573], a phase III study that focuses
on evaluating the incidence of stroke and sys-
temic embolism as the primary efficacy end-
point over a period of 34 months.

In addition to asundexian, ongoing re-
search in AF includes the AZALEA-TIMI 71
trial [NCT04755283], a phase II study investi-
gating the safety of subcutaneously adminis-
tered abelacimab once per month compared
to oral rivaroxaban. Furthermore, the phase III
LILAC-TIMI 76 trial [NCT05712200] cur-
rently in progress aims to determine the inci-
dence of stroke in patients receiving abelaci-
mab compared to those receiving a placebo
over a duration of 30 months (patients who
cannot or will not receive standard anticoagu-
lants).

Stroke and Myocardial Infarction
In terms of secondary prevention of stroke,
two small molecule FXI inhibitors, milvexian
and asundexian, were evaluated in patients
with ischemic stroke or TIA concurrently re-
ceiving antiplatelet therapy. These inhibitors
did not exhibit a reduction in the composite
outcome of covert brain infarcts or ischemic
stroke when compared to a placebo at 90 and
180 days. This lack of reduction is likely attrib-
uted to the trials being underpowered and ini-
tially focusing on determining the safety dose
for stroke prevention. However, it is notewor-
thy that neither of these small molecules
showed an increase in bleeding rates [32, 33].
To further investigate the efficacy of these
drugs in secondary stroke prevention, two

large phase III trials, namely OCEANIC-
STROKE [NCT05686070] and LIBREXIA-
STROKE [NCT05702034], are currently un-
derway. The trials aim to provide more
comprehensive data on the effectiveness of
milvexian and asundexian in preventing re-
current strokes.

Regarding MI, asundexian has shown
promising outcomes, especially at a high dose.
Although the trials were underpowered to effec-
tively assess efficacy outcomes, they managed to
reduce a composite of cardiovascular death, re-
current MI, stroke, and stent thrombosis, even
in the presence of exceedingly low event rates in
each arm (approximately 20 events) [34]. It is
worth highlighting that the high dose of asun-
dexian resulted in more than 90% inhibition of
FXIa activity levels without causing any signifi-
cant increase in major bleeding.

Potential Future Directions
Based on the available clinical data, FXI inhib-
itors show promise in various clinical scenari-
os, particularly in terms of their safety profiles.
However, there are still unanswered questions
regarding the efficacy of FXI inhibitors in
large patient populations and the need for dose
adjustments under specific  conditions.
Demonstrating superiority or non-inferiority
compared to current, already effective antico-
agulants may present a major challenge. How-
ever, the ongoing phase III trials hold the po-
tential to provide valuable answers to these
questions.

In addition to their established role in VTE

prophylaxis and prevention of stroke/MI, FXI

All illustrations modified from [1, 2, 4-5] and created with Biorender.
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inhibitors may offer specific benefits to certain
patient groups. Patients who are at a higher
risk of bleeding associated with anticoagu-
lants, such as the elderly, critically ill or septic
patients, and pregnant and breastfeeding
patients (where DOACs are contraindicated)
could potentially benefit from novel anticoag-
ulants (particularly monoclonal antibodies)
with improved safety profiles.

Likewise, patients with diseases with lim-
ited options for current anticoagulants, for ex-
ample, thrombotic APS, an autoimmune dis-
ease with an increased risk of DVT, could also

: benefit from these new anticoagulants. The

8 current guidelines recommend using VKAs
for individuals with triple positivity in arterial
APS and discourage the use of DOACs. How-
ever, DOAC:s could be considered for patients
with single or double positivity, but only after a
comprehensive discussion with the patients
and when VKAs are contraindicated. Never-
theless, the outcomes were not consistently
conclusive and demand additional studies
[35-37]. Sickle cell disease is an inherited
disorder with an 11% risk of stroke. However,
periodic red cell transfusion (and experimen-
tal anti p-selectin antibody) is the only proved
beneficial prevention of stroke regardless of
the anticoagulants used. Thus, small clinical
trials could be interesting for this specific
group of patients.

Artificial Contact Surfaces Associated
Thrombosis

Considering the involvement of FXI in contact
activation pathways, FXI inhibitors may play a
role in patients with a high risk of thrombosis
related to mechanical devices or blood contact
with artificial surfaces, such as mechanical
heart valves, ECMO therapy, indwelling
central venous lines and ports or ventricular-
assisted devices (fig 3B). In these cases, where
DOACs have limited efficacy, FXI inhibitors
might offer an alternative option [38]. Similar-
ly, FXII, which also plays an important role in
the contact pathway, was found to be beneficial
in artificial contact surfaces associated throm-
bosis (ACSAT) [39].

