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PREVENTION OF ATHEROSCLEROTIC EVENTS WITH DIRECT FACTOR Xa
INHIBITORS
FIELD OF THE INVENTION
[0001]

This invention relates to the use of direct factor Xa inhibitors as a

means of preventing the onset of atherosclerosis and preventing atherosclerotic
events.
BACKGROUND
[0002]

Blood coagulation is a protective mechanism which helps to “seal”

defects in the wall of the blood vessels quickly and reliably in the event of an injury.
Hemostasis after injury of the blood vessels is effected mainly by the coagulation
system in which an enzymatic cascade of complex reactions of plasma proteins is
triggered, ultimately resulting in an insoluble fibrin blood clot. Numerous blood
coagulation factors are involved in this process.
[0003]

The coagulation cascade of secondary hemostasis has two initial

pathways which lead to fibrin formation. These are the contact activation pathway
(also known as the intrinsic pathway), and the tissue factor pathway (also known as
the extrinsic pathway), which both lead to the same fundamental reactions that
produce fibrin. The pathways are a series of reactions, in which a zymogen (inactive
enzyme precursor) of a serine protease and its glycoprotein co-factor are activated to
become active components that then catalyze the next reaction in the cascade,
ultimately resulting in cross-linked fibrin.
[0004]

The intrinsic and the extrinsic pathways both lead to a common path

in which the zymogen “factor X” is activated to form “factor Xa” (FXa). The activated
serine protease FXa cleaves prothrombin to form thrombin. The resulting thrombin,
in turn, cleaves fibrinogen to fibrin, a fibrous/gelatinous coagulant. In addition,
thrombin is a potent effector of platelet aggregation which likewise contributes
significantly to haemostasis.

[0005]

Thrombin is a key regulatory enzyme in the coagulation cascade. It

serves a pluralistic role as both a positive and negative feedback regulator in
normal hemostasis. However, in some pathologic conditions, the positive feedback
regulation is amplified through catalytic activation of cofactors required for
thrombin generation, such as FXa. Thrombin cleaves fibrinogen to fibrin, activates
platelets, and converts factor XIII to XIIIa which is the principal enzyme involved in
thrombus generation, growth, and stabilization. Accordingly, the location of the
prothrombinase complex at the convergence of both the intrinsic and extrinsic
coagulation pathways suggests that inhibition of factor Xa, and hence thrombin
generation, may be a viable approach to limiting the procoagulant activity of
thrombin.
[0006]

Factor Xa and thrombin are viable targets for anticoagulation

therapies, but have also been shown to participate in other biological and
pathophysiological processes. Therefore, the properties of oral, direct inhibitors of
FXa (e.g. apixaban and rivaroxaban) and thrombin (e.g. dabigatran) have been
studied outside the realm of haemostasis and thromboembolism management.1
[0007]

After vascular injury, factor X is activated on the surface of tissue-

factor bearing cells such as smooth muscle cells (SMC).2 Besides its function in
blood coagulation, FXa can stimulate vascular SMC proliferation and migration and
alter the composition of the extracellular matrix. These events are implicated in the
development of atherosclerosis and restenosis after vascular injury.3
[0008]

Direct cellular effects of thrombin and FXa on SMC are mediated by

protease-activated receptors (PAR1 to PAR-4), a subgroup of the G-protein-coupled
receptors (GPCRs). Thrombin acts through PAR1, PAR3, and PAR4, while FXa
activates PAR1 and PAR2. PAR2 does not respond to thrombin. Although both
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factors signal through PARs, PAR1 induced responses differ according to the nature
of the ligand, whereas PAR2 (a receptor for FXa but not for thrombin) is implicated
in ﬁbroproliferative disorders.4 Consequently, unrestrained coagulation activity
and/or excessive PAR activation may be involved in a range of conditions, including
arthritis, ﬁbrotic lung disease, cancer, and atherosclerosis.5
[0009]

