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Summary

Venous thromboembolism is the third most common cause of vascular death after myocardial
infarction and stroke, and is associated with considerable morbidity and premature mortality.
The incidence of the most serious consequence of venous thromboembolism, fatal pulmonary
embolism, ranges from 0.01% to 5% among hospitalised medical patients with multiple
risk factors, and is currently considered the commonest avoidable cause of hospital death.
Rivaroxaban is a small-molecule factor Xa inhibitor that belongs to a new class of direct
oral anticoagulant agents that directly inhibit single enzymes in the coagulation pathway.
Rivaroxaban has many advantages over vitamin K antagonists and unfractionated heparin
and may become an alternative to traditional anticoagulant agents in patients at risk for
thromboembolism. Moreover, antidotes exist and are in the progress of development, both
specific and non-specific, for the treatment of overdose or side effects, including bleeding.
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) Streszczenie
Zylna choroba zakrzepowo-zatorowa jest trzecia najczestsza przyczyna $mierci naczyniowej
tuz po zawale mie$nia sercowego i udarze mézgu, zwigzana jest takze z duza zachorowalnos$cia
i przedwczesng umieralnoscig. Najpowazniejsze konsekwencje zylnej choroby zakrzepowo-
zatorowej oraz Smiertelnej zatorowosci ptucnej wystepuja w przedziale od 0,01% do 5%
wsrod hospitalizowanych pacjentéw medycznych, u ktorych stwierdzono wiele czynnikow
ryzyka i sa obecnie uwazane za najczestsza mozliwa do unikniecia przyczyne $mierci
szpitalnej. Rivaroxaban jest drobnoczasteczkowym inhibitorem czynnika Xa, ktéry nalezy
do nowych bezposrednich doustnych $rodkéw przeciwzakrzepowych, ktére bezposrednio
hamuja pojedyncze enzymy w szlaku krzepniecia. Rivaroksaban charakteryzuje sie wieloma
zaletami w poréwnaniu z antagonistami witaminy K i niefrakcjonowana heparyna i moze
stac sie alternatywa dla tradycyjnych lekow przeciwzakrzepowych u pacjentéw zagrozonych
chorobg zakrzepowo-zatorowa. Ponadto istniejg antidota (niektére sg w procesie rozwoju),
zaréwno swoiste, jak i nieswoiste, stosowane w celu leczenia przedawkowania lub dziatan
niepozadanych, w tym krwawienia.
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Introduction

Venous thromboembolism (VTE), including pulmonary embolism (PE) and deep vein thrombosis (DVT), is
considered to be the third most likely cause of vascular death after stroke and myocardial infarction. According
to various sources, it is associated with considerable morbidity and premature mortality [1, 2]. Interestingly,
VTE is 100 times more frequent among hospitalised patients compared to the general population, and an
objectively diagnosed DVT can be detected in up to 80% of high-risk surgical and medical patients who are not
on thromboprophylaxis. The incidence of the most dangerous consequence of VTE, which is fatal PE, ranges
from 0.01% (low-risk surgical patients) up to 5% (hospitalised medical patients with multiple risk factors).
Pulmonary embolism is currently considered by the general public as the most common but avoidable cause
of death in a hospital. In addition, VTE is often associated with long-term clinically significant complications,
including post-thrombotic syndrome, chronic pulmonary hypertension, among others [3, 4, 5, 6].

The mainstay of VTE treatment is anticoagulation [1]. Many traditional anticoagulant agents including
vitamin K antagonists, low molecular weight heparins, unfractionated heparin (UFH), and fondaparinux are
widely available and used for the prevention and treatment of thromboembolic diseases. However, these agents
have several limitations, including the requirement for regular coagulation monitoring (VKAs and UFH) and the
need for parenteral administration (fondaparinux, UFH, low molecular weight heparin) and multiple interactions
with other drugs and with food. To overcome some of these challenges, researchers developed a new class of
anticoagulant drugs with comparable efficacy to existing agents, but with improved ease of use (for example:
oral administration and no need for laboratory monitoring) [3]. In addition, the new direct oral anticoagulant
agents (DOACSs) as a class are associated with significantly less intracranial haemorrhage than warfarin, thus
mitigating the most feared complication of anticoagulation treatment. These data support the need to develop
target-specific oral anticoagulants which can directly inhibit coagulation pathway through single enzymes, such
as Factor Xa or thrombin [7, 8, 9].

