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ABSTRACT

Introduction: Anticoagulants have been discovered and developed over past 100 years. At
the beginning unfractionated heparin found its applications, just later to fade into the
background of newer and more effective drugs. Patients have been treated with more and
more progressive medications — Low-Molecule-Weight Heparin (LMWH), Vitamin K
Antagonists (VKA) and Novel Oral Anticoagulants (NOAC). All of them have many
indications but most importantly they are used in prophylaxis and treatment of venous
thromboembolism (VTE). Scientists and physicians have been working for years to come up
with the perfect drug that has fewer contraindications, side effects and doesn’t need
continuous anticoagulant monitoring. As for today, deemed a turning point in anticoagulant
therapy are inhibitors of factor XI. It is a ground-breaking innovation as it ensures high
prevention of thrombotic episodes and guarantees intact physiological hemostasis.

Current State of Knowledge: The coagulation cascade and molecules part taking in that
have been discovered and described extensively and in detail. Historically, the demand for
anticoagulants was always a burning subject. A huge progress has been made in the last one
hundred years. Treatment which clinicians are using currently is a combination of drugs used
in the past and the novel forms. Unfractionated heparin is the oldest out of all and despite its
simple action mechanism and adverse effects, is still a requested drug. Its lighter form, low-
molecule-weight-heparin (LMWH) is an enhancement to the previous treatment due to its

higher bioavailability and fewer side effects. Vitamin K antagonists (VKAs) are widely
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spread in medical environment thanks to their expanded mechanism of action, oral
administration and reversibility of their overdose, as well as their well-developed anti-side
effect therapy. Novel Oral Anticoagulants (NOACs) have been introduced to the market about
10 years ago. In spite of NOACs short period of clinical use, they were a huge change to the
previous treating methods. No need of constant checking the coagulation times was a great
convenience to both patients and doctors. Currently, the newest innovation in anticoagulant
therapy are inhibitors of factor XI. Even though it still undergoes clinical trials, the outcome is
promising for the future.

Summary: The present article discusses history of anticoagulant drugs, their mechanism of
action and usage but also focuses on the recent perspectives and developments as new
anticoagulant drugs are being put to the test in therapeutic trials. The review underlines the
importance and a big demand for improvements in old therapeutic methods and exploring the

new, more suitable ones.

Key words: anticoagulant drugs, factor XI inhibitors, coagulation

1. INTRODUCTION

Blood running under pressure in the vessels of circulatory system is a liquid consisting of
cells and set of proteins dissolved in plasma. If a vascular failure befalls and blood starts
emerging outside of the vasculature, the soluble proteins are triggered and activate in a
downstream of coagulation, creating a thrombus (1).

Anticoagulants are drugs that prevent blood from clotting. They are mainly used is in venous
thromboembolism (VTE), where they prevent vascular occlusion and its clinical
manifestations (2). Thrombosis is one of the main causes of death around the world, and the
most common cause in non-contagious diseases (2). Almost 10 million people suffer from
VTE each year caused by surgeries, cancer and other risk factors but majority of
thromboembolisms is unprompted (3) . Other leading VTE vectors are fractures,
immobilization, chronic conditions as hypertension, diabetes and kidney disease, and those
should be treated with preventative methods first (4). That’s why discovery and development
of anticoagulant drugs stays as a priority. Anticoagulants are not only used to treat thrombosis

simultaneously to present events but also in long-term therapy (5). There are three steps in
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VTE treatment: initial management, primary treatment and secondary prevention (6). Initial
stabilization aims to annihilate quickly any blood clot from forming by usage of anticoagulant
drugs, e.g. unfractionated heparin. Primary treatment lasts from 3 to 6 months past VTE as
there is a high risk of recurrence. Final step is the secondary prevention where direct oral
anticoagulants (DOACs) find their application (7). Depending on disease being provoked or
unprovoked patients are handled with either an indefinite or a finite anticoagulative therapy
(6).

Throughout the years many innovations were made in anticoagulants’ industry. Various drugs
were put on the market and proved to be useful. Other, that didn’t pass the test due to their
adverse effects and many contraindications, were withdrawn. In this article we would like to
present different aspects of anticoagulant drugs’ use, their history of introduction to patients’

daily life and prospects of what the future discoveries may hold.

