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IHPOAOI'OY - EYXAPIXTIEX

H napovca Metantuylokn Aumiopatiky Epyacic (MAE) mpaypatoromnke ce cuvepyasio
pe tov Emikovpo Kabnynm k. AAéEavopo MmplacovAn, Tov omoio Kot EvYOploTd Yo To
oxOAln Kot TV kaBodnynon katd T cvyypaen te. Emumiéov, Ba Beha va guyapiotiom tov
Kafnynm k. Evayyeho Tépmo yio tnv evkaipio vo ouppETAGY® 6TO cuyKekpiuévo TIpdypappio
Metamtoylokdv Xmrovdav, kabmg kot v ko Mapio [applatomodrov mov coppeteiye oty
eetaotikn emtponn g ovykekpuévng MAE. Téhoc, Ba Beha va gvyapioticm Bepud tnv
O1KOY£EVELL LoV, TO cVCLYO OV, Kol KUPIOS TN UNTéPA LoV, TOV PPOVTILE TIG SO LoV KOPEG,

Mopio kot Hudva, 660 ey® cuvéypago tnv Tapodoa epyacia.
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Hepiinwn

Téco n apmplaxn 060 kat 1 eAePikn OpopPwon amotedovv peiloveg attieg Bvnopudmrag,
emnpealovtag éva peydao koppdtt tov TAnducpov. H kdpla Beponeio, 1000 yroo v Tpoinym
0G0 KoL Y10 TNV AVIETOMTION NG OpopfoepPorikng voésov, facileTal 6T Xpron AVIUTNKTIK®OV
TapAyOVTIOV, OTOG To vEdTEPA OO TOL GTOUATOG AVTITNKTIKA, 1 XOUUNAOD HoplakoD Bapovg
nrapivn 1 ot avtaymviotég g Prrapivng K. Adym tov pn-apeAntéov To606To0 ooppoyikmV
EMMTAOK®V TOL OVTO QEPOVV, M KAWVIKN épevva €XEl OTPOEEl 6TV aviaTTLEN VEOTEP®V
TAPAyOVTIOV TOL 6TOXEVOLVY TOV TTapdyovta TENG X1, e TNV TPOORTIKY VO ATOTPETOVY TNV
nabdoroyikn Opoupfwon, ympic vo emnpedlovv oNUOVTIKA TN PLGLOAOYIKY Oladikacior TG
apdotacns. H €psuva oyetikd pe tovg avaotoAeig tov mapdyovta XI avédeiEe vmooydpeva
ATOTEAEGLATO, OGOV OLPOPE TNV AGPAAELD TV TOPAYOVI®OV QLTAV, EVA 1 OTOTEAEGUATIKOTNTA
TOUG EVOVTL TOV KAUGGIK®OV OVIWNKTIKOV Qappakov, dev €xel alohoyndel emapkaoc. H
TapoHo0. AVACKOTNGT GTOYEVEL GTNV TEPLYPAPT TV SUPOPETIKMOV TOTOV OVOGTOAEDY TOV
napdyovta XI, mov Bpickovtal vod KAk a&loAdynon, voypappiloviog To amoTEAEcUATO
TOV HEAETOV PAo™G 2 KaBMOG Kol otV ovapopd v eEEAIEEL LEAETOV Kot TIOOVOV EQAPLOYDV

TOV 0VooTOAE®V TOV Ttapdyovia XI otnv KAvikn Tpdén.

AéEaic-Kheona: Apmplaxn Opoppwon, Opoufoepforikn Nocog, Koimkny Mapuapoyn,

Avtimnktikd, AvtiBpoppotikn aymyr, Avactoleic [apdyovra XI



Abstract

Both arterial and venous thromboembolic events are a major cause of mortality, affecting a
significant part of the population. The mainstay therapy, for prevention and treatment of
thromboembolic disease, is currently based on anticoagulant agents, such as direct oral
anticoagulants (DOACs), low molecular weight heparin (LMWH) or vitamin-K antagonists
(VKA). Due to their non-negligible rates of bleeding, clinical research has focused on the
development of newer agents targeting coagulation factor XI, with a view to prevent pathologic
thrombosis, with little or no impact on physiologic hemostasis. Research on factor XI inhibitors
has shown promising results, especially regarding safety, whereas their efficacy, compared to
contemporary anticoagulant agents, has yet to be evaluated. This review aims to describe the
characteristics of different types of factor XI inhibitors, currently under clinical evaluation,
highlighting phase 2 clinical trials’ results as well as discussing ongoing trials and potential

indications of factor XI inhibitors in clinical practice.

Keywords: Arterial thrombosis, Thromboembolism, Atrial fibrillation, Anticoagulants,

Antithrombotic agents, Factor XI inhibitors
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1. INTRODUCTION

Thromboembolic events are an important cause of morbidity and mortality, accounting for
nearly 1 in 4 deaths worldwide. They are divided into arterial thrombotic events, such as
myocardial infarction (MI) and ischemic cerebrovascular accident, and venous
thromboembolic events, such as deep vein thrombosis (DVT) and pulmonary embolism (PE).
Global incidence rates (IR) for ischemic heart disease and ischemic cerebrovascular accident,
reach 1518 and 139 per 100000, respectively, whereas, for venous thromboembolism (VTE),
IR ranges between 115-269 per 100000. [1] Atrial fibrillation (AF), affecting nearly 3% of
population, is the most commonly encountered arrythmia and is a major predisposing factor to
thrombus formation or embolism. [2]

The management of patients under prothrombotic states, such as those with AF, patients
with a medical history of ischemic heart disease or cerebrovascular accident, end-stage renal
disease (ESRD) or even post-surgical thromboprophylaxis, relies mainly on anticoagulant
therapy. Most currently prescribed anticoagulants inhibit factor X and/or thrombin, directly or
indirectly. The above coagulation factors have a major role not only in the pathogenesis of
thrombotic events but also in the process of physiological hemostasis; therefore, their
administration coincides with an increased bleeding risk. [3] In everyday clinical practice,
traditional drugs, such as low molecular weight heparin (LMWH), fondaparinux or vitamin K
antagonists (VKAs) have been largely replaced by direct oral anticoagulants (DOACsS) like
dabigatran, apixaban, rivaroxaban and edoxaban. [4]

Although associated with fewer bleeding events, especially intracranial, major bleeding
rates in patients receiving DOACs are not negligible, reaching almost 2-3% of patients with
AF under DOAC:S; out of which, 0.3-0.5% represent intracranial bleedings. [5] Furthermore,
the administration of DOACS is not recommended in high bleeding risk clinical scenarios, like
patients with gastrointestinal or genitourinary cancer, in specific patient situations such as
pregnancy, breastfeeding, ESRD, mechanical valves or patients with anti-phospholipid
syndrome. [6-10] Additionally, there are clinical scenarios where DOACs have been proven of
inferior efficacy compared to VKA, or cases where there are not sufficient evidence to
recommend the use of DOACs, such as patients with left ventricular assist devices or
extracorporeal membrane oxygenation (ECMO). [11] Therefore, there is an unmet need of an
anticoagulant drug, with improved safety profile, that will prevent pathological thrombotic

events with a minimal impact on the physiological process of hemostasis (thrombosis-
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hemostasis uncoupling). With a view to minimize bleeding complications, recently, research
has focused on factor XI as a potential therapeutic target. [4]

In our narrative review, we will discuss factor XI’s role in both thrombosis and hemostasis,
the types of factor XI inhibitors, current clinical data regarding the efficacy and safety of
treatments targeting factor XI, as well as highlight ongoing clinical trials, and discuss potential

future implications.

2. METHODS

Relevant information and clinical evidence discussed in our narrative review were retrieved
through online, electronic databases of medical research literature, such as PubMed database
(Medline) and Google scholar, with search dates up to May 25, 2024, as well as hand searches
of relevant references (“snowball” procedure). Our search algorithm included a combination
of MeSH terms: (factor XI OR anti-XI OR factor XIa OR anti-XIa OR “factor XI inhibitors”)
AND (thromb* OR bleed*). Results were filtered by language (English) as well as publication
date (last 10 years).

