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The development of a new generation of non-vitamin K oral
anticoagulants represents a potential breakthrough in the
management of patients with thrombotic diseases, disorders
and conditions. While a large and growing body of evidence
from large-scale clinical trials and registries supports a
favorable safety profile, having a means to rapidly reverse their
anticoagulant effects represents an unmet need among
practicing clinicians. Several targeted reversal agents are
currently in development and the early results are promising.
Idarucizumab is a monoclonal antibody that can immediately
and specifically reverse dabigatran. Andexanet alfa is a
recombinant modified factor Xa that can bind and reverse oral
and parenteral factor Xa inhibitors, including rivaroxaban,
apixaban and edoxaban, and low molecular weight heparin.
Aripazine is a small molecule that can reverse the action of
factor Xa inhibitors and possibly dabigatran as well through
non-covalent binding and charge—charge interactions.
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Introduction

For decades, vitamin K antagonists (VKA) were the only
approved option for oral anticoagulation. Although this
class of drugs is one of the most effective in the cardiovas-
cular field, only 50% of patients with an indication for long
term anticoagulation receive a prescription and complete
therapy [1]. Novel oral anticoagulants (NOAGCs), also re-
ferred to as target-specific oral anticoagulants and non-
vitamin K oral anticoagulants represent a potential break-
through in anticoagulation pharmacology due to their
predictable dose-response relationship without the need
for routine monitoring and dose titration and fewer drug—
drug and food—drug interactions compared to VKAs [2].
Some of NOAGs are also more effective than VKAs in
stroke prevention among patients with non-valvular atrial
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fibrillation, or associated with lower risk of major bleeding,.
Each agent has been shown to significantly reduce the
likelihood of intracranial hemorrhage.

Despite several favorable properties and an overall excel-
lent performance in both large-scale, randomized trials
and post-marketing registries, the uptake of NOACs has
been relatively modest and a concern has been raised
among the clinical and lay communities about the lack of
an antidote or effective anticoagulation reversal strategy
should the need arise [3,4].

Non-specific reversal of NOACs

The pharmacology of NOACs is summarized in
Table 1. Each agent has a comparatively short half-life
(average 7-12 hours) compared with VKAs. Warfarin has a
half-life of 3642 hours. The anticoagulant activity dis-
sipates after 4-5 half-lives, and withdrawal of anticoagu-
lation with supportive care are often effective therapies
for mild and moderate bleeding among patients with
normal renal function. Dabigatran is cleared from the
circulation primarily by renal mechanisms; accordingly,
hemodialysis is a potential option for the management of
moderate-to-severe bleeding. Initiation of hemodialysis
does require central access and only 50% of the drug is
removed after 4 hours of dialysis [5].

Severe, life-threatening bleeding associated with hemo-
dynamic instability or acute organ dysfunction requires
immediate reversal of anticoagulation. Volume resuscita-
tion and appropriate control of bleeding source(s) are the
main stay of therapy currently. Activated charcoal can
decrease the absorption of NOACs, when administered
within 2-3 hours of drug intake [6,7].

Fresh frozen plasma does not reverse the anticoagulation
of dabigatran and is, at most, only partially effective in
reversing the anticoagulant effect of direct Xa inhibitors.
In addition, large volume transfusion of FFP increases
risk of volume overload. The efficacy of prothrombin
complex concentrates (PCCs) in the reversal of either
direct thrombin or factor Xa inhibitors has not been
evaluated in large-scale clinical trials.

Recombinant factor VIIa and factor eight inhibitor
bypassing activity (FEIBA) decreased bleeding times
of dabigtran and rivaroxban in animal bleeding models
[8,9]. Nonactivated 4-factor PCCs decreased bleeding
time in a dabigatran rabbit bleeding model, but did not
correct thrombin or ecarin clotting times among healthy
volunteers [10,11°°]. Prolonged prothrombin time and
endogenous thrombin lag time induced by rivaroxaban

Current Opinion in Pharmacology 2016, 27:86-91

www.sciencedirect.com


http://crossmark.crossref.org/dialog/?doi=10.1016/j.coph.2016.02.008&domain=pdf
mailto:Beckerrc@ucmail.uc.edu
http://dx.doi.org/10.1016/j.coph.2016.02.008
http://www.sciencedirect.com/science/journal/14714892

Table 1
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Pharmacokinetics and reversal of new oral anticoagulants

Dabigatran Apixaban Rivaroxaban Edoxaban
Mechanism Direct factor lla inhibitor Direct factor Xa inhibitors
tmax (hours) 1-3 2-3 2-4 1-2
Protein bound 35% 87% 95% 20%
vd (L) 60 21 50 300
Excretion Renal Renal/hepatic Renal/hepatic Renal
T1/2 (hours) 12-17 8-15 9-13 8-10
Dialyzable Yes No No No

Drug interaction

P-gp inhibitors

P-glycoprotein inhibitors & or CYP3A4

P-gp inhibitors

Monitoring Thrombin clotting time
Ecarin clotting time?

