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Abstract

Recombinant coagulation factor Xa (FXa), inactivated Zh-zo, also known as andexanet alfa (AA), is a modified version of human
FXa that has been developed to neutralize FXa inhibitors. We studied the reversal effect of AA for these inhibitors in various
anticoagulant and thrombin generation (TG) assays. Individual aliquots of normal human plasma containing | pg/mL of apixaban,
betrixaban, edoxaban, and rivaroxaban, were supplemented with saline or AA at a concentration of 100 pug/mL. Clotting profiles
include prothrombinase-induced clotting time, activated partial thromboplastin time, and prothrombin time. Factor Xa activity
was measured using an amidolytic method. Thrombin generation was measured using a calibrated automated thrombogram.
Differential neutralization of all 4 anticoagulants was noted in the activated clotting time and other clotting tests. The FXa activity
reversal profile varied with an observed decrease in apixaban (22%), betrixaban (56%), edoxaban (28%), and rivaroxaban (49%).
Andexanet alfa also led to an increased TG in comparison to saline. The peak thrombin was higher (40%), area under the curve
(AUC) increased (15%), whereas the lag time (LT) decreased (17%). Andexanet alfa added at 100 pg/mL to various FXa sup-
plemented systems resulted in reversal of the inhibitory effects, restoring the TG profile; AUC, LT, and peak thrombin levels were
comparable to those of unsupplemented samples. Andexanet alfa is capable of reversing anti-Xa activity of different oral FXa
inhibitors but overshoots thrombogenesis in both the saline and FXa inhibitor supplemented systems. The degree of neu-
tralization of Xa inhibitor is specific to each agent.
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designed to reverse the inhibition of FXa bleeding associated
with newer oral anti-Xa agents.> In this recombinant protein,
the serine active site is replaced by alanine and the v-

Introduction

Currently, 4 anti-Xa agents (apixaban, betrixaban, edoxaban,
and rivaroxaban) are available for clinical use. Factor Xa (FXa)
inhibitors are approved for stroke prevention in patients with
nonvalvular atrial fibrillation and for the treatment/prevention
of venous thromboembolism.' They are also currently being
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developed for additional indications including acute coronary
syndrome, peripheral arterial disease, and cancer-associated
thrombosis (CAT). Similar to the other anticoagulants, FXa
inhibitors may cause life-threatening or uncontrolled bleeding
which would be difficult to treat without having an antidote.’

Andexanet alfa (AA, coagulation FXa recombinant, inacti-
vated Zh-zo; Portola Pharmaceuticals, South San Francisco,
California) is a recombinant FXa decoy protein which is
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carboxyglutamic acid domain is removed to restrict its assem-
blage into prothrombinase complex.’ Food and Drug Admin-
istration approved AA in May 2018 as an antidote for apixaban
and rivaroxaban.® Andexanet alfa may also neutralize the anti-
Xa effects of the other oral anti-Xa agents, betrixaban and
edoxaban.

Although AA is not an active procoagulant, its use has been
reported to result in thromboembolic events.> It was hypothe-
sized that AA may enhance TG in human plasma which may
contribute to the reported thrombotic complications. To con-
firm this hypothesis, the relative neutralization profiles of each
of the 4 anti-Xa inhibitors by AA were studied in various
laboratory assays.

Materials and Method

Whole Blood Analysis

Whole blood activated clotting time (ACT) was measured
using the Hemochron whole blood coagulation system
(Accriva Diagnostics, Inc, San Diego, California). Whole
blood was supplemented with the factor Xa inhibitors at a final
concentration of 2.5 pg/mL as control and transferred into
celite ACT tube. For reversal studies, blood was supplemented
with the factor Xa inhibitors at a final concentration of
2.5 pg/mL and AA at a final concentration of 100 pg/mL and
transferred into celite ACT tubes. Results were recorded in sec-
onds and compiled in terms of means (standard deviation [SD]).