Rivaroxaban is approved for the treatment of deep venous thrombosis, pulmonary embolism. In addition, itis
approved for the prevention of recurrent DVT/PE, stroke, systemic embolism in patients with non-valvular atrial
fibrillation (AF), who have one or more risk factors, in combination with antiplatelet agents, for the prevention
of atherothrombotic events following acute coronary syndrome (ACS) in patients with elevated levels of cardiac
biomarkers. Each of these therapeutic indications has a specific regimen with different dosing, administration
frequencies, and treatment durations [7, 10, 11, 12, 13].

Pharmacological Properties

Rivaroxaban (scientific name 5-chloro-N-[[(5S)-2-0x0-3-[4-(3-oxomorpholin-4-yl)phenyl]-1,3-oxazolidin-
5-yl]lmethyl]thiophene-2-carboxamide) is considered a small-molecule factor Xa inhibitor due to its molecular
weight, 436 g/mol. Rivaroxaban is slightly soluble in several organic solvents and is practically insoluble in polar
solvents, such as water.

In Vitro Studies
Factor Xa Inhibition

Rivaroxaban works through the inhibition of factor Xa in a concentration-dependent manner. It is
a competitive inhibitor for the amidolytic activity associated with factor Xa (Fig. 1). It has a rapid onset of action
and is reversible. Factor Xa is essential for blood coagulation and is activated by both the extrinsic and intrinsic
coagulation pathways. Factor Xa transforms prothrombin into thrombin through the prothrombinase complex,
resulting in fibrin clot formation and activation of the platelets by thrombin [14, 15].

Rivaroxaban is selective for human factor Xa, for which it possesses >10 000-fold greater selectivity
compared to other biologically similar serine proteases. Factor Xa inhibition is species-dependent, and this has
been demonstrated for a number of factor Xa inhibitors. Rivaroxaban has a similar affinity to purified human
and rabbit factor Xa, but a lower affinity to rat factor Xa.

Inhibition of Thrombin Formation

In vitro studies using platelet-poor or platelet-rich plasma demonstrated that rivaroxaban prolonged the
initiation phase of generation of thrombin and reduced the thrombin burst during the propagation phase.
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Rivaroxaban inhibited thrombin generation in human plasma obtained from healthy volunteers through the
inhibition of factor Xa (intrinsic and extrinsic coagulation pathways).

Plasma Clotting Times

Rivaroxaban has satisfactory anticoagulant effects in human plasma. The drug prolonged prothrombin
time (PT), activated partial thromboplastin time in a concentration-dependent manner. The sensitivity for
PT was greater. Meanwhile, prolongation of clotting time differed depending on the PT or activated partial
thromboplastin time reagent used. This is because rivaroxaban reactivity in the clotting assays was influenced
by the composition of reagents. This variation cannot be reduced through the conversion of PT values calculated
in seconds to internationally recognized, normalized ratio values. Therefore, in our opinion, PT and activated
partial thromboplastin times are not very useful for the measurement of the pharmacodynamic effects of
rivaroxaban.

Thrombin-Thrombomodulin-Activated Protein C System

The coagulation pathway has negative and positive feedback reactions in order to regulate haemostasis, and
anticoagulants at therapeutic doses, in ideal conditions, should not influence negative feedback mechanisms,
which are important in downregulating coagulation. One of the negative feedback mechanisms is the thrombin-
thrombomodulin-activated protein C system, which usually limits further generation of thrombin by inhibiting
both factor Va and factor VIIla. "In vitro” investigations of human plasma from healthy people or protein
C-deficient plasma, factor Xa inhibitors, such as rivaroxaban, suppressed thrombin generation, depending on
concentration, after stimulation by tissue factor and in the presence or absence of the thrombomodulin. This
means thatrivaroxaban does not significantly influence thrombin-thrombomodulin-activated protein C system.

Platelet Aggregation

Rivaroxaban does not influence collagen induced platelet aggregation, or that induced by adenosine
diphosphate, the selective agonist of prostaglandin H2/thromboxane A2 receptor U46619, or plateletaggregation
induced by thrombin. However, rivaroxaban effectively inhibits tissue factor-induced platelet aggregation
through the inhibition of thrombin generation in the case of defibrinated plasma. In addition to the anticoagulant
effects of factor Xa inhibitor, this effect on aggregation of platelets may be particularly useful for the prevention
or treatment of arterial thrombosis [14].