2. COAGULATION CASCADE

The theory of blood coagulation cascade, also called “waterfall”, was first described by Gwyn
Macfarlane, Earl Davie and Oscar Runoff in 1960s. They noticed the main rule of the cascade,
which is role of proenzymes starting a course of enzymes activation (8) . The “enzyme
downstream” is divided into two pathways: extrinsic and intrinsic. Tissue damage is what sets
off extrinsic way is initiated with tissue factor exposure. Intrinsic pathway plays its role in
blood clogging triggered by contact with artificial materials, e.g. used in MCADs (mechanical
circulatory assist device) or cardiopulmonary bypasses (9). Tissue factor, also called factor III,
is a glycoprotein anchored in membrane of subendothelial tissues and fibroblast. When
vascular derangement or damage occurs, factor III is exposed and attaches to calcium and
factor VII. Complex created turns factor X to activated form Xa (10).

Other initiation of factor X to Xa descents from the intrinsic pathway. This sequential model
is based on activation of factor XII, then factor XI and further factor IX, called FXIIa, FXIa,
FIXa as activated forms. FXIla, HMW kininogen and prekallikrein generate a conjunction
that converts FXI to FXIa. Activated XI catalyzes FIX to FIXa which with its cofactor (factor
VIII) combines and transforms factor X to factor Xa (11).

Both, the extrinsic and intrinsic pathways meet simultaneously as FXa binds with calcium,
activated factor Va (induced by FII) and accelerates formation of activated factor II, which is
called thrombin (12). Complex of FXa causes prothrombin (FII), an unstable plasma protein

produced in liver, to disintegrate into smaller parts of which one is factor II [12]. Thrombin is
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deemed to be the main effector of blood clotting as it fractures fibrinogen to fibrin and
additionally catalyzes factor XIII to initiate clot formation with meshing fibrin (8,9) . The
whole process stabilizes thrombus and stops blood leaks and that encourages damaged vessel
walls to heal and wound properly(13). On the other hand, if thrombosis happens and the blood
flow is disturbed, process which brings back circulation is fibrinolysis. Main proteins that
participate in fibrinolysis are plasminogen activators that transform plasminogen to plasmin.
Plasmin activates fibrin-net lysis that breaks up the clot formation(14).

Disparities in domination of fibrinolysis or coagulation can manifest as either bleedings or
thrombosis. Blockages created by clogged vessels can cause various pathological outcomes:

myocardial infraction, ischemic stroke, deep vein thrombosis(13).

3. USE OF ANTICOAGULANTS
An imbalance between anticoagulation and hemostasis mechanism leads to the formation of
thrombus. The pathology can occur both in arteries and veins. Arterial thrombosis manifests
as an acute stroke, myocardial infarction or acute on the chronic peripheral arterial disease,
while venous thromboembolism (VTE) leads to pulmonary embolism (PE) and deep vein
thrombosis (DVT)(15).Most of the mentioned diseases remain the leading cause of morbidity
and death of patients. the problem which occurred mostly in the high-income countries before,
has been increasing all over the world and now has become an international struggle(16). The
most important factors predisposing to thromboembolic conditions are smoking, hypertension,
obesity, physical inactivity and inadequate diet (17) but also pregnancy and increasing age.
Even though the prophylaxis has been constantly improving throughout the years, the number
of the venous thrombosis incidents remained stable(18). In the paragraphs below the authors
focused on the most common usage of anticoagulants in both healthy and suffering from an
illness people. The main interest was given to the air travelers, patients after surgical

procedures or those with atrial fibrillation and pregnant women.

3.1 AIR TRAVELING PATIENTS

Explanation of the significance of anticoagulant treatment is especially important minding
that thromboembolic episodes can affect patients who are not primary considered as the group
of risk.