Clot-Based Assays

Factor Xa inhibitors were supplemented in citrated plasma
over a concentration range of 1.0 to 0.062 pg/mL. Either
saline as a control or AA at a final concentration of 100 pg/
mL was added to individual aliquots of plasma supplemented
with each inhibitor. Samples were analyzed using the 1-stage
prothrombinase-induced clotting time (PiCT), activated
partial thromboplastin time (aPTT), and prothrombin time
(PT) assays. The PiCT assay reagents were obtained from
PentaPharm (Basel, Switzerland). The TriniCLOT aPTT
reagent was obtained from Diagnostica Stago (Parsippany,
New Jersey). The PT, HemosIL reagent was obtained from
Instrumentation Laboratory (Bedford, Massachusetts). All
reagents were reconstituted according to the manufacturer’s
instructions. Activated-partial thromboplastin time and PT
were measured using an ACL-Elite (Instrumentation Labora-
tory). Prothrombinase-induced clotting time was measured
using an ST4 instrument from Diagnostica Stago (Parsippany,
New Jersey). Results were compiled in terms of mean (SD).

Chromogenic Assay

Anti-factor Xa activity was measured by a kinetic amidolytic
method on the ACL-Elite instrument. The factor Xa inhibitors
were supplemented in normal human plasma (NHP) over a
concentration range of 1.0 to 0.062 pg/mL. Either saline or
AA at a final concentration of 100 pg/mL was added to

&

[=]

(=]
I

Il Drug Control
B Andexa with Drug

Time (Seconds)
[+ w
g 8

g

o I

L e
& & & FC
v o® & QS‘?

Drugs

Figure I. A comparison of factor Xa (FXa) inhibitors and their
neutralization by andexanet alfa in whole blood activated clotting
time (ACT).

individual aliquots of plasma supplemented with each factor
Xa inhibitor. Bovine factor-Xa (Enzyme Research Labora-
tories, South Bend, Indiana) was diluted in 50 nM Tris buffer
(pH = 8.4) to a concentration of 1.25 IU/mL, and factor Xa
substrate 2.5 uM (BioMedica Diagnostics, Stanford, Connecti-
cut) was used in this assay and reconstituted in sterile water.
The inhibitory potency of each of these agents was calculated
as an concentration of drug where the response is reduced by
half (ICs) in terms of ng/mL or uM concentrations. The extent
of reversal by AA was also calculated.

Inhibition of Thrombin Generation

Inhibition of thrombin generation was measured using Fluor-
oskan Ascent fluorometer and calibrated automated thrombo-
gram (CAT; Diagnostica Stago). Factor Xa inhibitors were
supplemented in normal pooled plasma to obtain concentration
ranges from 1.0 to 0.062 pg/mL. Saline or AA at a final con-
centration of 100 pg/mL was added to individual aliquots of
plasma supplemented with each factor Xa inhibitor. Reagents
used in this assay included the fluo-substrate, fluo-buffer, tis-
sue factor (TF) high reagent (mixture of TF and phospholipids),
and a thrombin calibrator. The thrombin generation assay was
carried out in 96-well Immulon 2HB transparent round bottom
plates. The thrombin generation potential was measured in
terms of the peak thrombin concentration, lag time, and endo-
genous thrombin potential (ETP)/area under the curve (AUC).
% Peak thrombin and % ETP were calculated for samples
supplemented with AA. The potency of the factor Xa inhibitors
was measured in terms of ICsq in ng/mL and pM. Results were
compiled in terms of mean (SD).

Results
Activated Clotting Time Test (Whole Blood)

The prolongation of the ACT with each of the FXa inhibitors
and its neutralization following supplementation with
100 pg/mL AA is depicted on Figure 1. In the ACT assay, at
a concentration of 2.5 pg/mL, edoxaban produced a stronger
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Figure 2. A comparison of factor Xa (FXa) inhibitors and their neu-
tralization by andexanet alfa in clotting assays. A, Prothrombinase-
induced clotting time. B, Activated partial thromboplastin time.

C, Prothrombin time.

anticoagulant effect followed by betrixaban, whereas apixaban
and rivaroxaban produced marginal effects. The difference
between apixaban and rivaroxaban was minimal. The ACT
values for the anti-Xa agents ranged from 150 to 303 seconds
in comparison to saline control of 144 seconds. Betrixaban was
almost completely neutralized by AA and edoxaban was par-
tially neutralized. Andexanet alfa did not produce any effect on
apixaban and rivaroxaban in this assay.

