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Abstract
Background: Inhibition of activated factor XI (FXIa) is a promising antithrombotic drug 
target. BMS-724296 is a selective, reversible, small-molecule inhibitor of human FXIa 
(Ki 0.3 nM).
Objectives: This study assessed effects of BMS-724296 versus standard-of-care oral 
anticoagulants apixaban (activated factor X inhibitor) and dabigatran (thrombin in-
hibitor) on arterial thrombosis, kidney bleeding time (KBT), and clotting time (CT) in 
nonhuman primate (NHP) cynomolgus monkey models.
Methods: Carotid artery thrombosis was produced by electrical stimulation in anes-
thetized NHPs. Hemostasis was assessed with a provoked KBT model. Thrombosis, 
KBT, and CT were monitored. Vehicle and various doses of BMS-724296, apixaban, 
and dabigatran were administered as bolus (intravenous [i.v.]) followed by infusion 
starting 30 minutes before initiation of thrombosis and continued until the experi-
ment’s end (n = 3-8/group). Primary end points included thrombus weight reduction 
(TWR), KBT, and CT (activated partial thromboplastin time [aPTT], prothrombin time 
[PT], and thrombin time [TT]).
Results: BMS-724296 at 0.025 + 0.05, 0.05 + 0.1, 0.102 + 0.2, and 0.4 + 0.8 mg/kg+mg/
kg/h i.v. (bolus +  infusion) reduced thrombus weight by 0 ± 0, 35 ± 7*, 72 ± 4*, and 
86 ± 4%*, respectively (*P < .05 vs vehicle; n = 5-6/group). BMS-724296 at the highest 
dose (0.4 + 0.8 mg/kg+mg/kg/h) did not increase KBT compared to vehicle (109 ± 6 
vs 113 ± 20 seconds, respectively) and increased ex vivo aPTT by 2.9 ± 0.1-fold with-
out changing PT and TT. In companion NHP studies, high doses of apixaban and da-
bigatran produced similar TWR as BMS-724296, but increased KBT 4.3 ± 0.5-fold and 
5.8 ± 0.5-fold, respectively (n = 3-4/group).
Conclusions: BMS-724296 produced similar antithrombotic efficacy as apixaban and 
dabigatran but with no increase in KBT in NHPs. These findings suggest that FXIa 
inhibitors may provide safe and effective antithrombotic therapy.
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Essentials

•	 BMS-724296 is an inhibitor of factor XIa, a novel antithrombotic drug target.
•	 Effects of BMS-724296 versus apixaban and dabigatran were assessed in cynomolgus monkey models.
•	 Antithrombotic efficacy was similar with BMS-724296, apixaban, and dabigatran.
•	 Kidney bleeding time was increased with apixaban and dabigatran but not BMS-724296.

1  |  INTRODUC TION

Direct oral anticoagulants (DOACs), including four activated factor 
X (FXa) inhibitors (rivaroxaban, apixaban, edoxaban, and betrixaban) 
and one thrombin inhibitor (dabigatran), have been approved for the 
prevention and treatment of cardiovascular events.1 Although these 
new agents are effective anticoagulants and are associated with a 
lower risk of bleeding compared with warfarin, bleeding still remains 
a concern.2-4 This residual bleeding risk has prompted a search for 
new effective anticoagulants that are associated with even less 
bleeding liability than DOACs. Activated factor XI (FXIa) inhibition 
has been proposed as a promising, safe antithrombotic target.2-5

FXIa is a key component of the intrinsic coagulation pathway and 
is activated by factor XIIa and thrombin feedback.6 The formation 
of FXIa leads to the sequential activation of factor IX and factor X. 
FXIa plays a major role in amplifying thrombin production, main-
taining and propagating a formed thrombus, and downregulating 
fibrinolysis.3,4 Human genetic, experimental, and epidemiologic data 
suggest that FXIa is important in thrombosis but has little role in 
hemostasis.2-4 A phase 2, proof-of-concept study showed that de-
creasing circulating FXI via an antisense oligonucleotide reduced the 
incidence of venous thrombosis and appeared safe with respect to 
bleeding.7 A monoclonal antibody against FXIa also showed efficacy 
in preventing venous thromboembolism among patients undergoing 
knee arthroplasty.8