FFP Not effective

PCC Partially effective?®

Idarucizumab
Aripazine

Target reversal

inhibitors
Anti-Xa activity®

Not effective
Partially effective?®
Andexanet alfa
Aripazine

& Normal TT or aPTT suggests a low plasma dabigatran level.
® Prothrombin time is prolonged, but dependents on reagents used.

¢ Activated PCC may be more effective, but there are no large-scale clinical trials, and there is a potential risk of thrombosis.

in healthy volunteers were immediately corrected with
4-factor PCCs (50 1U/kg) [11°°]. Four-factor PCC (50 1U/kg)
also reduced bleeding duration associated with edoxaban
in a human punch biopsy bleeding model, though pro-
thrombin time was only partially corrected [12°].

Targeted reversal drugs

Idarucizumab (BI655075-Dabi-Fab)

Idarucizumab is a humanized monoclonal antibody frag-
ment (FAB, molecular weight is 47.8 kDa) that tightly
binds and irreversibly inhibits dabigatran in a 1:1 ratio.
The affinity of idarucizumab to dabigatran is 350 times
the affinity of dabigatran to thrombin. In vitro and in vivo
animal studies revealed an immediate and complete
reversal of dabigatran’s anticoagulant activity at equimo-
lar concentrations after single bolus dose of idarucizumab.
The drug did not interact with other thrombin substrates,
coagulation factors or impact platelet activity [13]. In
addition and despite its molecular structure idarucizumab
does not possess thrombin-like activity, and unlike non-
specific reversal agents has not, in the studies performed
to date, caused an ‘over-correction’ as assessed by throm-
bin generation parameters [14]. The efficacy is also not
affected by solutions used for resuscitation in a pig model
of hemorrhagic shock [15].

Idarucizumab is 100 times larger than dabigatran and the
volume of distribution of the former or idarucizumab-
dabigatran complex is significantly lower than dabigatran
alone. The half-life is 45 min in healthy volunteers and
elimination occurs primarily by a renal route. The efficacy
and safety in patients with advanced chronic kidney
disease is unknown, though animal studies have sug-
gested efficacy since both dabigatran and idarucizumab

are expected to accumulate and allow concomitant neu-
tralization [16].

No serious adverse events were reported among healthy
volunteers in a double blinded placebo controlled phase
IT trial [17°]. The median serum dabigatran concentra-
tions in this study were similar to levels reported in the
RE-LY trial. An infusion (over 5 min) of 1, 2 and 4 ¢
resulted in a reduction of dilute thrombin time by 74%,
94% and 98%, respectively. Similar responses were ob-
served as determined by activated thromboplastin time
(aPI'T), ecarin clotting time and thrombin time measure-
ments. [18]. Reversal was maintained over 72 hours with
2 g or higher doses of idarucizumab. Serum dabigatran
concentrations remained elevated albeit inactive and in a
bound state to the Fab fragment. Minor adverse reactions
included skin irritation and erythema at the site of drug
administration, dizziness, asthenia and flu-like symptoms.
Idarucizumab vials contain sorbitol, and there is a poten-
tial risk of adverse events, including hypoglycemia,
vomiting and metabolic acidosis, in patients with heredi-
tary fructose intolerance.

Idarucizumab is currently being studied in a multicenter,
observational phase III trial (RE-VERSE AD) which is
designed to enroll 300 subjects on dabigatran with a
clinical indication for anticoagulation reversal, including
uncontrollable/life threatening bleeding (group A) or
need for emergency surgery/invasive procedure (group
B) [19] (clinicaltrials.gov NCT02104947). An interim
analysis of 90 subjects who received a total of 5.0¢g
(2.5 g/50 mLL x 2 doses) was performed. The median
investigator reported time to cessation of bleeding was
11 hours in group A. Normal intraoperative hemostasis
was achieved in 92% of group B subjects. The all-cause
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