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Effect of edoxaban on markers of coagulation in venous and shed

blood compared with fondaparinux
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Summary

Edoxaban, an oral direct factor Xa (FXa) inhibitor, is in phase Il clinical
development for stroke prevention in atrial fibrillation and treatment of
venous thromboembolism. The shed blood model allows for study of ac-
tivated coagulation at a site of standardised tissue injury due to local
release of tissue factor. The objective of this study was to evaluate the
effect of three doses of edoxaban on markers of coagulation in shed
and venous blood versus placebo and a standard prophylactic dose of
fondaparinux. A total of 100 healthy male subjects were randomised to
receive single doses of one of five treatments: subcutaneously admin-
istered fondaparinux 2.5 mg; orally administered edoxaban 30, 60, or
120 mg; or placebo. The primary objective was measurement of blood
coagulation markers prothrombin fragment 1+2 (F,,,) and thrombin-
antithrombin (TAT) complex, and platelet activation marker 3-thrombo-
globulin (B-TG), in venous and shed blood. Secondary objectives

Correspondence to:

Michael Wolzt, MD

Department of Clinical Pharmacology

Medical University of Vienna, Allgemeines Krankenhaus Wien
Wahringer Giirtel 18-20, A-1090 Vienna, Austria

Tel.: +43 1 404002981, Fax: +43 1 404002998

E-mail: michael.wolzt@meduniwien.ac.at

Introduction

Investigations into new antithrombotic therapies have largely
focused on factor Xa (FXa) as a therapeutic target (1, 2). FXa plays
a pivotal role in the coagulation cascade, as it is generated at the
convergence of the intrinsic and extrinsic pathways from direct ac-
tivation of factor X by tissue factor (1). Small molecule direct FXa
inhibitors have been developed that directly inhibit both free FXa
and FXa bound to factor Va and phospholipids in the prothrombi-
nase complex (3,4). In contrast, indirect FXa inhibitors, like fonda-
parinux, only block free FXa and do not affect FXa in the pro-
thrombinase complex (5-7).

Fondaparinux, an indirect FXa inhibitor, is approved for the
prophylaxis and treatment of deep-vein thrombosis and pulmon-
ary embolism. It is administered by subcutaneous injection and
therefore rapidly and completely absorbed with absolute bioavail-
ability of 100% (8,9). Following a single subcutaneous dose of fon-
daparinux sodium 2.5 mg in young male subjects, maximum plas-
ma concentration (C,,) of 0.34 mg/l was reached in approxi-
mately 2 hours (h). The elimination half-life of fondaparinux is
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included pharmacokinetics, shed blood volume, and safety of edox-
aban. Single doses of edoxaban caused rapid and significant decreases
of Fy,,, TAT, and B-TG in the shed blood model, indicating inhibition of
thrombin generation and platelet activation. Inhibition was signifi-
cantly less for fondaparinux versus edoxaban. Baseline-corrected F,,,,
TAT, and B-TG values demonstrated sustained inhibition up to 24 hours
for shed blood in the edoxaban groups but no significant inhibition in
venous blood. Overall, edoxaban treatments were well tolerated. In
conclusion, single oral doses of edoxaban 30, 60, or 120 mg caused
rapid and sustained inhibition of coagulation up to 24 hours in the shed
blood model.
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17-21 h; it is eliminated unchanged in urine in individuals with
normal kidney function (8-11).

Edoxaban is a novel, direct, oral FXa inhibitor in clinical devel-
opment for stroke prevention in atrial fibrillation (AF) and treat-
ment of venous thromboembolism (VTE). Edoxaban has a rapid
onset of action with approximately 50% oral bioavailability, ter-
minal elimination half-life of 8-10 h, linear pharmacokinetics, and
low intrasubject pharmacodynamic variability (12). In a phase II
study of patients with AF, edoxaban 30 and 60 mg once daily dem-
onstrated safety profiles similar to dose-adjusted warfarin (13).
Similarly, in patients undergoing elective hip or knee arthroplasty,
once-daily edoxaban reduced the risk of postoperative VTE in a
dose-dependent manner with similar rates of bleeding across the
dose range (14, 15).

