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ABSTRACT

The direct oral anticoagulants (DOACSs) or novel oral anticoagulants (NOACSs) are the non-vitamin K antagonist
anticoagulants, which are relatively newer in the market. They include oral direct thrombin and factor X inhibitors.
The approved indications are stroke prevention, treatment and prevention of venous thromboembolism, and
coronary artery disease treatment. Although, recent studies have showed that the NOACs have better safety
profile, convenient to administer, and less food and drug interactions compared to current oral anticoagulants.
Clinicians prefer to prescribe traditional oral anticoagulants such as warfarin in the clinical setting. Thus, the aim
of this review is to discuss the pharmacological properties of DOACs, efficacy and safety profile, laboratory-
monitoring tests, and current reversal agents, focusing on the latest evidence from the subclinical and clinical

trials.

KEYWORDS: Direct oral anticoagulants, pharmacotherapy, reversal agents.

INTRODUCTION

Venous thromboembolism (VTE) is a major burden on
the healthcare system. The annual incidence of venous
thromboembolism is approximately 108 per 100,000
person-year.! For decades, vitamin K antagonists e.g.
warfarin are widely used for long-term prevention and
treatment of venous thromboembolism. However, they
have some limitations, such as high therapeutic index,
drug and food interactions, intrapatient and interpatients
variability, and the need for frequent laboratory
monitoring.”) The DOACs have resolved these issues to
some remarkable extent. This class of medication is
non-vitamin K oral anticoagulants that directly inhibit
specific coagulation factors.®! Currently, there are five
agents approved via the FDA for clinical use namely,
dabigatran etixalate (Pradaxa), rivaroxaban (Xarelto),
apixaban (Eliquis), edoxaban (Savaysa), and betrixiban
(Bevyxxa).[* ® Dabigatran was the first direct thrombin
(1) inhibitor that approved on 2010.% ™ Rivaroxaban,
apixaban, edoxaban, and betrixaban are direct factor X
inhibitors, which approved on 2011, 2012, 2015, and
2017 respectively./” They have replaced low-molecular-
weight heparins for thromboprophylaxis in patients
undergo elective hip or knee arthroplasty and replaced
warfarin  for stroke prevention in patients with
nonvalvular atrial fibrillation, and treatment of venous
thromboembolism.® ¥ The benefits of these agents
include  wide  therapeutic  window, consistent
pharmacokinetic and pharmacodynamic properties, fixed
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oral dosing, rapid onset and offset of action.® **2 |n

addition, they associated with less bleeding
complications, and minimal drug and food
interactions.*® On other hand, there are some issues
should be considered. An example of this, the majority
of clinicians lack a good experience on its proper use that
make them less interested to switch to DOACs use.
Furthermore, the average acquisition costs are higher
than VKAs, which make the healthcare system prefers
warfarin dispensing over the DOACs.'! The uses of
DOAC:s in some clinical situations also are still in grey
area due to lack of strong evidence from the subclinical
and clinical trials. Therefore, this review will explore
briefly the pharmacology of DOACS, efficacy and safety
profile. It also will discuss laboratory-monitoring tests,
and current reversal agents.

1. PHARMACOLOGICAL PROPERTIES

1.1 Mechanism of action

The DOACs act via two different mechanisms. The
xabans group (apixaban, rivaroxaban, edoxaban,
betrixiban) are direct factor Xa antagonists, which
competitively and reversibly inhibit free and
prothrombinase-bound factor Xa in a concentration-
dependent manner.'*> *! |nhibition of factor Xa results in
decreased thrombin generation. The dabigatran etixalate
directly binds to activated thrombin (Ila), and prevents
formation of fibrin by restricting thrombin from breaking
fibrinogen.[® "]
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1.2 Pharmacokinetics
It studies four properties, namely absorption,
distribution, metabolism and excretion of drug.

1.2.1 Oral direct factor Il (thrombin) inhibitors
Dabigatran administered orally as a prodrug (dabigatran
etixalate). The oral bioavailability is only 6.5% because
of water solubility™®*¥ that is independent on drug
dosing or presence of food.”” The time to reach peak
plasma concentration (Cmax) is 1-3hrs, which is not
related to age and sex of patient.” The volume of
distribution (Vd) is approximately 60-70L with plasma
protein binding is 35%. It converted to active form
(dabigatran) primarily via the GIT esterase and not
through CYP450 hepatic system.? The primary route
of elimination is through kidney."® 2! The plasma
concentration reaches steady state within 2-3 days with a
half-life (T1/2) of 12-18 hours'* ?*] (see table.1).

