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Abstract

Background: Andexanet alfa (andexanet) is a modified human factor Xa (FXa) ap-
proved for anticoagulation reversal in patients with life-threatening bleeding treated
with rivaroxaban or apixaban. Four-factor prothrombin complex concentrates
(4F-PCCs) are approved for reversal of vitamin K antagonist-induced anticoagulation
but not FXa inhibitors. The mechanism and effectiveness of 4F-PCCs for FXa inhibi-
tor reversal are unclear.

Objective: To investigate the mechanism and impact of 4F-PCCs on reversal of rivar-
oxaban and apixaban in vitro compared to andexanet.

Methods: The effect of 4F-PCCs (or individual factors) on tissue factor-initiated
thrombin generation (TF-TG) was evaluated in human plasma, with or without rivar-
oxaban or apixaban, and compared with andexanet under the same conditions.
Results: In the TF-TG assay, 4F-PCC completely reversed warfarin anticoagulation.
Andexanet normalized TF-TG over a wide range of apixaban and rivaroxaban concen-
trations tested (19-2000 ng/mL). However, 4F-PCC (or individual factors) was unable
to normalize endogenous thrombin potential (ETP) or peak thrombin (Peak) in the
presence of apixaban or rivaroxaban (75-500 ng/mL). TF-TG was only normalized by
4F-PCC at inhibitor concentrations <75 ng/mL (ETP) or <37.5 ng/mL (Peak). These
data can be explained by the estimated thresholds of FXa activity required to support
normal TF-TG based on the inhibitor:FXa ratios and levels of uninhibited FXa. The
data are consistent with healthy volunteer studies where TF-TG is not normalized
until inhibitor levels are substantially decreased.

Conclusions: Both the theoretical calculations and experimental data demonstrated
that 4F-PCCs are only able to normalize TG over a low and narrow range of FXa in-

hibitor concentrations (<75 ng/mL).
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Essentials

e Andexanet alfa is the only approved specific reversal agent for factor Xa (FXa) inhibitors.

e Prothrombin complex concentrates (PCCs) are not approved for FXa inhibitor reversal.

e Four-factor PCCs did not normalize thrombin generation in vitro at inhibitor levels 275 ng/mL.

e Andexanet normalized thrombin generation at inhibitor concentrations of 19-2000 ng/mL.

1 | INTRODUCTION

Direct oral factor Xa (FXa) inhibitors, such as apixaban and rivaroxa-
ban, are used for the prevention and treatment of various throm-
boembolic disorders.®? These agents exert their anticoagulant
activity by specifically targeting FXa with subnanomolar affinities.>*
Although reported rates of major bleeding complications are low
(~1%-3%/year),>® these complications can have substantial morbid-
ity and mortality. Therefore, reversal of the effects of FXa inhibitors
may be necessary in the event of spontaneous or traumatic bleeding,
or if a patient requires urgent surgery.7

Andexanet alfa (andexanet) is a modified human FXa approved
in the United States and European Union as a specific reversal agent
for patients treated with apixaban or rivaroxaban, when reversal of
anticoagulation is needed due to life-threatening or uncontrolled
bleeding.2? Andexanet rapidly binds and sequesters FXa inhibitors,
reduces the anticoagulant activity, and restores endogenous FXa ac-
tivity.!° Andexanet is currently the only approved agent available to
reverse the anticoagulant effects of apixaban or rivaroxaban. Factor
replacement therapies, such as four-factor prothrombin complex
concentrates (4F-PCCs), are approved for reversal of anticoagulation
with vitamin K antagonists (VKA; eg, warfarin) and serve to replace
factors VII (FVII), IX (FIX), X (FX), and Il (FIl) rendered functionally de-
ficient by the anticoagulant.!* Although 4F-PCCs have been studied

for FXa inhibitor reversal in nonclinical in vitro/ex vivo assays,'?'4

16-23 and observational clinical

animal models,*> healthy volunteers,
studies in patients taking FXa inhibitors,?*%’ the effectiveness and
clinical benefit of 4F-PCCs on hemostatic efficacy and reversal of

key biomarkers are mixed,”28-31

and their potential mechanism of
action has not been critically elucidated. There have been no con-
trolled studies evaluating the effectiveness of 4F-PCCs for reversal
of FXa inhibitor-mediated bleeding (or anticoagulation), and they are
not approved for this indication.

Several studies in healthy subjects anticoagulated with rivarox-
aban or apixaban have assessed the effect of 4F-PCCs on anti-FXa
activity and/or tissue factor-initiated thrombin generation (TF-TG)
as pharmacodynamic markers of reversal activity.lf"22 None of
the studies that measured anti-FXa activity showed any effect of
4F-PCCs versus saline in reversing anti-FXa levels.r?2 Of the stud-

ies that used TF-TG as a biomarker (Table S1), most (5/7) showed

only a small correction at 15-30 minutes following PCC administra-
tion, with normalization of endogenous thrombin potential (ETP) to

1721 which coin-

baseline levels occurring much later at 4-12 hours,
cided with substantial clearance and reduction of FXa inhibitor lev-
els. Two of the 7 studies showed a more rapid normalization of ETP