Thus, FXa is believed to trigger acute inflammatory responses via the

activation of PAR2, by causing activation of nuclear factor κB (NF- κB) in
endothelial cells, which leads to the release of interleukin-6 (IL-6), IL-8, and
monocyte chemotactic protein-1 (MCP-1), which contributes to leukocyte
recruitment.6
[0010]

The direct cellular effects of FXa are responsible for promoting

inﬂammation, leucocyte transendothelial migration, angiogenesis, and narrowing of
blood vessels, which are ultimately the basis of atherosclerotic plaque development.
Thrombin activity has also been recognized as playing a role in the development of
atherosclerotic plaques.7
[0011]

The cross-talk activation and regulation between coagulation and

inflammation processes via PAR activation may be relevant for a number of clinical
conditions, including atherosclerosis.8
[0012]

Atherosclerosis is a chronic inﬂammatory disease, characterized by

endothelial dysfunction, local inﬂammation, leukocyte transmigration, and binding
of monocytes to the arterial vessel wall, followed by their translocation and
differentiation into macrophages.9 The internalization of oxidized lipoproteins by
macrophages results in the formation of macrophage foam cells, which induce the
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secretion of mitogenic and chemoattractant products, facilitating processes such as
vascular smooth muscle cell proliferation, migration, and ﬁbrous cap formation,
eventually leading to the formation of a mature fatty streak.10 Progression of a fatty
streak will result in the development of atheroma, consisting of a core region of
foam cells and extracellular lipids, surrounded by a cap of smooth muscle cells and
a collagen-rich matrix. If an atherosclerotic plaque ruptures, collagen and tissue
factor are exposed, and, through the activation of platelets and the coagulation
cascade, atherothrombosis is triggered. Platelets play an important role, as
evidenced by the inhibitory potential of platelet inhibitors in atherothrombotic
disease, including myocardial infarction. By contrast, the contribution of
coagulation proteins to the processes of atherosclerosis and thrombosis remains
speculative.11
[0013]

Thus, coagulation factors are present in in atherosclerotic lesions.12

Tissue factor is a primary physiologic trigger of the coagulation cascade.13 Elevated
levels of tissue factor are found in atherosclerotic lesions in patients with unstable
angina or myocardial infarction, suggesting a role for tissue factor in plaque
thrombogenicity.14 However, the role is less than clear because reduced vascular
expression of tissue factor does not affect atherosclerotic progression in transgenic
mice.15
[0014]

The most significant clinical complication from atherosclerosis is acute

occlusion due to thrombus formation, resulting in myocardial infarction or ischemic
stroke. The thrombus formation from atherosclerosis is associated with rupture or
erosion of unstable atherosclerotic lesions, as post thrombotic content of necrotic
cores get exposed to circulating thrombocytes.16 Advanced lesions can also grow
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sufficiently large to block blood flow.17 Thus stabilization of atherosclerotic lesions is
associated with reduced atherosclerotic events.18
[0015]

There are reports that hemophiliacs appear to have reduced

cardiovascular mortality compared to the general population.19 Hemophilia occurs
in about 1 in 5000 births.20 The most common form of hemophilia is hemophilia A,
caused by Factor VIII deficiency. Also common is “hemophilia B,” caused by Factor
IX deficiency.21 Studies have suggested that hemophiliacs have the same degree of
atherosclerosis burden as the general population, and may have an even higher
incidence of hypertension, an important cardiovascular risk factor.22 This may be a
consequence of the hypocoagulation effect, which is associated with decreased
thrombin generation which inhibits thrombus (blood clot) formation.23 It is also
suggested that hypocoagulation increases atherosclerotic plaque stability, which is
associated with diminished atherogenic features of vascular endothelium and
reduced plaque burden.24
[0016]