1.2.2 Oral direct factor Xa inhibitors

Rivaroxaban absorbed rapidly after oral administration
with a maximum plasma concentration (Cmax) reached
2-4 hours.”* #! |t has an excellent oral bioavailability
(80-100%).*! 1t undergoes oxidation and hydrolysis
primarily via CYP3A4/5, CYP2J)2 and CYP -
independent mechanisms in liver, and a substrate of P-
gp.?* 21 It excreted via the biliary/fecal (28%) and renal
(66%) routes, with 36% of rivaroxaban excreted
unchanged in the urine.”® It has a high plasma protein
binding (90-95%) and Vd of 50L." The elimination
half-life ranges from 5 to 9 hours in healthy subjects!* %!
and 11- 13hrs in elderly subjects®® *! (see table.1).

Apixaban has a Cmax occurring 3-4hours after oral
administration.B*?  The oral bioavailability is

Table 1: Pharmacokinetic properties of the DOACSs.
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approximately 50% due to incomplete oral absorption
and high first-pass effect via the gut and liver.®***! The
mean T1/2 is ~ 12 hr.B% 3" 3 The elimination of
apixaban includes metabolism, biliary and renal
excretion of unchanged parent drug as well as direct
intestinal excretion.®**?! It undergoes O-demethylation,
hydroxylation, and sulfation via CYP3A4, CYP1A2,
2C8, 2C9, 2C19, and 2J2 enzymes.B It has a plasma
protein binding of 93% in healthy subjects that is
comparable to patients with end stage renal disease
(ESRD) and hepatic impairment.” Finally, the volume
of distribution is only 21L, which indicates that the drug
distributes in the extracellular fluid compartment3 3 42
as in (table.1).

Edoxaban has peak plasma concentrations of 1-2 hour
following oral administration.”? It has an absolute oral
bioavailability of 62%.1**! Minority of drug undergoes
biotransformation via hydrolysis, conjugation, and
oxidation by CYP3A4. Edoxaban excreted via feces
(60%), urine (35%) and over 70% of drug excreted
unchanged with terminal half-life of 10-14 hour® (see
table.1). Finally, betrixaban has oral bioavailability of
34%, and oral absorption is decreased by presence of
fatty meal.”’*® The peak plasma concentrations occur
within 3-4 hours after oral administration."”) The
primary route of elimination is hepatobiliary route of
(82% to 89%) via P-glycoprotein (P-gp) efflux pumps
and minority via renal route of (5-7%). Metabolism via
hepatic cytochrome P450 enzymes represents only less
than 19%.1%% *! The elimination half-life is from 19 to 27
hours®™ with an apparent volume of distribution is 32
L/kg, and plasma protein binding of 60%.1" 3 (see
table.1).

Dabigatran Rivaroxaban Apixaban Edoxaban Betrixaban
Prodrug Yes No No No No
Bioavailability 6.5% 80-100% 50% 62% 34%
Time to reach Cmax. 1-3hrs 2-4hrs 3-4hrs 1-2hrs 3-4hrs
Food effect Delay Increase at dose 20mg No No Decrease (fatty meal).
T1/2 12-18 hr 5-9 hr 12 hr 10-14 hr 19-27 hr
Vd 60-70L 50L 21L 107L 32L/kg
Plasma protein binding 35% 90-95% 93% 55% 60%
Hepatic metabolism None Yes Yes Yes Yes
CYP 450 subfamily None CYP3A4/5, CYP2J2 2%2?3@3,’%5912?2 CYP3A4 SC\;P Zléllé};‘[)zé,ziz
Renal excretion 80% 66% 27% 35% 5-7%
Fecal excretion 82-88% 28% 46 -56% 60% 82-89%
Drug interactions P-gp CYP3A4/ P-gp CYP3A4/P-gp P-gp P-gp

Vd: volume of distribution, T1/2: Half-life of drug, P-gp: Permeability-glycoprotein, C max: Maximum plasma
concentration.