),¢22 which may

to baseline (15-30 minutes after PCC administration
be explained by differences in TF concentration and plasma dilution
used in the TF-TG assay,?? or the pretreatment level of inhibition
by the inhibitor in the 4F-PCC arm versus placebo.!® In contrast to
ETP, PCCs did not normalize peak thrombin (Peak) to baseline until
>20 hours in any of the studies where data were provided.}’??
These data raise questions regarding the limitations of 4F-PCCs on
normalizing thrombin generation in that it is dependent on substan-
tial clearance of the anticoagulants, a process that can take several
hours and could delay therapeutic benefit to bleeding patients.
Since published data demonstrated no effect of 4F-PCCs on an-
ti-FXa levels in subjects anticoagulated with FXa inhibitors,}2%28
we evaluated the hypothesis that PCCs could have an alternative
mechanism, such as providing additional enzyme (FX that can be
converted to FXa) and substrate (Fll) sufficient to overcome FXa
inhibition and thereby normalize thrombin generation.’® A central
question is to what degree FXa inhibition needs to be relaxed (via
clearance of the anticoagulant) for PCCs to normalize thrombin
generation. The aims of the current study were to (i) establish the
threshold of FXa inhibitor levels where PCCs may show effects on
thrombin generation; and (ii) compare directly the effectiveness of

andexanet versus 4F-PCCs, assessed by TF-TG in vitro.

2 | METHODS
2.1 | Calibrated automated thrombography

TF-TG was measured using a Calibrated Automated Thrombogram
(Diagnostica Stago, Inc, Parsippany, NJ, USA) per the manufactur-
er’s recommendations using the PPP-reagent (5 pM TF/4 uM phos-
pholipids). TF-TG profiles were analyzed using Thrombinoscope
software (Diagnostica Stago) with five parameters: ETP, Peak, lag
time, time-to-peak, and velocity index. The results were reported as

mean + standard deviation.
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2.2 | Contribution of individual coagulation
factors and 4F-PCC to TF-TG in the absence of
anticoagulant

Purified plasma proteins (FVII, FIX, FX, Fll; Haematologic
Technologies, Inc, Essex Junction, VT, USA) were added to pooled
human platelet-poor plasma (PPP; CRYOCheck, Precision BiolLogic,
Dartmouth, NS, Canada) between 0-1.0 IU/mL (with 1 IU/mL equiva-
lent to the corresponding factor level in normal plasma).

A commercially available 4F-PCC (Kcentra/Beriplex, CSL Behring
LLC, Kankakee, IL, USA) was added to PPP (0-1.0 IU/mL). Dosing for
Kcentra was obtained from the package insert.®? The recommended
Kcentra dose of 50 IU/kg is equivalent to ~1.0 IlU/mL 4F-PCC plasma
level. To eliminate the potential effect of heparin in Kcentra, 4F-PCC
was used with or without pretreatment with the heparinase cup
(Haemonetics Corporation, Braintree, MA, USA) at room tempera-
ture for 30 minutes before adding to plasma.

To estimate the FXa levels required for normal thrombin gen-
eration, pooled human PPP was mixed with FX-depleted plasma
(Haematologic Technologies, Inc) by varying PPP% in the mixture
from 0% to 100%. TF-TG at different FX levels was compared to nor-
mal PPP (100% PPP).

2.3 | Reversal of FXa inhibitor-induced inhibition of
thrombin generation

TF-TG was measured in plasma with different rivaroxaban or apixa-
ban concentrations. Rivaroxaban was purchased from a commercial
source and prepared as 1 mg/mL dimethyl sulfoxide (DMSO) stock.
Apixaban (Bristol-Myers Squibb, Princeton, NJ, USA) was provided
by the manufacturer and prepared as 1 mg/mL DMSO stock.

For evaluation of the potential effect of coagulation factors or
4F-PCC, pooled plasma was supplemented with different rivarox-
aban or apixaban concentrations (0-500 ng/mL), plus individual co-
agulation factors (FVII, FIX, FX, Fll) or Kcentra (0-1.0 IU/mL). TF-TG
was measured as described in the Methods above.

For evaluation of dose-dependent reversal by andexanet (Portola
Pharmaceuticals, Inc), pooled plasma was supplemented with rivar-
oxaban or apixaban (0-2000 ng/mL), plus andexanet (0-4.0 pM), a
range corresponding to approximately the maximum plasma concen-

trations (C with andexanet low dose (400-mg bolus plus 4 mg/

max)

min x 2-hour infusion, C__ ~2.0 pM) and high dose (800-mg bolus

plus 8 mg/min x 2-hour infusion, C__ ~4.0 uM). Andexanet was pro-

max

vided as lyophilized powder and reconstituted with H,0 as 10 mg/
mL stock.

2.4 | Reversal of warfarin anticoagulation by 4F-PCC

Reversal of warfarin anticoagulation by 4F-PCC was performed
under similar conditions using individual plasma from warfarin-

treated patients, with international normalized ratio (INR) = 1.5-6.9

(George King Bio-Medical, Inc, Overland Park, KS, USA). Individual
patient plasma was supplemented with 4F-PCC (0-1.0 IU/mL) fol-

lowed by assessment with TF-TG as described above.