For example, air traveling increases the risk of DVT in the group over 50 years of age to 10%,

and up to 4,5% in younger(19). The studies have shown that in the group of healthy patients
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the compression stocking is not necessary, but it still lowers the risk of complications(20).In
the patients with the risk factors such as recent trauma or surgery, varicose vein, history of
VTE, active cancer, hormone therapy, obesity or post-partum period, the prophylaxis is
necessary, especially if the travel duration is longer than 8 hours(21). Default treatment in this
group is the knee-high, 15-30 mmHg by ankle compression stocking and in the patients with
very high risk of VTE the use of LMWH is considered(22).

3.2 PATIENTS AFTER SURGICAL PROCEDURES

Considering the group of hospitalized patients the risk of VTE increases due to decreased
mobility, blood vessel trauma caused by the surgery and other serious injuries(23). With the
help of radiolabeled fibrinogen or venography it was possible to acknowledge that almost
30% of patients who went through general surgery had DVT(24). According to the trials more
than two-thirds of hospital-acquired thrombosis (HAT), which stands for a new episode of
VTE during the hospital stay or 90 days of discharge, are avoidable if the thromboprophylaxis
is initiated (25) . The preferred anticoagulant treatment in surgical patient is low-molecular-
weight heparin (LMWH). The administration of 5000 U of LMWH subcutaneously every 8 to
12 hours is efficient to reduce fatal PE, which is an acute postsurgical complication, by

around 60% in patients at risk of VTE(26).

3.3 PATIENTS WITH ATRIAL FIBRILLATION

Atrial fibrillation (AF) is the most common arrythmia, impacting over 33 million people
around the globe, with the numbers still growing(27). The hypercoagulation state in AF can
be explained by the Virchow’s triad. The set of three combined factors - hypercoagulability,
structural abnormalities and blood stasis(28).The risk of ischemic stroke due to AF is three to
five times higher in comparison to the rest of the population (29) . For that reason,
antithrombotic treatment is especially important. It has been proven that the use of vitamin K
antagonists (VKAs) lowers that risk for 66%. According to CHEST guideline novel oral
anticoagulation (NOAC:s) is superior to VKAs, the pros of using NOACs over VKAs are
shortly presented below (30) Patients assigned to 110mg of dabigatran twice daily show
significantly lower rates of major bleeding compared to warfarin(31) .

However the choice of anticoagulant treatment in patients with AF should be based on

physical examination and scales CHAD2DS2-VASc and HAS-BLED as well as the presence



of valvular heart disease, all of those are widely described in the guidelines mentioned above

(30).

3.4 PREGNANCY

1 to 2 per 1,000 pregnant women are affected by venous thromboembolism (32). 80% of VTE
is manifesting as DVT and 20% as PE. The risk increases from the beginning of pregnancy
with its peak in the postpartum period and completely resolves 12 weeks after birth(32).
According to Royal College of Obstetricians and Gynaecologists (RCOG) episode of VTE is
more likely in patients with risk factors such as previous VTE or thrombophilia, BMI
index >30, age over 35, strict rest longer than 1 week combined with BMI >25,
hospitalization during the pregnancy longer than 3 days, smoking or pre-existing diabetes.
More thorough explications can be found in the RCOG guidelines (33) . Not crossing the
placenta by heparin makes it a fetus safe drug. UFH or LMWH are first-choice drugs. LMWH
reveals higher bioavailability, more predictable anticoagulant response and lower risk of
adverse effects compared to UFH. In mother thrombocytopenia, allergic reactions and loss of
the bone density were observed as an effect of heparins use. After caesarean section increased

risk of bleeding and wound complications have been observed(34).

4. HISTORY OF ANTICOAGULANTS

Thrombosis is a condition known and studied by physicians since the ancient times, the term
of blood clots can be found in the Hippocratic collection and the reports from early 2nd
century CE (35). While the ancients were using the willow bark, full of a glycoside called
salicyline, for reducing pain and relieving gastrointestinal symptoms, the antithrombotic
effect of it wasn’t discovered until the 20™ century(36).