BMS-262084 was first reported by Sutton et al as a small-
molecule tryptase inhibitor.9 It was subsequently demonstrated 

that BMS-262084 is an irreversible inhibitor of FXIa, with good anti-
thrombotic efficacy and low bleeding liability in rats and rabbits.10,11 
This prompted the initiation of a drug discovery program targeting 
FXIa, which led to the discovery of reversible FXIa inhibitors rep-
resented by BMS-654457 and BMS-724296.12-14 BMS-724296 
(Figure  1) is a reversible direct inhibitor of human FXIa (FXIa Ki, 
0.3 nM) with >5000-fold selectivity over most of the human coagu-
lation proteases14 and is a strong antithrombotic agent in rabbits.15

There are currently no approved small-molecule FXIa inhibitors, 
and head-to-head clinical studies evaluating inhibitors of FXIa, FXa, 
and thrombin are lacking. Similarly, comparative preclinical studies of 
DOACs are limited.2-5 Previous in vivo studies with small-molecule 
FXIa inhibitors have mostly been conducted in rodents and rab-
bits2,5,10,11 instead of larger animals such as monkeys, which are phys-
iologically more similar to humans.16 To help fill the gaps in preclinical 
knowledge, this study evaluated the efficacy/safety profiles of the 
FXIa inhibitor BMS-724296 versus standard-of-care anticoagulants 
apixaban (FXa inhibitor) and dabigatran (thrombin inhibitor) in cyno-
molgus monkeys. Efficacy was determined by prevention of arterial 
thrombosis in the carotid artery, and hemostasis was assessed with a 
provoked kidney bleeding time (KBT) model in anesthetized animals, 
followed by measurements of ex vivo clotting times.17

2  |  METHODS

2.1  |  Reagents

The drugs and chemicals used in this study included activated par-
tial thromboplastin time (aPTT) reagent (Dade Actin FS Activated 
Reagent; Dade Behring, Deerfield, IL, USA), prothrombin time (PT) re-
agent (Dade Thromboplastin C Plus, Dade Behring), and thrombin time 
(TT) reagent (Test Thrombin Reagent; Dade Behring). BMS-724296,14 
apixaban, and dabigatran were synthesized at Bristol Myers Squibb.

2.2  |  Animals

Experiments were conducted with a nonhuman primate (NHP) cyn-
omolgus monkey (Macaca fascicularis) animal model. Healthy NHPs 

K E Y W O R D S
anticoagulant, antithrombotic agent, apixaban, blood coagulation, dabigatran, factor XIa 
inhibitor, hemostasis, thrombosis

F I G U R E  1 Chemical structure of the FXIa inhibitor BMS-724296. 
FXIa, activated factor XI
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included in the study were retired from other pharmacokinetic and 
pharmacodynamic studies. The animals often had implanted vascular 
access ports in one or both femoral arteries and/or veins. They were 
previously treated one or more times with experimental compounds 
in previous studies but had a washout period of at least 4 weeks 
before being included in the current study; thus, treatments admin-
istered in previous studies were unlikely to have influenced results 
of the present study.

Animals were treated with vehicle (10% N,N-dimethy
lacetamide:95% dextrose, n = 8) or various drugs that were admin-
istered as a bolus (intravenous [i.v.]) followed by an i.v. infusion; 
BMS-724296 0.025 + 0.05 (n = 5), 0.05 + 0.1 (n = 6), 0.102 + 0.2 (n = 6), 
and 0.4 + 0.8 (n = 6) mg/kg+mg/kg/h i.v.; apixaban 0.024 + 0.036 
(n = 4), 0.12 + 0.18 (n = 4), and 0.6 + 0.9 (n = 4) mg/kg+mg/kg/h i.v.; 
and dabigatran 0.024 + 0.036 (n = 3), 0.12 + 0.18 (n = 3), and 0.6 + 0.9 
(n = 3) mg/kg+mg/kg/h i.v. The number of NHPs in each group was 
chosen on the basis of past experience with this model.

Experiments were conducted in accordance with the National 
Institutes of Health Guide for the Care and Use of Laboratory 
Animals and the regulations of the Animal Care and Use Committee 
of Bristol Myers Squibb. The Animal Study Protocol Number inter-
nally assigned to this protocol is 2009H016.