3 | RESULTS

3.1 | Contribution of coagulation factors to
thrombin generation in the absence or presence of an
anticoagulant

To assess the contribution of major coagulation factors in 4F-PCCs
(FVII, FIX, FX, FIl) to TF-TG, we first evaluated PPP supplemented
with each factor with or without an anticoagulant. In the absence
of anticoagulant, addition of FIl alone (1.0 1U/mL) increased both
ETP (~2-fold) and Peak (~50%) while the others had moderate (FIX)
to minimal (FVII, FX) effects (Figure 1A). These observations are
consistent with the relative plasma concentration and affinity of
each coagulation factor as the substrate for the respective enzyme
complex and demonstrate the predominant role of prothrombinase
(FXa/FVa/phospholipid/Ca®") activity in thrombin generation. The
addition of 4F-PCC (1.0 IU/mL, equivalent to a 50 1U/kg therapeutic
dose) to PPP caused increases in ETP (~2.4-fold) and Peak (~40%)
similar to that seen with the addition of Fll alone.

We next assessed the effect of individual coagulation factors
in 4F-PCCs on TF-TG in the presence of rivaroxaban. Addition of
each factor (FVII, FIX, FX, Fll) had minimal impact on reversal of
rivaroxaban (250 ng/mL) inhibition assessed by the TF-TG profiles
compared to PPP control (Figure 1B). At lower rivaroxaban concen-
trations, addition of prothrombin had some effect on ETP (but not
Peak; Figure S1), suggesting that supplement of individual factors (up
to levels similar to the supplement of 4F-PCCs), including prothrom-
bin, is unable to overcome FXa inhibition by rivaroxaban. Similar re-

sults and conclusions were obtained with apixaban (Figure S2).

3.2 | Effect of 4F-PCC on thrombin generation in
warfarin-treated patient plasma

Because 4F-PCCs are approved for VKA reversal, we assessed
the effect of 4F-PCC on TF-TG in warfarin-treated patient plasma
using the same assay. As expected, 4F-PCC dose dependently and
completely normalized TF-TG profiles in warfarin-treated patient’s
plasma with an INR of 4.8 (Figure S3A) or TF-TG parameters (ETP;
Peak) over a wide INR range (Figure S3B), consistent with the recom-
mended dosing of PCCs based on INR.

3.3 | Effect of 4F-PCC on thrombin generation in the
presence of rivaroxaban or apixaban

The effect of 4F-PCC on TF-TG in the presence of rivaroxaban or

apixaban was assessed by detailed titration of the anticoagulant
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(a) Thrombin generation profiles in the absence of a FXa inhibitor compared to 4F-PCC
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(b) Thrombin generation profiles in the presence of rivaroxaban (250 ng/mL)

PPP+Riva+FVII FVII/Riva PPP+Riva+FIX FIX/Riva
200 — PPP control 200 — PPP control
S 150 — 1.0/250 s — 1.0/250
£ — 0.5/250 = 150 — 0.5/250
._é 100 — 0.0/250 £ 100 — 0.0/250
IS
e )
}-E 50 |'S 50
0- 04
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time (min) Time (min)
PPP+Riva+FX FX/Riva PPP+Riva+Fll Fll/Riva
200 4 __PPP control 2004 — PPP control
S 150 —1.0/250 S 450 — 1.0/250
£ —0.5/250 £ 150 — 0.5/250
._g 100 —0.0/250 £ 1004 — 0.0/250
: :
O‘ 0 T T T 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Time (min) Time (min)

FIGURE 1 Contribution of individual coagulation factors (FVII, FIX, FX, Fll) in 4F-PCCs to TF-TG in normal plasma with or without
rivaroxaban. A, Thrombin generation profiles in normal plasma supplemented with different coagulation factors compared to 4F-PCCs in the
absence of a FXa inhibitor. Purified plasma coagulation factor was added to PPP (0-1.0 IU/mL); 1.0 IU/mL is equivalent to the normal plasma
level of each factor in healthy subjects (the addition of 1.0 IU/mL of an individual factor therefore doubles the plasma concentration of that
factor). Addition of FVII or FX had minimal effect whereas FIX (1.0 IU/mL) increased Peak by approximately 60% as would be expected since
FIXa can activate additional FX to FXa and accelerate thrombin generation. Addition of Fll (1.0 IU/mL) alone increased the ETP similar to
that seen with the addition of 4F-PCC (1.0 IU/mL). Shown are representative thrombin generation profiles with each coagulation factor or
4F-PCC. B, Contribution of individual coagulation factors (FVII, FIX, FX, Fll) to TF-TG in plasma with rivaroxaban. Representative thrombin
generation profiles in the presence of rivaroxaban (250 ng/mL) and different levels of coagulation factor (0-1.0 IU/mL). 4F-PCC, four-factor
prothrombin complex concentrate; ETP, endogenous thrombin potential; Fll, factor IlI; FVII, factor VII; FIX, factor IX; FX, factor X; FXa, factor
Xa; Peak, peak thrombin; PPP, platelet-poor plasma; Riva, rivaroxaban; TF-TG, tissue factor-initiated thrombin generation
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(a) Thrombin generation profiles
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FIGURE 2 Effect of 4F-PCC on TF-TG in the presence of rivaroxaban or apixaban. A, TF-TG profiles in PCC-spiked plasma with a FXa

inhibitor at ~ C

max”