1.3 Clinical uses, efficacy and safety profile

1.3.1 Stroke prophylaxis

Dabigatran, rivaroxaban, apixaban, and edoxaban were
approved via the FDA to decrease risk of stroke and
embolism in patients with non-valvular atrial fibrillation
(NVAF).12% 30 42,48 53881 compared with warfarin, a
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meta-analysis of the phase Il clinical trial data revealed
that the NOACs are non-inferior for prevention of stroke
and systemic embolism without increase risk of bleeding
with similar reduction in cardiovascular mortality, and
10% reduction of all-cause of mortality.>® ®! Apixaban
was compared with aspirin in 5559 patients with AF,
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who were not candidate for warfarin use or unable to
tolerate it. Apixaban was significantly decrease the
annual rate of stroke or systemic embolism from 3.7% to
1.6% (hazard ratio: 0.45; 95% CI: 0.32— 062; P < 0.001)
without a significant increase in the annual rate of major
bleeding from 1.4% to 1.2%."*™ Dabigatran administered
at a dose of 110 mg or 150 mg and compared with
warfarin in patients with AF. As a result, the rate of
stroke and systemic embolism were similar and lower to
those associated with warfarin at doses of 110 mg and
150 mg respectively and associated with lower rates of
major hemorrhage for both different doses.’® Presence
of valvular AF, which means presence of mechanical
prosthetic heart valve or moderate to severe mitral
stenosis increases thromboembolic risk that consider as
an exclusion criterion from the DOACs phase Il AF
trials.®®® Moreover, based on the RE-ALIGN trial
(Dabigatran  Versus Warfarin in Patients with
Mechanical Heart Valves) conducted on 2011, the result
was disappointed as dabigatran was associated with
excess thromboembolic and bleeding events in patients
with mechanical heart valves.[® Therefore, the warfarin
was preferred over DOACs specifically in this group of
patients similar to recommendations that made via the
American College of Chest Physicians and American
College of Cardiology/American Heart Association
guidelines.’® ® The bioprosthetic heart valves are less
thrombogenic compared with mechanical heart valves.
However, they are associated with increased risk and
require chronic anticoagulation in setting of concurrent
AF or mitral stenosis.®”I The existing evidence to support
the use of DOACS is limited. Thus, further studies and
randomized controlled trials are needed to investigate the
safety and efficacy of this class in this type of patients.®®

1.3.2 DVT and PE prophylaxis / treatment

Venous  thromboembolism includes deep-vein
thrombosis (DVT) and pulmonary embolism (PE). It is
the third most common cause of vascular disease —
related deaths.®*” The mainstay of treatment is
anticoagulation for 3 months or longer.l” ™ The current
standard treatment is rapid acting parenteral
anticoagulation for 5 to 7 days followed by oral
anticoagulation e.g. warfarin, dabigatran or edoxaban for
3 months.[”® This class was approved for treatment and
prevention of recurrent DVT and PE.[?% 3042 74 A meta-
analysis of phase Il trials compared the NOACs with
VKAs in patients with acute VTE suggested that the
NOACs reduce the rates of recurrent VTE and VTE
related mortality similar to warfarin with lower risk of
major bleeding complications.”™ According to the RE-
COVER study (dabigatran versus warfarin in treatment
of acute VTE) that conducted from 2006 to 2009, and
included the RE-COVER | and Il trials (primary
outcome was 6-month incidence of recurrent
symptomatic or fatal VTE). As a result, a fixed dose of
dabigatran was as effective as warfarin, and did not
require laboratory monitoring in treatment of acute
VTE.UG' 77
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1.3.3 Thromboprophylaxis

Patients, who underwent elective hip or knee arthroplasty
require extended thromboprophylaxis as one of LMWHs
e.g. fondaparinux, or adjusted-dose of vitamin K
antagonist (VKA) e.g. warfarin for 10 days post-
surgery.® Apixaban and rivaroxaban were approved as
prophylaxis of venous thromboembolism after total knee
replacement (TKR) and total hip replacement
(THR).B427 \Weili et al. (2015) stated that DOACs
were effective to prevent venous thromboembolism after
total hip or knee replacement. However; the bleeding
rate was higher with rivaroxaban than apixaban and
edoxaban use.’® Lassen et al. (2007) also demonstrated
that apixaban at doses of 2.5 mg b.i.d. or 5 mg g.d. has a
promising benefit-risk profile compared with current
treatment after elective total knee arthroplasty.®!
Moreover, Yong Bing et al. (2010) concluded that
rivaroxaban was more effective than the recommended
dose of enoxaparin with similar safety profile as
thromboprophylaxis following TKR and THR.P4 |n
addition, betrixiban was approved as prophylaxis of
venous thromboembolism in hospitalized patients with
acute medical illness, who at risk for thromboembolic
complications due to moderate to severe restricted
mobility and other risk factors for VTE.% ] The APEX
study conducted from (2012-2015) compared betrixaban
at dosing of 80 mg once a day orally for 35-42 days with
the standard-duration of LMWHSs e.g. enoxaparin at a
dose of 40 mg once a day subcutaneous (S.C) for 6-14
days in hospitalized acute ill patients. The study
demonstrated that extended prophylaxis with betrixaban
resulted to a reduction in the VTE compared with
standard short duration of enoxaparin in acute ill
hospitalized patients with known risk factors for post
discharge VTE.®¥ Samuel et al. (2011) and Michael et
al. (2009) also have made similar finding, as an extended
course of thromboprophylaxis with apixaban was similar
to a shorter duration with enoxaparin. However, it was
associated with significant bleeding events in acute ill
patients. %> %I