Intrinsic pathway Extrinsic pathway

Factor Xla

Factor IXa
Tenase Factor Vlilla
complex | Phospholipids
Ca*

Factor Vlla

Tissue factor

Phospholipids
Ca?*

Phospholipids
Factor Va-Factor Xa
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Prothrombinase
complex

Prothrombin ——» Thrombin
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Figure 1. Factor Xa role in the coagulation cascade. Tissue factor/factor Vlla activates factor X and factor IX. Factor [Xa
activates factor X. Factor Xa binds factor Va, but on membrane surfaces. The prothrombinase and tenase both trigger the
amplified thrombin formation. Rivaroxaban inhibits factor Xa, either free or within the prothrombinase [14]
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In Vivo Studies and Dosing

Rivaroxaban reduced thrombus formation in venous thrombosis models (including fibrin-rich and platelet-
poor), where a combination of injection of tissue factor and stasis was used to induce formation of thrombus.

The substance showed sufficient dose-dependent activity against thrombus in arterial (fibrin-poor and
platelet-rich) thrombosis models, including arteriovenous shunt model using rats and rabbits, as well as ferric
chloride model (rats and mice). These results were consistent with the role of this coagulation system in
thrombus formation in arteria.

The rivaroxaban anti-haemostatic effect was studied in well-characterized bleeding models in rats (tail
transection bleeding time model), as well as rabbits (ear-bleeding time model). Bleeding times were not affected
at antithrombotic doses below ED50, which are required for antithrombotic efficacy in the bleeding time models.
Moreover, while using higher doses (rat tail-bleeding time model), the bleeding times were prolonged in a dose-
dependent manner. Therefore, considering antithrombotic results, these data show that rivaroxaban may have
a favourable efficacy-to-bleeding ratio [14].

Rivaroxaban has oral bioavailability of 80-100% at the 10 mg dose, irrespective of food intake. Under well fed
conditions, 10 mg, 15 mg and 20 mg tablets of rivaroxaban showed dose-proportional bioavailability. In a fasted
state, rivaroxaban pharmacokinetics are fairly linear (up to 15 mg once daily). In addition, oral bioavailability
is reduced to 66% after a 20 mg tablet. Bioavailability decreases at higher doses due to poor solubility. Ingested
food does not affect the area under concentration-time curve, nor the maximum plasma concentration (Cmax)
of a 10 mg dose. Rivaroxaban administered as an oral dose is absorbed rapidly, with Cmax occurring 2-4 hours
after the tablet intake [4]. Plasma protein binding values vary between biological species (rats - 98.7%; rabbits -
76.6%; and humans - 92% to 95%). Serum albumin is the main circulating binding component [15, 16].

Removal of rivaroxaban from plasma occurs with a terminal half-life of 5 to 9 hours for young individuals
and 11 tol3 hours for elderly patients. Rivaroxaban is metabolized by several completely independent
metabolic pathways, which involve different classes of enzymes. The substance has a dual mode of elimination.
Approximately two-thirds of the dose undergoes metabolic degradation by CYP450-dependent (CYP3A4, 212)
or CYP-independent mechanisms, half of which is eliminated renally, with the other half using the hepatobiliary
route. The final one-third of the dose goes through direct renal excretion with no changes in chemical structure
of the active substance, mainly via active renal secretion. The drug has no major actively circulating blood
metabolites [7, 14, 17, 18].

Age, gender, body weight have not been shown to exert clinically significant effects on the pharmacokinetic
or pharmacodynamic profiles of rivaroxaban [14, 18]. The International Society on Thrombosis and Haemostasis
suggests that direct oral anticoagulants should not be used in patients weighing one hundred kilograms
or more, as there are very limited clinical data available for the patients with these weights. The available
pharmacokinetic/pharmacodynamic data suggested that decreased drug exposures, shorter half-lives and
reduced peak concentrations occurred with increasing weight, which in turn raised concerns about possibility of
under-dosing [19]. In patients who have had mild (creatinine clearance 50 to 79 mL/min), moderate (creatinine
clearance 30 to 49 mL/min), or severe (creatinine clearance more than 30 mL/min) impairment of renal function,
the area under the plasma concentration curve was 44%, 52%, and 64% higher, respectively, comparing to
control subjects. In those cases, maximum plasma concentration was relatively unaffected. Among patients who
suffered mild (Child-Pugh A) hepatic functional impairment, researchers found no clinically relevant differences
regarding pharmacokinetics and pharmacodynamics of rivaroxaban. To summarize, these findings suggest that
the drug can be used for individuals with varying physical characteristics (such as age, body weight, gender,
mild to moderate impairment of renal function, and mild hepatic functional impairment) at the same fixed dose,
without requirements for dose adjustment or required routine coagulation monitoring [14].