3. MAIN BODY

3.1 Factor XI’s role in coagulation

Coagulation factor XI, a blood coagulation zymogen, is a component of the contact
activation (intrinsic) coagulation pathway. The active form of factor XI (Factor Xla) is
produced as factors in the cascade upstream are enzymatically cleaved and activated. Factor
Xla, in turn, activates factor IX (FIX), which activates factor X (FX). On the other hand, the
tissue factor (extrinsic) pathway is initiated by the exposure of blood components to tissue
factor and activated factor VII complex, inducing the activation of FX, as well. Activated FX
is the initiator of the common coagulation pathway that ultimately leads to thrombin generation
and formation of fibrin (Figure 1). As an amplification mechanism, thrombin also activates
factor XI, via a feedback activation loop. This mechanism is thought to play a more important

in the process of thrombosis rather than physiological hemostasis. [12]
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First data regarding the role of factor XI derived from observational studies of individuals
with factor XI deficiency. Patients with genetic deficiency of factor XI (often called hemophilia
C) were shown to have lower risk for cardiovasular and venous thromboembolic events. In
detail, compared to patients with normal activity, those with factor XI deficiency had almost
50% decreased risk for cardiovascular events [Hazard Ratio (HR) = 0.52; 95% Confidence
Interval (CI) = 0.31 - 0.87 for mild deficiency patients, and HR = 0.57; 95% CI = 0.35 - 0.93
for moderate-severe deficiency patients) as well as nearly 75% lower risk for VTE (HR = 0.26;
95% CI = 0.08 - 0.84). [13] On the other hand, patients with high levels of factor XI seem to
have higher risk for DVT, with a dose-response relation of factor XI levels and risk of
thromboembolic events. [14]

Additionally, genetic studies in knock-out mice pointed out that factor XI deficiency was
associated with decreased rates of vena cava thrombosis with minimal effects in physiological
hemostasis, since bleeding time of factor XI-deficient mice remained unchanged in comparison

with wild-type mice. [15]

3.2 Types of factor XI inhibitors and clinical studies

The promising role of factor XI in thrombosis prevention, alongside with potential sparing
of physiological hemostasis, have led to an increased research of pharmacologic strategies
targeting factor XI’s synthesis, activation and/or action (Figure 2). Main types of factor XI
inhibitors, currently under clinical development, include monoclonal antibodies, small
molecules, antisense oligonucleotides (ASOs) and aptamers. Apart from differences in way of
action, these strategies have varying onset, duration of effect as well as route of administration;
monoclonal antibodies, ASOs and aptamers are to be administered parenteraly, whereas small
molecules can be given either orally or parenteraly. [16-18] A summary of different types of
factor XI inhibitors under development, along with some of their pharmacological features, is

presented in Table 1.
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3.2.1 Antibodies

Humanized monoclonal immunoglobulin G (IgG) antibodies, which inhibit factor XI
activation or factor XI action, have been shown to reduce thrombus growth and prolong
activated partial thromboplastin time (aPTT). They can be administered either subcutaneously
or intravenously and their half-life period is relatively long, allowing for monthly

administration. [19]

Abelacimab

Abelacimab (a.k.a. MAAS868) is a human monoclonal antibody capable to inhibit both
factor XI and factor XIa, via binding to their catalytic domains with high affinity and locking
them into an inactive, zymogen-like conformation. Additionaly, it binds to its target with high
speicificity, since no inhibitory effect on other coagulation factors was observed. [3, 16, 17]

The pharmacokinetics and pharmacodynamics properties of abelacimab  were
investigated in healthy individuals as well as AF patients, in ANT-003 phase 1 study and ANT-
004 phase 2a, multiple ascending dose study, respectively. Results showed that either
intravenous or once-a-month subcutaneous administration of abelacimab was safe and well-
tolerated in both patient groups. Additionally, abelacimab was shown to suppress factor XI
levels, with the suppresion of free factor XI sustaining throughout the monthly administration
interval; thus, it may be given as monthly infusions or even as a single infusion in the post-
operative setting.[20]

The ANT-005 TKA study was a parallel-group, open-label, randomized phase 2 trial
comparing three dosage schemes of abelacimab (30 mg, 75 mg, 150 mg) administered post-
operatively to enoxaparin 40 mg once daily in more than 400 patients who underwent total
knee arthroplasty (TKA). Baseline characteristics were similar, with a median age of 67 years
(68 for abelacimab 150 mg group), median duration of surgery of 1.3 hours and median in-
hospital stay of 10 days. The primary efficacy endpoint was adjudicated VTE, while safety
endpoint included major or clinically relevant non-major (CRNM) bleeding up to 1 month post-
TKA. VTE was diagnosed in 22% of patients receiving enoxaparin, while only in 13%, 5% and
4% of patients receiving abelacimab 30 mg, 75 mg or 150 mg, respectively. All three
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abelacimab regimens were proven non-inferior while the two latter regimens of 75 mg and 150
mg were proven superior to enoxaparin regarding prevention of VTE (Risk Difference = —16.8
percentage points; 95% CI = —26.0 to —7.6, P < 0.001 for 75 mg; Risk Difference = —17.8
percentage points; 95% CI = —26.7 to —8.8, P < 0.001 for 150 mg). As long as bleedings are
concerned, clinically relevant bleeding was observed in 2% of patients in the 30 mg and 2% of
patients in the 75 mg group, while in none of the patients in the 150 mg abelacimab group or
the enoxaparin group. Serious adverse events (AE) were noted in 1%, 3%, and 1% of the
patients in the 30 mg, 75 mg, and 150 mg abelacimab groups, respectively, while no serious
AE were noted in the enoxaparin group.[21]

The largest study on factor XI inhibitors to date, AZALEA-TIMI 71 was a phase 2b,
open-label, active-controlled, multicenter randomized trial, comparing abelacimab (90 mg and
150 mg) to rivaroxaban in AF patients with moderate-to-high risk of stroke. More than 1,200
patients were enrolled, with a median follow-up duration of 1.8 years, covering more than
2,000 patient-years. Regarding patient characteristics, median age was 74 years, median
CHA:DS; -VASc score was 5, whereas 15% of patients had history of ischemic stroke and 7%
had a prior bleeding event. Initial topline analysis showed that abelacimab 90 mg given once
monthly (subcutaneously) achieved 97% inhibition of factor XI, whereas 150 mg achieved
99% inhibition. Regarding the primary safety outcome of major or CRNM
bleeding, abelacimab 90 mg was associated with 77% reduced risk of bleeding (HR = 0.23;
95% CI =0.13 — 0.42, P < 0.001), and abelacimab 150 mg with 67% lower risk (HR = 0.33;
95% CI = 0.19-0.55, P < 0.001), compared to rivaroxaban 20 mg once daily. Especially,
concerning major gastrointestinal (GI) bleedings, abelacimab reduced bleedings by 93% at
both doses (HR = 0.07; 95% CI = 0.01-0.51, P = 0.009 for 90 mg and HR = 0.07; 95% CI =
0.01-0.50, P = 0.008 for 150 mg). With no significant differences in efficacy exploratory
endpoints, net clinical outcome (including ischemic stroke, embolism, clinically relevant
bleedings and all-cause death) was greatly reduced with abelacimab, compared to rivaroxaban
(HR =0.49; 95% CI1=0.34 - 0.73, P <0.001 for 90 mg and HR = 0.49; 95% CI=0.33 - 0.71,
P <0.001 for 150 mg). Regarding safety, no statistically significant differences were observed
between the 2 drugs, in terms of any or serious AE or drug discontinuation. The aforementioned
initial results led to a premature discontinuation of the trial, following the recommendation of
the independent Data Monitoring Commitee in September 2023, since an “overwhelming
reduction” in bleeding rates was evident with abelacimab. Evaluation of abelacimab, with a

view to confirm such promising results, will continue with LILAC-TIMI 76, a phase 3 double-
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blind, randomized trial, assessing the safety and efficacy of abelacimab (150 mg) compared to
placebo in AF patients unsuitable for currently available anticoagulation therapies. [22, 23]
Additionally, two more phase 3 trials on abelacimab are ongoing, concerning oncologic
patients. ASTER trial aims to examine recurrence of VTE as well as major or CRNM bleeding,
comparing abelacimab with apixaban, whereas MAGNOLIA trial focuses on patients with

gastrointestinal or genitourinary cancer and aims to compare abelacimab with dalteparin. [24]

Ocosimab

Osocimab (BAY 1213790) is a fully human monoclonal antibody which specifically
targets the active site of factor Xla and inactives it; thereby, preventing thrombotic cascade and
clot formation.