1.3.4 Acute coronary syndrome (ACS)

ACS usually triggered by thrombosis after rupture of
atherosclerotic plaque in coronary artery. The
anticoagulant therapy usually added to antiplatelet
therapy to decrease the risk of recurrent ischemic attack.
Improved cardiovascular outcomes were reported in
patients, who were treated with warfarin and aspirin.[®"!
Rivaroxaban has unique indication as the first DOAC
licensed for this indication in combination with aspirin to
reduce the risk of cardiovascular events in patients with
coronary artery disease (CAD) or peripheral vascular
disease.™" Jessica L et al. (2011) compared rivaroxaban
at doses of 2.5 or 5 mg b.i.d with placebo in patients with
stabilized ACS. As a result, rivaroxaban was
significantly decrease the risk of cardiovascular death,
myocardial infarction (MI) or stroke from 10.7% to 8.9%
(hazard ratio: 0.84; 95% CI: 0.74 — 0.96; P = 0.008).1®!
In addition, compared with placebo, rivaroxaban
increased the rates of major bleeding from 0.6% to 2.1%
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(P < 0.001) and intracranial hemorrhage from 0.2% to
0.6% (P = 0.009) without a significant increase in the
rate of fatal bleeding from 0.2% to 0.3% (P = 0.66).1%®
John W et al. (2017) also stated that the combination of
rivaroxaban at dosing of 2.5 mg twice a day and aspirin
at dosing of 100 mg once a day had better cardiovascular
outcomes and more major bleeding events compared
with use of aspirin alone. Furthermore, rivaroxaban at a
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dose of 5 mg twice a day had cardiovascular outcomes
similar to use of aspirin alone. However, it was
associated with more bleeding complications in patients
with stable atherosclerotic vascular disease.®

1.4 Drug dosing and dosage forms
The drug dosing, frequency, and dosage forms that
related to clinical uses described in table. 2.2 30 42.46.52]

Table 2: Approved doses, dosages form and clinical indications of DOACs.

Class NVAF DVT & PE Thromboprophylaxis ACS
Dose 75-150 mg @ 150 mg 110 mg ®
Dabigatran | Frequency b.i.d b.i.d q.d
Dosage form Capsules
Dose 5mg © 10 mg, 2.5 mg @ 2.5mg
Apixaban Frequency b.i.d b.i.d b.i.d
Dosage form Tablets
Dose 15 or 20 mg 15 mg 10 mg © 25mg ?
Rivaroxaban | Frequency qd qd g.d q.d
Dosage form Tablets
Dose 60 mg @ 60 mg ™
Edoxaban Frequency qd q.d
Dosage form Tablets
Dose 80mg "
Betrixaban Frequency q.d
Dosage form Capsules

® n patients with CrCl >30 mL/min is 150mg reduced
to 75mg in patients with CrCI=15-30 mL/min. ® In
patients post HRT with CrCl >30 mL/min is 110mg 1st
day, then 220 mg. © Patients with at least two of the
following characteristics: age > 80 years, body weight <
60kg, or serum creatinine > 1.5mg/dL, dose is 2.5 mg. @
Reduction in the risk of recurrent following initial
therapy. © Prophylaxis of VTE in acute ill medical
patients start in hospital and after hospital discharge for
31 to 39 days. ® Combined with aspirin 75-100 mg day.
@M |t should not use in patients with CrCL > 95
mL/min, and reduce dose to 30 mg in patients with CrCL
from 15 -50 mL/min or body weight < 60 kg or who use
P-gp inhibitors. © The recommended duration of
treatment is 35 to 42 days and reduce dose for patients
with severe renal impairment & (P-gp) inhibitors. q.d:
once a day. b.i.d: twice a day.