Parallelly at Johns Hopkins Medical School, Baltimore, USA, a second-year medical student
Jay McLean and a physiologist William Henry Howell were investigating the balance
between clotting inhibitors and procoagulants by extracting phosphatides from canine liver
and using them to provoke excessive bleeding in experimental animals, that was the
beginning of unfractionated heparin (UFH)(37). The medicine was introduced to the market in
1920s and maintained in the use despite its side effects such as fever, nausea and headaches.
The work on purifying the substance continued and the first successful administration was

established in 1937 and the drug didn’t show any sign of adverse effects(38).



Around the same time in 1930s at the University of Wisconsin Karl Paul Link was
investigating sudden decease of cattle in the surrounding farms. After a few years of trials, the
scientists discovered that the hay fed to the cattle was contaminated with sweet clover and its
toxic component — dicumarol. Extraction of the substance emerge to be an effective vitamin K
antagonist(39). Warfarin was first registered as a rat poison, but it was approved to humans in
1954 and in 1955 saved President Eisenhower from myocardial infarction(40).

The first scientific interest in lower molecular weight heparins is dating back to 1970s. Dr
Edward Johnson cut highly heterogenous heparin into three parts of low, medium and high
molecular weight. Although the study was disputable due to the voluntary participants and
insufficient laboratory conditions, the outcome was promising (41). The blood results of the
volunteers who received LWMH showed high level of the anti-Xa assay, a marker of the level
of functional heparin in the plasma(42).

In the early 2000s, ximelgatran — the first oral direct thrombin inhibitor made its attempt to
replace VKAs. The new anticoagulants were supposed to reduce the problems of the old drugs
— the need of regular coagulation monitoring and managing the patients with INR fluctuations
or drug to drug interactions (43) . The new drugs had attributes such as wide therapeutic
window, no INR control required, and fewer dietary interactions, what was an encouragement
to continue the research (44) . Even though ximelgatran was eventually withdrawn from the
market due to its hepatotoxicity, the studies carried on(45). In 2010 the first FDA-approved
direct oral anticoagulant (DOAC) — dabigatran, was discovered and a new window of
opportunity has been opened(46). In the following years rivaroxaban, apixaban and edoxaban

were introduced to the market.

5. UNFRACTIONATED HEPARIN
Unfractionated heparin (UFH) is a sulphated polysaccharide that weights from 3000 to 30 000
Da(47). Even though it got discovered over one hundred years ago, it is still widely used in
the treatment and prevention of thrombotic events (48,49) . The application of UFH is
controversial, because despite its advantages, there are risks posed by its use. Dosing of the
drug is highly difficult and maintaining its therapeutic effect is also a challenge. As studies
have shown about 5.5% of patients treated with excessive dose of UFH experience
bleeding (50). To optimize the portions, clinicians diligently measure maintenance doses and
boluses with weight-based formulas. For bolus it is established by dividing units of UFH by

kilograms and for maintenance doses UFH kg/hour (50).
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Heparin’s anticoagulant effect is caused by cohering to antithrombin (AT) and interfering in
the coagulation cascade by blocking factor Ila (thrombin) and factor Xa. The molecule has a
pentasaccharide present on its surface, which has high affinity to antithrombin. When UFH
and AT bind, that leads to thrombin inactivation. Fibrinogen cannot be transformed to fibrin
and clotting time of blood gets prolonged(51).

Main disadvantage of UFH and its mechanism of action is that it binds to an array of different
positively charged proteins. Heparin can attach not only to AT, but plasma proteins, platelets’
proteins or endothelial cells and that manifests as diverse anticoagulant response(47). Another
limitation of heparin is induced thrombocytopenia (HIT) and osteopenia. About 5% of
patients using heparin suffer from HIT. It has been shown that UFH is more likely to induce
thrombocytopenia than any other anticoagulant (52). Due to the various responses in patients,
activated partial thromboplastin time (APTT) must be tracked. APTT therapeutic range varies,
and the ratio accepted among patients is an increase of 1,5 — 2,5 times the output value(53).
Unfractionated heparin may be administered in two ways, either by intravenous injection or
subcutaneous one. Effects based on the method of administration differ as IV is applied in
constant therapeutic anticoagulation, and prevention of thromboembolism is mainly achieved
by subcutaneous route(51).