The shed blood model allows for the study of thrombin gener-
ation and platelet activation in humans in vivo (16, 17). In contrast
to measurement of bleeding times, the model involves incision of
the skin with standardised devices and the collection of blood for
measurement of parameters of coagulation (18). It has been used
to study the effects of anticoagulants and other agents on thrombin
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generation and platelet activation under physiologic conditions
(18-22). The aim of this study was to investigate the effect of three
doses of orally administered edoxaban compared with placebo and
the standard prophylactic dose of subcutaneously administered
fondaparinux on markers of thrombin generation and platelet ac-
tivation in shed and venous blood, and on coagulation markers
and anti-Xa activity in venous blood.

Materials and methods
Study population

Healthy Caucasian males aged 1855 years, with a body mass index
(BMI) of 19-29 kg/m?, were eligible. Exclusion criteria included
any significant abnormal physical or laboratory finding; a history
of significant cardiac, renal, hepatic, or gastrointestinal disease; use
of concurrent medication during the study; or any hereditary defi-
ciency of a blood clotting factor. Eligible patients provided signed
informed consent. The study was conducted in accordance with
Good Clinical Practice guidelines and the Declaration of Helsinki.

Study design

This was a randomised, open-label, five-parallel-group, placebo-
and active-controlled, single-dose study conducted in a single
centre by the Department of Clinical Pharmacology, Medical Uni-
versity of Vienna (Austria). A total of 100 subjects were studied as
five groups of 20. Subjects were randomised in blocks of five using
the randomisation code provided by Clinical Trial Services, to

receive single doses of one of five treatments: fondaparinux

(Arixtra®, GlaxoSmithKline, Research Triangle Park, NC, USA)

2.5 mg/0.5 ml administered subcutaneously; edoxaban (Daiichi

Sankyo Co., Ltd., Tokyo, Japan) 30, 60, or 120 mg administered

orally; or placebo administered orally. The edoxaban doses were
selected based on previous clinical studies (12).

Study endpoints

The primary objective was to compare assays for thrombin gener-
ation: prothrombin fragment 1+2 (F,,,) and thrombin-anti-
thrombin (TAT); and for platelet activation: B-thromboglobulin
(B-TG), in venous and shed blood for edoxaban, placebo, and fon-
daparinux. F,, is a polypeptide formed from prothrombin during
its conversion to thrombin by the prothrombinase complex,
composed of FXa and cofactor Va on membrane surfaces (23). TAT
is formed following neutralisation of thrombin by antithrombin
and reflects the in vivo thrombin generation processes (23). B-TG,
a marker of platelet activation, is a protein released by platelet
granules when platelets are activated (18).

© Schattauer 2011

Secondary objectives included the evaluation of coagulation
markers (activated partial thromboplastin time [aPTT] and pro-
thrombin time [PT]), anti-Xa activity, pharmacokinetics, shed
blood volume, and safety of orally administered edoxaban. Post-
study assessments were performed 5-10 days after dosing and tele-
phone follow-up for adverse event (AE) reporting was conducted
30 days post-dose.

Blood sampling

Shed blood

Shed blood samples for F,,,, TAT, B-TG, and volume were collected
at pre-dose and at 1.5, 5, 12, and 24 h post-dose; collections were
performed as previously described by Wolzt et al. (18). Briefly, a
sphygmomanometer was positioned on the upper arm and in-
flated to 45 mm Hg. Standardised disposable devices (Surgicutt®,
ITC, Edison, NJ, USA) were used to make two incisions on the
volar surface of the forearm, parallel to the antecubital crease; new
incisions ~1 cm apart from one another were made for each blood
sampling. The shed blood sample was collected directly from the
edge of the incision for 4 minutes (min) using Gilson Pipetman®
200 pl air-displacement pipette (Gilson Inc., Middleton, WI,
USA). The pipette tip was placed on the edge of the skin incision
and no additional maneuvre applied. The blood was transferred
immediately into ice-cooled plastic tubes containing 100 pl stop
solution (100 mM EDTA, 30 uM indomethacin, 3.8% sodium
citrate, 1,500 U/ml sodium heparin, and 1,000 U/ml aprotinin) to
prevent further thrombin generation or platelet activation in the
collection tube. Shed blood volume was determined from pre- and
post-collection tube weights. The shed blood samples were centri-
fuged within 30 min of collection after the addition of 125 ul of
phosphate buffered saline, at 10,000 g for 5 min at 4°C, and the
plasma was separated and stored at —70°C until analysis. Shed
blood was collected for 4 min post-incision because it has been
demonstrated that F|,, levels in shed blood increase exponentially
and reach a plateau within this period (20).