1.5 Major drug interactions

Drug-drug interactions are a major concern for any
clinician prescribe this class of medication. Concomitant
administered drugs that alter DOAC plasma
concentrations may lead to serious complications, either
thromboembolism or bleeding. Even though, this class
has minimal drug interactions compared to VKAs, which
have significant drug interactions. The drug interactions
comprise pharmacokinetic (PK) and pharmacodynamic
(PD) interactions that classified according to underlying
mechanism. The one of important pharmacokinetic drug
interactions is the plasma protein binding. Rivaroxaban
and apixaban are showing values above 90%. Thus, these
two drugs may displaced by other drugs that have high
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affinity to albumin and increased plasma concentrations
of DOACs. Moreover, P-glycoprotein (P-gp) is an
adenosine  triphosphate  (ATP)-dependent  efflux
transporter located in the plasma membranes of different
cells and plays an important role in the PK profile of all
DOACs by impairing their intestinal absorption,
enhancing hepatic and renal elimination.® Therefore,
potent P-gp inhibitors or inducers expected to have
relevant pharmacological interactions with all DOACs
either increasing or reducing their anticoagulant effects.
In addition, all DOACs eliminated by CYP metabolic
enzymes e.g. CYP3A4 can contribute to major drug-drug
interactions and place the patient at risk of
complications.®™ An example of this, CYP3A4
inhibitors with the use of apixaban, which has the highest
reliance on hepatic biotransformation for clearance.*”
Therefore, the dose of apixaban should be reduced by
50% when it is coadministered with drugs that are
combined P-gp and strong CYP3A4 inhibitors, such as
ketoconazole, itraconazole, and ritonavir.*?  The
presence of food also may affect DOACSs absorption and
plasma concentrations. Food slightly delays dabigatran
absorption (C max from 2 hr to 4 hr), while oral
bioavailability of rivaroxaban is significantly increased
specifically at a dose of 20 mg.*® °Y The oral
bioavailability of betrixiban is also affected by fatty
meal, which reduces peak plasma concentration and the
area under curve by 50%.1" % ® |n contrast, the
bioavailability of apixaban and edoxaban are not
influenced by the presence of food.F? °* * The st.
John’s wort is one of the most remedies that commonly
used for treatment of depression.®”! The St. John’s wort
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acts as strong inducer of P-gp and CYP3A4, which can
potentially affect the anticoagulant action of all
DOACs.™ Therefore, the plasma concentration of all
DOAC:S are expected to decrease and should be avoided
in concomitant with the St. John’s wort use.’® In an
open-label, nonrandomized, sequential treatment
interaction study conducted on 12 healthy volunteers, St.
John’s wort extract was significantly reduced extent of
absorption and maximum plasma concentration of
rivaroxaban by 24% and 14%, respectively.”! Therefore,
clinicians should determine the plasma concentration of
DOACS via using anti-fXa chromogenic assay.*®

On other hand, different classes of DOACs may have
pharmacodynamic (PD) drug interactions by affecting
platelets activation or coagulation pathway. For PD
prospective analysis, results from four allocated RCTs
have investigated efficacy and safety of DOACs or

warfarin -~ with  P2Y12 receptor antagonists e.g.
clopidogrel in patients with atrial fibrillation (AF) and
ACS, who underwent percutaneous coronary

intervention (PC1).*%% These trials showed that dual
therapy with DOACs and P2Y12 receptor antagonists
had a lower risk of bleeding compared with triple
therapy, namely warfarin, aspirin, and clopidogrel. The
bleeding risk reduction was induced bE/ receiving the
DOACs instead of warfarin and aspirin.*® In addition,
the clinical relevant two-folds increase in bleeding time
has been observed with aspirin at doses of 100 mg and
325 mg respectively in combination with edoxaban.%%
Antiplatelet drugs are either inhibitors (ticagrelor,
naproxen% or substrates (clopidogrel, enoxaparin) of P-
gp."%% 1% Edoxaban with or without concomitant use of
clopidogrel and ticagrelor showed a similar relative
efficacy and reduced bleeding compared to warfarin.
Although, a significant increase of bleeding risk was
anticipated with all DOACs when administered with
antiplatelet drugs.™® Although, the PK drug interactions
did not observe when clopidogrel was administered at a
dose of 75 mg ¢.d and dabigatran at a dose of 150 mg
b.i.d in healthy volunteers. The single loading dose of
300 mg or 600 mg clopidogrel has increased dabigatran
AUC and Cpnay by 30-40%.2%°1 Moreover, it is rational to
anticipate the PD interactions between NSAIDs and
DOACs combination with a significant increase in the
bleeding risk. The incidence of major bleeding during
NSAIDs and DOACs combination was equal to 6.5 per
100 patient-years compared to 2.2 per 100 patient-years
during anticoagulant use only.%

2. LABORATORY MONITORING TESTS

Because of consistent properties of this class, routine
laboratory monitoring tests usually are not necessary.
However, laboratory testing may be useful in specific
situations, namely bleeding or thromboembolic event
during treatment, drug overdose and measurement of
patient compliance.'%! They classified into two
subgroups based on level of information required, such
as qualitative tests, which provide a knowledge on the
haemostasis state of patients e.g. prothrombin time (PT),
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activated partial thromboplastin time (APTT) as well as
thrombin time (TT).1 The quantitative tests are usually
used to measure plasma drug concentrations e.g. liquid
chromatography-mass spectrometry (LC-MS),
coagulometric and chromogenic assays for dabigatran,
and chromogenic anti-FXa assays with drug-specific
calibrators for inhibitors of FXa.l*%"