2.3  |  Thrombosis and bleeding time studies

Thrombosis, KBT, and ex vivo clotting time studies were conducted 
in the same animals. Arterial thrombosis was studied with the NHP 
model of electrolytic-mediated arterial thrombosis (ECAT).17 Briefly, 
NHPs were anesthetized as described previously, both common ca-
rotid arteries were carefully isolated, and carotid blood flow (CBF) 
was measured using an appropriately sized Transonic flow probe 
and a Transonic perivascular flowmeter (TS420 model; Transonic 
Systems Inc, Ithaca, NY, USA). Thrombosis was induced by electrical 
stimulation of the control left carotid artery for 5 minutes at 10 mA, 
using an external stainless steel bipolar electrode (Figure  2). CBF 
was continuously recorded for 90 minutes to monitor thrombosis-
induced occlusion. Integrated blood flow (IBF) through the injured 
left carotid artery was measured using area under the flow-time 
curve. IBF was expressed as the percentage of the total control 
CBF, if the control CBF had been maintained continuously for 90 

minutes. In addition, the thrombus from the injured left artery was 
removed, blotted twice on a weighing paper to remove residual fluid, 
and weighed.

After determination of the IBF and thrombus weight in the 
control left carotid artery, all animals were allowed 30 minutes 
to recover from the ligation of the left carotid artery for stabili-
zation of the right carotid blood flow (Figure  2). The 30-minute 
recovery period was also the pretreatment period. Vehicle (10% 
dimethylacetamide:90% of 5% dextrose), BMS-724296, apix-
aban, and dabigatran were given intravenously as a bolus injec-
tion supplemented with a continuous i.v. infusion 30 minutes 
before the electrical stimulation until the end of the experiment 
(Figure 2). The 30-minute pretreatment period allowed the infu-
sion of the compounds to achieve their steady-state plasma lev-
els. Thrombosis was induced in the right common carotid artery 
using the method described previously for the left carotid artery 
(Figure 2). CBF was continuously recorded for 90 minutes to mon-
itor thrombosis-induced occlusion. IBF and thrombus weight were 
determined as described previously. IBF and thrombus weight re-
duction (TWR) were used as indicators of antithrombotic effects 
of the compounds.

Analysis of KBT was started in the same animal after the an-
tithrombotic study was completed (Figure  2). KBT is a provoked 
bleeding time model that has been described previously.17 Briefly, a 
midline abdominal incision was made to expose the kidney and kid-
ney bleeding was induced by renal cortex incision. KBT was defined 
as the time from injury until bleeding stopped without rebleeding 
for 30 seconds. Animals were monitored for up to 20 minutes, and 
KBT was determined in triplicate. After the KBT test was completed, 
animals were euthanized with an overdose of sodium pentobarbital 
(100 mg/kg i.v.).

2.4  |  Ex vivo coagulation assays

Arterial blood samples for the determination of ex vivo aPTT, PT, 
and TT were collected in tubes containing one-tenth the volume 
of 0.129 M sodium citrate before the start of the infusion of vehi-
cle or test compound and at the end of the study. Clotting times 
were measured with an automated coagulation analyzer (Sysmex, 
Dade Behring) as described previously.18 aPTT, PT, and TT rea-
gents were reconstituted, and assays performed according to the 
manufacturer’s instructions.

2.5  |  Statistical analysis

Statistical analyses included analysis of variance and Dunnett’s test 
or Tukey’s test for multiple comparison using Prism version 8.4 for 
Windows (GraphPad Software, San Diego, CA, USA). A value of 
P < .05 was considered statistically significant. All data are presented 
as mean ± standard error of the mean.

F I G U R E  2 Schematic representation of the NHP study protocol. 
ECAT, electrolytic-mediated arterial thrombosis; KBT, kidney 
bleeding time; i.v., intravenous; NHP, nonhuman primate



4 of 10  |     WONG et al.

