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Summary. Background: Apixaban is an oral, direct factor Xa
(FXa) inhibitor in late-stage clinical development. This study
assessed effects of the direct FXa inhibitors, apixaban and
rivaroxaban, vs. the direct thrombin inhibitor, dabigatran, on
venous thrombosis (VT), bleeding time (BT) and clotting times
in rabbits. Methods: We induced the formation of non-occlusive
thrombus in VT models by placing threads in the vena cava, and
induced bleeding by the incision of cuticles in anesthetized
rabbits. Apixaban, rivaroxaban and dabigatran were infused I'V
to achieve a stable plasma level. Clotting times, including the
activated partial thromboplastin time (aPTT), prothrombin
time (PT), modified PT (mPT) and thrombin time (TT), were
measured. Results: Apixaban, rivaroxaban and dabigatran
exhibited dose-related efficacy in preventing VT with ECs, of
65, 33 and 194 nwm, respectively. At doses for 80% reduction of
control thrombus, apixaban, rivaroxaban and dabigatran
prolonged BT by 1.13 + 0.02-, 1.9 £ 0.1-* and 4.4 + 0.4-
fold*, respectively (*P < 0.05, vs. apixaban). In the treatment
model, these inhibitors equally prevented growth of a pre-
formed thrombus. Antithrombotic doses of apixaban and
rivaroxaban prolonged aPTT and PT by < 3-fold with no effect
on TT. Dabigatran was >50-fold more potent in prolonging TT
than aPTT and PT. Of the clotting assays studied, apixaban,
rivaroxaban and dabigatran responded the best to mPT.
Conclusion: Comparable antithrombotic efficacy was observed
between apixaban, rivaroxaban and dabigatran in the preven-
tion and treatment of VT in rabbits. Apixaban and rivaroxaban
exhibited lower BT compared with dabigatran at equivalent
antithrombotic doses. The clinical significance of these findings
remains to be determined.
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Introduction

Venous thromboembolism (VTE), which includes deep vein
thrombosis and pulmonary embolism, is a major cause of
morbidity and mortality. It has been estimated that over
900 000 recurrent, non-fatal and fatal VTE events occur in the
United States alone, with approximately 300 000 deaths per
year [1]. Further, it is anticipated that the burden of this disease
will rise significantly in the near future as the baby boom
generation ages. Although numerous classes of anticoagulants,
such as heparin derivatives, vitamin K antagonists and
thrombin inhibitors, are available for VTE treatment, they
still have significant limitations. For instance, the oral vitamin
K antagonists exhibit a narrow therapeutic index, a slow onset
of therapeutic effect and many dietary and drug interactions
requiring frequent monitoring and dose adjustment. The
heparin derivatives and direct thrombin inhibitors require
parenteral administration, which is a major obstacle for the
long-term use of these agents. Therefore, novel oral anticoag-
ulants, targeting the selective inhibition of thrombin activity or
factor Xa (FXa), have been developed [2].