CONVERT trial was a phase 2b, randomized, placebo-controlled, double-blind study
with a view to assess the safety of Osocimab in ESRD patients undergoing hemodialysis. More
than 700 patients, with a median age of 61 years, were recruited and randomized to receive
lower (105 mg loading dose and maintenance with 52.5 mg once-a-month) or higher (210 mg
loading dose and maintenance with 105 mg once-a-month) dosage regimen of osocimab or
placebo. The co-primary outcomes included a composite of major and CRNM bleeding as well
as a composite of moderate, severe or serious AE rate. Bleeding rates were 6.9%, 4.9% for
patients on lower- and higher-dose osocimab groups, respectively, compared to 7.8% for
patients receiving placebo treatment group (HR = 0.90; 95% CI = 0.46 — 1.77, P = 0.760 for
lower-dose osocimab vs placebo and HR = 0.62; 95% CI = 0.29 — 1.31, P = 0.206 for higher-
dose osocimab versus placebo for treatment-emergent primary outcome). Concerning AE, 51%
and 47% of patients under lower-dose ocosimab and higher-dose osocimab experienced an
event, respectively, in comparison with 43% of patients in the placebo group; suggesting that
osocimab is of low bleeding risk and is well-tolerated in patients with kidney failure on regular
hemodialysis. As regards exploratory outcomes, major adverse vascular events were observed
in 1.3% of patients under lower-dose, 2.7% of patients under higher-dose osocimab and 3.0%
of patients under placebo; in those with history of atherosclerosis, vascular events occurred in
2.4% of patients under osocimab versus 7.3% of patients under placebo. Finally, the risk of

clotting of dialysis circuit was significantly reduced in osocimab group, with relative risk (RR)
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of 0.71 (95% CI = 0.54 — 0.93, P=0.0085) for lower-dose osocimab versus placebo and RR
0f 0.66 (95% CI =0.49 — 0.87, P=0.0021) for higher-dose osocimab versus placebo. [25]
Osocimab was also investigated in FOXTROT study, a phase 2, non-inferiority,
randomized, open-label, but observed-blinded (for the different experimental drug doses) trial
that aimed to investigate the safety and efficacy of osocimab in VTE prevention in patients
undergoing primary TKA, compared to enoxaparin and apixaban (non-inferiority design).
More than 800 patients underwent randomization during October 2017 — April 2018, with 600
(73.8%) comprising the population of the per-protocol analysis. Baseline demographic and
clinical characteristics were similar between patient groups, with mean age around 66 years.
Osocimab was administered in different dosing schemes, either pre-operatively or post-
operatively. The primary efficacy endpoint was the rate of VTE (asymptomatic or
symptomatic), whereas the primary safety endpoint was the rate of clinically significant
bleeding (major or CRNM bleedings) from randomization to 10-13 days post-surgery.
Regarding efficacy, in the per-protocol analysis, post-operative osocimab was proven non-
inferior to enoxaparin with risk differences of 10.6% (1-sided 95% CI = -.1,2% to o), 9.9% (1-
sided 95% CI = -0.9% to o) and 8.4% (1-sided 95% CI = -2.6 to «) for the 0.6 mg/kg, 1.2
mg/kg and 1.8 mg/kg group, respectively; whereas, osocimab 0.3mg/kg did not meet non-
inferiority criteria (risk difference = —-2.6% (1-sided 95% CI =—8.9% to o). Additionally, pre-
operative osocimab at 1.8 mg/kg dose seemed to be superior to enoxaparin (risk difference =
15.1%; 2-sided 90% CI = 4.9% - 25.2%, P = 0.007). As long as safety is concerned, clinically
significant bleeding rates in patients receiving osocimab ranged from 0% to 4.7% (patients in
1.8 mg/kg pre-operative osocimab group), while, bleeding occurred in 5.9% of patients in
enoxaparin group and 2% of patients in apixaban group. Interestingly, the highest dose scheme
(1.8mg/kg) resulted in higher bleeding incidence when administered pre-operatively compared
with post-operatively, a trend that was not observed in the low dose of 0.3 mg/kg. Of note, all
clinically significant bleeding events concerned bleedings associated with the surgical site,
while no intracranial bleeding was observed. Regarding secondary outcomes, the incidence of
serious AE ranged from 1.5% to 5.6% (mean = 3.1%) for osocimab, whereas rates for
enoxaparin and apixaban reached 5.9% and 1%, respectively. In summary, post-operative
dosage schemes of 0.6 mg/kg, 1.2 mg/kg and 1.8 mg/kg were non-inferior to enoxaparin while
pre-operative dosage scheme of 1.8 mg/kg osocimab was superior to enoxaparin regarding

VTE prevention at 10-13 days post-TKA. [26]
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Xisomab 3G3

Xisomab 3G3 (aka AB023 or Gruticibart) is a recombinant antibody targeting factor
XI, inhibiting its activation by activated factor XII, but not by thrombin. Lorentz et al., assessed
the safety and efficacy of AB023 in ESRD patients on hemodialysis in a phase 2, placebo-
controlled, double-blind, randomized trial. A total of 24 patients had a single administration of
AB023 (0.25 mg/kg or 0.5 mg/kg) or placebo injected into the hemodialysis circuit at the start
of heparin-free hemodialysis session. AB023 was proved safe and well tolerated in this high-
risk subset of patients since nor drug-related AE neither clinically relevant bleedings were
noted. AB023 administration prolonged aPTT (about 2-fold), with dose of 0.5 mg/kg resulting
in a prolongation that remained for up to 9 days. Furthermore, administration of AB023 reduced
clotting within the hemodialysis circuit with the rate of occlusion, requiring circuit exchange,
dropping by 68% and 50% in the 0.25 mg/kg and 0.5 mg/kg dosing subgroups, respectively.
[27]

Gruticibart was also evaluated in oncologic patients following central venous catheter
placement. A total of 22 patients were administered a single dose of the experimental drug
(dosage of 2 mg/kg) and had a follow-up ultrasound at 14 days post-infusion. The rate of
catheter thrombosis reached 12.5%, compared to 40% in the control study - an internal,
parallel-non interventional study that was used as a comparator. Additionaly, gruticibart
significantly prolonged aPTT in all patients on day 14 compared with baseline values (P <
0.001), while its administration was proven safe and well-toleated; no infusion reactions,
significant AE or bleedings were noted. [28]

Similarly, another trial of Xisomab 3G3 focused on the prevention of catheter-
associated thrombosis on oncologic patients (NCT04465760), but was terminated due to

insufficient accrual rate.

Some additional antibodies are under early stages of clinical research, such as MK-
2060, with an ongoing, phase 2, placebo-controlled trial evaluating its safety and efficacy in
ESRD patients receiving hemodialysis (NCT05027074), as well as REGN9933, currently in
phase 1, pharmacokinetic and pharmacodynamic study in healthy participants

(NCT05102136). [17]
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3.2.2 Small molecules

Small molecules are selective, reversible agents that directly inhibit factor XIa. With
low molecular weight, they are able to easily diffuse across cell membranes and bind to factor
Xla active site, inhibiting its action. Due to their characteristics, their onset and offset of action

is fast, and thus, they can be administered, orally, once or twice a day. [19]

Asundexian

Asundexian, also known as BAY 2433334, is the molecule in the most advanced stage
of clinical development. It was studied in more than 4000 patients, enrolled in the PACIFIC
program, which included 3 different phase 2 trials, focused on the safety and efficacy of
asundexian. The first trial of the program, PACIFIC-AMI, was a dose-finding, double-blind,
placebo-controlled, randomized clinical trial in 1,601 patients who had, recently, suffered an
acute MI and were under dual antiplatelet therapy (DAPT). Patients were randomized to
receive asundexian (10 mg, 20 mg or 50 mg) on top of DAPT, or placebo and were followed
for 6-12 months. Key exclusion criteria included hemodynamic instability at the time of
randomization, bleeding predisposition or active bleeding, severe renal disease, or planned
administrastion of full-dose anticoagulation. The prespecified primary safety endpoint was
Bleeding Academic Research Consortium (BARC) type 2, 3, or 5 bleeding while efficacy
endpoint was the composite of MI, stroke, stent thrombosis, or cardiovascular death).
Regarding patient demographic characteristics, median age was 68 years and 77% were male,
whereas, regarding type of MI, almost half (51%) had ST-elevation MI and nearly everyone
(99%) had percutaneous coronary intervention prior to randomization. Concerning background
antiplatelet therapy along with aspirin, most patients received ticagrelor (53%), with 27% and
20% receiving prasugrel and clopidogrel, respectively. Asundexian achieved a dose-related
inhibition, with doses of 10, 20 and 50 mg reaching more than 70%, 80% and 90% inhibition
of baseline factor Xla activity, respectively. As long as safety is concerned, there was a
numerical increase of bleeding rates as doses of asundexian increased, although rates with 10
mg or 20 mg were lower than placebo (7.6% and 8.1% vs 9%, respectively). No significant

differences were noted in pooled asundexian groups vs placebo, regarding primary safety
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outcome, i.e. rates of BARC bleeding type 2, 3, or 5 (HR = 0.98; 90% CI = 0.71 - 1.35).
Interestingly, rates of any bleeding tended to be numerically lower with asundexian than with
placebo (17.7% - 20.4% vs 21.3%, HR = 0.90; 90% CI = 0.73 - 1.11). There were 2 events of
intracranial hemorrhage (1 patient under asundexian 50 mg and 1 under placebo), while no
fatal (BARC type 5) bleeding events were noted. As long as efficacy is concerned, there was a
numerically lower rate of the composite efficacy endpoint with increasing doses of asundexian;
nevertheless, event rates were not lower than placebo in none of the asundexian group.
Compared to placebo, pooled asundexian 20 mg and 50 mg groups, did not achieve a
statistically significant decrease in thrombotic events (HR, = 1.05; 90% CI = 0.69 - 1.61),
neither highest dose of 50 mg alone versus placebo (HR =1.01; 90% CI=0.61 - 1.66). Of note,
there was a numerically higher decrease of thrombotic events with asundexian in patients with
ST-elevation MI (STEMI), rather than non-ST-elevation MI (NSTEMI), as well as, in patients
receiving potent P2Y 1, inhibitors, rather than clopidogrel. Regarding study drug-related AE,
rates were comparable between groups, with no clinically or statistically significant
differences, ranging from 16.2% to 21.4%.[29]