Clotting Assay

Figure 2 shows a comparison of the effects of various anti-Xa
agents when supplemented in NHP as measured by PiCT,
aPTT, and PT assays. All drugs produced concentration-
dependent anticoagulant effects in these assays. Assay-
dependent variations in the anticoagulant activities of these
agents were also noted. In the PiCT test, the rank order of the
anticoagulant activity in control samples was edoxaban > apix-
aban = rivaroxaban = betrixaban. All drugs were almost
completely neutralized by AA with the ranked order edoxaban
> rivaroxaban = betrixaban > apixaban. In the aPTT assay,

Rivaroxaban + Andexxa

0.25 0.50 0.75
Concentration (ug/ml)

Figure 3. A comparison of factor Xa (FXa) inhibitors and their neu-
tralization by andexanet alfa in amidolytic anti-Xa activity.

betrixaban and edoxaban produced comparable anticoagulant
effects; however, rivaroxaban showed a relatively weaker
response. Apixaban produced minimal anticoagulant effect
in this assay. The anticoagulant effects of each of the FXa
inhibitors were completely neutralized by AA at a final con-
centration of 100 pg/mL, with the exception of apixaban, due
to its low anticoagulant effect on this particular assay. In the
PT assay, rivaroxaban and edoxaban produced a comparable
and stronger response followed by apixaban and betrixaban.
Prolongation of the PT by each of the FXa inhibitors
was completely neutralized by AA at a concentration of
100 pg/mL.

Anti-Xa Activity

Figure 3 compares the effect of various FXa inhibitors in an
amidolytic anti-Xa assay in NHP. All agents produced a
concentration-dependent inhibition of FXa. The ICsq values for
control samples followed the ranked order apixaban < edoxa-
ban < rivaroxaban < betrixaban and are in the range of
0.74 > 2.88 M. Andexanet alfa partially neutralized all agents.
The rank order for the ICs in the presence of AA was edoxaban
< apixaban < rivaroxaban < betrixaban. The ICs, ranged from
1.48 to >15.5 uM. The FXa activity reversal profile with AA
varied with the specific agents, apixaban (23.4%), betrixaban
(55.5%), edoxaban (28.8%), and rivaroxaban (50.5%)
decrease.

Thrombin Generation

Figure 4A to D shows the thrombokinetograms obtained in the
thrombin generation on the CAT assay. All of the FXa inhibi-
tors produced a concentration-dependent inhibition of TG.
Apixaban, betrixaban, and edoxaban exhibited comparable
inhibitory effects, whereas rivaroxaban produced relatively
stronger effects. The peak thrombin was in the range of
17.14 to 29.56 nM at inhibitor concentration of 1 pg/mL.
Andexanet alfa at a final concentration of 100 pg/mL com-
pletely reversed all 4 FXa inhibitors at all concentrations and
the peak thrombin was in the range of 166.17 to 179.49 nM.
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Figure 4. A comparison of factor Xa (FXa) inhibitors and their neutralization by andexanet alfa in inhibition of thrombin generation.

A, Apixaban. B, Betrixaban. C, Edoxaban. D, Rivaroxaban.

Andexanet alfa alone and when added to FXa inhibitor sup-
plemented plasmas showed more thrombin generation as
compared to saline control with an increase in peak thrombin
and AUC.

Figure 5A to C and Table 1 show the composite of the
individual TG parameters for the 4 anti-FXa agents as mea-
sured by peak thrombin, AUC, and lag time. As shown in
Figure 5A, the peak thrombin values showed comparable inhi-
bitory patterns with apixaban, betrixaban, and edoxaban,
whereas rivaroxaban produced weaker effects. Andexanet
alfa as a reversal agent completely neutralized all 4 of the
FXa inhibitors, with peak thrombin values at a concentration
of 1.0 pg/mL increased from 24.26 nM to 168.56 nM for
apixaban, 29.56 nM to 172.83 nM for betrixaban, 25.9 nM
to 166.17 nM for edoxaban, and 17.14 to 179.49 nM for riv-
aroxaban. Figure 5B shows the effects of these agents on lag
time values. Betrixaban, edoxaban, and rivaroxaban showed
delayed lag time in a comparable fashion; however, apixaban
produced weaker response. Andexanet alfa at final concentra-
tion of 100 pg/mL completely neutralized all 4 anti-FXa
agents in a comparable fashion. Figure 5C shows ETP in
terms of AUC. Rivaroxaban produced stronger inhibition of
thrombin generation, whereas edoxaban and apixaban pro-
duced moderate and comparable response, and betrixaban
produced weaker response. The AUC values at a 1.0 pg/mL
concentration ranged from 434.14 to 535.49 nM/min. All anti-
FXa agents were completely neutralized by AA at 100 pg/mL,
and their AUC values at 1.0 pg/mL ranged from 790.3 to
842.8 nM/min.