Venous blood

Blood samples for F,,,, TAT, B-TG, aPTT, PT, and anti-Xa activity
were collected from fresh venipunctures at pre-dose and at 1.5, 5,
12, and 24 h post-dose. Blood samples (2 x 4.5 ml) for aPTT, PT,
and anti-Xa activity were collected in 3.8% sodium citrate tubes.
The samples were centrifuged at 1,500 g for 10 min at 4°C and the
plasma was separated and stored at —20°C until analysis. Blood
(4.5 ml) for F,,,, TAT, and B-TG measurements was collected into
ice-cooled plastic tubes containing stop solution at a 1:9 volume
ratio to blood. Samples were centrifuged at 3,000 g for 10 min at
4°C and the separated plasma stored at —70°C until analysis.

Blood samples for plasma edoxaban concentrations were col-
lected at pre-dose and at 1.5, 5, 12, and 24 h post-dose.
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Bioanalytical methods

All assays were performed using methodology validated by the
Clinical Institute for Laboratory Medicine at the Vienna General
Hospital except where noted. F,, and TAT levels were determined
using the Enzygnost® F,,, and TAT microtest kits (Dade Behring
GmbH, Marburg, Germany). B-TG concentrations were measured
using the ASSERACHROM® B-TG test kit (Diagnostica Stago,
Asnieres, France). Anti-Xa activity was determined using the
Rotachrom® STA® (Diagnostica Stago). The lower limits of quan-
tification for the assays were 0.04 nM for F,,, 0.89 g/l for TAT,
and 7 ng/ml (in edoxaban units) for anti-Xa activity. The normal
reference ranges were 0.4-1.1 nM for venous F,,,, 1.0-4.1 pg/l for
venous TAT, and 133.83-1186.57 TU/10? platelets for venous B-TG.
For anti-Xa activity, calibration was performed with both STA®
low-molecular-weight heparin (LMWH) calibrator and normal
pooled plasma containing increasing amounts of edoxaban. All re-
sults were expressed in anti-Xa IU and ng edoxaban/ml; normal
reference range for the linear edoxaban plasma concentration re-
lation was 19-250 ng/ml (edoxaban units).

aPTT measurements were performed using the STA® aPTT
(Diagnostica Stago) on a fully automated STA® Hemostasis Analyzer
(Diagnostica Stago, Inc., Parsippany, NJ, USA). The normal refer-
ence range for venous aPTT was <43 seconds. PT was measured
using the STA® Neoplastin Plus (Diagnostica Stago) on a STA® He-
mostasis Analyzer (Diagnostica Stago, Inc.). The normal reference
ranges for PT with the reagent Neoplastin Plus are >70% and <15.6
seconds. Venous anti-Xa activity analyzed at the Laboratoire Claude
Levy, Paris, France, used edoxaban as the assay standard.

Plasma samples were prepared by liquid-liquid extraction, and
plasma edoxaban concentrations were measured by a validated
LC-MS/MS method at BioDynamic Research Ltd. (BioDynamics
Report no. DPC/10; Rushden, UK). The lower limit of quantifi-
cation of edoxaban in plasma was 1 ng/ml and the upper limit was
500 ng/ml.

Safety

Safety evaluations on human volunteers included AEs, vital signs,
12-lead electrocardiogram (ECG), clinical laboratory evaluations,
PT, fecal occult blood, body weight, and physical examination.

Statistical analysis

A previous study evaluating the effects of ximelagatran, an oral di-
rect thrombin inhibitor, r-hirudin, a parenteral direct thrombin
inhibitor, and enoxaparin on thrombin generation and platelet
function in healthy male subjects using a shed blood model sug-
gested that study groups comprising 20 subjects are predicted to
detect a 50% reduction in shed blood F,,, or TAT concentrations
from baseline with >80% power (24). Based on the Sarich 2003
study, the sample size was calculated to be 20 subjects, which was
considered adequate to attain the objectives of this study.