Rivaroxaban levels may be affected by inhibitors and inducers of the P-glycoprotein transport protein and
CYP3A4 enzyme. Rivaroxaban is a substrate of CYP3A4/ 5, CYP2]2, and the P-glycoprotein and ATP-binding
cassette G2 (ABCG2) transporters. Concomitant use should be avoided and alternative anticoagulants considered
for strong double-action CYP3A4 and P-glycoprotein inducers (rifampin, carbamazepine, phenytoin, St. John'’s
wort), which in turn can decrease rivaroxaban levels. Due to the potential for an increase in rivaroxaban effect,
concomitant use should also be avoided and alternate anticoagulants considered when strong dual CYP3A4
and P-glycoprotein inhibitors (ketoconazole, itraconazole, HIV protease inhibitors, conivaptan) are used. For
concomitant use of weak or moderate dual CYP3A4 and P-glycoprotein inhibitors (amiodarone, verapamil,
diltiazem, erythromycin, chloramphenicol, cimetidine) in the presence of CrCl 15 to 80 mL/minute, alternative
anticoagulant use should be considered [17, 20]. Histamine H2-receptor antagonists, such as ranitidine
(a CYP3A4 inhibitor), as well as the antacid aluminum-magnesium hydroxide, have no significant effect on the

-250 -



Health Prob Civil. 2018, Volume 12, Issue 4 Direct factor Xa inhibitor in the prevention...

pharmacokinetics and pharmacodynamics of the rivaroxaban [14].

Rivaroxaban showed favourable safety and tolerance levels in healthy individuals [14]. However, itis advisable
to avoid rivaroxaban in patients with a high risk of gastrointestinal tract bleeding, as some evidence exists about
higher GI bleeding rates compared to warfarin.

Rivaroxaban should not be used in pregnancy and in females who are breast feeding. Moreover, women of
child-bearing age should be advised appropriately [19].

Priortobeginning oftreatment,afullblood count, baseline coagulationscreen,ureaand electrolytes (including
renal function), and liver function tests should be performed. Table 1 gives guidance for the recommended doses
of rivaroxaban [19].

Table 1. Dosing advices for rivaroxaban [19]

Rivaroxaban

Days 1-21: 15mg bd orally (with food)
Day 22 and forward: 20mg od orally (with food)

Warfarin preferred if CrCl less than 30ml/min
Do not use the drug if CrCl less than 15ml/min

Standard Dose

Renal i i t
SEREE Day 22 onwards (if CrCl 30-49ml/min): consider reducing to 15mg od if the patient’s

risk of bleeding outweighs the risk of recurrence

Rivaroxaban is contraindicated for the patients with hepatic disease associated

Hepatic impairment with coagulopathy, clinically relevant bleeding risk including cirrhotic patients

and dysfunction

with Child Pugh B and C
Switching from dalteparin Rivaroxaban should be used instead of the next scheduled dalteparin administration
Switching to dalteparin Give the first dose of dalteparin at the time when the next rivaroxaban dose is due

Stop warfarin; start rivaroxaban once INR is 2.5 or less (do not forget about higher

Switching from warfarin e C e
g initial dosing if within three weeks after an acute event)

Switching to warfarin Co-administer rivaroxaban and warfarin together until INR is 2 or higher

Patients who have proximal DVT or PE must be treated for three months or longer. In cases of the first
proximal DVT or a PE associated with transient risk factors, the use of rivaroxaban will usually stop after three
months. Long term treatment would be considered in case of recurrent thrombosis, or for the patients with on-
going risk factor, or those having unprovoked proximal DVT or PE. It might be feasible to decide on finite (such
as three months duration) or indefinite anticoagulation after treatment has started, though many patients (for
example, those with a first unprovoked proximal DVT or PE) would to be reviewed after three months in order
to decide whether to stop anticoagulation treatment or maybe continue it indefinitely [19].