Moreover, tissue factor (TF), long known as a key initiator of the

coagulation cascade, is implicated in cardiovascular disease risk factors. 25 TF may
be involved in atherogenesis by eliciting thrombosis, and also by direct actions on
vascular remodeling and plaque progression or instability.26 Thus, inhibitors and
antagonists of TF may be effective in treating cardiovascular disease.27
[0017]

It has been reported, in mouse models using ApoE–/– mice, that

rivaroxaban, a leading direct factor Xa inhibitor, stabilized atherosclerotic plaques
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and attenuated plaque progression.28 ApoE–/– mice are a widely used mouse model
for atherosclerosis research because these mice develop atherosclerotic plaques
resembling human atherosclerotic plaques. It was found that administration of
rivaroxaban did not change plasma levels of FXa or thrombin antithrombin, but
mice treated with rivaroxaban were found to have changes associated with
attenuation of plaque progression and decreased destabilization of atherosclerotic
plaques.29 ApoE–/– mice treated with rivaroxaban were found to have decreased lipid
deposition in plaques. The treated mice also had increased collagen contents in
atherosclerotic plaques and decreased expression of matrix metallopeptidase-9
(MMP-9), which is responsible for the degradation of fibrillary collagen, leading to
more stable plaques. The treated mice also had reduced accumulation of
macrophages in plaques. Since increased lipid deposition, increased macrophage
accumulation, and loss of collagen are features of unstable plaques in humans, the
administration of rivaroxaban may reduce these factors.30 Evidence is also available
that FXa promotes pro-inflammatory activation of macrophages and endothelial
cells.31
BRIEF SUMMARY
[0018]

Patients with Factor X deficiency have been noted to be immune from

cardiovascular complications, including development of atherosclerosis. This
invention provides reduction of FXa activity by the use of direct FXa inhibitors that
has the effect of preventing the onset of atherosclerosis and stabilizing or shrinking
atherosclerotic lesions. In accord with this invention, a direct FXa inhibitor is
administered to a patient in a dose sufficient to suppress the activity of FXa by
about 25% or more less than normal or by about 50% or more less than normal, or
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by about 75% of normal, to prevent the formation of atherosclerotic plaques in blood
vessels or to treat atherosclerosis, or to stabilize atherosclerotic lesions, or to
prevent the occurrence or recurrence of atherosclerotic events.
[0019]

In an embodiment, a method is provided of preventing atherosclerosis

in a patient at risk for atherosclerosis comprising administering an inhibitor of
factor Xa. In an embodiment, a method is provided of preventing atherosclerotic
events comprising administering an inhibitor of factor Xa. In an embodiment, a
method is provided of stabilizing atherosclerotic plaques comprising administering
an inhibitor of factor Xa. In an embodiment, a method is provided of treating
atherosclerosis in a human suffering from atherosclerosis, comprising administering
an inhibitor of factor Xa. In an embodiment, a method is provided of reducing the
size and extent of atherosclerotic plaques in a patient suffering from
atherosclerosis.
[0020]

In an embodiment, the inhibitor of factor Xa is a direct factor Xa

inhibitor. In an embodiment, the inhibitor of factor Xa is selected from the group
consisting of rivaroxaban, apixaban, betrixaban, edoxaban, and otamixaban.
[0021]

In an embodiment, the administration of a factor Xa inhibitor causes

measured factor Xa activity of about 25% or less than normal. In an embodiment,
the administration of a factor Xa inhibitor causes measured factor Xa activity of
about 50% or less than normal. In an embodiment, the administration of a factor Xa
inhibitor causes measured factor Xa activity of about 75% of normal.
[0022]

In an embodiment, a direct inhibitor of factor Xa is used for the

manufacture of a medicament for the prevention of atherosclerosis in a patient at
risk for atherosclerosis. In an embodiment, a direct inhibitor of factor Xa is used in
the manufacture of a medicament for the treatment of atherosclerosis in a human
suffering from atherosclerosis. In an embodiment, the use of a direct inhibitor of
factor Xa is used in the manufacture of a medicament for the prevention of
atherosclerotic events.
DESCRIPTION OF THE DRAWINGS
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[0023]

Fig. 1 is a schematic of the coagulation cascade.