Plasma edoxaban
(ng/ml)

5007
—&— Edoxaban 30 mg
400 —&— Edoxaban 60 mg
004 Edoxaban 120 mg
3004 -

0 15 5 12
(A) Time post-dose (h)

0.50+

Plasma fondaparinux
(ug/ml)
o
(2]
b

o
(=}

R —&— Fondaparinux 2.5 mg

Figure 1: Arithmetic mean (SD) plasma
concentrations vs. time for (A) oral
edoxaban 30, 60, and 120 mg (measured
by high performance liquid chroma-

5 tography) and (B) subcutaneous fondapari-

12
Time post-dose (h)

—_—
m
—

(=]

-

[
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24 nux 2.5 mg (measured as anti-Xa activity
with fondaparinux as calibrator) (n =
20/treatment group).
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Figure 2: Geometric mean absolute values 2
of (A) shed blood and (B) venous blood o 64
F.,, concentrations (n = 20/treatment g ad
group). Shed blood F,,, concentrations re- >
mained statistically significantly reduced com- @ 24
pared with baseline at all time points post-dose 0 : : : g
through 24 h for all oral edoxaban doses (p < 0 15 5 12 24
0.0001). Following subcutaneous fondaparinux (A) Time post-dose (h)
2.5 mg, shed blood Fy,, levels were reduced at
5 h post-dose and dropped to minimum values
at 12 h post-dose. In venous blood, reductions
in F,,, were not significant for the three 1.2
edoxaban doses and fondaparinux. F;,, =
prothrombin fragment 1 + 2. (A) P < 0.001 for - 1.0
comparison between edoxaban 30, 60 and 120 % 0.8
mg vs. placebo at 1.5 h and between edoxaban o
120 mg vs. placebo at 12 h. P < 0.001 for com- w06
parison between edoxaban 30, 60 and 120 mg §
vs. fondaparinux 2.5 mg at 1.5 h and between g 0.4
edoxaban 120 mg vs. fondaparinux at 12 h. P < > 0.24
0.05 for comparison between edoxaban 60 mg
vs. placebo at 12 h and between edoxaban 120 04— g . y
mg vs. edoxaban 60 mg at 12 h. P < 0.01 for 0 15 5 12 24
comparison between edoxaban 120 mg and (B) Time post-dose (h)
edoxaban 30 mg at 12 h.

Descriptive statistics for pharmacodynamics, pharmacoki-
netics, and safety data were determined using SAS® software Ver-
sion 8.2 (Cary, NC, USA). A repeated-measures analysis of vari-
ance (ANOVA) was used to compare treatments for the changes
from baseline (pre-dose) and between time points. For anti-Xa ac-
tivity, log-transformed absolute values were used. The factors for
the ANOVA were subject, treatment, time, treatment*time, and
random error. For each comparison, the 95% confidence interval
of the difference was calculated using the residual variance from
the ANOVA.

Results
Subject demographics

Of the 100 male subjects randomised to fondaparinux, edoxaban,
or placebo between May and August 2004, 92 completed the study.
Eight subjects who did not complete the study participated in the
treatment phase and post-study assessments, but were not access-
ible for the follow-up telephone call: one subject in the
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fondaparinux group, three subjects in the placebo group, and two
subjects each in the edoxaban 30- and 60-mg groups. There were
no major differences in subject demographics and baseline charac-
teristics. The mean age was 28 years; mean body weight was 77 kg;
and mean BMI was 24 kg/m?.

Edoxaban pharmacokinetics and fondaparinux
pharmacodynamics

The plasma edoxaban concentration versus time profile is pres-
ented in P> Figure 1A. The plasma concentrations following oral
administration of edoxaban demonstrated increased exposure
proportional for 30- and 60-mg doses, but reduced exposure
relative to dose for the 120-mg dose, which was also associated with
greater variability at the earlier time point. The plasma concen-
trations of fondaparinux as measured by anti-Xa activity
(Rotachrom), using fondaparinux as a calibrator, are presented in
P Figure 1B. The peak concentrations ranged from 0.17-0.42 at
1.5 h post-dose and were consistent with exposure profiles from
other studies (10).

Thrombosis and Haemostasis 105.6/2011
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Figure 3: Geometric mean absolute values

of (A) shed blood and (B) venous blood TAT
concentrations (n = 20/treatment group).
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Shed blood TAT levels remained statistically
significantly reduced compared with baseline at
all time points post-dose through 24 h for all
oral edoxaban doses (p < 0.0001 for 60 and

0 15 5 12
(A) Time post-dose (h)

Venous TAT (ug/L)

; 120 mg at all time points, and for 30 mg at 1.5
and 5 h; p < 0.01 for 30 mg at 12 and 24 h).
Shed blood TAT levels remained significantly
reduced compared with baseline only at 12 and
24 h post-dose with subcutaneous fondaparin-
ux 2.5 mg (p < 0.05). Venous TAT concen-
trations were nonsignificantly reduced with
edoxaban. TAT = thrombin-antithrombin.