TA B L E  1 Baseline characteristics of NHPs included in the study

VEH BMS LD BMS MD1 BMS MD2 BMS HD API LD API MD API HD DAB LD DAB MD DAB HD

Group size 8 5 6 6 6 4 4 4 3 3 3

Sex 5 M, 3 F 1 M, 4 F 3 M, 3 F 2 M, 4 F 2 M, 4 F 4 F 2 M, 2 F 3 M, 1 F 3 M 3 M 3 M

Age, y, mean (range) 6.4 (5-7.1) 5 (4.4-5.9) 5 (4.1-6.2) 4.2 (3.8-4.7) 4.5 (3.4-6.9) 4.1 (3.8-4.8) 3.8 (3.2-4.2) 4.7 (4.4-5.0) 4.6 (4.0-5.8) 7.0 (5.9-8.2) 6.0a 

Body weight, kg, mean (range) 5.9 (3.1-8.7) 3.9 (4.4-5.9) 4.9 (3.1-8.5) 4.1 (3.1-5.5) 4 (3.2-4.7) 3.3 (3.0-3.9) 3.9 (3.1-4.9) 5.9 (4.7-6.7) 7.4 (5.6-9.8) 7.8 (7.5-8.4) 8.0 (7.6-8.4)

Note: VEH; BMS at 0.025 + 0.05 (LD), 0.05 + 0.1 (MD1), 0.102 + 0.2 (MD2), and 0.4 + 0.8 (HD) mg/kg+mg/kg/h i.v.; API at 0.024 + 0.036 (LD), 
0.12 + 0.18 (MD), and 0.6 + 0.9 (HD) mg/kg+mg/kg/h i.v.; and DAB at 0.024 + 0.036 (LD), 0.12 + 0.18 (MD), and 0.6 + 0.9 (HD) mg/kg+mg/kg/h i.v.
Abbreviations: API, apixaban; BMS, BMS-724296; DAB, dabigatran; HD, high dose; i.v., intravenous; LD, low dose; MD, medium dose; VEH, vehicle.
aAge data were missing for two nonhuman primates.

F I G U R E  3 Antithrombotic effects 
in the NHP model of electrolytically 
mediated carotid arterial thrombosis. 
Effects of vehicle, BMS-724296, apixaban, 
and dabigatran on carotid blood flow after 
thrombus induction in the injured carotid 
artery. Carotid blood flow was expressed 
as a percentage of control carotid blood 
flow. Vehicle (n = 8); BMS-724296 at 
0.025 + 0.05 (LD; n = 5), 0.05 + 0.1 (MD1; 
n = 6), 0.102 + 0.2 (MD2; n = 6), and 
0.4 + 0.8 (HD; n = 6) mg/kg+mg/kg/h i.v.; 
apixaban at 0.024 + 0.036 (LD; n = 4), 
0.12 + 0.18 (MD; n = 4), and 0.6 + 0.9 (HD; 
n = 4) mg/kg+mg/kg/h i.v.; and dabigatran 
at 0.024 + 0.036 (LD; n = 3), 0.12 + 0.18 
(MD; n = 3), and 0.6 + 0.9 (HD; n = 3) mg/
kg+mg/kg/h i.v. Data are mean ± SEM. 
HD, high dose; i.v., intravenous; LD, low 
dose; MD, medium dose; NHP, nonhuman 
primate; SEM, standard error of the mean
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3  |  RESULTS

Table 1 shows the baseline characteristics of the NHPs included in 
the study. The age of the NHPs included in this study ranged from 
3.2 to 8.2 years (Table 1), which was estimated to correspond to hu-
mans aged 10 to 24 years, based on data from Kohama et al.19

3.1  |  Arterial thrombosis

The right CBF initially increased after ligation of the left carotid 
artery, then gradually stabilized at a lower level. In vehicle-treated 
NHPs, the right CBF was slightly, but not significantly, greater than 
the control left CBF in the same animal 30 minutes after the liga-
tion of the left carotid artery with an average CBF of 55 ± 13 and 
61 ± 11 mL/min, respectively (n = 8).

After stimulation with an electric current, thrombosis forma-
tion occurred rapidly, resulting in the reduction of CBF to 0 within 
30 minutes in all vehicle-treated animals (Figure  3). BMS-724296, 
apixaban, and dabigatran were effective in preserving vascular pa-
tency in a dose-dependent manner during the induction of occlusive 
thrombosis in NHPs (Figure 3).

Figure 4 shows effects of vehicle, BMS-724296, apixaban, and 
dabigatran on IBF and thrombus weight in the ECAT NHP model. IBF 
in the vehicle-treated group averaged 9% ± 1% of the control level. 
The high doses of BMS-724296 (n = 6), apixaban (n = 4), and dabig-
atran (n = 3) increased IBF to a similar extent (98% ± 3%, 98% ± 4%, 
and 89% ± 4% of the control level, respectively; Figure 4). Thrombus 
weight in the vehicle-treated group averaged 7.8 ± 0.3 mg. Thrombus 
weight averaged 1.1 ± 0.3, 0.8 ± 0.3, and 0 ± 0 mg in NHPs treated 
with the high doses of BMS-724296, apixaban, and dabigatran, re-
spectively (Figure 4).