PACIFIC-STROKE was a phase 2b, placebo-controlled, double-blind randomized trial,
that focused on efficacy and safety of asundexian in prevention of recurrent stroke. More than
1,800 patients with acute non-cardioembolic ischemic stroke were enrolled and randomized to
receive asundexian (10 mg, 20 mg or 50 mg) or placebo, on top of usual antiplatelet therapy
(single or dual). Participants had a mean age of 67 years, the majority (66%) were male, mean
National Institutes of Health Stroke Scale (NIHSS) score at randomization was 2.8 and 43%
were on DAPT for a mean duration of 70.1 days post-randomization. Follow-up extended over
a period of 26 - 52 weeks. Primary efficacy endpoint concerned the composite of symptomatic
ischemic stroke and incident covert infarcts [detected by magnetic resonance imaging (MRI)]
at or before 6 months post-randomization, whereas, primary safety outcome concerned
International Society on Thrombosis and Haemostasis (ISTH) major or CRNM bleeding.
Primary efficacy endpoint was observed in 19% of patients in the placebo group versus 19%,
22% and 20% in asundexian 10 mg, 20 mg and 50 mg group, respectively; no significant
differences were noted among asundexian groups and placebo and no significant dose-response
association was observed (E-max model ¢ statistic = —0,68, P = 0.80), attributable in part to the
absence of reduction in incident covert infarcts. However, in post-hoc exploratory outcomes’
analysis, asundexian was shown to result in lower rates of recurrent symptomatic ischemic
stroke and transient ischemic attack (TIA) compared to placebo, particularly at the dose of 50

mg (HR = 0.64; 90% CI = 0.41 — 0.98). Of interest, among patients with any extra-/intracranial
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atherosclerosis, protective effects of asundexian 50 mg were even greater (HR = 0.39; 90% CI
=0.18 — 0.85). Nevertheless, these results should be interpreted cautiously, taking into account
the post-hoc nature of the analysis, in an otherwise neutral trial, regarding primary efficacy
endpoint results. As long as safety is concerned, no dose-response association and no
significant increase in clinically significant bleeding rates were observed between pooled
asundexian and placebo groups (HR = 1.57; 90% CI = 0.91 — 2.71); there were also no
significant differences in total bleedings rates as well as secondary hemorragic transformation
of stroke.[30]

The third study of the PACIFIC program was PACIFIC-AF, which focused on patients
with AF at increased risk for ischemic cerebrovascular accident. Regarding trial design, it was
a randomized, double-blind, active-comparator phase 2 trial, aiming to evaluate asundexian
compared to apixaban; apart from quantification of factor Xla inhibition, study’s primary safety
endpoint concerned ISTH major and CRNM bleeding, while, exploratory efficacy endpoint
was the composite of stroke, systemic embolism, cardiovascular death and MI. A total of 755
AF patients, > 45 years old, were enrolled and randomized to receive asundexian (20 mg or 50
mg) once a day, or apixaban 5 mg twice a day. Participants had a mean age of 73.7 years, mean
CHA:DS>-VASc score of 3.9 and 59% were male. Follow-up extended over a period of 12
weeks. Asundexian administration resulted in a dose-dependent inhibition of factor Xla,
reaching 90% and 94% inhibition at peak concentrations of 20 mg and 50 mg, respectively.
Rates of any AE were similar among treatment arms (47% in asundexian groups and 49% in
apixaban group), whereas, concerning safety endpoint, patients receiving asundexian had
decreased bleeding rates, compared to those receiving apixaban (HR = 0.16; 90% CI = 0.01 —
0.99 for asundexian 50 mg vs apixaban and HR = 0.33; 90% CI = 0.09 — 0.97 for asundexian
pooled vs apixaban). Of note, no ISTH major bleeding was observed in any treatment group.
As regards all bleeding events, asundexian was associated with lower rates, as well, compared
with apixaban (HR = 0.42; 90% CI = 0.26 — 0.67 for pooled asundexian, HR = 0.46; 90% CI =
0.23 — 0.83 for asundexian 20 mg and HR = 0.38; 90% CI = 0.16 — 0.68 for asundexian 50 mg).
Lastly, concerning exploratory thrombotic composite endpoint, events were scarce, hindering
comparisons between treatment groups. [31]

In a pooled analysis of the 3 aforementioned PACIFIC trials, regarding bleeding
outcomes, asundexian was shown to have lower major or CRNM bleeding rates compared to

apixaban in AF patients, highlighting its potentially improved safety, whereas the rates of
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bleedings were similar compared to placebo in MI or stroke patients, already receiving
antiplatelet therapy. [32]

Following results from phase 2 trials of the PACIFIC program, a phase 3 development
program for asundexian was announced. OCEANIC clinical trial program includes three large,
multinational phase 3 studies, planned to enroll up to 30000 patients; OCEANIC-Stroke
(NCT05686070), OCEANIC-AFINA and OCEANIC-AF (NCT05643573). However, the
latter, aiming to compare asundexian to apixaban in AF patients at risk for stroke, was
terminated early, as per the Independent Data Monitoring Committee (IDMC)
recommendation, since an inferior efficacy of asundexian versus the control group was evident.
OCEANIC-STROKE, still in the recruiting stage, aims to assess the safety and efficacy of
asundexian, on top of antiplatelet therapy, for ischemic stroke prevention in patients after a TIA
or acute non-cardioembolic ischemic stroke, whereas OCEANIC-AFINA, not yet initiated,
aims to focus on AF patients at increased risk for stroke or embolism, unsuitable for oral
anticoagulant treatment; however, in the light of OCEANIC-AF preliminary results,
OCEANIC-AFINA trial is under re-evaluation. [33]

Milvexian

Milvexian is another small molecule which can be administered pes os and acts via
directly inhibiting activated factor XI. It was evaluated, initially, in AXIOMATIC-TKR study,
which focused on patients undergoing TKA. In this phase 2, active-comparator trial, more than
1,200 TKA patients were randomized to receive milvexian post-operatively (25 mg, 50 mg,
100 mg or 200 mg twice a day or 25 mg, 50 mg, or 200 mg once a day) or enoxaparin 40 mg
once a day for 10 to 14 days after surgery. Primary efficacy endpoint included asypmptomatic
or symptomatic VTE and death from any cause, whereas, main safety endpoint concerned all
bleeding events (major, CRNM and minor bleedings). Patients’ baseline characteristics were
similar in the different treatment groups and follow-up period extended over 30 days for all
patients. As for efficacy, asundexian exhibited a notable dose-response relationship, with 21%,
11%, 9% and 8% of patients under 25 mg, 50 mg, 100 mg and 200 mg milvexian, respectively,
having a thromboembolic event (P < 0.001). The rate of VTE with milvexian administered
twice-a-day (12%) was significantly reduced compared to the prespecified benchmark of 30%,

with one-sided P-value < 0.001. Bleeding events were observed in 4% of patients receiving
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milvexian and 4% of patients receiving enoxaparin. Most bleeding events concerned minor
bleedings and involved the surgical site, while clinically significant bleeding events were
observed in 1% and 2%, respectively. No major bleeding events were recorded in the milvexian
group. As long as AE are concerned, they were reported in 39% of patients under milvexian
and 38% of patients under enoxaparin, with serious events being noted in 2% and 4%,
respectively. [34]