(A) P <0.01 for comparison between edoxaban
30 mg vs. placebo at 1.5 h and between
edoxaban 120 mg vs. fondaparinux at 12 h.

P <0.001 for comparison between edoxaban
60 and 120 mg vs. placebo at 1.5 h and be-
tween edoxaban 120 mg vs. placebo at 12 h.

P <0.001 for comparison between edoxaban

0 15 5 1I2
(B) Time post-dose (h)

1 30, 60 and 120 mg vs. fondaparinux at 1.5 h.
24 P < 0.05 for comparison between edoxaban 60
mg vs. placebo and between edoxaban 120 mg

Pharmacodynamics
Shed blood and venous F,,,

Single oral doses of edoxaban 30-120 mg produced rapid and
marked dose-related reductions in shed blood concentrations of
F\.,, a marker of thrombin generation, at 1.5 h post-dose; there-
after, F,,, increased in a dose-related manner (P Fig. 2A). At 1.5h
post-dose, |, concentrations fell by 78%, 85%, and 90% below
baseline (pre-dose) with the edoxaban 30-, 60-, and 120-mg doses,
respectively. Shed blood F,,, concentrations remained statistically
significantly reduced compared with baseline at all time points
post-dose through 24 h for all edoxaban doses (p < 0.0001). Fol-
lowing subcutaneous fondaparinux, shed blood F,,, levels were
reduced at 5 h post-dose and dropped to minimum values at 12 h
post-dose, corresponding to a decrease of 23% below baseline. No
change was observed with placebo. In venous blood, reductions in
F,,, were not significant, and were similar across the three
edoxaban doses (P> Fig. 2B). Similar reductions in venous F, , , were
seen following placebo and subcutaneous fondaparinux.

Thrombosis and Haemostasis 105.6/2011

vs. edoxaban 30 mg at 12 h.

Shed blood and venous TAT

Shed blood concentrations of TAT, another marker of thrombin
generation, were significantly reduced with a marked dose-related
effect following single oral doses of edoxaban 30-120 mg at 1.5 h
post-dose; levels thereafter increased in a dose-related manner
(P Fig. 3A). At 1.5 h post-dose, TAT levels fell by 82%, 91%, and
95% compared with baseline at the edoxaban 30-, 60-,and 120-mg
doses, respectively. Shed blood TAT levels remained statistically
significantly reduced compared with baseline at all time points
post-dose through 24 h for all edoxaban doses (p < 0.0001 for
60 mg and 120 mg at all time points, and for 30 mgat 1.5 and 5 h;
p < 0.01 for 30 mg at 12 and 24 h). Following subcutaneous
fondaparinux, shed blood TAT levels declined from 5-24 h post-
dose, with minimum values at 12 h corresponding to a 28% reduc-
tion. Shed blood TAT levels remained significantly reduced com-
pared with baseline only at 12 and 24 h post-dose with fondaparin-
ux (p < 0.05). No change was observed following placebo.

There was no apparent effect on venous TAT concentrations
following edoxaban 30 mg, whereas with edoxaban 60 and 120 mg,
TAT levels were reduced at 1.5 h post-dose and then remained un-
changed up to 24 h post-dose, ranging between 37-56% below

© Schattauer 2011
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cant reduction in venous B-TG, and a similar
reduction was also observed following fonda-
parinux. B-TG = -thromboglobulin. (A) P <
0.01 for comparison between edoxaban 30 mg
vs. placebo at 1.5 h and between edoxaban
120 mg vs. placebo at 12 h. P < 0.05 for com-
parison between edoxaban 60 mg vs. placebo
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baseline (P> Fig. 3B). No reduction in venous TAT levels was ob-
served following placebo and fondaparinux.

Shed blood and venous B-TG

Single oral doses of edoxaban 30-120 mg produced rapid declines
in shed blood concentrations of B-TG, a marker of platelet acti-
vation, at 1.5 h post-dose; levels then increased in a dose-related
manner (PFig. 4A). B-TG levels at 1.5 h post-dose fell by 44%,
35%, and 53% below baseline at the edoxaban 30-, 60-, and
120-mg doses, respectively. The reduction in B-TG was statistically
significant compared with baseline at 1.5 and 5 h post-dose at the
edoxaban 30-mg (p < 0.0001 and p = 0.013, respectively) and
60-mg (p < 0.0001 and p < 0.001, respectively) doses, and at all
time points at the 120-mg dose (p < 0.001). Subcutaneous fondapa
rinux caused non-significant reductions in shed blood 3-TG levels
at 12 and 24 h post-dose (14-16% below baseline). No significant
change was observed following placebo.