Patients must be informed about the risk of missing a rivaroxaban dose due to its rapid onset and offset
of anticoagulant activity. Therefore, even one day without rivaroxaban will cause the patient to become un-
anticoagulated [21].

Rivaroxaban is used to prevent venous thromboembolism among adult patients undergoing elective hip or
knee replacement surgery, treatment of DVT and PE, and to prevent recurrent DVT and PE among adult patients.
Rivaroxaban showed superiority compared to standard therapy with enoxaparin in cases of orthopaedic surgery
without significant increase in the major bleeding rate [14].

The duration of the therapy and dose should be determined on case by case basis after careful assessment of
the treatment benefits comparing to the risks for bleeding (Table 2).

Table 2. The duration of therapy with rivaroxaban and dose selection

Time Period Dosing schedule Total daily dose
Treatment and prevention Day 1 to day 21 15 mg twice daily 30 mg total
of recurrent DVT and PE Day 22 and forward 20 mg once daily 20 mg total

Following completion
of 6 months therapy
for DVT or PE

10 mg once daily or 20 mg
once daily

Prevention of recurrent

DVT and PE 10 mg total or 20 mg total
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Rivaroxaban plus aspirin improves survival and reduces stroke and heart attack in patients with stable
coronary or peripheral artery disease, according to late-breaking results from the COMPASS trial. Rivaroxaban,
at both a treatment dose (20 mg) and a thrombo-prophylactic dose (10 mg), was more effective than aspirin
in the prevention of recurrent venous thromboembolism among patients who were in equipoise for continued
anticoagulation [1].

Since rivaroxaban is administered in fixed doses, routine measurement of the drug levels in plasma or its
pharmacodynamiceffectsarenotrequired orrecommended. However,therearecertainclinical scenariosinwhich
coagulation testing and measurement of drug levels are necessary, such as episodes of bleeding, peri-operative
management, suspected over dosage either from drug interactions or intentional overdose, renal impairment
or as a measure of suspected non-compliance [8]. The choice of the laboratory test for rivaroxaban levels will
depend on the clinical situation. For example, if qualitative determination of the presence of rivaroxaban in the
blood is needed, the PT test is appropriate, given that a rivaroxaban-sensitive reagent is used. On the other hand,
if quantitative measurement of plasma rivaroxaban is needed, an anti-Factor XNA chromogenic assay together
with rivaroxaban standard solutions and controls with results expressed as rivaroxaban concentration (pg/1)
can give precise and accurate results. No matter which testis being used, interpretation of results must take into
account the timing of blood sampling (considering pharmacokinetics of rivaroxaban), as well as differences in
the functionality of the assays [7, 8, 20].

Rivaroxaban antidotes against overdose or bleeding

Research conducted by Eikelboom ]J.W. et al. reported a favourable benefit-risk profile for the use of DOACs.
However, they are still associated, as are any anticoagulants, with a significant risk of bleeding [22].