Discussion

Andexanet alfa is effective in the neutralization of the antic-
oagulant effects of various FXa inhibitors as measured by var-
ious laboratory assays such as the whole blood ACT, PT, aPTT,
and PiCT clotting time. Oral FXa inhibitors inhibit prothrom-
bin activation by FXa which is bound to factor Va in the pro-
thrombinase complex. Andexanet alfa, which is an active site
modified variant of FXa, is devoid of membrane-binding
domain. It competes with Xa for stoichiometric binding to FXa
inhibitors, rendering these agents inactive.” Another FXa var-
iant that retains its Gla domain and only expresses activity upon
incorporation into prothrombinase complex has been shown to
inhibit antithrombotic and bleeding effects of rivaroxaban in
mice.® Most likely the increased thrombin generation in the
presence of AA is a result of the reactivation of FXa leading
to increased TG. However, this increase is not measurable by
routine clot-based assays. For this reason, TG studies were
carried out to determine the effect of AA for the formation of
thrombin.

The anticoagulant effects of various FXa agents at a con-
centration of 2.5 pg/mL in the whole blood clotting assay such
as the ACT were variable. Edoxaban and betrixaban produced
much stronger anticoagulant effects in comparison to the apix-
aban and rivaroxaban. Upon addition of AA at a concentration
of 100 pg/mL, the anticoagulant effects were completely
reversed for betrixaban and edoxaban. No change was observed
in the case of apixaban and rivaroxaban.

In the citrated plasma systems, each of these drugs produced
a concentration-dependent anticoagulant effect in the PiCT,
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Figure 5. A comparison of FXa inhibitors and their neutralization by
andexanet alfa in inhibition of thrombin generation and their para-
meters. A, Peak thrombin. B, Lag time. C, Area under the curve
(AUC).

aPTT, and PT assay with the exception of apixaban, which did
not produce any measurable effects in the aPTT assay. Andex-
anet alfa at 100 pg/mL readily neutralized the anticoagulant
effects of each of these drugs as measured by these 3 assays.
Since these tests measure activation of the coagulation cascade
at different points, these studies clearly show that FXa plays a
role in the activation processes measured by these tests. The
results of these tests are different than the one observed in the
whole blood ACT. This may be due to the presence of cells in
the whole blood.

Although AA is approved as an antidote on the basis of its
ability to reverse the FXa inhibitory effects of various agents,
in this study where AA was supplemented to plasmas contain-
ing each of these drugs, only betrixaban was completely
reversed, whereas apixaban, edoxaban, and rivaroxaban pro-
duced variable anti-Xa activities which were only partially
neutralized by AA. This is in contrast to the effect of AA in
the clot-based assay, where a restoration to baseline of antic-
oagulant activity was noted. Thus, there is a discordance
between the neutralization of the anticoagulant effects as

measured by PiCT, aPTT, and PT test and the amidolytic
anti-Xa activity of these agents. This observation is in contrast
to the earlier findings where a restoration to baseline anti-Xa
activity of these agents was reported.” The composite results of
the neutralization profiles of each anti-Xa agents are shown in
Table 2.

Thrombin generation test is now commonly used to profile
anticoagulant drugs.'® In the current studies, the CAT method
was used to study these agents. All of these agents produced a
profound concentration-dependent inhibition of TG. Addi-
tional parameters such as the lag time or delayed time (initia-
tion of thrombin formation) and AUC (area under
thrombogram or total thrombin) are also altered by these
agents. Andexanet alfa at 100 pg/mL completely neutralized
the TG inhibitory effects of these drugs. The increase in lag
time was also reduced to near normal. These data clearly sug-
gest that TG inhibitory effects of various anti FXa agents are
neutralized by AA. While product-specific profiles were noted
for the anti-Xa inhibitory activity, the neutralization in the peak
thrombin and AUC parameters was complete and comparable
for all of the agents.