2.1 Liquid chromatography-mass spectrometry (LC-
MS)

It is the most reliable laboratory assay used to investigate
the plasma level of drugs.'® ! The LC-MS directly
quantifies drug concentrations and does not require
calibration via using a known concentration of the
DOACs. The analytical range is between 5 and 500
ng/mL for all DOACSs, which is sufficient to quantify
peak and trough concentrations.™? It is highly specific,
rapid and provides reliable and accurate results.
However, it requires expensive equipment and well-
trained people. Because of its complexity, only few
highly specialized laboratories have this type of
technology that can perform DOACs concentration
measurement. Other assays can be used extensively in
researches and clinical trials, and cannot be used
routinely in clinical situations for rapid testing.*** 12

2.2 Clot-based assays

These tests work by measuring the time needed for
plasma-containing DOACs to form clot after adding
calcium and activator. It includes prothrombin time (PT),
activated partial thromboplastin time (APTT), and
thrombin time (TT).*! These are screening tests, which
can be used in cases of emergency to support clinical
decision. However, it is insufficient to assess degree of
anticoagulant effects. PT is used to assess the
coagulation profile of rivaroxaban.™*¥ The effects of
edoxaban on PT seems stronger than betrixaban and
rivaroxaban. Apixaban produces slight or no effect on
PT.®! The anti-Xa DOACs sensitivity is insufficient at
concentrations lower than or close to 30 ng/mL.I"%! By
this way, PT can be useful to exclude high levels at
trough concentration of rivaroxaban or edoxaban in
plasma via using sensitive reagents. The APTT test
estimates the intrinsic coagulation pathway function. It
could be used to monitor dabigatran and screening test
for the risk of overdose.™® It is slightly prolonged at the
Cmax of anti-FXa drugs with comparable anticoagulant
effects of betrixaban and edoxaban followed by
rivaroxaban and apixaban.*™ Rivaroxaban has a higher
sensitivity to APTT compared to other direct factor Xa
inhibitors."! Because of its sensitivity that depends on a
reagent. It is generally insufficient to monitor treatment
at the therapeutic concentrations™® (see table. 3).
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Table 3: Effects of DOACs on the coagulation screening tests.

PT/INR APTT TT
Dabigatran Increase at Cmax Increase Increase at C trough
Rivaroxaban | Increase Increase at Cmax No change
Apixaban Slight or no change | Slight or no change | No change
Edoxaban Increase Increase at Cmax No change
Betrixiban Increase Increase at Cmax No change

APTT: activated partial thromboplastin time; PT: prothrombin time; TT: thrombin time; INR: international normalized

ratio.

2.3 Quantitative routine assays

They include the ecarin clotting time (ECT),
chromogenic ecarin assay (CEA), chromogenic anti-Flla
assay, and diluted TT, which can be used to measure the
plasma concentration of dabigatran.***?” The ECT
usually used to measure dabigatran concentration above
therapeutic level, and depends on the time taken to form
a clot. The CEA relies mainly on color generations. The
ECT and ECA show a good correlation with LC-MS
result.*® I The diluted thrombin time (TT) is a clotting
test in which a patient plasma diluted with a buffer,
mixed with normal plasma, and coagulation triggered by
adding purified human thrombin. The diluted TT has a
linear dose response relationship with clotting times, and
inversely  proportional to  dabigatran  plasma
concentrations. In the chromogenic anti-Flla method,
thrombin incubated and diluted with a patient plasma.
The residual thrombin hydrolyzes a thrombin-specific
chromogenic substrate, releasing paranitroaniline (pNA).
The amount of released pNA is measured by the optical
density generated per minute, which is inversely
proportional to concentration of dabigatran in the
sample.” The chromogenic anti-FXa assays have been
used in clinical laboratories for several decades to
monitor heparins, heparin-like therapies, and measure
plasma concentrations of anti-Xa drugs.??