© Schattauer 2011

Edoxaban produced a non-significant reduction in venous
B-TG concentrations that generally did not vary by dose, and a
similar reduction was also observed following fondaparinux
(P Fig. 4B). No reduction in venous B-TG levels was observed fol-
lowing placebo.

Venous anti-Xa activity

Single oral doses of edoxaban 30-120 mg produced rapid dose-
dependent increases in anti-Xa activity, with the maximum re-
sponse occurring at 1.5 h post-dose. Mean maximum values of
anti-Xa activity expressed in LMWH anti-Xa units were 1.40,2.52,
and 5.99 IU/ml at the edoxaban 30-, 60-, and 120-mg doses, re-
spectively. Individual anti-Xa activity remained above zero at 24 h
post-dose at the 60- and 120-mg doses. No anti-Xa activity was ob-
served with placebo. Single doses of fondaparinux caused a steady
induction of anti-Xa activity, with maximum values of 0.25 and
0.26 TU/ml at 1.5 and 5 h post-dose, respectively, although the
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in g/ml to allow comparison between anti-
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Edoxaban 120 mg ring at 1.5 h post-dose. Single doses of subcu-

taneous fondaparinux 2.5 mg caused a steady

induction of anti-Xa activity; maximum re-
sponse was significantly less compared with
the lowest edoxaban dose (p < 0.0001).

Venous PT (sec)

o Edoxaban prolonged aPTT and PT in a dose-
dependent manner. aPTT = activated partial
thromboplastin time; PT = prothrombin time.
*The geometric mean values were not calcu-
lable at 24 h. Individual anti-Xa activity values

0 15 5 12

(C) Time post-dose (h)

24 had generally fallen to zero by 24 h post-dose
at the 30 mg dose level, but remained slightly
above baseline at the 60- and 120-mg dose

levels.

maximum response was significantly less compared with the lo-  with maximum prolongation occurring at 1.5 h post-dose (P> Fig.

west edoxaban dose (p < 0.0001) (> Fig. 5A).

Venous aPTT and PT

5B and C). At the 30-mg dose, the prolongation of aPTT and PT
relative to baseline was approximately 20% and 25%, respectively,
which increased to approximately 40% and 71% at the 120-mg dose.
The effects on aPTT and PT were prolonged, with values returning

Following single oral doses of edoxaban 30-120 mg, rapid and
marked dose-related prolongation of aPTT and PT was observed,

Thrombosis and Haemostasis 105.6/2011

close to baseline by 24 h. Fondaparinux caused significant prolon-
gation of aPTT compared with baseline at 1.5 and 5 h post-dose (p
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Figure 6: Correlation between plasma concentration of orally administered edoxaban and (A) aPTT, (B) PT, and (C) anti-Xa activity.

aPTT = activated partial thromboplastin time; PT = prothrombin time.

< 0.001) and had no significant effect on PT. No prolongation of
aPTT and PT was observed following placebo (data not shown).

Shed blood volume

Pre-dose shed blood volumes ranged from 192-284 ul (geometric
means) for the five treatments. Following single oral doses of
edoxaban 30, 60, and 120 mg, increases in shed blood volume were

© Schattauer 2011

noted, with maximum increases of 41-57% relative to baseline at
12 h post-dose. Increases of 26% and 22% in shed blood volume
were also observed at 12 h following placebo and subcutaneous
fondaparinux, respectively. There were no significant differences
between each edoxaban treatment and placebo at all time points,
except at 24 h post-dose for the comparison of edoxaban 60 mg
(arithmetic mean, 99 pl) with placebo (arithmetic mean, 5 pl;

p < 0.05). Inasmuch as between-subject variability was high for
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placebo and all treatments, the shed blood volume data should be
interpreted with caution.

Pharmacodynamic and pharmacokinetic relationship

There was a direct linear correlation between the observed range of
plasma concentrations of edoxaban during the dosing interval and
the blood coagulation parameters aPTT and PT, with correlation
coefficients of 0.738 and 0.957, respectively (P Fig. 6A and B).
Despite the increased variability observed in anti-Xa at edoxaban
plasma concentrations greater than 200 ng/ml, a direct linear
correlation was observed between plasma edoxaban and anti-Xa
activity, with a correlation coefficient of 0.957 (P Fig. 6C).