In addition to the complete reversal of TG inhibitory effects
of anti-Xa agents, supplementation of AA also resulted in
increased TG in both the saline and anti-Xa supplemented
plasma systems. In the presence of AA alone in the plasma,
TG was markedly increased in this assay. Thus, AA somehow
augmented the increased generation of thrombin. In the CAT
assay, TF is used to trigger the activation of coagulation pro-
cess. The TF-Xa complex initiates the generation of FXa. Anti
Xa agents are able to block the generated FXa. Andexanet alfa
mimics FXa, and while acting as a decoy, neutralizing the anti-
Xa effects, it may substantially augment the procoagulant
effects of native FXa leading to increased TG. Andexanet alfa
produced varying degree of the augmentation of the TG in
plasma samples supplemented with different anti-Xa agents.
These differences may be due to the varying affinities of these
agents to both the native FXa and AA.

The studies reported earlier on the variations in the anti-Xa
potency have clearly demonstrated the individual biochemical
profile of various anti-Xa agents.'' The current study show that
various anti-Xa agents differ in their anti-Xa potency. Betrix-
aban exhibits relatively lower anti-Xa activity and is totally
neutralized by AA; on the other hand, apixaban, edoxaban, and
rivaroxaban are only partially neutralized by AA. The clinical
implication of this observation is unknown. This will require
parallel clinical trials to determine whether different amounts
of AA will be needed to neutralize the bleeding effects of
individual anti-Xa agents.

Although the anti-Xa agents are considered to be single-
target agents, our studies indicate that these drugs may also
target other sites in the coagulation cascade as evident by their
effects in the whole blood and global anticoagulant assays.
Andexanet alfa is capable of neutralizing the anticoagulant
effects of the anti-Xa agents. Interestingly, the anticoagulant
effects of these agents are not proportional to the anti-Xa
effects. Andexanet alfa neutralized the anti-Xa effects and
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Table I. Relative Neutralization of the Direct Anti-Xa Agents by Andexanet Alfa on Thrombin Generation.

Peak Thrombin

Apixaban Betrixaban Edoxaban Rivaroxaban
Drug Saline Andexxa Saline Andexxa Saline Andexxa Saline Andexxa
0 137.68 172.51 137.68 172.51 137.68 172.51 137.68 17251
0.062 107.8 174.05 89.08 168.9 95.89 170.09 77.36 168.08
0.125 84.99 169.58 63.3 177.81 49.55 178.37 58.96 169.71
0.25 52.2 172.87 50.7 181.41 49.48 168.13 38.63 170.02
0.5 35.18 175.57 38.31 175.82 34.82 171.98 25.74 172.82
1.0 24.26 168.56 29.56 172.83 25.9 166.17 17.14 179.49
Area Under the Curve (AUC)

Apixaban Betrixaban Edoxaban Rivaroxaban
Drug Saline Andexxa Saline Andexxa Saline Andexxa Saline Andexxa
0 705.82 797.36 705.82 797.36 705.82 797.36 705.82 797.36
0.062 713.25 777.92 699.49 760.2 731.17 779.04 676.22 735.77
0.125 675.34 760.15 64291 798.83 621.97 801.83 658.58 738.15
0.25 610.72 778.22 619.74 79191 634.58 762.26 598.63 771.24
0.5 540.46 786.11 580.93 777.88 538.05 784.11 516.84 762.39
1.0 487.07 8128 535.49 804.72 492.4 790.3 434.14 842.85
Lag Time

Apixaban Betrixaban Edoxaban Rivaroxaban
Drug Saline Andexxa Saline Andexxa Saline Andexxa Saline Andexxa
0 2.29 1.95 2.29 1.95 2.29 1.95 2.29 1.95
0.062 2.96 2.29 3.63 2.29 3.79 2.29 3.29 2.29
0.125 3.29 2.12 4.46 229 5.47 229 3.96 2.12
0.25 4.13 2.29 5.13 2.29 5.47 2.29 4.96 2.29
0.5 463 229 6.3 229 6.3 229 5.97 229
1.0 5.63 2.29 8.14 229 8.8l 2.46 781 229
Table 2. Relative Neutralization of the Direct Anti-Xa Agents by Andexanet Alfa.