3. REVERSAL AGENTS

In the last five years, there are new specific reversals,
which approved via the FDA. Various approaches and
interventions were utilized to reverse effects of the
DOACs before approval of specific reversal agents.
These approaches depend on the severity of bleeding.
The success of such measures were largely depended on
the timing of last anticoagulant dose, administrated dose,
concurrent medications, site of bleeding, and patient co-
morbidities. The standard regimen was either delay or
withhold the subsequent dosing in cases of mild to
moderate bleeding."**! However, blood transfusion and
mechanical compression were employed in sever
bleeding situations.*** *!  They classified into
nonspecific and specific agents. The nonspecific
antidotes include prothrombin complex concentrate
(PCCQ), fresh frozen plasma (FFP), recombinant activated
factor VII (rFVI1la), activated PCC (aPCC), as well as
hemodialysis for dabigatran overdose. The specific
agents are idarucizumab, andexanet alfa, and
ciraparantag, which used specifically to counteract
dabigatran and factor Xa inhibitors in life-threatening
bleeding.
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3.1 Nonspecific reversals

All available data regarding efficacy of nonspecific
reversal agents in the DOACs-associated bleeding are
limited. 1% 1#7]

3.1.1 Prothrombin complex concentrate (PCC)

It is a plasma-derived concentrate containing vitamin K-
dependent clotting factors. One preparation contains
three factors, namely factor I, IX, and X. Other contains
four factors e.g. factor Il, VII, IX, and X, as well as
varied amounts of protein C and S.'* In three small

randomized, placebo-controlled studies, the PCC
reversed anticoagulant effects of rivaroxaban and
[126, 128,

edoxaban, and did not reverse dabigatran effects.
291 In an open-label, parallel-group study compared
efficacy of three-factor PCC with four-factor PCC
formulations on prothrombin time (PT) of 35 healthy
volunteers, who received rivaroxaban of 20 mg twice a
day for 4 days followed by 50 unit/kg of three or four
factor PCC intravenous infusion. The four-factor PCC
reduced PT mean by 2.5-3.5 seconds, while three-factor
PCC reduced the mean by 1-1.6 seconds.*? Therefore,
the PCC can be used to reverse DOACs effects in
patients with major bleeding. Similarly, a randomized
crossover trial on 12 healthy volunteers, who received
apixaban at a dose of 5 mg twice a day followed by four-
factor PCC at a dose of 25unit/kg intravenous infusion
for 3 hours after the last dose of apixaban.**! Thrombin
generation increased by 76% at 30 minutes post four-
factor PCC infusion. There were no differences in anti-
Xa and activated partial thromboplastin time (APTT)
values between four-factor PCC and placebo.*”
Although, the data regarding efficacy for restoration of
hemostasis was limited. The bleeding time reduced with
PCC compared to placebo in the edoxaban-treated
healthy volunteers, who were undergoing punch
biopsy.!**!l In addition, the incidence of VTE was low
and similar to that reported with the use of PCC for
reversal VKAs.'*2 The contribution of an unmasked
thrombotic process was attributed to anticoagulation
cessation or activation of coagulation cascades by
hemorrhage and should be considered.*? Adverse
effects include thrombosis, and transmission of
infections, which  considered rare with new
preparations.***

3.1.2

(APCC)
APCC is anti-inhibitor coagulant complex that works as
a factor V111 inhibitor bypassing activity (FEIBA).™ It

Activated prothrombin complex concentrate
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is a plasma-derived concentrate of factors I, VII, 1X, and
X that activated during manufacturing process. Firstly, it
was developed to manage bleeding in patients with
hemophilia A and B, who had inhibitors to factor VIII or
IX. Recently, studies have demonstrated its usefulness as
an off-label drug that can be used to reverse the
anticoagulant effects of DOACs in patients with active
bleeding.™® In a series of 127 patients, six patients
developed spontaneous intracranial hemorrhage (ICH)
secondary to DOACSs use and managed with APCC at
dosing of 50 unit/kg; none of these patients developed
an ICH expansion, thrombotic or hemorrhagic
complications.** However, the thrombotic events were
4.05 per 105 infusions in hemophilic patients treated
with  APCC.! In addition, APCC has been
demonstrated to correct the PT and some thrombin
generation indices in healthy subjects treated with
rivaroxaban, 3" 1%

3.1.3 Recombinant activated factor VII (rFVIla)
The factor was primarily developed for treatment of
bleeding in hemophilia patients, who had factor
inhibitors. A dose of 90 pg/kg has been suggested to
reverse major bleeding causing via the DOACs.!'*"]
Compared to placebo, the off-label use of rFVIla was
associated with an increased risk of arterial
thromboembolic events.!**!