By blocking the formation of thrombus, BMS-724296, apixaban, 
and dabigatran appear to cause dose-dependent increases in IBF 
and reductions in thrombus weight. As shown in Figure 4, there was 
at least one dose showing statistical significance versus the preced-
ing dose, suggesting a dose-dependent effect, except that no sig-
nificant dose-dependent effect of dabigatran on IBF was observed. 

However, the high dose of dabigatran appears to show a greater ef-
fect on IBF versus the low dose with a P value of .053, which hints at 
a dose-dependent effect.

3.2  |  Kidney bleeding time

Figure 5 shows the effects of vehicle, BMS-724296, apixaban, and 
dabigatran on KBT in NHPs. KBT in the vehicle group averaged 
113 ± 20 seconds. BMS-724296 did not increase KBT at any dose. In 
contrast, apixaban and dabigatran increased KBT dose dependently. 
As shown in Figure 5, there was at least one dose of both apixa-
ban and dabigatran showing a significant effect versus the preced-
ing dose, suggesting a dose-dependent effect. The high doses of 
apixaban and dabigatran increased KBT to 489 ± 59 seconds and 
653  ±  122 seconds, respectively, versus 113  ±  20 seconds in the 
vehicle-treated group (Figure 5).

3.3  |  Ex vivo clotting times

Figure 6 shows the effects of BMS-724296, apixaban, and dabigatran 
on ex vivo aPTT, TT, and PT. aPTT, PT, and TT in the vehicle-treated 
animals averaged 27 ± 1 seconds, 16 ± 2 seconds, and 40 ± 3 sec-
onds, respectively. At all doses, BMS-724296 increased aPTT with-
out affecting PT and TT. The high dose of BMS-724296 increased 
aPTT by 2.9 ± 0.1-fold. The high dose of apixaban increased aPTT 
and PT by 1.75 ± 0.05-fold and 1.93 ± 0.09-fold, respectively, with-
out altering TT. Dabigatran increased aPTT and TT at all doses, and 
increased PT at the two highest doses. The high dose of dabigatran 
increased aPTT by 4.67 ± 0.18-fold, PT by 8.4 ± 0.4-fold, and TT by 
4.3 ± 0.7-fold.

3.4  |  Therapeutic index

The relative antithrombotic effects of BMS-724296, apixaban, and 
dabigatran, expressed as TWR and KBT, were plotted as a function 

TA B L E  1 Baseline characteristics of NHPs included in the study

VEH BMS LD BMS MD1 BMS MD2 BMS HD API LD API MD API HD DAB LD DAB MD DAB HD

Group size 8 5 6 6 6 4 4 4 3 3 3

Sex 5 M, 3 F 1 M, 4 F 3 M, 3 F 2 M, 4 F 2 M, 4 F 4 F 2 M, 2 F 3 M, 1 F 3 M 3 M 3 M

Age, y, mean (range) 6.4 (5-7.1) 5 (4.4-5.9) 5 (4.1-6.2) 4.2 (3.8-4.7) 4.5 (3.4-6.9) 4.1 (3.8-4.8) 3.8 (3.2-4.2) 4.7 (4.4-5.0) 4.6 (4.0-5.8) 7.0 (5.9-8.2) 6.0a 

Body weight, kg, mean (range) 5.9 (3.1-8.7) 3.9 (4.4-5.9) 4.9 (3.1-8.5) 4.1 (3.1-5.5) 4 (3.2-4.7) 3.3 (3.0-3.9) 3.9 (3.1-4.9) 5.9 (4.7-6.7) 7.4 (5.6-9.8) 7.8 (7.5-8.4) 8.0 (7.6-8.4)