Representative thrombin generation profiles are shown in the presence of rivaroxaban (250 ng/mL) or apixaban (125 ng/

mL) with 4F-PCC (0-1.0 IU/mL). B, Effect of 4F-PCC on FXa inhibitor-induced anticoagulation as assessed by ETP and Peak. Data are shown
as mean + SD (N = 2). The dashed lines represent normal ETP and Peak in PPP. 4F-PCC, four-factor prothrombin complex concentrate; Apix,

apixaban; C__,

maximum plasma concentration; ETP, endogenous thrombin potential; FXa, factor Xa; Peak, peak thrombin; PPP, platelet-

poor plasma; Riva, rivaroxaban; SD, standard deviation; TF-TG, tissue factor-initiated thrombin generation

(0-500 ng/mL) and 4F-PCC (0-1.0 IU/mL). As demonstrated in Figure 2A
with the time-course profiles generated in the TF-TG assay with ri-
varoxaban (250 ng/mL, ~C_ . for 20-mg once-daily dose) or apixaban
(125 ng/mL, ~C__, for 5-mg twice-daily dose), 4F-PCC (<1.0 IU/mL)
had no effect on TF-TG profiles. Assessment of the effect of 4F-PCC
on a range of rivaroxaban and apixaban concentrations (0-500 ng/mL;
Figure 2B) showed that 4F-PCC did not restore ETP to normal base-
line levels unless inhibitor concentrations were <75 ng/mL (apixaban)
or <37.5 ng/mL (rivaroxaban). The threshold concentration was even
lower for restoration of Peak to normal levels; the apixaban or rivaroxa-
ban concentration was <18.75 ng/mL before 4F-PCC restored Peak, a
level below the estimated 30 ng/mL no-effect level for rivaroxaban and
apixaban.®® Similar conclusions can be drawn based on other CAT pa-
rameters (Figure S4). Note that in the absence of rivaroxaban or apixa-
ban, 4F-PCC (0-1.0 IU/mL) caused a dose-dependent increase in both

ETP (~2.4-fold) and Peak (~40%), reflecting the procoagulant nature of
the added factors. These results were similar if 4F-PCC was pre-treated
with heparinase before adding to plasma to eliminate potential interfer-
ence of heparin in 4F-PCC (Figure S5).

3.4 | Effect of andexanet on thrombin generation
in the presence of rivaroxaban or apixaban

Using the same assay under similar conditions, we further assessed
the effects of andexanet on TF-TG in the presence of rivaroxaban
or apixaban compared with 4F-PCC. As illustrated in Figure 3A,
4F-PCC at approved low and high doses was ineffective in revers-
ing rivaroxaban- and apixaban-induced inhibition of TF-TG when

inhibitor concentrations were 275 ng/mL. In contrast, andexanet at
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FIGURE 3 Effect of andexanet on TF-TG (ETP) in the presence of rivaroxaban or apixaban compared with 4F-PCCs. A, Rivaroxaban; and
B, apixaban. Data are shown as mean + SD (N = 2). In each panel, the horizontal dashed line represents the ETP level in normal plasma. The
vertical dashed line indicates the 75-ng/mL inhibitor level. The shaded area represents the range of inhibitor levels (75-1000 ng/mL) found
in the ANNEXA-4 efficacy population (275 ng/mL). The inset table shows the plasma level of 4F-PCC or andexanet at their approved low
and high doses, respectively. 4F-PCC, four-factor prothrombin complex concentrate; ETP, endogenous thrombin potential; FXa, factor Xa;
SD, standard deviation; TF-TG, tissue factor-initiated thrombingeneration. ?At the approved andexanet low and high doses, the andexanet
C,__ is~2.0 uM at low dose (400-mg bolus plus 4 mg/min 2-hour infusion) and ~4.0 pM at high dose (800-mg bolus plus 8 mg/min x 2-hour

max
infusion). The 2 and 4 pM levels are maintained by the infusion.

therapeutic plasma concentrations achieved in humans at the ap-
proved low and high doses (~2.0 and 4.0 pM, respectively) dose
dependently and completely reversed rivaroxaban- and apixa-
ban-induced inhibition of TF-TG up to 1000 ng/mL (with 2.0 pM
andexanet) and 2000 ng/mL inhibitors (with 4.0 uM andexanet;
Figure 3B). In the absence of FXa inhibitor, ETP level was 1.4x
over the normal plasma with andexanet at either 2.0 pM or 4.0 pM.
Similar conclusions can be drawn by comparing Peak, although the
effect of 4F-PCC on Peak was much less compared to ETP. Peak
was not normalized at the lowest inhibitor levels (18.75 ng/mL)
tested (Figure 4A-B).