Apixaban is one of the promising, oral anticoagulants in
late-stage clinical development. It is a reversible, direct and
highly selective inhibitor of FXa, and does not require
antithrombin III for antithrombotic activity [3,4]. Further, it
inhibits free as well as prothrombinase-bound and clot-bound
FXa activity in vitro [5,6]. Preclinical studies of apixaban in
animal models have demonstrated considerable antithrombotic
efficacy in the prevention of arterial and venous thrombosis at
doses that preserved hemostasis [4,7]. In clinical trials, apixaban
has shown predictable and consistent anticoagulation as well as
promising safety and efficacy results for the prevention and
treatment of venous thrombosis [8-10]. Favorable clinical
results have also been observed with the direct thrombin
inhibitor dabigatran etexilate, a prodrug (the active drug is
dabigatran), [11,12] and the direct FXa inhibitor rivaroxaban
[13-17].
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In the absence of head-to-head clinical trials evaluating
apixaban, rivaroxaban and dabigatran, it is difficult to compare
and contrast their efficacy and safety profiles. Similarly, no
comparative preclinical efficacy and safety studies of these
inhibitors in the same experimental models and species have
been reported. As head-to-head clinical trials comparing these
inhibitors are costly and unlikely to be performed in the near
future, it prompted us to conduct a full dose-response
comparison among these compounds in experimental models
of thrombosis and hemostasis. In the evaluation of their
antithrombotic activity, we characterized the efficacy of apix-
aban, rivaroxaban and dabigatran in a rabbit model of venous
thrombosis (VT) [4,18]. Specifically, we focused on both the
prevention of VT and the treatment of preformed thrombus,
because few studies have examined the efficacy of these
inhibitors for the treatment of existing intravascular thrombus.
To evaluate the antihemostatic activity of these inhibitors, we
used a standardized rabbit model of cuticle bleeding time (BT)
[19,20]. Finally, we also measured ex vivo clotting times to
identify a potential coagulation biomarker assay that will best
reflect the anticoagulant activity of these inhibitors.

Materials and methods

Reagents

The following drugs and chemicals were used in this study:
activated partial thromboplastin time (aPTT) reagent Actin®,
prothrombin time (PT) reagent Thromboplastin C Plus and
thrombin time (TT) reagent from Dade-Behring (Marburg,
Germany). Apixaban, rivaroxaban and dabigatran were syn-
thesized at Bristol-Myers Squibb.

Animals

Studies were conducted in male New Zealand White rabbits
weighing 24 kg and were obtained from Covance (Denver,
PA, USA). Experiments were conducted in accordance with
the NIH Guide for the Care and Use of Laboratory Animals,
and the regulations of the Animal Care and Use Committee of
Bristol-Myers Squibb.

Venous thrombosis model

The rabbit VT model, described by Hollenbach ez al. [18] with
modification [4], was used in this study. Briefly, male New
Zealand White rabbits were anesthetized with ketamine (50 mg
kg' + 50 mgkg ' h™' im.) and xylazine (10 mgkg™' +
10 mg kg™' h™' i.m.). The right jugular vein and left femoral
artery were isolated and catheterized for IV infusion and the
collection of blood samples, respectively. Silk threads attached
to a copper wire were placed in the vena cava to induce the
formation of a non-occlusive thrombus.

Prevention model The inhibitors or vehicle were
administered IV 30 min prior to the placement of the

prosthetic VT device. The test inhibitor was given as a bolus
injection (1 mL kg™') and supplemented with a constant IV
infusion (I mL kg™' h™") to quickly achieve an effective and
stable plasma level of the compound. Ninety minutes after the
placement of the threads, the abdominal vena cava was isolated
and the threads with associated thrombus were removed,
blotted twice on a weighing paper and weighed as described
previously [4]. The thrombus weight was calculated by
subtracting the average weight of eight pieces of 4-0 silk
threads, 3 cm in length, from the total weight of thrombus and
threads.

In the VT prevention study (n = 6 per group), the apixaban
group consisted of vehicle (10% N-N-dimethylacetamide: 90%
of 5% dextrose) and apixaban (mg kg™' + mg kg™ h™") at
0.006 + 0.009, 0.018 + 0.026, 0.06 + 0.09, 0.18 + 0.26 and
0.6 + 0.9. The rivaroxaban group consisted of vehicle (10%
N-N-dimethylacetamide:30% polyethylene glycol 400:60%
water) and rivaroxaban (mgkg' + mgkg'h7) at
0.006 + 0.009, 0.018 + 0.026, 0.06 + 0.09, 0.18 + 0.26
and 0.6 + 0.9. The dabigatran group consisted of vehicle
(10% N-N-dimethylacetamide:90% of 5% dextrose) and
dabigatran (mg kg™ + mgkg™' h™") at 0.006 + 0.009,
0.018 + 0.026, 0.06 + 0.09, 0.18 + 0.26 and 0.6 + 0.9.