Note: VEH; BMS at 0.025 + 0.05 (LD), 0.05 + 0.1 (MD1), 0.102 + 0.2 (MD2), and 0.4 + 0.8 (HD) mg/kg+mg/kg/h i.v.; API at 0.024 + 0.036 (LD), 
0.12 + 0.18 (MD), and 0.6 + 0.9 (HD) mg/kg+mg/kg/h i.v.; and DAB at 0.024 + 0.036 (LD), 0.12 + 0.18 (MD), and 0.6 + 0.9 (HD) mg/kg+mg/kg/h i.v.
Abbreviations: API, apixaban; BMS, BMS-724296; DAB, dabigatran; HD, high dose; i.v., intravenous; LD, low dose; MD, medium dose; VEH, vehicle.
aAge data were missing for two nonhuman primates.
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of dose (Figure  7). BMS-724296 produced a greater separation 
between the TWR and KBT dose-response relationships than 
was observed with apixaban and dabigatran. At doses resulting in 

>90% antithrombotic activity, apixaban and dabigatran produced 
4.3 ± 0.5-fold and 5.8 ± 1.1-fold increases in KBT, whereas BMS-
724296 did not increase KBT.

F I G U R E  4 Top panel: Effects of 
vehicle, BMS-724296, apixaban, and 
dabigatran on integrated blood flow 
expressed as a percentage of control 
carotid blood flow (ie, preinjury blood 
flow) in NHPs. Bottom panel: Effects 
of vehicle, BMS-724296, apixaban, 
and dabigatran on thrombus weight 
reduction (percent inhibition) in ECAT 
NHPs. Vehicle (n = 8); BMS-724296 at 
0.025 + 0.05 (LD; n = 5), 0.05 + 0.1 (MD1; 
n = 6), 0.102 + 0.2 (MD2; n = 6), and 
0.4 + 0.8 (HD; n = 6) mg/kg+mg/kg/h i.v.; 
apixaban at 0.024 + 0.036 (LD; n = 4), 
0.12 + 0.18 (MD; n = 4), and 0.6 + 0.9 
(HD; n = 4) mg/kg+mg/kg/h i.v.; and 
dabigatran at 0.024 + 0.036 (LD; n = 3), 
0.12 + 0.18 (MD; n = 3), and 0.6 + 0.9 
(HD; n = 3) mg/kg+mg/kg/h i.v. Data 
are mean ± SEM. *P < .05 compared to 
vehicle. +P < .05 compared to preceding 
column. ECAT, electrolytic-mediated 
arterial thrombosis; HD, high dose; i.v., 
intravenous; LD, low dose; MD, medium 
dose; NHP, nonhuman primate; SEM, 
standard error of the mean
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F I G U R E  5 Effects of vehicle, BMS-724296, apixaban, and dabigatran on kidney bleeding time model in NHPs. Vehicle (n = 8); BMS-
724296 at 0.025 + 0.05 (LD; n = 5), 0.05 + 0.1 (MD1; n = 6), 0.102 + 0.2 (MD2; n = 6), and 0.4 + 0.8 (HD; n = 6) mg/kg+mg/kg/h i.v.; apixaban 
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compared to preceding column. HD, high dose; i.v., intravenous; LD, low dose; MD, medium dose; NHP, nonhuman primate; SEM, standard 
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4  |  DISCUSSION

This was a comparative dose-response study of the FXIa inhibitor 
BMS-724296 versus the FXa inhibitor apixaban and the thrombin inhib-
itor dabigatran in NHP models of thrombosis and hemostasis. Robust 

and antithrombotic efficacy was observed among BMS-724296, 
apixaban, and dabigatran in the prevention of arterial thrombosis, 
and efficacy was comparable between all drugs. BMS-724296 did not 
increase KBT; in contrast, apixaban and dabigatran increased KBT at 
equivalent antithrombotic doses.

F I G U R E  6 Effects of vehicle,  
BMS-724296, apixaban, and dabigatran 
on clotting times (top panel: aPTT; 
middle panel: PT; bottom panel: TT) in 
NHPs. Vehicle (n = 8); BMS-724296 at 
0.025 + 0.05 (LD; n = 5), 0.05 + 0.1 (MD1; 
n = 6), 0.102 + 0.2 (MD2; n = 6), and 
0.4 + 0.8 (HD; n = 6) mg/kg+mg/kg/h i.v.; 
apixaban at 0.024 + 0.036 (LD; n = 4), 
0.12 + 0.18 (MD; n = 4), and 0.6 + 0.9 
(HD; n = 4) mg/kg+mg/kg/h i.v.; and 
dabigatran at 0.024 + 0.036 (LD; n = 3), 
0.12 + 0.18 (MD; n = 3), and 0.6 + 0.9 
(HD; n = 3) mg/kg+mg/kg/h i.v. Data are 
mean ±SEM. *P < .05 compared to vehicle. 
aPTT, activated partial thromboplastin 
time; HD, high dose; i.v., intravenous; 
LD, low dose; MD, medium dose; NHP, 
nonhuman primate; PT, prothrombin time; 
TT, thrombin time; SEM, standard error of 
the mean
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NHP models of thrombosis and hemostasis were selected to 
study FXIa, FXa, and thrombin blockade in this study because the 
blood coagulation system, platelet function, and cardiovascular 
physiology of NHPs are similar to that of humans.20,21 In recent 
experimental models of thrombosis and hemostasis in NHPs, arte-
rial thrombosis was induced by electrical stimulation of the carotid 