4 | DISCUSSION

Since thrombin generation is the last step in the coagulation cas-
cade leading to fibrin/clot formation, the TF-TG assay has been
used as a pharmacodynamic marker for restoration of hemostasis
for hemophilia treatment and anticoagulation reversal, although
plasma thrombin generation assays do not include cellular compo-
nents of whole blood,**® and a correlation between restoration
of thrombin generation and hemostasis has not been established
in bleeding patients taking FXa inhibitors. In the present study, we
used pooled human plasma and the same version of TF-TG assay as
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vertical dashed line indicates the 75-ng/mL inhibitor level. The shaded area represents the range of inhibitors (75-1000 ng/mL) found in the
ANNEXA-4 efficacy population (275 ng/mL). The inset table shows the plasma level of 4F-PCC or andexanet at their approved low and high
doses, respectively. 4F-PCC, four-factor prothrombin complex concentrate; FXa, factor Xa; Peak, peak thrombin; SD, standard deviation;

TF-TG, tissue factor-initiated thrombin generation. At the approved andexanet low and high doses, the andexanet C

is ~2.0 uM at low

max

dose (400-mg bolus plus 4 mg/min 2-hour infusion) and ~4.0 uM at high dose (800-mg bolus plus 8 mg/min x 2-hour infusion). The 2 and 4

uM levels are maintained by the infusion.

our previous clinical studies and showed here that reversal of FXa
inhibitor-mediated anticoagulation by andexanet is effective over
a wide range of inhibitor concentrations (19-2000 ng/mL), cover-
ing the range observed in bleeding patients in clinical studies. In
contrast, 4F-PCCs only affect TF-TG over a low and narrow por-
tion of this range (<75 ng/mL) and demonstrate an inverse relation-
ship between FXa inhibitor concentrations and 4F-PCC-mediated
increase in thrombin generation. The different thresholds of FXa
inhibitor concentration where 4F-PCCs or andexanet may be effec-

tive is discussed based on distinct mechanisms of action for each

strategy as well as the theoretical threshold calculations and ob-
served experimental results.

Andexanet binds FXa inhibitors with high affinity and 1:1 stoichi-
ometry, neutralizes their anticoagulant activity, and rapidly leads to
restoration of FXa activity and normal thrombin formation. 4F-PCCs
are effective for warfarin reversal over a range of INRs by supple-
mentation of normal coagulation factors inactivated by warfarin
treatment, including prothrombin as one of the major components
due to its high plasma concentration and longer half-life compared

to other factors.3¢%”



LU ET AL.

The fundamental difference between warfarin and FXa inhibi-
tors is that the former depletes functional coagulation factors (which
can be replaced by 4F-PCCs), while the latter is a potent and specific
enzyme inhibitor that causes a substantial blockage at a critical step
in the coagulation cascade (ie, FXa). Replacement or supplementa-
tion strategies are less likely to work for FXa inhibitors due to two
mechanistic reasons discussed below.

First, 4F-PCCs are unable to overcome FXa inhibition by direct
binding and neutralization of FXa inhibitors. Since 4F-PCCs provide
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FX (not FXa), and FXa inhibitors do not bind FX, treatment with
4F-PCCs has no direct effect on the anti-FXa activity of rivaroxaban
or apixaban.??%28 4F-PCCs could theoretically cause the produc-
tion of sufficient FXa through FX activation to overwhelm the FXa
inhibitor. This does not appear to be the case, and, in fact, even the
highest 4F-PCC dose falls substantially short of achieving this ef-
fect, as demonstrated by the calculations summarized in Table 1. In
the best-case scenario, assuming 10% of FX could be converted to
FXa, the estimated molar ratios (inhibitor:FXa) would be 48:1 for

TABLE 1 Estimation of FXa
inhibitor:FXa molar ratios in the absence
and presence of 1.0 IlU/mL 4F-PCC
compared with andexanet

FX and FXa inhibitor concentrations

Component FX Apixaban Rivaroxaban
Molecular weight, Da 59,0004 459.5 435.9
Plasma concentration, ng/ 10,000 150 300
mL
Plasma concentration, nM 170°0 326 688
Extravascular, ng/mL? NA 225 900
Total, ng/mL 10,000 375 1200
Total, nM 170 816 2753
Molar ratios in the absence of 4F-PCC
Potential FXa formation, FXa, nM Apixaban:FXa Rivaroxaban:FXa
%FX®
1% FX 1.7 480 1619
10% FX 17 48 162
Molar ratios in the presence of 1.0 lU/mL 4F-PCC
Potential FXa formation, FXa, nM Apixaban:FXa Rivaroxaban:FXa
%FX"
2x 1% FX 3.4 240 810
2x 10% FX 34 24 81

Molar ratios in the presence of andexanet

AnXa dose® AnXa, nM Apixaban:AnXa Rivaroxaban:AnXa
Low dose 2000 0.43 NA
High dose 4000 NA 0.69

Abbreviations: 4F-PCC, four-factor prothrombin complex concentrate; AnXa, andexanet; C__,
maximum plasma concentration; FX, factor X; FXa, factor Xa; NA, not applicable; TF, tissue factor.
Bold numbers signify the molar concentrations used for the molar ratio calculations in the rest of
the table.

® For apixaban (5 mg twice daily), the C_ . is approximately 150 ng/mL, with ~1.5x (225 ng/mL)
distributed in tissues.”! For rivaroxaban (20 mg once daily), the C.,..x is approximately 300 ng/mL,
with ~3x (900 ng/mL) distributed in tissues.>

b Assuming 1% or 10% FX would be converted to FXa. Addition of 1.0 IU/mL 4F-PCC would
provide ~2x FX levels compared to normal plasma. Although it is difficult to measure active FXa
in circulation due to its low abundance and very short half-life, previous computer modeling and
measurement in a TF-initiated whole blood clotting reaction indicated that about 1%-10% of

FX would be converted to FXa (1.7-17 nM),>® of which only a small fraction (0.004%-0.09% FX)
would be functional as the active prothrombinase (0.007-0.155 nM)>* due to inhibition of FXa by
endogenous inhibitors such as TF pathway inhibitor and antithrombin Ill. Addition of high-dose
4F-PCC (50 IU/kg, ~1.0 IU/mL) would increase FX and FXa levels by ~2-fold. However, this increase
in FX and FXa concentrations would have negligible effect in the presence of FXa inhibitors
because of the vast molar excess of the inhibitors relative to any additional active FXa that could
be potentially generated in the presence of 4F-PCCs.