Safety

The incidence of AEs was low and ranged from 5-20% for each
treatment group, with the majority of events being mild in severity
and resolving spontaneously. Single, isolated bleeding-related AEs
considered possibly related to edoxaban were reported by two sub-
jects at the edoxaban 30-mg dose (haematochezia and haemato-
ma) and one subject at the 120-mg dose (epistaxis). For all three
subjects, the bleeding-related events were mild in severity and re-
solved without treatment.

Discussion

In this study, orally administered edoxaban at doses of 30, 60, and
120 mg produced significant, prolonged suppression of thrombin
generation markers F,,, and TAT and platelet activation marker
B-TG in the shed blood model of a procoagulant, pathophysiologic
state. The effect of edoxaban on -TG is most likely an indirect ef-
fect, due to inhibition of thrombin-mediated platelet activation
observed during endothelial injury; the reduction in thrombin
generation led to reduced platelet activation. The effect of direct
FXa inhibition with edoxaban on these thrombin generation and
platelet activation markers was consistently greater than the effect
of indirect FXa inhibition with subcutaneous fondaparinux
2.5 mg, the standard dose used for VTE prophylaxis.

The shed blood model is a model of microvascular injury and
tissue factor-induced blood coagulation (17) that has been used
previously to examine the effects on thrombin generation and
platelet activation of antithrombotic agents acting by a variety of
mechanisms, including aspirin, LMWH, and the direct thrombin
inhibitor, ximelagatran (17-20, 25). It provides an assessment of
the coagulation system and drug effects under activated conditions
at the site of plug formation, as opposed to in vitro activation in
clotting tests (such as aPTT, thrombin generation). The resem-
blance to thromboembolism or arterial ischaemic events is not

Thrombosis and Haemostasis 105.6/2011

known. However, patients requiring anticoagulants frequently
have comorbid cardiovascular disease, which predisposes them to
chronic endothelial injury. This model may offer insight into the
pharmacology of edoxaban at the site of local injury. Comparison
of the magnitude of inhibition of thrombin generation and
platelet activation by various anticoagulants in the shed blood
model may reflect drug mechanism and doses to be used in pa-
tients for the prevention of thromboembolic disorders. The pre-
dictability of the shed blood model is uncertain at this time.

The baseline levels for measures of thrombin generation for the
shed blood samples were approximately 10-fold compared with
the venous blood samples. The higher levels indicate the greater
levels of thrombin in samples collected post-incision. In addition,
greater absolute changes from baseline values were observed in the
shed blood versus venous blood samples for edoxaban. However,
mean change from baseline values of F,,, and TAT in the placebo
control group remained consistent or increased.

An explanation for the discrepancy between the significant ef-
fect of edoxaban on thrombin generation parameters in shed
blood but not in venous blood may lie in the differences in the ac-
tivation state of the clotting system. The exposure of shed blood to
subendothelial tissues that are rich in tissue factor results in im-
mediate activation of coagulation, thrombin generation, and feed-
back amplification of the coagulation mechanism (16). By inter-
fering with this activation and amplification of the clotting system,
direct FXa inhibition appeared to be more effective in relative
terms on inhibition of thrombin generation. In contrast, in venous
blood the coagulation system is in a resting state, feedback systems
are less amplified, smaller amounts of activated thrombin are gen-
erated, and the effect of direct FXa inhibition appears lessened. Re-
sults of previous studies with LMWH in shed blood models have
been consistent in showing more marked effects on thrombin gen-
eration parameters in shed versus venous blood (18).

The observation of a significantly greater effect of direct FXa in-
hibition with oral edoxaban than of indirect FXa inhibition with
subcutaneous fondaparinux on thrombin generation parameters
likely reflects the difference in mechanism of action. Since its
mechanism is mediated by antithrombin, fondaparinux can only
inhibit free FXa and does not affect the prothrombinase complex.
Direct inhibition with edoxaban targets both free FXa and FXa in
the prothrombinase complex, leading to the greater effect on re-
duction of thrombin generation as manifested by lower amounts
of F,, and TAT (2).

The effects of direct thrombin inhibition were previously evalu-
ated in the shed blood model in a study of ximelagatran 60 mg, and
r-hirudin versus the LMWH enoxaparin; direct thrombin in-
hibition was not found to have a greater effect on thrombin gener-
ation parameters than the antithrombin-mediated action of enox-
aparin (17).