Apixaban Betrixaban Edoxaban Rivaroxaban

Test Saline Andexxa Saline Andexxa Saline Andexxa Saline Andexxa

Thrombin generation 0.28 ng/mL  Not definite  0.26 pg/mL Not definite  0.12 pg/mL  Not definite 0.18 ng/mL  Not definite

assay—ICsg 0.61 uM) (0.57 uM) (0.26 pM) (0.39 uM)
ACT (2.5 pg/mL) 164.5 165.5 259 164 302.5 210.5 149.5 163
PICT test (I pg/mL) 198.8 67.5 180.1 69.0 300 94.7 221.8 82.9
aPTT (I pg/mL) 40.7 38.2 62.5 38.7 63.7 41 59.2 40
PT test (I pg/mL) 26.2 12.5 27.1 12.4 29 12.5 335 12.8
Anti-Xa activity— 0.34 pg/mL  0.52 pg/mL 1.3 pg/mL? 5.5 pug/mL? 0.37 pg/mL  0.75 pg/mL  0.635 ug/mL  1.42 pg/mL*?

ICso ng/mL (uM) ©74uM)  (113puM)  (>2.88puM)  (>12.17puM) (068 M) (137 puM) (146 pM)  (>3.26 uM)

Abbreviations: ACT, activated clotting time; aPTT, activated partial thromboplastin time; PiCT, prothrombinase-induced clotting time; PT, prothrombin time.

*The values represent the apparent ICs based on the extrapolated values.

anticoagulant effect of these anti-Xa drugs differently. This
may be due to the structural and biochemical differences in the
anti-Xa agents. Of interest was the observation that AA aug-
mented TG. The exact mechanism of this augmentation
remains to be explored. This could be due to AA binding to

antithrombin, leaving more native FXa active. There are refer-
ences that demonstrate increased TG in antithrombin-deficient
patients.'? The role of increased TG in promoting thrombotic
complications in AA administered to patients needs to be fur-
ther investigated. These studies suggest that besides being an
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antidote for the anti-Xa agents, AA may also have additional
effects which can promote procoagulant process. Concerns
regarding AA potential prothrombotic effects were already
stated in previous studies, including an increase in D-dimers
induced by AA.?

A full study report of the use of AA to treat bleeding asso-
ciated with FXa inhibitors reported that within 30 days, 49
(14%) patients died in a cohort of 352 patients. Thirty-four of
these patients had thrombotic events. Of these, 11 patients
encountered thrombotic event within 5 days after AA therapy,
11 had an event with in 6 to 14 days, and 12 had an event
between 13 and 30 days. Myocardial infarction, ischemic
stroke, and deep venous thrombosis (DVT) were recorded as
major thrombotic complications.” In other studies, a transient
reduction in tissue factor pathway inhibitor (TFPI) activity was
reported after AA therapy.® Since TFPI is a major inhibitor of
TF VIla complex, a decrease in its activity may lead to
increased thrombogenesis. Andexanet alfa also reverses the
anticoagulant effects of low-molecular-weight heparin and fon-
daparinux by competing with FXa for binding with antithrom-
bin.'*'* It is plausible that AA treatment may also inhibit the
endogenous heparan sulfate glycosaminoglycan (GAG) com-
plexes with endothelium-bound antithrombin.'> Taken
together, AA produces additional effects on endogenous mod-
ulators which regulate hemostasis, including TFPI, antithrom-
bin, and GAG, and may also influence other heparin-like
mediators. Thus, besides neutralizing the anti-Xa agents, AA
may promote a procoagulant environment by disrupting
hemostasis at multiple sites.'®

Conclusion

The current data support the findings of clinical trials with AA
that showed increase in severe thrombotic events associated
with AA therapy.'™ These data also suggest that the AA doses
required to neutralize FXa inhibitors are drug-specific. Further-
more pharmacological reversal with AA may be associated
with increased thrombogenesis compared to pretreatment val-
ues. Additional studies are warranted to provide more informa-
tion on AA-mediated prothrombotic effects as well as its
specific doses for specific anti-FXa agents.
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