DETAILED DESCRIPTION
[0024]

This invention is based on the observation that patients with factor X

deficiency have essentially no cardiovascular disease or atherosclerosis, despite in
many cases having other risk factors for atherosclerosis. Persons with naturally low
factor X also have low levels of FXa. This can be measured with the anti-FXa test.32
Accordingly, in an embodiment of this invention, the administration of a direct FXa
inhibitor, which medically induces the same low FXa condition of persons with
factor X deficiency, is used to prevent or treat atherosclerosis, and to prevent
atherosclerotic events.
[0025]

In an embodiment, the administration of an FXa inhibitor to a patient

prevents the occurrence or recurrence of atherosclerotic events in a patient.
Atherosclerotic events are clinical events such as heart attack (myocardial
infarction), stroke (brain ischemia), and ischemic events elsewhere in the body.
These are serious medical complications with significant morbidity that are also a
major cause of death. Generally, thrombolytic events caused by atherosclerosis are
preventable by this invention.
[0026]

Any of several known direct FXa inhibitors, if given in doses that effect

sufficient inhibition of FXa, are expected to mimic the atherosclerosis-protective
effect of Factor X deficiency. Direct FXa inhibitors are drugs that directly inhibit
the activity of FXa specifically and selectively, without requiring a co-factor such as
antithrombin III for antithrombotic activity. Direct FXa inhibitors block free and
clot-bound FXa and prothrombinase activity. Direct FXa inhibitors have minimal
effect on platelet aggregation. Thus, direct FXa inhibitors directly prevent
thrombolytic events by inhibiting thrombus formation.

Barrett Y, Wang Z, Frost C et al. “Clinical laboratory measurement of direct factor Xa inhibitors:
anti-Xa assay is preferable to prothrombin time assay.” Thromb Haemost. (2010) 104:1263-1271.
DOI: 10.1160/TH10-05-0328
32
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[0027]

In contrast, a method is disclosed, in an embodiment of this invention,

of preventing the occurrence or recurrence of thrombolytic events caused by
atherosclerosis by the administration of a direct inhibitor of FXa. This is a distinct
activity as compared to direct inhibition of thrombus formation caused by direct
FXa inhibitors. Rather, in this invention, the prevention of atherosclerotic events is
caused by the stabilization and reduction of atherosclerotic plaques.
[0028]

A number of direct FXa inhibitors have been approved or are in

development. These include:
[0029]

Rivaroxaban, which is marketed by Janssen Pharmaceuticals under

the trade name XARELTO®. Rivaroxaban is a selective inhibitor of FXa, and was
the first direct FXa inhibitor approved in the United States. Rivaroxaban does not
require a cofactor (such as Anti-thrombin III) for activity. Rivaroxaban inhibits free
FXa and prothrombinase activity. Rivaroxaban has no direct effect on platelet
aggregation, but indirectly inhibits platelet aggregation induced by thrombin. By
inhibiting FXa, rivaroxaban decreases thrombin generation. The chemical structure
is:

Structure of rivaoxaban

[0030]

Apixaban, marketed in the United States as “ELIQUIS®” by Bristol-

Myers Squibb. Apixaban is a selective inhibitor of FXa that does not require
antithrombin III for antithrombotic activity. Apixaban inhibits free and clot-bound
FXa, and prothrombinase activity. Apixaban has no direct effect on platelet
aggregation, but indirectly inhibits platelet aggregation induced by thrombin. By
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inhibiting FXa, apixaban decreases thrombin generation and thrombus
development. The chemical structure is:

Structure of apixaban

[0031]