UFH is a widely used drug in prophylaxis and treatment of deep vein thrombosis (DVT) and
pulmonary embolism (PE). On the other hand, it finds its application in dialysis — when acute
kidney injury occurs, cardiac surgeries- coronary angioplasty, extracorporeal circulation and

in atrial fibrillation as an alternative to oral anticoagulants(47,51).

6. LOW-MOLECULAR- WEIGHT HEPARINS (LMWH)

Heparins, e.g. dalteparin, enoxaparin, are glycoaminoglycans which are built of chains with
alternating residues of D-glucosamines and uronic acid. LMWH’s chains mean weight states
as 5 000 Da. In comparison to heparin, which chains consist of at the minimum 18 saccharide
units, less than half of LMWH chains are this long. Due to this, heparin attaches to
antithrombin (AT) and thrombin, whereas low-weight molecules (LMWH) don’t do it and
bind to AT and factor Xa stronger and more effectively. This conjunction inactivates factor
Xa(54).

Low-molecular-weight heparins have higher bioavailability than UFH because of their lower
binding abilities to plasma proteins. Because of that, demand for coagulation level monitoring

is not as high as with unfractionated heparin (55) . Other advantages over UFH are fewer
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events of heparin-induced thrombocytopenia (HIT) and osteopenia, but also LMWH dosing is
less complicated as clinicians can foresee a response among patients to certain dose of the
drug (47) . LMWH established dose is administered subcutaneously and as there is no
compulsory need for continuous anticoagulant monitoring, patients can be discharged from a
hospital and treated from home(2).

At the end of July 2010 Food and Drug Administration (FDA) approved first LMWH for
clinical use. These drugs found their application first in prevention and treatment of venous
thromboembolic disease (VTE) (56) . Other purposes of LMWH approved by The British
National Formulary (BNF) and National Institute for Health and Care Excellence (NICE)
count among: surgical, orthopedic patients suffering from deep vein thromboses, patients with
STEMI, unstable angina and those using extracorporeal circulation. Low-molecular-weight
heparins can be administered to both pregnant and nonpregnant women(57).

Not only LMHW is an anticoagulant drug but also its novel anti-inflammatory and anti-cancer
features were discovered and may serve in the future as new indications. Because the
parenteral way of administration is found to be unfavorable to patients, new micro- and nano-
systems of drugs’ delivery have been worked on and have been improved to enhance its

bioavailability and retention time(58).

7. VITAMIN K ANTAGONISTS (VKAs)
VKAs were the mainstay of treatment for the last 50 years. Warfarine, acenokumarol and
phenoprocoumon indirectly inactivate factors II, VII, IX, X and proteins C and S(59). Vitamin
K transforms into vitamin K hydroquinone (KH>) via redox conversion cycle, KH; drives the
v- carboxylation of a glutamate-rich domain of factors II, VII, IX, X and protein C, Z and S.
During the injury the carboxylated domain enables calcium-membrane part of the coagulation
factors and their subsequent assemblance starts the coagulation cascade. To regenerate KH>
the activity of vitamin K epoxide reductase (VKOR) is needed. VKAs inhibit the VKOR and
as a results there is no KHz to activate the cascade(60).

Oral administration of VKAs is useful in anti-thrombotic prophylaxis of VTE, AF and
cardiac mechanical valves, but during the treatment the International Normalized Ratio (INR)
must be under constant control (61). The default INR level in patients treated with VKAs is
between 2 and 3, but in the patients with high risk of VTE the desired levels are
higher (62) .VKAs are characterized by slow therapeutic onset of action and multiple food,

drugs and genetic interactions. In result the pharmacology of VKAs is highly unpredictable,
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moreover the therapeutic index is very narrow which results in difficulties with dose
adjustments and the need of constant monitoring(63). The risk of bleeding is the highest at the
beginning of the treatment. In case of major bleedings VKA reversal strategy needs to be used,
a prothrombin complex concentrate infusion and vitamin K until the INR is higher than
1.5(64). VKAs can also cause vascular calcification that leads to cardiovascular disease(65).
Regardless of their side effects and the treating difficulties they still are very useful and
effective drugs when it comes to thromboembolic conditions.
8. NOVEL ORAL ANTICOAGULANTS (NOACsS)

The group of NOAC:s that are currently in the medical use consists of dabigatran, rivaroxaban,
apixaban and edoxaban. Dabigatran is a direct thrombin inhibitor, when rivaroxaban,
edoxaban and apixaban inhibit anti-Xa factor. Though the drugs are usually considered as one
group, each of them has a unique molecular structure which has been presented in table 1.
based on National Center for Biotechnology Information(66).