Treatment  model The antithrombotic activity of
compounds was measured in a pre-existing environment of
active thrombosis. Inhibitors or vehicle were administered
30 min after the placement of the threads to allow for
significant thrombus growth prior to antithrombotic
treatment. The test inhibitor was given as a bolus injection
and supplemented with a constant IV infusion as described
above. After the compound was infused for 2 h, the thrombus
was removed from the abdominal vena cava and was weighed
as described above.

In the VT treatment study, a separate group of rabbits was
used in which the clot size was measured 30 min after the
placement of the VT device. The apixaban group consisted of
vehicle and apixaban (mg kg™' + mg kg™' h™") at 0.018 +
0.026, 0.06 + 0.09, 0.18 + 0.26 and 0.6 + 0.9. The rivarox-
aban group consisted of vehicle and rivaroxaban (mg kg™ +
mg kg™! h™)at 0.018 + 0.026,0.06 + 0.09,0.18 + 0.26 and
0.6 + 0.9. The dabigatran group consisted of vehicle and
dabigatran (mg kg™ + mgkg™' h™") at 0.006 + 0.009,
0.018 + 0.026, 0.06 + 0.09, 0.18 + 0.26 and 0.6 + 0.9.
The same vehicles were used as described above and the n is
6 per group.

Cuticle bleeding time model

The rabbit cuticle BT model used in this study has been
described previously [19,20]. Briefly, rabbits were anesthetized
and cut at the apex of the hindpaw cuticle with a razor blade.
Blood was allowed to flow freely by keeping the bleeding site in
contact with 37 °C lactated Ringer’s solution. BT was defined
as the time after transection when bleeding ceased, and was
measured by averaging the bleeding time of three nail cuticles.
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The maximum bleeding recorded was 20 min. Bleeding dura-
tions that exceeded 20 min were recorded as a BT of 20 min.
Inhibitors or vehicle were administered IV 30 min prior to
cuticle transection. BT was measured before and after treat-
ment in opposite hindlimbs, and was expressed as a ratio of
treated over the control value.

The apixaban group consisted of vehicle and apixaban
(mg kg™' + mg kg™ h™!)at 0.18 + 0.26 and 0.6 + 0.9. The
rivaroxaban group consisted of vehicle and rivaroxaban
(mg kg™' + mg kg™ h™") at 0.06 + 0.09, 0.18 + 0.26 and
0.6 + 0.9. The dabigatran group consisted of vehicle and
dabigatran  (mg kg™ + mgkg' h™') at 0.06 + 0.09,
0.18 + 0.26 and 0.6 + 0.9. The same vehicles were used as
described above and the 7 is 6 per group.

Clotting assays and plasma concentrations

Ex vivo clotting times and plasma concentration were deter-
mined using blood samples collected from the femoral artery
in rabbits from the VT studies. Briefly, blood was collected in
tubes containing 1/10 volume of 3.8% sodium citrate, and
platelet-poor plasma was obtained after centrifuging at
>2000 x g for 10 min. Clotting times in platelet-poor plasma
were measured with an automated coagulation analyzer
(Sysmex”®, Dade Behring Inc., Deerfield, IL,USA) as described
previously [4]. aPTT, PT and TT reagents were reconstituted
and assays were performed according to the manufacturer’s
instructions. The modified PT (mPT) assay was performed by
diluting 1 mL of thromboplastin C Plus with 1.25 mL of
100 mmol 17! calcium chloride and using this diluted reagent
in place of the normal PT reagent [4]. Data points were the
mean of duplicate measurements and were expressed as a ratio
of treated vs. baseline control from the same animal. The
concentrations required to prolong clotting time by 2-fold
(ECyx) were expressed as total plasma concentrations, not
final assay concentrations after addition of clotting assay
reagents. Concentrations of apixaban, rivaroxaban and da-
bigatran in plasma samples were determined by liquid
chromatography-tandem mass spectrometry. As there was
no difference among the VT groups in plasma drug levels or
clotting times, the data from these studies were combined for
analysis. The plasma concentrations from the VT studies were
also used as approximation of the exposure levels for the BT
studies.