Milvexian was also tested in patients who had suffered an ischemic cerebrovascular
accident or a TIA, in AXIOMATIC-SSP study, a phase 2, randomized, double-blind, placebo-
controlled trial, which enrolled 2,366 participants. Patients were randomized to milvexian (25
mg once-a-day, 25 mg, 50 mg, 100 mg, or 200 mg twice-a-day) or placebo for 90 days, on the
background of antiplatelet therapy (DAPT with aspirin and clopidogrel for the first 3 weeks
and only aspirin for the remaining period). Primary efficacy outcome consisted of ischemic
stroke or, MRI-detected, incident covert brain infarct, at 90 days; similarly to PACIFIC-
STROKE trial, though with a shorter time-frame of patient evaluation. Main safety outcome
included major bleeding events at 90 days. Participants had a median age of 71 years, with 35%
aged >75 years, and the majority (64%) were male. Milvexian did not seem to reduce
symptomatic ischemic strokes or covert infarcts, on top of DAPT, and no significant dose-
response relationship was noted among the dosage schemes of milvexian with estimated
percentages reaching 16.8% (90.2% CI = 14.5 — 19.1) for placebo group, 16.7% (90.2% CI =
14.8 — 18.6) for 25 mg milvexian once-a-day, 16.6% (90.2% CI = 14.8 — 18.3) for milvexian
25 mg twice-a-day, 15.6% (90.2% CI = 13.9 — 17.5) for milvexian 50 mg twice-a-day, 15.4%
(90.2% CI = 13.4 — 17.6) for milvexian 100 mg twice-a-day and 15.3% (90.2% CI — 12.8 —
19.7) for milvexian 200 mg twice-a-day. Of interest, in a prespecified secondary analysis,
milvexian resulted in a lower rate of symptomatic ischemic stroke compared to placebo at all
doses except the high dose of 200 mg twice-a-day. Regarding safety, modified BARC type 3
or 5 bleedings were observed in 1%, 1%, 1%, 2%, 2% and 1% of patients taking placebo,
milvexian 25 mg once-a-day, 25 mg twice-a-day, 50 mg twice-a-day, 100 mg twice-a-day and
200 mg twice-a-day, respectively; no significant dose-response was noted. No fatal bleeding
events were reported, however milvexian doses of 250 mg twice-a-day were associated with a
numerically higher rate of BARC type 3 bleedings, mainly in gastrointestinal system. Lastly,
concerning AE, rates were similar between milvexian groups and placebo; however, patients
in milvexian 200 mg twice-a-day arm reported more AE in the renal and urinary system organ

class (14% versus 4% for placebo and 3% for milvexian 25 mg, 50 mg and 100 mg). [35]
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3.2.3 Antisense Oligonucleotides (ASOs)

Antisense Oligonucleotides (ASOs) are short sequences of nucleotides that bind to
specific domains of mRNA, regulating the expression of specific genes. Thus, anti-factor XI
ASOs target factor XI mRNA in the liver, leading to its catalytic degradation and resulting in
inhibition of factor XI synthesis in the liver. [36] Advantages of ASOs include high target
specificity, predictable pharmacokinetic, high compliance without frequent doses and minimal
food or drug interactions. However, their development is hindered by the complex drug design
process, in order to increase stability and activity of ASOs, as well as, their slow onset and
offset of action. They are administered subcutaneously and need up to a month in order to
reduce levels of factor X; their increased half-life period permits a once-a-month dosing. [16]

IONIS-FXIr/FXI-ASO, was the first ASO investigated in an open-label, phase 2
clinical trial. In FXI-ASO TKA trial, a total of 300 patients undergoing TKA were randomized
to receive FXI-ASO (one of two doses; 200 or 300 mg) or enoxaparin 40 mg once-a-day. As
per the primary efficacy outcome, incidence of VTE, results showed that FXI-ASO at the dose
of 200 mg was non-inferior (27% vs 30%, P = 0.57) while 300 mg FXI-ASO was superior to
enoxaparin (4% vs 30%, P < 0.001). Apart from reduction in VTE rates, interestingly, FXI-
ASO was, additionaly, associated with a numerically lower incidence of major or CRNM
bleedings (3% with FXI-ASO vs 8% with enoxaparin, P=0.09 for 200 mg and 0.16 for 300mg).
[37] IONIS-FXIrx was also tested, in a phase 2 clinical trial of 49 ESRD patients on
hemodialysis. In the first stage of the trial, 6 patients received IONIS-FXIrx, prior and
following hemodialysis, while in the next stage, 43 patients were randomized to receive the
experimental drug (at doses of 200 mg or 300 mg) or placebo for 3 months. The study was not
powered to assess efficacy or safety, but focused on pharmacokinetic and pharmacodynamic
drug properties as well as drug AE. Administration of IONIS-FXIrx, was associated with
reduction of factor XI activity (56.0% and 70.7% in 200 mg and 300 mg group, respectively,
vs 3.9% in the placebo arm) while no treatment-related serious AE were noted. Although minor
bleeding rates were numerically higher in the experimental drug group, major bleeding events
were observed in none of the patients receiving 200 mg (0.0%), 1 patient receiving 300 mg
(6.7%), and 1 patient under placebo treatment (7.7%). [38]

Another study evaluating IONIS-FXIrx in patients with ESRD (NCT03358030) has

been completed, but results’ announcement awaits. [38]
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Additionaly, fesomersen (formerly known as IONIS-FXI-Lrx), the ligand-conjugated
version of IONIS-FXIgry was investigated in RE-THINC ESRD study, a randomized, placebo-
controlled phase 2b trial, including 307 ESRD patients. While final data are yet to be published,
Ionis, recently, announced positive topline results; fesomersen met its primary endpoint of no
increase in major and CRNM bleeding, as compared to placebo, while its administration on a
monthly basis (at dosage schemes of 40 mg, 80 mg and 120 mg and up to nearly a year of drug
administration) was proven safe and well-tolerated by participants. Furthermore, fesomersen

was shown to significantly reduce factor XI activity levels. [39]

3.2.4 Aptamers

Aptamers are short sequences of single-stranded nucleic acids with high specifity and
low immunogenicity, acting as potent antagonist of their target protein. They have a fast onset
of action and are administered parenterally. [40] Aptamers targeting factor XI, are still under
early stages of development, with no clinical studies to human reported yet. [41, 42] In
preclinical research, FELIAP, a DNA aptamer targeting factor Xla, achieved a competitive
inhibition of factor Xla-mediated FIX activation, inhibiting plasma clotting and generation of
thrombin; however, with low potency. Additionaly, aptamers 12.17 and 11.6, were shown to
non-competetively inhibit factor Xla activity, while aptamer 12.7 led to significant
prolongation of aPTT clotting time in human plasma.[41]

Although they have low cost of production and allow the development of universal as well
as specific antidotes, [43], it seems that their potential is outmached by that of more direct
inhibitors, such as small molecules and antibodies; therefore, research interest has

declined.[44]

3.2.5 Other inhibitors under development

Apart from the aforementioned factor XI inhibitors, there are numerous compounds at
early stages of development. BAY-1831865 is a humanized monoclonal antibody that inhibits

binding and, thus, activation of FIX as well as factor XIla-mediated activation of factor XI via
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a mechanism of steric hindrance. It was shown to be well-tolerated in healthy individuals and
led to a significant dose-dependent aPTT prolongation. [45] ONO-7648 is a small molecule,
administered per os, which inhibits activated factor XI. It was well tolerated in a first-in-human,
multiple dose study in healthy individuals with a low rate of treatment-emergent AE. It was
shown to increase aPTT, with a mean maximum inhibition of 92% versus baseline. [46] Two
additional small molecules, SHR-2285 and BMS-962212 are also under evaluation with results
from early phase 1 studies showing favorable safety, pharmacokinetic and pharmacodynamic
properties. [47, 48] EP-7041, another direct inhibitor of activated factor XI, is currently under
evaluation as antithrombotic therapy during extracorporeal membrane oxygenation (ECMO).
[49] Lastly, several natural peptides, like Fasxiator, acaNAP10, Desmolaris and Boophilin,
derived from snakes, nematodes, bats and ticks, respectively, are under clinical development.