Table 1. Novel oral anticoagulants — the molecular structure and oral bioavailability.

Molecular | Biochemical groups of | Oral bioavailability | Ref.

weight affiliation [%]
[Da]
Dabigatran 471.5 aromatic amide from the |7 (66,67)
benzimidazoles group,

carboxamidines, pyridines,

derivatives of beta-alanine

Rivaroxaban 435.9 thiophenes, an | 66 (66,67)
organochlorine compound,
oxazolidinones, lactams,

aromatic amides,

monocarboxylic acid
amides

Apixaban 548.1 pyrazolopyridines, 50 (66,67)
piperidones, lactams,

aromatic ethers

Edoxaban 459.5 monocarboxylicacid 68 (66,67)

amides, chloropyridines,

11




thiazolopyridines

The use of NOACs is wide and no need of constant INR makes them almost perfect drugs for
the patients and for the doctors. VTE prophylaxis following orthopedic surgeries, DVT and
PE prevention, stroke prevention in nonvalvular AF, VTE prevention in patients after
myocardial infarction or those with coronary arteries disease (63). NOACs are currently the
first-choice treatment in elderly patients. In the meta-analysis with 42,411 volunteers, NOACs
reduced the risk of stroke or embolic events, hemorrhagic stroke and intercranial hemorrhage
respectively for 19%, 51% and 52% in comparison to warfarin. As well the significant
reduction of all-cause mortality was observed, unfortunately the risk of gastrointestinal
bleeding was higher(68).

The main concern in NOACs was the lack of antidote, low bioavailability effecting in variable
plasma concentration and the dependence on renal elimination especially in elderly patients
with renal disfunction (69) . Considering the patients with chronic kidney disease (CKD) in
stages from 1 to 3 the use of NOACs is preferred and in stage 4 - NOACs or warfarin.
Although in end-stage renal disease warfarin remains the first line treatment(70). Apixaban,
rivaroxaban and edoxaban are not recommended with the creatine clearance (CrCl) <15
ml/min, and dabigatran should not be used when the CrCl <30 ml/min (66). Luckily the fast
research progress helped to introduce the antidotes to the market. Idarucizumab for dabigatran
and andexanet alfa for the factor Xa inhibitors(59). NOACs are usually well tolerated, and the
main adverse effects can be bleeding of different variety from bruising and gum bleeding to
major such as blood vomiting or intercranial hemorrhage. Other studies have shown that it can

also influence the liver, skin, immunology response and the hair(71).

9. FXla INHIBITORS
A novel therapeutic approach providing a compromise between bleeding and thrombosis is
highly demanded due to the limitations of currently used anticoagulants - available
pharmacological antithrombotic prophylaxis involves a small but relevant risk of bleeding.
Although the selection of anticoagulants made a tremendous progress in the last century, there
is still a need for a new agent. Examined in recent years, factor XI inhibitors (FXI inhibitors)
aspire to become the next breakthrough in the anticoagulant history. Factor XI inhibitors can
be classified in several groups considering their biological construction and mechanism of

action. Small molecule inhibitors (milvexian, asundexian) act through inhibiting FXla —
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factor’s XI active form, monoclonal antibodies (abelacimab, osocimab, xisomab) bind either
FXI or FXIa, antisense oligonucleotides (FXI-ASO, fesomersen) inhibit the synthesis of FXI
(72). There is also a group of natural inhibitors isolated from living organisms — snakes, bats -
currently not explored in terms of medical usage (73). Ongoing research on FXI inhibitors
focus on its usage in several patient groups: patients undergoing total knee arthroplasty, atrial
fibrillation, kidney failure, patients with cancer in need of VTE prophylaxis, mild and
moderate liver impairment (74). Data obtained from the studies suggest that FXI inhibitors
may act as non-inferior agents in prevention of thromboembolic events in comparison to
conventional anticoagulants such as heparin - enoxaparin (75,76)or enoxaparin combined with
NOAC - apixaban (77).