Statistical analysis

The statistical analyses used were analysis of variance and
Student-Newman-—Keuls test using the sas system (SAS for
Windows release 8.02A, Cary, NC, USA). ECs, values were
determined using the four-parameter logistic equation,
y =4+ [(B-4))Q1 + (Cx)")], where 4 = minimum y
value, B = maximum y value, C = ECsy, x = dose or
concentration and D = Hill slope, and the logistic fit was
analyzed by prism-4 for Windows (GraphPad Software, San
Diego, CA, USA). Antithrombotic ECs, values were deter-
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mined using a maximum value of 100 and a minimum value of
0, whereas BT EC5, values were determined using a maximum
value (BT treated/BT control) of 7 and a minimum value of 1.
A value of P < 0.05 was considered statistically significant. All
data are means + standard error (SE).

Results

Prevention model of venous thrombosis

Mean thrombus weights in the vehicle-treated VT rabbits from
the apixaban, rivaroxaban and dabigatran groups were
78 £ 6, 65 = 3 and 70 £ 3 mg, respectively (n = 6 per
group). In this model, apixaban, rivaroxaban and dabigatran
produced dose-dependent antithrombotic effects (Fig. 1). At
the doses studied, apixaban, rivaroxaban and dabigatran
produced dose-proportional increases in plasma concentra-
tions, and their estimated antithrombotic ECsys were 65, 33
and 194 nm, respectively (Fig. 1). These inhibitors, at their
highest dose, decreased thrombus formation similarly by about
80%, relative to their corresponding vehicle group (Fig. 1).

Cuticle bleeding time model

Mean cuticle BT in the vehicle-treated rabbits from the
apixaban, rivaroxaban and dabigatran groups was 173 =+ 8,
179 £ 9 and 168 + 8 s, respectively (n = 6 per group).
Dabigatran produced dose-dependent increases in BT with
estimated ECsq of 1079 nm (Fig. 1). In contrast, apixaban and
rivaroxaban at antithrombotic doses increased BT slightly with
ECsy of >1146 and >360 nm, respectively (Fig. 1). The
highest administered dose of apixaban, rivaroxaban and
dabigatran resulted in approximately an 80% reduction of
control in thrombus weight, and prolonged BT by
1.13 £ 0.02-, 1.9 + 0.1-* and 4.4 £+ 0.4-fold*, respectively
(*P < 0.05, vs. apixaban, n = 6 per group, Fig. 2). As shown
in Fig. 2, the antithrombotic efficacy-to-bleeding profile of
dabigatran was less favorable compared with those of apixaban
and rivaroxaban in the models of prevention VT and BT.

Treatment model of venous thrombosis

The mean preformed thrombus weight was 38 £ 2 mg
(n = 6, Fig. 3). Mean thrombus weights formed from 30 to
150 min in the vehicle-treated VT rabbits from the apixaban,
rivaroxaban and dabigatran groups were 90 + 5,73 + 4 and
76 £ 5 mg, respectively (n = 6 per group). In this model,
apixaban, rivaroxaban and dabigatran were equally effective in
preventing growth of a preformed thrombus and produced
dose-dependent antithrombotic effects with estimated ECsq of
316, 84 and 124 nm, respectively (Fig. 3). Clot regression, as
judged by the thrombus weight below the preformed thrombus
weight, was observed following administration of apixaban,
rivaroxaban and dabigatran at top doses (Fig. 3). As shown in
Fig. 3 (bottom panel), the antithrombotic efficacy-to-bleeding
profile of dabigatran was less favorable compared with those of
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Fig. 1. Plots of thrombus reduction and bleeding time vs. plasma con-
centration in apixaban-, rivaroxaban- and dabigatran-treated rabbits.
Thrombus reduction, measured in the prevention model of venous
thrombosis, was expressed as a percentage reduction of treated relative to
the mean vehicle thrombus weight. Bleeding time effect was expressed as a
ratio of treated vs. the mean vehicle value. Data are mean £ SE (n = 6
per group for the thrombosis and bleeding time studies and n = 12 per
dose for plasma concentrations).
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Fig. 2. Plot of bleeding time vs. the corresponding thrombus reduction in
apixaban-, rivaroxaban- and dabigatran-treated rabbits. Thrombus
reduction, measured in the prevention model of venous thrombosis (VT),
was expressed as a percentage reduction of treated relative to the mean
vehicle thrombus weight. Bleeding time effect was expressed as a ratio of
treated vs. the mean vehicle value. Data are mean + SE (n = 6 per
group).