© At the approved andexanet low and high doses, the andexanet C__ is ~2.0 uM at low dose
(400-mg bolus plus 4 mg/min 2-hour infusion) and ~4.0 uM at high dose (800-mg bolus plus 8 mg/
min x 2-hour infusion).
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apixaban and 162:1 for rivaroxaban. The addition of 1.0 IlU/mL from
4F-PCC would provide ~2-fold increase in FX levels. While this ap-
proximately doubles the FXa level, the enhanced FXa concentration
would still only be able to negate <5% of the anticoagulant concen-
tration (Table 1). Looked at another way, the 4F-PCC dose required
to overcome the FXa inhibitor via this mechanism would be 20x
higher than the highest approved dose (ie, ~1000 IU/kg or 150 vials
each containing 500 units). The actual effect of 4F-PCCs on FXa in-
hibitors is far less if only 1% FX is converted to FXa (Table 1). These
stoichiometric limitations were not considered in previously pub-
lished PCCs studies,*® and although based on several assumptions,
they clearly indicate that inhibitor concentrations are in vast molar
excesses over FXa levels that could possibly be formed in plasma,
even with high-dose 4F-PCCs. These theoretical considerations are
supported by clinical studies in healthy subjects where no anti-FXa
activity reversal was observed with PCCs.181922.30 |y contrast, low
and high andexanet doses can achieve a molar excess (inhibitor:an-
dexanet) over apixaban (0.43:1) and rivaroxaban (0.69:1) (Table 1).
The second mechanistic limitation is that 4F-PCCs are unable
to bypass FXa inhibition by overloading substrate (prothrombin) in
the presence of excess FXa inhibitors. Supplementation with high-
dose 4F-PCCs (50 IU/kg, ~1.0 IU/mL) would double the prothrom-
bin level. However, this increase in substrate concentration would

have limited effect on restoration of TF-TG because the FXa activ-
ity required for activation of prothrombin to thrombin is blocked
by the FXa inhibitor. An important question, therefore, is to what
level does the FXa inhibitor need to fall in order to achieve normal
thrombin generation, either in the absence or presence of the high-
est PCC dose.

The degree of FXa blockade can be calculated for various FXa
inhibitor levels (Table 2). A 150-ng/mL plasma apixaban level will re-
sultin residual FXa activity of ~3.0% (compared to normal plasma)—a
97% inhibition. Similarly, 300 ng/mL rivaroxaban will result in resid-
ual FXa activity of ~1.4%, or a 98.6% inhibition. Thus, therapeutic
levels of apixaban and rivaroxaban result in strong FXa inhibition
that substantially impairs conversion of prothrombin to thrombin,
even if the prothrombin concentration is doubled with the highest
4F-PCC dose.

To estimate the FXa levels required to support normal throm-
bin generation, TF-TG was measured in plasma containing different
FX levels by titrating normal PPP into FX-depleted plasma (Table S2;
Figure Sé). This information was used to estimate the %FXa levels
required to support the targeted range of TF-TG (assuming that FXa
levels change proportionally, as FX levels do). As shown in Table S2,
30% FXais required to achieve near-normal ETP (90%), and 50% FXa

would normalize all TF-TG parameters.

TABLE 2 Estimation of residual FXa activity in the presence of a FXa inhibitor and the potential contribution of 4F-PCCs to FXa and

thrombin generation

Free inhibitor,

Residual FXa, %, in

Total inhibitor, ng/mL ng/mL? Free inhibitor, nM" Residual FXa, %, in PPP¢ PPP + 4F-PCCs¢
Apixaban Rivaroxaban Apixaban Rivaroxaban Apixaban Rivaroxaban

500 50 108.8 114.7 0.91 0.86 1.8 1.7
300 30 65.3 68.8 1.5 1.4 3.0 29
250 25 54.4 57.4 1.8 1.7 3.6 3.4
150 15 32.6 34.4 3.0 2.8 59 5.6
75 7.5 16.3 17.2 5.8 5.5 11.5 11.0
37.5 3.75 8.2 8.6 10.9 10.4 21.8 20.8
18.75 1.88 4.1 4.3 19.7 18.9 39.4 377
9.38 0.94 2.0 2.2 329 31.7 65.8 63.5
4.69 0.47 1.0 1.1 49.5 48.2 99.0 96.4
2.34 0.23 0.5 0.5 66.2 65.0 132.4 130.1
0 0 0.0 0.0 100.0 100.0 200.0 200.0

Abbreviations: 4F-PCC, four-factor prothrombin complex concentrate; FXa, factor Xa; PPP, platelet-poor plasma.

?Free inhibitor concentrations were based on 10% of the total inhibitor concentrations.