[50-53]

3.3 Meta-analyses of clinical trials

In the systematic review and meta-analysis, by Presume et al., factor XI inhibitors were
associated with a reduction in VTE rates as well as bleeding events, compared to LMWH
(enoxaparin), in patients undergoing TKA. In detail, their review included 4 RCTs, with a total
of 2,269 patients. Efficacy outcome included (asymptomatic and symptomatic) VTE, whereas
safety included clinically relevant bleedings, AE and blood transfusion necessities. Compared
with enoxaparin, factor XI inhibitors, namely, IONIS-FXIRx/FXI-ASO, abelacimab, osocimab
and milvexian, were associated with a lower rate of VTE (14.5% versus 23.6%; OR = 0.50;
95% CI = 0.36 — 0.69, P < 0.001); however, symptomatic VTE rates were not significantly
different in subgroup analysis (0.7% versus 0.8%; OR =0.78; 95% CI=0.24-2.57, P=0.680).
Concerning safety, factor XI inhibitors were shown to reduce major or CRNM bleedings by
almost 60%, compared to enoxaparin (OR = 0.41; 95% CI = 0.22 — 0.75, P = 0.003). Of note,
no statistically significant differences were identified in blood transfusion necessities or rate of
AE. [54] Acknowledged limitations of the aforementioned review include the limited number
of included trials and their open-label design, the low incidence of clinically relevant, and
mostly major, bleedings as well as the inclusion and evaluation of different factor XI inhibitors,
with various ways of action, administration routes and dosages.

Similarly, an exploratory meta-analysis of phase 2 studies was published by Nopp et

al., focusing on patients undergoing TKA. Compared with enoxaparin, factor XI inhibitors,
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were shown to have a 41% reduced risk of VTE (Risk Ratio = 0.59; 95% CI=0.37-0.94, P
= 0.038], whereas, bleeding risk was also reduced, with 59% reduction in clinically relevant
bleeding events (Risk Ratio = 0.41; 95% CI = 0.19 — 0.92, P = 0.039). However, the
aforementioned studies on TKA patients have some limitations; patients at high bleeding risk
were excluded and recorded thrombotic events were mostly asymptomatic DVT, an entity with
less clinical significance than other thrombotic complications. [55]

In light of the aforementioned results, Galli et al. recently published a systematic review
and meta-analysis of early clinical trials of factor XI inhibitors, including 8 phase 2 RCTs, with
9,216 patients. Mean follow-up period extended over 142 (range 42 — 368) days, whereas the
molecules tested in the included trials were IONIS-FXIRx/FXI-ASO, abelacimab, osocimab,
milvexian and asundexian; compared either with placebo or other anticoagulants (such as
enoxaparin or DOACs). When compared with LMWH, factor XI inhibitors achieved a 51%
reduction of total bleedings (RR = 0.49; 95% CI = 0.31 — 0.77); however, there was not a
statistically significant reduction in major bleeding events (RR = 0.96; 95% CI =0.41 —2.28).
On the other hand, as long as efficacy is concerned, factor XI inhibitors achieved a 38%
reduction in efficacy endpoints, compared with LMWH (RR = 0.62; 95% CI = 0.49 — 0.79),
with high doses showing superior efficacy versus lower doses (P for interaction < 0.001). A
trend toward lower bleeding risk was evident with factor XI inhibitors, in comparison with
DOACs, without, however, reaching statistical significance (RR =0.66,; 95% CI=0.31 — 1.38).
There were also no significant differences in major bleeding events (RR = 1.03; 95% CI = 0.22
—4.78) as well as in trial-defined efficacy outcomes (RR =1.23;95% CI=0.88 —1.70). Lastly,
compared with placebo, in patients under background antiplatelet therapy, factor XI inhibitors
were shown to increase total bleedings by 25% (RR = 1.25; 95% CI = 1.08 — 1.43), though they
did not significantly increase major bleedings (RR = 1.21; 95% CI = 0.75 — 1.93). Concerning
efficacy, there was not a statistical significant difference between placebo and factor XI
inhibitors (RR = 1.02; 95% CI = 0.92 — 1.13). In summary, factor XI inhibitors were shown to
be safer and more effective than LMWH, whereas their superiority against DOAC:s is still under
question. On the other hand, when added on top of antiplatelet therapy, factor XI inhibitors

seem to increase bleeding events without being more effective than placebo. [56]
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4. CONCLUSION

Factor XI inhibition seems a promising strategy for patients in need for anticoagulant
therapy, and especially those with high bleeding tendency or prior bleeding history, since they
have been proven safer than LMWH as regards to total bleeding risk. However, the efficacy of
factor XI inhibitors, in comparison with “traditional” anticoagulant drugs, is still under
evaluation. Randomized, phase 2 trials’ results showed superiority against enoxaparin in
regards to post-surgery thromboprophylaxis but did not manage to prove superiority against
DOAC:S or placebo when added on top of antiplatelet treatment in AF, MI or stroke patients; of
note, phase 2 trials were designed and powered to evaluate mostly safety and not efficacy of
factor XI inhibitors. Potential indications for factor XI inhibitors cover a wide spectrum of
clinical scenarios. In detail, long-acting agents, such as ASOs or antibodies, could be used for
primary or secondary thromboprophylaxis in patients after orthopedic surgeries or patients in
prothrombotic situations, such as oncologic patients. Agents with no renal clearance could be
used for ESRD patients, while AF patients at high bleeding risk, usually unsuitable for DOAC:s,
could be benefited from a factor XI-directed treatment strategy. Additionaly, patients with
artificial surfaces in contact with their blood, such as patients with medical devices or
extracorporeal circuits, may be another patient population in which factor XI inhibitors could
be used; specifically, for the prevention or treatment of “Artificial Contact Surfaces Associated
Thrombosis” (ASCAT). [57] Lastly, factor XI inhibitors could play a significant therapeutic
role in clinical cases where DOACSs are not efficacious or have not been evaluated, such as
patients with rheumatic valve disease, mechanical valves, or antiphopsholipid syndrome. [19]
Therefore, there is a need for more, multicenter, large-scale, phase 3 trials, in order to establish
the safety and efficacy of factor XI inhibitors, probably focusing on specific patient sub-

populations, with complicated comorbidities or high bleeding tendencies.

28



5. REFERENCES

1. Wendelboe, A.M. and G.E. Raskob, Global Burden of Thrombosis. Circulation
Research, 2016. 118(9): p. 1340-1347.

2. Bjorck, S., et al., Atrial fibrillation, stroke risk, and warfarin therapy revisited: a
population-based study. Stroke, 2013. 44(11): p. 3103-8.

3. Campello, E., et al., Clinical Pharmacology of Factor XI Inhibitors: New Therapeutic
Approaches for Prevention of Venous and Arterial Thrombotic Disorders. J Clin Med,
2022. 11(21).

4. Poenou, G., et al., Factor XI Inhibition for the Prevention of Venous

Thromboembolism: An Update on Current Evidence and Future perspectives. Vasc

Health Risk Manag, 2022. 18: p. 359-373.
5. Ruff, C.T., et al., Comparison of the efficacy and safety of new oral anticoagulants
with warfarin in patients with atrial fibrillation: a meta-analysis of randomised trials.

Lancet, 2014. 383(9921): p. 955-62.

6. Pengo, V., et al., Rivaroxaban vs warfarin in high-risk patients with antiphospholipid
syndrome. Blood, 2018. 132(13): p. 1365-1371.

7. Eikelboom, J.W., et al., Dabigatran versus warfarin in patients with mechanical heart

valves. N Engl ] Med, 2013. 369(13): p. 1206-14.

8. Speed, V., et al., Venous thromboembolism and women's health. Br J Haematol, 2018.
183(3): p. 346-363.

0. Al-Samkari, H. and J.M. Connors, The Role of Direct Oral Anticoagulants in
Treatment of Cancer-Associated Thrombosis. Cancers (Basel), 2018. 10(8).

29



10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Mavrakanas, T.A., et al., Apixaban Pharmacokinetics at Steady State in Hemodialysis
Patients. ] Am Soc Nephrol, 2017. 28(7): p. 2241-2248.

Zeibi Shirejini, S., et al., Current and future strategies to monitor and manage

coagulation in ECMO patients. Thromb J, 2023. 21(1): p. 11.

Puy, C., R.A. Rigg, and O.J. McCarty, The hemostatic role of factor XI. Thromb Res,
2016. 141 Suppl 2(Suppl 2): p. S8-s11.

Preis, M., et al., Factor XI deficiency is associated with lower risk for cardiovascular

and venous thromboembolism events. Blood, 2017. 129(9): p. 1210-1215.

Meijers, J.C., et al., High levels of coagulation factor XI as a risk factor for venous

thrombosis. N Engl ] Med, 2000. 342(10): p. 696-701.

Wang, X., et al., Effects of factor XI deficiency on ferric chloride-induced vena cava
thrombosis in mice. J Thromb Haemost, 2006. 4(9): p. 1982-8.

Li, T., J. Liu, and W. Wu, Factor XI, a potential target for anticoagulation therapy for

venous thromboembolism. Frontiers in Cardiovascular Medicine, 2022. 9.