apixaban and rivaroxaban in rabbit models of treatment VT
and BT.

Ex vivo coagulation markers

The control values for coagulation markers were the following:
21 £ 1sforaPTT,9 + 0.1 sfor PT, 19 + 0.4 sformPT and
23 £ 1 sfor TT. As shown in Fig. 4, antithrombotic doses of
apixaban and rivaroxaban did not prolong the TT. TT was
more sensitive to dabigatran being increased by 1.7 + 0.2-fold
at a non-antithrombotic dose. Apixaban and rivaroxaban did
not prolong aPTT or PT at approximately 50% of their
antithrombotic dose. The aPTT, but not PT, was moderately
sensitive to dabigatran, with a 2.2 £ 0.2-fold increase at 50%
of the antithrombotic dose. The mPT was the most sensitive of
the clotting assays to apixaban, rivaroxaban and dabigatran,
with respective increases of 1.6 = 0.1-, 3.3 £ 0.5- and
3.8 £ 0.5-fold at 50% antithrombotic doses, and 5.5 £ 0.4-,
54 £ 0.1- and 6.8 + 0.4-fold at 80% antithrombotic doses.
ECyx (nm) of ex vivo aPTT, PT, mPT and TT was > 1146,

© 2009 International Society on Thrombosis and Haemostasis
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Fig. 3. Top panel plots effects of apixaban, rivaroxaban and dabigatran on thrombus formation in the treatment model of venous thrombosis (VT) in
rabbits. For clarity, only the bolus doses (mg/kg) are indicated on the x-axis. *P < 0.05 vs. the corresponding vehicle (V). *P < 0.05 vs. the preformed
thrombus. Bottom panel plots bleeding time vs. the corresponding thrombus reduction in apixaban-, rivaroxaban- and dabigatran-treated rabbits.
Thrombus reduction, measured in the treatment model of VT, was expressed as a percentage reduction of treated relative to the mean vehicle thrombus
weight. Bleeding time effect was expressed as a ratio of treated vs. the mean vehicle value. Data are mean + SE (n = 6 per group).

> 1146, 142 and > 1146 for apixaban, 155, 360, 10 and > 360
for rivaroxaban, and 580, 1500, 57 and 12 for dabigatran,
respectively.

Discussion

This is the first comparative dose-response study with the
direct FXa inhibitors, apixaban and rivaroxaban, vs. the direct
thrombin inhibitor, dabigatran, in rabbit models of VT and
hemostasis. Comparable antithrombotic efficacy was observed
between apixaban, rivaroxaban and dabigatran in the preven-
tion and treatment of VT. Apixaban and rivaroxaban exhibited
lower BT compared with dabigatran at equivalent antithrom-
botic doses.

Rabbits were used as the animal model because these
inhibitors have similar anti-FXa potency (apixaban and riva-
roxaban) or anticoagulant potency (dabigatran) in humans and
rabbits in vitro [4,21,22]. The rabbit VT model was utilized to
evaluate antithrombotic effects as this model has frequently

© 2009 International Society on Thrombosis and Haemostasis

been used to characterize the antithrombotic profiles of
anticoagulant drugs [4,18,23]. Furthermore, a thrombus formed
in this model consists of mainly fibrin and trapped red cells,
which mimics clinical venous thrombosis [18]. The rabbit model
of cuticle bleeding was utilized to assess BT because this model
has been well characterized in previous studies with antiplatelet
and anticoagulant drugs [4,7,18-20,23].