PThe free inhibitor molar concentrations were calculated using molecular weight 459.6 Da for apixaban and 435.9 Da for rivaroxaban.

“Residual FXa activity (%) in the presence of a FXa inhibitor was calculated by (K,/(K+[l])) x 100, where [I] is the free inhibitor molar concentration
(nM), and K. is the equilibrium dissociation constant of the inhibitor to FXa. The residual FXa activity was calculated assuming K; = 1.0 nM,
which might represent an upper limit of FXa activity because apixaban and rivaroxaban are potent FXa inhibitors with subnanomolar affinities

(K, <1.0 nM).3*

4Assuming high-dose 4F-PCCs (50 IU/kg, ~1.0 1U/mL) would increase FX level by 2-fold and increase the FXa level proportionally by 2-fold. In

addition, supplementation of 1.0 IU/mL 4F-PCCs would also increase the prothrombin level by 2-fold. The substrate effect on thrombin generation
could be estimated by [S]/(K_+[S]), where [S] is the prothrombin concentration in plasma and K is the equilibrium dissociation constant. Assuming
K., = [S], a 2-fold increase in prothrombin concentration would increase thrombin generation by 1.33-fold. Thus, the overall effect of 1.0 1U/

mL 4F-PCCs would increase thrombin generation by 2 x 1.33 = 2.66-fold. This combined effect of 1.0 IlU/mL 4F-PCCs on thrombin generation is
comparable to the in vitro experimental results shown in Figure 5 over a range of FXa inhibitor concentrations.
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FIGURE 5 Calculated versus observed effect of 4F-PCCs on TF-TG (Peak) as a function of FXa inhibitor concentrations. A, Rivaroxaban;
and B, apixaban. Data were normalized to normal PPP (100%, horizontal dashed line). For clarity, the results are presented in two separate
panels for each inhibitor with or without 4F-PCCs. The solid line represents the calculated values from Table 2 after taking into account

the prothrombin component effect (1.33x). The open circle represents the observed effect of 4F-PCCs (0, 1.0 IU/mL) on Peak (data from
Figure 4). Note that at the same level of inhibitor concentrations, apixaban appears to have less inhibitory effect on thrombin generation
compared with rivaroxaban (Figures 2-4), which could be explained by the different rate of inhibition (k ) in addition to the affinity (K;)
between the two inhibitors. The k  value for apixaban is several-fold slower than rivaroxaban.>® The calculations shown in Table 2 and
Figure 5 were solely based on K; and may represent an over-estimation of the apixaban inhibitory effect compared to rivaroxaban. 4F-PCC,
four-factor prothrombin complex concentrate; FXa, factor Xa; Peak, peak thrombin; PPP, platelet-poor plasma; TF-TG, tissue factor-initiated

thrombin generation

Without a specific reversal agent to sequester FXa inhibitors,
apixaban and rivaroxaban would have to be extensively cleared
(to <10 ng/mL) before 30% FXa activity can be achieved (Table 2).
Table 2 also shows the impact of high-dose 4F-PCCs on FXa activity.
The combined effects of FX and Fll in 4F-PCCs are calculated to
achieve the equivalent of 30% FXa activity (and thereby normalize
TF-TG) at an apixaban or rivaroxaban concentration of ~35 ng/mL
(Table 2, calculations in legend). The experimental data in Figures 2-4
are in close accord with these calculated values: high-dose 4F-PCCs
(1 1U/mL) normalized ETP for 37.5 ng/mL rivaroxaban and 75 ng/mL
apixaban. However, as seen in Figure 4, even at the lowest inhibitor
concentrations tested (18.75 ng/mL), high-dose 4F-PCC is unable
to normalize the Peak, which is a direct measure of FXa enzymatic
activity and therefore most closely congruent with the theoreti-
cal calculations (Table 2; Figure 5). Of note is the close agreement
between the experimental data (Peak) and theoretical calculations
for both apixaban and rivaroxaban in the absence or presence of
4F-PCCs (Figure 5). Similar conclusions can be drawn from other
TF-TG parameters (Figure S4). Taken together, the 75 ng/mL thresh-
old for 4F-PCCs effectiveness is the upper limit and is supported by
both experimental data (ETP and Peak) and theoretical calculations

(Peak). As discussed below, this threshold has clinical implications. In

the Andexanet Alfa, a Novel Antidote to the Anticoagulation Effects
of Factor Xa Inhibitors (ANNEXA-4) study, 75% of the bleeding pa-
tients had anti-FXa levels 275 ng/mL at the time of andexanet ad-
ministration®® and would be predicted, based on these data, to have
little or no benefit from 4F-PCCs on restoring thrombin generation
to normal baseline levels.