Badimon, J.J., G. Escolar, and M.U. Zafar, Factor XI/Xla Inhibition: The Arsenal in
Development for a New Therapeutic Target in Cardio- and Cerebrovascular Disease.

J Cardiovasc Dev Dis, 2022. 9(12).
Poenou, G., et al., Factor XI Inhibition for the Prevention of Venous
Thromboembolism: An Update on Current Evidence and Future perspectives.

Vascular Health and Risk Management, 2022. Volume 18: p. 359-373.

Vedovati, M.C., C. Becattini, and G. Agnelli, 4 new strategy for anticoagulation: The
factor XI inhibitors. European Journal of Internal Medicine, 2023. 116: p. 8-15.

30



20.

21.

22.

23.

24.

25.

26.

27.

Yi, B.A., et al., Pharmacokinetics and pharmacodynamics of Abelacimab (MAA868),
a novel dual inhibitor of Factor XI and Factor Xla. ] Thromb Haemost, 2022. 20(2):
p. 307-315.

Verhamme, P., et al., Abelacimab for Prevention of Venous Thromboembolism. N Engl

J Med, 2021. 385(7): p. 609-617.

American Heart Association. New anti-clotting medication reduces bleeding among
people with atrial fibrillation. 2023 18 April 2024]; Available from:

https://newsroom.heart.org/news/new-anti-clotting-medication-reduces-bleeding-

among-people-with-atrial-fibrillation.

Thrombolysis in Myocardial Infarction (TIMI) Study Group. AZALEA-TIMI 71. 2023
18 April 2024]; Available from: https://timi.org/wp-
content/uploads/2023/11/Christian-Ruff-AZALEA-TIMI-71-A-Multicenter-
RandomiZed-Active-ControLled-Study-to-Evaluate-the-Safety-and-Tolerability-of-

Two-Blinded-Doses-of-Abelacimab-Compared-with-Open-Labe.pdf. .

Badreldin, H.A., et al., Abelacimab: A leap forward in anticoagulation with FXI and
FXla Inhibition. Curr Res Pharmacol Drug Discov, 2024. 6: p. 100179.

Weitz, 1.1, et al., Anticoagulation with osocimab in patients with kidney failure
undergoing hemodialysis: a randomized phase 2 trial. Nature Medicine, 2024. 30(2):
p. 435-442.

Weitz, J.1., et al., Effect of Osocimab in Preventing Venous Thromboembolism Among
Patients Undergoing Knee Arthroplasty: The FOXTROT Randomized Clinical Trial.
JAMA, 2020. 323(2): p. 130-139.

Lorentz, C.U., et al., Safety and Efficacy of the Contact Activation Inhibitor AB023 in
Patients with End-Stage Renal Disease on Chronic Hemodialysis: A Phase 2, Double-
Blind, Randomized, Placebo-Controlled Trial. Blood, 2020. 136(Supplement 1): p.
23-24.

31


https://newsroom.heart.org/news/new-anti-clotting-medication-reduces-bleeding-among-people-with-atrial-fibrillation
https://newsroom.heart.org/news/new-anti-clotting-medication-reduces-bleeding-among-people-with-atrial-fibrillation
https://timi.org/wp-content/uploads/2023/11/Christian-Ruff-AZALEA-TIMI-71-A-Multicenter-RandomiZed-Active-ControLled-Study-to-Evaluate-the-Safety-and-Tolerability-of-Two-Blinded-Doses-of-Abelacimab-Compared-with-Open-Labe.pdf
https://timi.org/wp-content/uploads/2023/11/Christian-Ruff-AZALEA-TIMI-71-A-Multicenter-RandomiZed-Active-ControLled-Study-to-Evaluate-the-Safety-and-Tolerability-of-Two-Blinded-Doses-of-Abelacimab-Compared-with-Open-Labe.pdf
https://timi.org/wp-content/uploads/2023/11/Christian-Ruff-AZALEA-TIMI-71-A-Multicenter-RandomiZed-Active-ControLled-Study-to-Evaluate-the-Safety-and-Tolerability-of-Two-Blinded-Doses-of-Abelacimab-Compared-with-Open-Labe.pdf
https://timi.org/wp-content/uploads/2023/11/Christian-Ruff-AZALEA-TIMI-71-A-Multicenter-RandomiZed-Active-ControLled-Study-to-Evaluate-the-Safety-and-Tolerability-of-Two-Blinded-Doses-of-Abelacimab-Compared-with-Open-Labe.pdf

28.

29.

30.

31.

32.

33.

34.

35.

Pfeffer, M.A., et al., Factor XI Inhibition for the Prevention of Catheter-Associated
Thrombosis in Patients With Cancer Undergoing Central Line Placement: A Phase 2
Clinical Trial. Arterioscler Thromb Vasc Biol, 2024. 44(1): p. 290-299.

Rao, S.V., et al., A Multicenter, Phase 2, Randomized, Placebo-Controlled, Double-
Blind, Parallel-Group, Dose-Finding Trial of the Oral Factor Xla Inhibitor
Asundexian to Prevent Adverse Cardiovascular Outcomes After Acute Myocardial

Infarction. Circulation, 2022. 146(16): p. 1196-1206.

Shoamanesh, A., et al., Factor Xla inhibition with asundexian after acute non-
cardioembolic ischaemic stroke (PACIFIC-Stroke): an international, randomised,
double-blind, placebo-controlled, phase 2b trial. Lancet, 2022. 400(10357): p. 997-
1007.

Piccini, J.P., et al., Safety of the oral factor Xla inhibitor asundexian compared with
apixaban in patients with atrial fibrillation (PACIFIC-AF): a multicentre,
randomised, double-blind, double-dummy, dose-finding phase 2 study. Lancet, 2022.
399(10333): p. 1383-1390.

Eikelboom, J.W., et al., Bleeding Outcomes in Patients Treated With Asundexian in
Phase II Trials. ] Am Coll Cardiol, 2024. 83(6): p. 669-678.

Hughes, S. Asundexian Phase 3 AF Study Halted for Lack of Efficacy. 2023 [cited
2024 26 April]; Available from: https://www.medscape.com/viewarticle/998665.

Weitz, 1.1, et al., Milvexian for the Prevention of Venous Thromboembolism. N Engl J
Med, 2021. 385(23): p. 2161-2172.

Sharma, M., et al., Safety and efficacy of factor Xla inhibition with milvexian for
secondary stroke prevention (AXIOMATIC-SSP): a phase 2, international,
randomised, double-blind, placebo-controlled, dose-finding trial. The Lancet
Neurology, 2024. 23(1): p. 46-59.

32


https://www.medscape.com/viewarticle/998665

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Lippi, G., et al., Next generation antithrombotic therapy: focus on antisense therapy

against coagulation factor XI. Semin Thromb Hemost, 2015. 41(2): p. 255-62.

Buller, H.R., et al., Factor XI antisense oligonucleotide for prevention of venous

thrombosis. N Engl J Med, 2015. 372(3): p. 232-40.

Walsh, M., et al., Phase 2 Study of the Factor XI Antisense Inhibitor IONIS-FXI(Rx)
in Patients With ESRD. Kidney Int Rep, 2022. 7(2): p. 200-209.

Ionis Pharmaceuticals, 1., lonis announces positive topline results from Phase 2b
clinical study of fesomersen, a potential novel anti-thrombotic treatment. 2022, lonis

Pharmaceuticals, Inc.: https://www.prnewswire.com/news-releases/ionis-announces-

positive-topline-results-from-phase-2b-clinical-study-of-fesomersen-a-potential-

novel-anti-thrombotic-treatment-301594902.html.

Wu, Y.X. and Y.J. Kwon, Aptamers: The "evolution" of SELEX. Methods, 2016. 106:
p. 21-8.

Woodruff, R.S., et al., Generation and characterization of aptamers targeting factor

Xla. Thrombosis Research, 2017. 156: p. 134-141.

Donkor, D.A., et al., Selection and characterization of a DNA aptamer inhibiting
coagulation factor Xla. Scientific Reports, 2017. 7(1): p. 2102.

Rusconi, C.P,, et al., Antidote-mediated control of an anticoagulant aptamer in vivo.

Nature Biotechnology, 2004. 22(11): p. 1423-1428.

Liu, M., K. Zaman, and Y.M. Fortenberry, Overview of the Therapeutic Potential of
Aptamers Targeting Coagulation Factors. Int J Mol Sci, 2021. 22(8).

Nowotny, B., et al., First randomized evaluation of safety, pharmacodynamics, and

pharmacokinetics of BAY 18318635, an antibody targeting coagulation factor XI and
factor Xla, in healthy men. Journal of Thrombosis and Haemostasis, 2022. 20(7): p.