To illustrate, knockdown of FXII or FXI
using specific ASOs prolonged time to occlu-
sion in a rabbit model of catheter thrombosis,
while knockdown of FVII did not have the
same effect [40]. Despite these promising
preclinical findings, no clinical studies have
been conducted to assess the efficacy and
safety of anti-FXI agents in this specific set-
ting. An ongoing phase II study with xisomab
3G3, a FXII inhibitor, wants to evaluate its
role in prevention of catheter-related throm-
bosis in patients receiving chemotherapy
[NCT04465760].
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Perioperative Management,
Urgent Surgery and Manage-
ment of Bleeding Events

The findings in phase II trials highlight the
potential of FXI inhibitors as effective and safe
alternatives in the prevention of thrombotic
events. However, with great power comes great
responsibility, and the efficacy of FXI inhibi-
tors also carries the risk of bleeding. It is crucial
to address specific considerations regarding
the development of reversal strategies, periop-
erative management, dose finding and proper
management of bleeding in patients using FXI
inhibitors.

In patients with inherited FXI deficiency
various treatments have been utilized for peri-
operative and bleeding management. Success-
ful approaches include replacement therapy
with fresh frozen plasma (FFP) and FXI
concentrates. However, complications such as
volume overload in high cardiovascular risk
patients with FFP and early thrombosis in
patients at high thrombotic risk with FXI con-
centrate raise concerns [41-42]. Moreover, the
availability of FXI concentrate may vary de-
pending on the location and may be challeng-
ing to obtain in certain areas. For example,
hemoleven, a human plasma-derived FXI
concentrate, is only available in France. Antifi-
brinolytic agents (tranexamic acid [TXA])
have also shown success in perioperative man-
agement and postpartum hemorrhage in FXI
deficient patients. Low doses of recombinant
factor VIIa (rFVIIa), typically within the range
of 10-20 pg/kg, are administered alongside
TXA as a strategy to prevent excessive bleed-
ing without introducing a higher risk of
thrombosis. In this approach, rFVIIa serves to
bolster the initial thrombin burst, while TXA
is employed to inhibit fibrinolysis [43, 44].

In terms of antidote, a study involving
a mouse model treated with FXI ASO (ISIS
404071) demonstrated the capacity of a se-
quence-specific sense oligonucleotide to coun-
teract the inhibitory impact of ASO on the
target FXI mRNA. Additionally, the use of a
purified human FXI protein concentrate was
explored [44]. A study conducted in a rabbit
AV-shunt thrombosis model showed the re-
versal of milvexian using prothrombin com-
plex concentrate (PCC), as well as rFVIIa [46].

There is only one randomized trial that in-
vestigates the reversal of milvexian using PCC
and rFVIIa in humans (47 participants). The
results are estimated to be available this year
[NCT04543383].

Sailomon and Gailani have proposed strat-
egies to prevent and address bleeding in pa-
tients using therapeutic FXI inhibitors [47].
For perioperative management, they suggest
discontinuing antiplatelet agents whenever
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possible and addressing any coagulopathies
unrelated to FXI deficiency. Antifibrinolytics
and rFVIIa can be employed for patients using
any of the FXI inhibitors. In cases of bleeding
management, they recommend combining an-
tifibrinolytic agents with rFVIla for severe or
life-threatening bleeding, including intracra-
nial or gastrointestinal hemorrhage and dis-
secting aneurysm of a major vessel. In these
situations, administration of FFP or PCC
should be considered. Plasma exchange to re-
move an inhibitor targeting FXIa with a long
half-life may be an option for patients with re-
fractory bleeding.

Conclusions

Recent progress in anticoagulant development,
notably DOACs, has brought substantial clini-
cal benefits in terms of effectiveness and safety
over the past few decades. Limitations persist
within specific patient groups marked by dis-
tinct medical conditions or significant comor-
bidities. These individuals are not recommend-
ed for the application of current anticoagulants.
Given the upcoming results from multiple
phase II and III trials, the use and adoption of
FXI inhibitors in daily clinical practice may be-
come a reality, particularly in patients with a
high bleeding risk, and in special patient popu-
lations including kidney failure and ACSAT.
Further studies are required to effectively assess
potential reversal strategies.

Key Points

¢ FXI inhibition is likely an attractive approach
for reducing thrombosis while minimizing
bleeding risk.
e FXI inhibitors demonstrated a positive trend
in reducing bleeding risks in phase Il trials.
Ongoing phase Ill trials will provide important
insights into the efficacy of FXI inhibitors in
various clinical scenarios.
Specific patient groups, including those with
mechanical devices and blood exposed to
artificial surfaces, may benefit from FXI inhib-
itors and require further clinical studies.
It will be relevant to discuss and develop ef-
fective reversal strategies for FXI inhibitors to
ensure comprehensive patient management,
particularly in agents with a very long half-life.
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