Anti-Xa activity in this study was much lower with fondaparin-
ux than with edoxaban. However, it is also possible that the anti-
Xa assay, developed for responsiveness to heparins with LMWH as
the calibrator, is more sensitive to the activity of direct FXa in-
hibitors. The higher levels of anti-Xa, almost 12-fold for the
120-mg edoxaban dose relative to fondaparinux at peak, do not
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necessarily reflect the difference in anticoagulant activity between
the two compounds. This difference could be related to the differ-
ent mechanism of action, i.e. indirect catalytic and irreversible ver-
sus direct and reversible. We used a standard commercially avail-
able anti-Xa assay in this study for pragmatic reasons, because it is
a generally applicable test and laboratories will likely not have ac-
cess to tests designed specifically to measure the effects of these
new FXa inhibitors. The measurement of fondaparinux was per-
formed with the same method and kit, but with a calibration curve
made of fondaparinux rather than the reference preparation of
LMWH. The anti-Xa levels for subcutaneous fondaparinux
2.5 mg, the prophylactic dose, were consistent with those observed
in other studies (10, 26).

A rapid chromogenic assay, specific for direct FXa inhibitors, and
without interference of plasma factors concentration and of indirect
polysaccharide type inhibitors, has recently been developed. It is spe-
cific and highly sensitive and could be more appropriate to measure
the effects of direct FXa inhibitors (27), including edoxaban.

This study showed a prolonged effect of oral edoxaban on throm-
bin generation parameters in the shed blood model up to
24 h, whereas the plasma edoxaban profile demonstrated a terminal
elimination half-life of approximately 8-10 h. The exact relevance of
the shed blood model to local activity in the endothelium is unknown.
However, in this study, the duration of anticoagulant activity for edox-
aban appearslonger based on levels of the coagulation markers in shed
blood samples compared with venous blood samples. Since the shed
blood model represents activated coagulation, one could postulate
that the inhibitory effects of edoxaban have a longer duration of effect
under activated coagulation, as experienced during local endothelial
injury, than would be predicted by the time course of coagulation
markers measured in venous blood. The suppression of thrombin
generation parameters by edoxaban was rapid and dose related. Maxi-
mum suppression was at 1.5 h, consistent with the time to reach C,,
(Tinay) of 1-3 h. The anticoagulant effect of edoxaban was also dose re-
lated. In addition, the predictable dose response of edoxaban was sup-
ported by the correlations of pharmacodynamic parameters of venous
aPTT, PT, and anti-Xa activity with plasma concentrations. The find-
ings of predictability and consistency of effect across the dose range are
in agreement with findings of other studies of edoxaban pharmacoki-
netics and pharmacodynamics (12).

Single doses of edoxaban were safe and well tolerated in this study,
and comparable to findings with daily administration of
edoxaban 30 and 60 mg. Three subjects had bleeding-related events,
which were mild in severity and resolved without treatment.

A limitation of the shed blood model is that despite its mimick-
ing a state of pathophysiologic procoagulant activity, the shear
rates in the incision vessels are low, less than 20 s! after incision,
compared with >1,000 s in intact arterioles (16). Furthermore,
microcirculation of the skin may be different from other vascular
beds. Since the shed blood model is triggered by exposure of tissue
factor and intravascular thrombin generation may be different,
bleeding risk cannot be derived from this model.

In conclusion, orally administered edoxaban at single doses up
to 120 mg caused rapid, sustained, dose-related inhibition of co-
agulation up to 24 h as demonstrated by decreased F,,,, TAT, and

© Schattauer 2011

What is known about this topic?

« Edoxaban, an oral direct factor Xa inhibitor, is in phase IlI clinical
development for stroke prevention in atrial fibrillation and treat-
ment of venous thromboembolism.

« The shed blood model is a well-validated model of microvascular
injury and tissue factor-induced blood coagulation and has been
previously used to examine the effect of anticoagulants and other
agents on thrombin generation and platelet activation under
physiologic conditions.

What does this paper add?

- Edoxaban caused rapid, sustained, and dose-related inhibition of
coagulation up to 24 hours in the shed blood model.

» Comparison of the magnitude of inhibition of thrombin generation
and platelet activation by various anticoagulants in the shed blood
model may provide insight into drug mechanism and effective doses
to be used in patients for the prevention of thromboembolic disorders.

B-TG in the shed blood model, which approximates a procoagu-
lant pathophysiologic state.
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