artery, which triggered the formation of platelet-  and fibrin-rich 
thrombi attaching to the damaged endothelium17—a thrombus phe-
notype mimicking that seen in humans. NHP thrombosis models 
have been benchmarked previously with the standard-of-care an-
tithrombotic agents, including the parenteral antiplatelet agents, 
the glycoprotein (GP) IIb/IIIa receptor antagonist abciximab, and the 
P2Y12 antagonist cangrelor,17 and the oral antiplatelet agent clopi-
dogrel, a P2Y12 antagonist.22 Abciximab, cangrelor, and clopidogrel 
inhibited thrombus formation and increased KBT dose dependently 
in NHPs,17,22 and their antithrombotic efficacy and bleeding pro-
files were similar to those reported in humans.23,24 These studies 
of standard-of-care antiplatelet agents in NHPs validated NHPs as a 
viable translational model to evaluate efficacy and safety profiles of 
new antiplatelet agents in support of studies of arterial thrombosis 
prevention in humans.

This study extended the findings of previous benchmarking 
studies of standard antiplatelet agents in ECAT and KBT NHP mod-
els and validated the use of these models for assessing antithrom-
botic efficacy and bleeding profiles of DOACs.17,22 Both apixaban 
and dabigatran were strong antithrombotic agents in NHPs, which 
effectively prevented the formation of occlusive thrombus and com-
pletely preserved the vascular patency of the injured carotid artery. 
Like other standard antithrombotic agents, the antithrombotic ef-
fects of apixaban and dabigatran in NHPs come with an increased 
bleeding risk. This study used the bleeding time as an index of the 
bleeding risk. As clinically relevant bleeds often occur in internal or-
gans, the KBT model was used to quantitate the bleeding liability of 
antithrombotic agents.25

This study showed that apixaban at a high antithrombotic dose 
produced a 4.3-fold increase in KBT in NHPs, which was less than the 
KBT increase of 5.8-fold observed with dabigatran at a similar dose. 
This result is consistent with a previous report showing a greater 
bleeding time increase with dabigatran than apixaban at maximal an-
tithrombotic doses in rabbits.26 Interestingly, these results appear to 
translate into human patients, as evidenced by the demonstration 
of lower risks of major bleeding and gastrointestinal bleeding with 
apixaban compared with warfarin, dabigatran, and rivaroxaban in 
patients on warfarin and DOACs for stroke prevention in atrial fibril-
lation in real-world studies.27 It should be noted that the increases 
in KBT with apixaban and dabigatran were still significantly less than 
the >10-fold increases in KBT observed with the standard antiplate-
let agents abciximab, cangrelor, and clopidogrel.17,22

This study demonstrated that BMS-724296 produces robust 
dose-dependent antithrombotic activity that prevents the forma-
tion of occlusive thrombus in injured carotid arteries and causes 
similar full antithrombotic efficacy as apixaban and dabigatran in the 
ECAT model in NHPs. However, therapeutic doses of BMS-724296 
produced no increase in KBT in NHPs, suggesting that it has a wide 
therapeutic window. The potential for a wide therapeutic window 
was also suggested when comparing BMS-724296 with apixaban 
and dabigatran in this study and with the GPIIb/IIIa antagonist ab-
ciximab17 and the P2Y12 antagonists cangrelor17 and clopidogrel22 
in previous studies of the same model. This study also confirms and 