This study confirms previous results, which demonstrated
the efficacy of apixaban for the prevention of VT in rabbits
[4]. This study also adds a new finding by showing that
apixaban effectively inhibited the growth of a preformed
intravascular thrombus in rabbits, suggesting the potential
opportunities for apixaban in the treatment of VT. Together,
these preclinical findings support the rationale for evaluating
apixaban in the clinic for the prevention and treatment of
VT. Indeed initial data from phase II trials with apixaban
show promising safety and efficacy results for the prevention
and treatment of VT [9,10]. Similar antithrombotic results for
the prevention and treatment of VT were shown with
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Fig. 4. Plots of thrombus reduction (bar graph) and ex vivo clotting times (line graph) in apixaban-, rivaroxaban- and dabigatran-treated rabbits.
Thrombus reduction, measured in the prevention model of venous thrombosis, was expressed as a percentage reduction of treated relative to the mean
vehicle thrombus weight (data from Fig. 1). For clarity, only the data for the mean thrombus reduction, and the bolus dose (mg/kg) on the x-axis are
shown. Activated partial thromboplastin time (aPTT), prothrombin time (PT), modified prothrombin time (mPT) and thrombin time (TT) were expressed
as a ratio of treated vs. the control value. Data are mean + SE (n = 6 per group for thrombus reduction and n = 12 per group for clotting times).

rivaroxaban in this study as well as in other preclinical and
clinical studies [13-17,21,24]. Regarding dabigatran, only
positive preclinical and clinical findings for the prevention of
VT, but not the treatment of VT, have been reported
[11,12,22,25]. This study is the first report describing the
effectiveness of dabigatran for the treatment of VT in rabbits.
In the treatment VT model, we observed clot regression
following administration of apixaban, rivaroxaban and
dabigatran at higher doses. The reduction of the clot size
below the preformed clot weight at these high doses may be
related to the lysis of the clot by the endogenous fibrinolytic
system and/or a destabilization of the clot matrix.

The antithrombotic plasma levels of rivaroxaban and
dabigatran observed in the prevention VT model in rabbits
are within the clinical effective plasma levels reported by these
drugs [26-28], whereas no such information has yet been
reported for apixaban. These results suggest that this study
employed clinically relevant doses of these inhibitors. The
antithrombotic (ECsy) dose of apixaban and rivaroxaban in
rabbits appeared to be 3- to 5-fold higher in the treatment than
in the prevention VT model, whereas dabigatran appeared to
be similar in both models. These results are not unexpected,
because higher doses of apixaban and rivaroxaban have been
selected in clinical trials for the treatment than for the
prevention of VT, whereas similar doses of dabigatran have
been chosen for these VT indications [29-34]. Moreover, the
recommended dose of the marketed indirect FXa inhibitor
fondaparinux is also higher for the treatment than for the
prevention of VT in patients [35].

This study compared the bleeding potential of apixaban,
rivaroxaban and dabigatran. Similar to our previous study [4],

apixaban achieved antithrombotic efficacy with a minimum
effect on BT in rabbits. This study extended the previous
finding and showed that at doses for 80% reduction of control
thrombus in the prevention VT model, apixaban and rivarox-
aban increased BT by 1.1- and 1.9-fold, respectively, whereas
dabigatran increased BT by 4.4-fold, which was still less than a
6.2-fold increase in BT by warfarin at an equivalent anti-
thrombotic dose [4]. Together these results suggest that
apixaban and rivaroxaban have a favorable efficacy/bleeding
profile relative to dabigatran in rabbits. Similarly, favorable
efficacy/bleeding profiles for apixaban and rivaroxaban were
also observed in the treatment VT model. It is not clear why
dabigatran has a higher effect on bleeding time than apixaban
and rivaroxaban. A possible explanation is that FXa inhibitors,
but not dabigatran, might not affect the existing level of
thrombin. In addition, reversible FXa inhibitors might not
completely suppress the production of thrombin. These small
amounts of thrombin might be sufficient to activate high
affinity platelet thrombin receptors to maintain hemostasis.
Although several studies have shown that FXa inhibitors
produce less increases in bleeding time than thrombin inhib-
itors in animals [20,23], the results of this study are still of
interest because it compares the efficacy and safety of three
drugs currently in phase III clinical trials.