1684-1695.

33


https://www.prnewswire.com/news-releases/ionis-announces-positive-topline-results-from-phase-2b-clinical-study-of-fesomersen-a-potential-novel-anti-thrombotic-treatment-301594902.html
https://www.prnewswire.com/news-releases/ionis-announces-positive-topline-results-from-phase-2b-clinical-study-of-fesomersen-a-potential-novel-anti-thrombotic-treatment-301594902.html
https://www.prnewswire.com/news-releases/ionis-announces-positive-topline-results-from-phase-2b-clinical-study-of-fesomersen-a-potential-novel-anti-thrombotic-treatment-301594902.html

46.

47.

48.

49.

50.

51.

52.

53.

Beale, D., et al., ONO-7684 a novel oral FXla inhibitor: Safety, tolerability,
pharmacokinetics and pharmacodynamics in a first-in-human study. British Journal of

Clinical Pharmacology, 2021. 87(8): p. 3177-3189.

Chen, R., et al., First-In-Human Study to Assess the Safety, Pharmacokinetics, and
Pharmacodynamics of SHR2285, a Small-Molecule Factor Xla Inhibitor in Healthy
Subjects. Frontiers in Pharmacology, 2022. 13.

Perera, V., et al., First-in-human study to assess the safety, pharmacokinetics and
pharmacodynamics of BMS-962212, a direct, reversible, small molecule factor Xla
inhibitor in non-Japanese and Japanese healthy subjects. British Journal of Clinical

Pharmacology, 2018. 84(5): p. 876-887.

Pollack, C.V.J., M.A. Kurz, and N.J. Hayward, EP-7041, a Factor Xla Inhibitor as a
Potential Antithrombotic Strategy in Extracorporeal Membrane Oxygenation: A Brief
Report. Critical Care Explorations, 2020. 2(9): p. €0196.

Chng, W.S., et al., 4 Factor Xla Inhibitor Engineered from Banded Krait Venom
Toxin: Efficacy and Safety in Rodent Models of Arterial and Venous Thrombosis.
Biomedicines, 2022. 10(7): p. 1679.

Li, D., et al., Identification of an anticoagulant peptide that inhibits both fXla and
fVIla/tissue factor from the blood-feeding nematode Ancylostoma caninum.

Biochemical and Biophysical Research Communications, 2010. 392(2): p. 155-159.

Ma, D., et al., Desmolaris, a novel factor Xla anticoagulant from the salivary gland of
the vampire bat (Desmodus rotundus) inhibits inflammation and thrombosis in vivo.

Blood, 2013. 122(25): p. 4094-4106.

Assumpcao, T.C., et al., In Vitro Mode of Action and Anti-thrombotic Activity of
Boophilin, a Multifunctional Kunitz Protease Inhibitor from the Midgut of a Tick

Vector of Babesiosis, Rhipicephalus microplus. PLOS Neglected Tropical Diseases,
2016. 10(1): p. e0004298.

34



54.

55.

56.

57.

Presume, J., et al., Achieving higher efficacy without compromising safety with factor
XI inhibitors versus low molecular weight heparin for the prevention of venous
thromboembolism in major orthopedic surgery-Systematic review and meta-analysis.

J Thromb Haemost, 2022. 20(12): p. 2930-2938.
Nopp, S., D. Kraemmer, and C. Ay, Factor XI Inhibitors for Prevention and Treatment
of Venous Thromboembolism: A Review on the Rationale and Update on Current

Evidence. Front Cardiovasc Med, 2022. 9: p. 903029.

Galli, M., et al., Factor XI Inhibitors in Early Clinical Trials: A Meta-analysis.
Thromb Haemost, 2023. 123(6): p. 576-584.

Fredenburgh, J.C., P.L. Gross, and J.I. Weitz, Emerging anticoagulant strategies.
Blood, 2017. 129(2): p. 147-154.

35



TABLES & FIGURES

Table 1. Pharmacologic features of Factor XI inhibitors

Type of Inhibitor | Antibodies Small molecules ASOs Aptamers
Inhibition of
Inhibition of FXI Inhibition of
FXI Inhibition of
active site or heparin hepatic
Way of action activation FXI/FXIa
allosteric site on synthesis of
and/or FXIa activity
FXla FXI
activity
Route of Parenteral Parenteral (IV) or Parenteral Parenteral
administration (IV or SC) per os (SC) (IV or SC)
Onset of action Rapid (IV) Rapid Slow Rapid
Offset of action Slow Rapid Slow Rapid
Renal clearance No Yes No No
Hepatic
No Yes No No
metabolism
Half-life Long Short Long Short

ASOs indicate antisense-oligonucleotides; FXI, Factor XI; FXIa, activated factor XI; IV,

intravenous; SC, subcutancous
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Table 2. Ongoing phase 3 clinical trials with factor XI inhibitors

Study
Drug Study name Endpoints | Comparator N
Population
-Ischemic
stroke or
AF patients, systemic
LILAC-TIMI 76 unsuitable for | embolism
Placebo 1900
(NCT05712200) oral
anticoagulation | -BARC
type 3c or
5 bleeding
-VTE
recurrence
Abelacimab
-ISTH
major or
ASTER Cancer
CRNM Apixaban 1655
(NCT05171049) patients
bleeding
-Net
clinical
benefit
MAGNOLIA GI/GU cancer -VTE
Dalteparin 1020
(NCTO05171075) patients recurrence
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-Major or

CRNM
bleeding
-Net
clinical
benefit
Non- -Ischemic
cardioembolic stroke
OCEANIC-
ischemic
Asundexian STROKE Placebo 9300
stroke or high- -ISTH
(NCT05686070)
risk TIA major
patients bleeding
-stroke
and non-
LIBREXIA-AF
AF patients CNS Apixaban 15500
(NCT05757869)
systemic
embolism
Milvexian Non-
cardioembolic
LIBREXIA-
ischemic -Ischemic
STROKE Placebo 15000
stroke or high- stroke
(NCT05702034)
risk TIA
patients
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LIBREXIA-ACS
ACS patients -MACE Placebo 16000
(NCT0754957)

ACS indicates acute coronary syndrome; AF, atrial fibrillation; ASTER, A Multicenter,
Randomized, Open-label, Blinded Endpoint Evaluation, Phase 3 Study Comparing the Effect
of Abelacimab Relative to Apixaban on Venous Thromboembolism (VTE) Recurrence and
Bleeding in Patients With Cancer Associated VTE; CRNM, clinically relevant non major;
BARC, Bleeding Academic Research Consortium; CNS, central nervous system; GI,
gastrointestinal; GU, genitourinary; ISTH, International Society on Thrombosis and
Haemostasis; LIBREXIA-ACS, A Phase 3, Randomized, Double-blind, Placebo-controlled,
Event-driven Study to Demonstrate the Efficacy and Safety of Milvexian, an Oral Factor XIa
Inhibitor, After a Recent Acute Coronary Syndrome LIBREXIA-AF, 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-STROKE, A Phase 3, Randomized, Double-Blind,
Parallel-Group, Placebo-Controlled Study to Demonstrate the Efficacy and Safety of
Milvexian, an Oral Factor XIa Inhibitor, for Stroke Prevention After an Acute Ischemic Stroke
or High-Risk Transient Ischemic Attack; LILAC-TIMI 76, A Phase 3, Multicenter,
Randomized, Double-blind, Placebo-controlled, Parallel-group Study to evalLuate the efflcacy
and Safety of abeLacimab in High-risk Patients With Atrial Fibrillation Who Have Been
Deemed Unsuitable for Oral antiCoagulation; MACE, Major Adverse Cardiovascular Event;
MAGNOLIA, A Multicenter, Randomized, Open-label, Blinded Endpoint Evaluation, Phase 3
Study Comparing the Effect of Abelacimab vs. Dalteparin on Venous Thromboembolism
(VTE) Recurrence and Bleeding in Patients With GI/GU Associated VTE; OCEANIC-

STROKE, A Multicenter, International, Randomized, Placebo Controlled, Double-blind,
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Parallel Group and Event Driven Phase 3 Study of the Oral FXIa Inhibitor Asundexian (BAY
2433334) for the Prevention of Ischemic Stroke in Male and Female Participants Aged 18 Years
and Older After an Acute Non-cardioembolic Ischemic Stroke or High-risk TIA; TIA, transient

ischemic attack; VTE, venous thromboembolism
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Figure 1. Simplified diagram of coagulation cascade
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Figure 2. Sites of action of different factor XI/XIa inhibitors
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Figure 3. Potential indications for factor XI/XIa inhibitors, currently under evaluation
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