F I G U R E  7 Dose-dependent effect of BMS-724296 (top 
panel), apixaban (middle panel), and dabigatran (bottom panel) on 
thrombus reduction and BT in NHPs. Thrombus reduction was 
expressed as a percentage reduction of drug-treated thrombus 
weight relative to thrombus weight in the control artery. BT effect 
was expressed as a ratio of drug-treated value versus the mean 
vehicle-treated value. Data are mean ± SEM. Group sizes were 
reported in the Figure 2 legend. BT, bleeding time; i.v., intravenous; 
NHP, nonhuman primate; SEM, standard error of the mean
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extends previous reports that showed potent antithrombotic effects 
of FXIa inhibitors and antisense factor XI oligonucleotide, with a lower 
bleeding tendency in animals and humans.3-5,7,10,11,13 It is tempting to 
speculate that a possible explanation for why BMS-724296 does not 
appear to affect KBT in NHPs is that BMS-724296 does not inhibit 
thrombin generation via the extrinsic coagulation pathway (ie, the 
tissue factor/factor VIIa pathway), thus allowing enough thrombin 
production for hemostasis.

The KBT procedure involved a midline abdominal incision to 
expose the kidney. During the laparotomy, there was usually some 
minor bleeding from the incision site in animals treated with direct 
anticoagulants. The bleeding was stopped by putting pressure on the 
area without the need to cauterize the incision. However, the quan-
tity of bleeding from the incision sites was not determined and which 
treatment group had the most bleeding cannot be determined. This 
will be an interesting topic for future studies. One hypothesis is that 
the minor bleeding at the incision site may be related to the fact that 
these direct anticoagulants do not have a direct inhibitory effect on 
platelet aggregation and function, which allows the formation of a 
platelet plug to minimize bleeding.

The translation of preclinical findings, such as effects on bleed-
ing time, to humans should be viewed with caution, especially in 
healthy subjects. Bleeding risk may vary due to differences between 
species and sites of bleeding. Further, the critical effect of any an-
tithrombotic agent on bleeding liability cannot be projected solely 
on the basis of a provoked bleeding time model since the provoked 
bleeding time in an animal model may not be directly comparable 
with spontaneous bleeding in humans. Finally, bleeding may be influ-
enced by factors specific to individual patients like complications of 
cardiovascular metabolic disease and polypharmacy, which are not 
replicated in animal models. However, by comparing the efficacy and 
bleeding profile of BMS-724296 to standard-of-care antithrombotic 
agents such as apixaban, dabigatran, and clopidogrel, these preclin-
ical findings may generate hypotheses that can be tested in clinical 
studies.

The laboratory tests traditionally used for adjusting anticoagu-
lant doses of heparin (aPTT) and warfarin (PT) lack sensitivity for 
more selective anticoagulants.28 This study used several ex vivo 
coagulation biomarker assays (aPTT, PT, and TT), which may have 
different sensitivities to anticoagulant activity, and showed that 
apixaban prolonged both aPTT and PT only at the high antithrom-
botic dose but not at the lower antithrombotic doses in NHPs. 
Similar findings of mild PT and aPTT effects of apixaban have been 
observed in rabbits.18 This mild effect may be related to the binding 
kinetics of apixaban for FXa.29 Apixaban exhibited a slower asso-
ciation rate to bind FXa either in free form or associated with the 
prothrombin complex.29 As expected, apixaban did not prolong TT 
at all doses since it did not inhibit thrombin activity.18 Dabigatran is 
a direct thrombin inhibitor30 and thus, as expected, prolonged aPTT, 
PT, and TT profoundly in NHPs.31 Consistent with the mechanism 
of FXIa inhibition, BMS-724296 prolonged aPTT but not PT or TT. 
The ex vivo aPTT appeared to track the antithrombotic activity of 
BMS-724296 closely in NHPs. In addition to the aPTT test, it appears 

the whole blood clotting time test is also a sensitive indicator of the 
anticoagulant activity of FXIa inhibitors32 and may warrant inclusion 
in future studies of small-molecule inhibitors.

In summary, this study demonstrated that BMS-724296, apix-
aban, and dabigatran have similar efficacy in preventing the forma-
tion of occlusive thrombus in the injured carotid artery in the NHP 
ECAT model. At doses with equivalent antithrombotic efficacy, 
BMS-724296 was not associated with an increase in KBT, while 
apixaban was associated with a moderate increase in KBT, and dab-
igatran was associated with the greatest increase in KBT. These 
findings suggest that FXIa inhibitors may be a safe and effective an-
tithrombotic therapy.
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