We noted that apixaban increased cuticle BT, and this effect
was statistically less than obtained with rivaroxaban. However,
extrapolation of these rabbit BT results to humans requires
caution. The cuticle BT may not apply to other vascular beds,
because the regulation of hemostasis is known to be tissue
specific [36]. Moreover, provoked BT measured in anesthetized
healthy animals may not directly translate into spontaneous

© 2009 International Society on Thrombosis and Haemostasis



bleeding observed in elderly patients where additional compli-
cations of cardiovascular disease and polypharmacy are
present. Indeed, clinical studies with apixaban and rivaroxaban
have shown increased bleeding with increased dose [9,37].
Nevertheless, preclinical cuticle BT studies may still be useful in
generating hypotheses for clinical investigation by ranking the
antihemostatic profiles of test compounds to established agents
such as warfarin [4].

The traditional laboratory tests for adjusting anticoagulant
doses of heparin (aPTT) and warfarin (PT) have lacked
sensitivity for more selective anticoagulants [38]. Indeed we
noted that both aPTT and PT assays were insufficiently
calibrated to monitor the antithrombotic activity of apixaban
in the rabbit VT model, despite the sub-nanomolar affinity of
apixaban for FXa [3,4]. Plasma protein binding and the
excessive amounts of aPTT and PT reagents used in the
standard clotting assays may contribute to this insensitivity to
apixaban. Rivaroxaban was in comparison more potent than
apixaban in prolonging both the aPTT and PT in rabbits.
Mueck ef al. [28] reported a strong correlation between
rivaroxaban plasma concentration and PT in patients after
hip-replacement surgery. It is currently unclear whether the
more pronounced effect of rivaroxaban on the PT is compound
specific or is related to the greater disruption of hemostasis
observed with rivaroxaban at antithrombotic doses in rabbits.
Clearly, the sensitivity range (EC,x) of these assays in rabbits
was above antithrombotic levels (ECsg) for both apixaban and
rivaroxaban, demonstrating a limited utility for monitoring
antithrombotic therapy.

With regard to dabigatran, the aPTT and PT were moder-
ately sensitive and the TT overly sensitive to antithrombotic
activity in the rabbit VT model. Wienen et al. [22] reported that
the aPTT correlated well with the antithrombotic activity of
dabigatran in a rabbit model of VT consisting of polidocanol-
induced endothelial damage with blood flow reduction. We
also found the aPTT more sensitive than PT for monitoring
high level antithrombotic activity of dabigatran in rabbits. Of
the assays studied, the mPT was the most sensitive for
apixaban, rivaroxaban and dabigatran, and it also tracked
well with the antithrombotic activity of each compound in
rabbits. Although the mPT may have the potential to monitor
both FXa and thrombin inhibitors, it may not be optimal.
Preliminary data from a phase II study with apixaban show
that the anti-FXa assay is more accurate and precise than the
mPT [39].

In conclusion, apixaban was as efficacious as rivaroxaban
and dabigatran in the prevention and treatment of VT in
rabbits. At equivalent antithrombotic doses, apixaban and
rivaroxaban preserved hemostasis better than dabigatran,
suggesting a wider therapeutic index for FXa inhibition
compared with direct thrombin inhibition in this model.
However, caution should be applied in extrapolating these
findings to humans. As the preclinical findings on the
therapeutic windows of these agents still remain a hypothesis,
head-to-head clinical studies are required to validate these
results.
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