3.1.4 Hemodialysis

Hemodialysis has been used to reverse dabigatran
associated life-threatening bleeding.™” The main
properties of this agent is a small plasma protein binding
and has high renal clearance that makes it easy to
dialyze. According to published literatures, a 4-hour
hemodialysis session can reduce plasma concentrations
up to 68% of dabigatran.[*" 142 Even though, drug levels
can increase after intermittent dialysis due to
redistribution from extravascular compartments.*344 |p
contrast, factor X inhibitors are not dialyzable because of
high plasma binding e.g. rivaroxaban and apixaban, and
large volume of distribution, such as edoxaban, and
betrixaban. In a study evaluated the pharmacokinetics
and safety of edoxaban in patients, who underwent
hemodialysis. Hemodialysis had only a minor decrease
in the mean total exposure (AUC 0—o0 676.2 ng h/ml)
compared with patients off-dialysis (AUC 0—o0 691.7
ng h/ml), suggesting that hemodialysis would not be an
efficient WaP/ of drug removal in case of edoxaban
overdose.™**®

3.2 Specific reversals

3.2.1 Idarucizumab

A humanized monoclonal antibody fragment, which acts
directly by binding to dabigatran to reverse its
anticoagulant effects.**! It approved via the FDA on
2015. According to the 2019 update of the 2014
AHA/ACC/HRS guidelines for management of patients
with atrial fibrillation recommended that the use of
idarucizumab was to counteract dabigatran associated
life-threatening bleeding or during urgent procedures.™"!
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It binds to free and thrombin-bound dabigatran and
neutralizes its activity.*®! Idarucizumab was available as
a single-dose vial 2.5 g/50 ml solution for intravenous
bolus and administered as two 50 ml intravenous boluses
with 2.5 g each within 15 minutes.™ It excreted
through the kidney, and had a half-life of 45 minutes.**”
The potency has been tested in phase | and Il clinical
trials. Idarucizumab administration had no effect on the
coagulation profile, indicating that it has no
prothrombotic effects.'** ¥4 |t normalized clotting times
e.g. dilute thrombin time or ecarin clotting time in 88-98
% of patients within minutes and test results remained
normal for the subsequent 24 hr. According to Chen Jin
et al. (2018) stated that the rate of symptomatic
intracranial hemorrhage among dabigatran treated
patients and reversed with idarucizumab prior to
administration of intravenous tissue-type plasminogen
activator (tPA) was (4.5%) versus (7.4%) and mortality
rate was (4.5%) versus (12.0%) compared with those
who did not receive the reversal agents.”® The
observations  concluded that administration of
idarucizumab before tPA was an emerging strategy that
associated with more favorable outcomes. ™!

3.2.2 Andexanet alfa

It is a genetically modified human factor Xa protein that
binds and sequesters factor Xa inhibitors, namely
rivaroxaban, edoxaban, apixaban, and betrixaban.**%]
It approved via the FDA since 2018. It had a half-life of
1 hour.'® 51 Andexanet alfa is available as a 100 mg
vial for intravenous infusion, and recommended as a
single intravenous bolus (400 or 800 mg) followed by a
continuous intravenous infusion for up to 120 min (4 or
8 mg/min)."*® Based on the ANNEXA-4 clinical trial
conducted on 2020, which evaluated the efficacy of
andexanet alfa to achieve hemostasis after major
bleeding associated with rivaroxaban, apixaban,
edoxaban, and enoxaparin use. There was a 92%
reduction in the median of anti-factor Xa activity after
andexanet alfa treatment in patients with acute major
bleeding, who received apixaban, rivaroxaban, or
edoxaban within 18 hours. This clinical trial also
concluded that an adequate clinical hemostasis was in
85% of patients with gastrointestinal bleeding, and 80%
of patients with intracranial bleeding within 12 hours of
andexanet alfa administration.'**! Andexanet alfa also
resulted in rapid reversal anticoagulant effects of
betrixaban in healthy volunteers.

3.2.3 Ciraparantag (Aripazine; PER977)

It is a synthetic water-soluble cationic molecule, which
has been developed to form strong noncovalent hydrogen
bond, and charge-charge interactions that binds to
heparin, direct factor Xa inhibitors, and thrombin
inhibitors.[*! The pharmacokinetic and
pharmacodynamic properties were studied in double
blind placebo controlled trials.
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CONCLUSION

The DOACSs have revolutionized anticoagulant therapy,
and becoming the main therapy for stroke prevention in
patients with AF and thromboembolism treatment and
prophylaxis. The list of new clinical uses is still
expanding. Because of consistent pharmacokinetic and
pharmacodynamic properties, and advent of rapid and
safe specific reversal agents. Definitely, it can replace
VKAs e.g. warfarin in the clinical setting. Moreover,
some issues may affect the efficacy and safety endpoint
when prescribing these agents, and this review has been
addressed these issues.
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