Accordingto [23], one of the major drawbacks of direct oral anticoagulants compared to warfarin was absence
of specific antidotes which can reverse the anticoagulant effect in case of emergencies, such as overdose due to
the medical negligence or excessive bleeding. The same authors suggested that several non-specific substances
can be administered in situations of DOACs overdoses, including frozen plasma, Prothrombin Complex
Concentrate (PCC), or activated Prothrombin Complex Concentrate (PCC), recombinant activated factor VII, as
well as haemodialysis and activated charcoal, but the bleeding cessation success was not quite rapid or obvious.
It was suggested by J.W. Eikelboom et al. [22] that fresh frozen plasma cannot be used to negate the bleeding
effect as large volumes are needed. Prothrombin complex concentrates (PCCs) are purified and viral inactivated
concentrates of vitamin K-dependent coagulation factors, which are obtained from pooled normal plasma [24].
Even PCC, which has 25 times more blood clotting factors than frozen plasma, is associated with low, but not
negligible, risk of thromboembolic adverse events. 3-factor and 4-factor PCCs are available on the market [24].
Some researchers noted a favourable outcome after 4-factor PCC administration in six of eighteen patients with
intracranial haemorrhage who were treated with rivaroxaban or apixaban [25]. Activated PCC (aPCC), or factor
VIII inhibitor bypassing agent (FEIBA, Baxter, Deerfield, IL, USA), was developed as one of the pro-haemostatic
agents for the management of haemophiliacs. aPCC is a surface-activated PCC which contains small amounts of
FIXa, FXa, as well as thrombin, and larger quantities of FVIIa. According to Vanden Daelen et al., aPCC corrected
all thrombin generation factors in vitro in plasma obtained from healthy volunteers who were administered
rivaroxaban, and reduced blood loss in animals after administration of rivaroxaban [26]. Recombinant activated
factor VII (rFVIla; NovoSeven, Novo Nordisk, Bagsvaerd, Denmark) is a recombinant protein developed originally
to treat and prevent bleeding in patients with haemophilia with inhibitors to factor VIII or IX [27]. However,
considering the significant thrombin generating burst induced by rFVIla and the pre-existing thrombogenic
diathesis, rFVIla may only be considered as a last-resort option in case of life- or organ-threatening bleeding,
especially regarding patients with acute ischaemia.

Several therapies which are aimed at reduction of drug exposure include rivaroxaban absorption reduction
from gastrointestinal tract and rivaroxaban removal from the blood, using activated charcoal and haemodialysis,
respectively. Activated charcoal is a physically and chemically processed form of carbon that can bind oral
drugs, thus reducing their absorption from the intestines. Although activated charcoal proved to be useful in
reducing absorption of dabigatran and apixaban [28, 29], we did not find any information regarding rivaroxaban.
However, the use of activated charcoal to reduce absorption still might be considered in case of arecent overdose
with rivaroxaban, using a standard dosing of 30-50 g for adults per intake [30]. Haemodialysis cannot remove
rivaroxaban efficiently, as it is highly protein bound [31].

In our opinion, the best option for treating excessive bleeding caused by rivaroxaban administration in the
future may be the use of targeted reversal agents.

Recently, a specific reversal agent against factor Xa inhibitors was developed, known as Andexanet alfa
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(PRT064445, AndexXa®, Portola Pharmaceuticals, South San Francisco, CA, USA) [22]. Andexanet alfa is
a modified human recombinant factor Xa which is catalytically inactive, though retains high-affinity binding to
direct factor Xa inhibitors or heparin-antithrombin Il complexes. Andexanet alfa induced complete reversal of
either apixaban or rivaroxaban anticoagulant activity rapidly (approximately two minutes after administration),
without any adverse effects in two recent completed parallel phase III trials - ANNEXA-A and ANNEXA-R. The
phase four clinical trial (ANNEXA-4) is under way.

One more antidote was proposed, namely, aripazine (PER-977), which is thought to be an effective antidote
against not only rivaroxaban, but also dabigatran, apixaban, subcutaneous fondaparinux and LMWH. It is also
known as ciraparantag (Perosphere Pharmaceuticals, Danbury, CT, USA), and is a small, water-soluble, synthetic
cationic molecule which reverses unfractionated heparin, low-molecular-weightheparin and fondaparinux using
non-covalent hydrogen binding and charge—charge interactions. It is capable of DOACs inactivation through
non-covalent hydrogen binding [32]. Ciraparantag (aripazine) was shown to reverse the anticoagulant effect of
all DOACs in thrombo-elastographic studies and animal models.

Conclusions

1. The selective factor Xa inhibitor rivaroxaban belongs to a new class of anticoagulant drugs, which
are designed to overcome the deficiencies of current deep vein thrombosis and pulmonary embolism
therapies.

2. Rivaroxaban has many advantages over VKAs and UFH, including a rapid onset and cessation of
anticoagulant effect, fixed dosing, fewer drug and dietary interactions and no monitoring requirement.

3. The pharmacodynamics and stable pharmacokinetic profiles, which were found to be predictable,
together with the wide therapeutic window, enhance the likelihood that oral factor Xa inhibitors,
including rivaroxaban, might become alternatives to vitamin K antagonists, unfractionated heparin, and
low molecular weight heparins for the patients with a risk of thromboembolism.

4. Effective antidotes exist and are in the progress of development for the treatment of rivaroxaban
overdose or side effects, such as bleeding.
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