These results provide a new lens through which to interpret
published reports on the use of 4F-PCCs for FXa inhibitor reversal
in both healthy volunteers and bleeding patients. Several studies
have evaluated PCCs in healthy volunteers treated with rivarox-
aban and apixaban®23%31 (Table S1). As discussed above, an-
ti-FXa levels were not impacted by PCCs in these studies.!”?1:28
Moreover, thrombin generation was not normalized in most cases
with 4F-PCCs until the inhibitors had been substantially cleared,?!
a finding consistent with the present study showing that 4F-PCCs
did not normalize TF-TG unless FXa inhibitor levels were <35-
75 ng/mL (Table 2; Figure 5). Regarding bleeding patients on FXa
inhibitors, several observational studies have reported on the use
of 4F-PCCs but have shown inconsistent efficacy results.?*?7 In
the light of the current study, the data in these four major reports
are difficult to interpret because anti-FXa levels were measured in

only 122 of 361 (34%) patients taking apixaban and rivaroxaban
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spanning these four PCC studies. Furthermore, anti-FXa levels in
the PCC responders and nonresponders were not reported, a crit-
ical variable that should correlate with whether the patient had
good hemostasis with 4F-PCC. Despite this, some important new
insights can be drawn from these studies. First, the retrospective
cohort study by Gerner et al® in 131 patients with intracerebral
hemorrhage (ICH) taking rivaroxaban or apixaban reported no
benefit of 4F-PCCs on either mortality or the arrest of hematoma
expansion as determined by serial brain imaging (computed tomog-
raphy [CT] or magnetic resonance imaging). Of note, this is the only
study of the four that had consistent serial imaging of ICH, simi-
lar to the mandatory CTs required in ANNEXA-4. The other three
studies reported a benefit of PCCs in patients with major bleed-
ing on rivaroxaban or apixaban with overall hemostatic efficacies
of 69% (84 patients, Majeed et al?®), 65% (66 patients, Schulman
et al®®), and 74% (80 patients, Arachchillage et al?’). In these
three studies, one can estimate that ~25% or more of the patients
were in the lower ranges of anticoagulation, similar to that seen
in ANNEXA-4 for patients with anti-FXa levels <75 ng/mL. These
patients would be expected to have a good response to 4F-PCCs
and thus may have contributed disproportionately to the overall
efficacy. Another factor contributing to the observed efficacy is
the percentage of patients for whom hemostasis had already been
achieved spontaneously (ie, without treatment) by the time they
arrived at the hospital—a number that may be as high as 50%, as

126 study. Recently, two

seen in the ICH patients in the Gerner et a
other observational cohort studies on 4F-PCCs showed hemo-
static efficacies of 70%°° and 82%,%° but again with anti-FXa levels
available in only 30% and 15% of patients, respectively.

In ANNEXA-4, anti-FXa levels measured at the time of andexa-
net administration were not clustered around the 75 ng/mL thresh-
old. The apixaban anti-FXa median level (N = 134) was 149.7 ng/
mL (including up to 950 ng/mL), and the rivaroxaban median level
(N = 100) was 211.8 ng/mL (including up to 850 ng/mL) in the effi-
cacy population.®® Hemostatic efficacy was 82% across the broad
range of anti-FXa levels, even in outliers with very high inhibitor
levels at the time of andexanet administration (discussed in the sup-
plement of Connolly et al®®). Importantly, all patients in the efficacy
population (defined in the protocol as those with anti-FXa levels
275 ng/mL) would be expected to have minimal improvement in
thrombin generation regardless of use of either low- or high-dose
4F-PCCs based on the in vitro data presented herein.

One limitation of the current study is the use of a plasma-based
in vitro TF-TG assay in the absence of cellular components (eg,

platelets41'42)

. Additionally, the difference in thrombin generation
potential between healthy subjects and bleeding patients remains
unknown, and a correlation between restoration of thrombin gener-
ation and hemostasis has not been established in bleeding patients
taking FXa inhibitors. Ultimately, the hemostatic efficacy and throm-
botic potential of reversal agents (beyond the intrinsic risk simply due
to reversal itself) need to be determined in a randomized controlled
trial and compared head to head. The ongoing ANNEXA-I study

(ClinicalTrials.gov: NCT03661528) is such a study that is comparing

the hemostatic efficacy of andexanet with usual care (4F-PCCs and
other agents) in ICH patients.

In summary, this study used TF-TG to compare the effective-
ness of 4F-PCC and andexanet to reverse the anticoagulant effects
of apixaban and rivaroxaban. As expected, 4F-PCCs completely
corrected the inhibition of TF-TG by warfarin in a dose-responsive
manner. However, they were only effective in reversing the inhi-
bition of TF-TG by FXa inhibitors over a narrow range of inhibitor
concentrations (<75 ng/mL). The results are consistent with previ-
ous studies in healthy subjects that showed thrombin generation
was not normalized until 4-6 hours after PCC treatment, when FXa
inhibitor concentrations have declined significantly from maximum
levels. In contrast, andexanet, at the approved doses, was able to
fully restore TF-TG over a wide range (19-2000 ng/mL) of inhibi-
tor concentrations. Specific reversal agents such as andexanet are
recommended as the preferred treatment over 4F-PCCs by at least

17 guidelines as of this writing*®"4¢ 47

and by the Joint Commission.
These recommendations are based on the distinct mechanism of
action of andexanet versus 4F-PCCs, as delineated in the current
and previous studies, in that sequestration of the FXa inhibitor by
andexanet allows for immediate restoration of thrombin generation

to normal baseline levels3®48

over a broad range of inhibitor concen-
trations. In contrast, these in vitro data suggest that 4F-PCCs can
only be effective at restoring TF-TG when inhibitor concentrations
are <75 ng/mL, which corresponds to a small proportion (<25%)
of pretreatment baseline anti-FXa levels documented in bleeding

patients.38
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