FXI inhibitors in patients with total knee arthroplasty and atrial fibrillation were examined in
several clinical trials — data summarized below in Table 2, all the information can be found at

clinicaltrials.gov.

Table 2. Recent studies of new anticoagulants — factor XI inhibitors compared to currently

used agents in prevention of thromboembolism in patients undergoing total knee arthroplasty.

Study Name of FXI | Phase Aim of the | Administration route Results
identification inhibitor of the | study
number trial
NCT03891524 Milvexian 2 Comparing the | Milvexian: Orally for 10 to | Milvexian proved to be
effects of | 14 postoperative days at | more efficient in preventing
Milvexian to | doses: 25/50/100/200mg venous thromboembolism
Enoxaparin Enoxaparin: than enoxaparin
40 mg once daily
subcutaneously for 10 to
14 postoperative days
NCT01713361 FXI-ASO 2 Comparing the | FXI-ASO: subcutaneously | Reducing FXI level
effects of FXI- | 7 times prior to surgery, 2 | contributed to the
ASO to | times after the surgery at | prevention of
Enoxaparin doses 200/300mg thromboembolism, FXI-
Enoxaparin: once daily | ASO was well-tolerated
40mg subcutaneously
NCT03276143 Osocimab 2 Comparing Osocimab: intravenously | Postoperavie injections of
Osocimab  to | 0,3/0,6/1,2/1,8mg/kg Osocimab as dose of
Enoxaparin Enoxaparin: 1,8mg/kg was superior to
and Apixaban | subcutaneously 40mg Enoxaparin
Apixaban: orally 2,5mg

13




FXI inhibitors are expected to supplement the unmet criteria of currently used antithrombotic

agents as well as have their own, first-party place within the wide range of therapeutic

demand. At present, most coagulants interfere with factors X/Xa or II/Ila which are the key

points of the coagulation cascade. They may not only replace most popular DOACs in some

patient groups where direct oral anticoagulants were not adequately tested like those with

liver malfunctions or severe renal insufficiency (78). Studies showed in Table 2 and Table 3

present some promising evidence that FXI inhibitors may prove efficient in prevention of

thrombotic disorders. However, further exploration is needed to fully understand the

relevance and possible application of these new agents.

Table 3. Recent studies of new anticoagulants — factor XI inhibitors compared to currently

used agents in prevention of thromboembolism in patients with atrial fibrillation.

Study Name  of | Phase | Aim of the | Administration Results
identification | FXI of the | study route
number inhibitor trial
Asundexian | 2 Comparing | Asundexian: Asundexian
the effects | Orally once daily | resulted in lower
NCTO4218266 of at doses 20/50mg | rates of bleeding
Asundexian | NOAC — | compared with
to Apixaban | Apixaban: twice | apixaban
daily Smg
Abelacimab | 2 Comparing | Abelacimab: once | Not provided -—
the effects | monthly, study completion
of subcutaneously date: 2025-01
NCT04755283 Abelacimab | 150 mg/mL
to Rivaroxaban:
Rivaroxaban | orally once daily

at doses 15/20mg
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10. SUMMARY
The antithrombotic therapy has been a challenge since the beginning of medicine. Many years
of trial-and-error lead to a modern model of treatment. The variety of currently accessible
anticoagulant drugs such as UFH, LMWH, VKAs and NOACs, enables the physicians to treat
the thromboembolic diseases effectively, but they still face some difficulties. The increasing
age of population results in a growing need of finding even better and more efficient drugs.
The elderly patients who are burdened with diseases of affluence will need the best form of
treatment with possible low index of bleeding risk, renal disfunction and other organ damages.
Luckily the work of the scientists is progressing every year, getting us closer to the best

possible forms of curing the diseases.
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