Betrixaban, under development in the United States by Portola

Pharmaceuticals, Inc. Betrixaban is a potent, orally active and highly selective
direct FXa inhibitor, with low hERG affinity.33 Betrixaban has undergone several
human clinical trials with promising results, and has completed a favorable Phase
III clinical trial.34 The structure is:

Structure of Betrixaban

[0032]

Otamixaban. This drug is an is an injectable anticoagulant direct

factor Xa inhibitor, that was investigated for the treatment for acute coronary
syndrome by Sanofi Aventis, but development was terminated after poor
performance in a Phase III clinical trial. The structure is:

Penglie Zhang et al. “Discovery of betrixaban (PRT054021), N-(5-chloropyridin-2-yl)-2-(4-(N,Ndimethylcarbamimidoyl)benzamido)-5-methoxybenzamide, a highly potent, selective, and orally
efficacious factor Xa inhibitor,” Bioorganic & Medicinal Chem. Lett., (2009) 19(8), 2179–2185. DOI:
10.1016/j.bmcl.2009.02.111
34 https://www.portola.com/clinical-development/betrixaban-fxa-inhibitor/
33
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Structure of otamixaban

[0033]

Edoxaban (DU-176b) is marketed in the United States under the trade

name SAVAYSA™ by Daiichi Sankyo. Edoxaban is an oral direct factor Xa
inhibitor. It was approved in July 2011 in Japan for prevention of venous
thromboembolisms (VTE) following lower-limb orthopedic surgery. It was also
approved by the FDA in January 2015 for the prevention of stroke and non–centralnervous-system systemic embolism. The structure is:

Structure of Edoxaban

[0034]

This list of direct FXa inhibitors may not be exclusive, and additional

direct FXa inhibitors are believe to be in development and may have clinical
advantages over existing inhibitors. Accordingly, this list is not limiting.
[0035]

In accord with this invention, FXa is a modifiable risk factor in the

treatment and prevention of atherosclerosis. Such modifiable risk factors include
smoking, diet, diabetes, elevated body weight (high body mass index (BMI)), high
blood pressure, and high cholesterol. Each of these factors can be modified by
lifestyle changes or drugs, and keeping these factors under control and within
medically desirable limits, even if the aid of drugs is required, greatly reduces the
risk from atherosclerosis. Likewise, reduction of FXa levels with FXa inhibitors can
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reduce the risk of medical complications from atherosclerosis and atherosclerotic
events.
[0036]

By the administration of a direct FXa inhibitor that reduces the

activity of FXa by about 25% or greater (from normal FXa levels), it is expected that
the development of atherosclerosis will be prevented in patients so treated. In an
embodiment, the activity of FXa is reduced by about 50%. In an embodiment, the
activity of FXa is reduced by about 75%. The reduction of FXa activity by this
invention is generally limited by the bleeding side effect that can occur if FXa
activity falls too low, which inhibits the normal formation of thrombin and blood
clotting. Conversely, the dose of an FXa inhibitor should be sufficient to stabilize
atherosclerotic plaques or prevent their growth or formation to cause the prevention
of atherosclerotic events of this invention. In an embodiment, the minimum
reduction of FXa to achieve a reduction in atherosclerotic events according to this
invention is about a 25% reduction of normal FXa levels.
[0037]

Without being bound by any particular theory, it is believed that direct

FXa inhibitors exert the atherosclerotic preventative effect of the instant invention
by the pleiotropic effect of the direct FXa inhibitors on the anticoagulation cascade
and PAR-mediated signaling. Inhibitors of FXa inhibit both the conversion of
prothrombin to thrombin and FXa-mediated activation of PAR1 and PAR2.35
[0038]

Regarding the PAR effect, the contribution of FXa to atherosclerosis is

believed to be either directly via binding and inhibition of PAR1 and/or PAR2,
which causes mitogenic effects.36 FXa participation in the atherosclerotic process
may be due to orchestration of several signaling pathways in vascular cells, such as
endothelial cells and smooth muscle cells, or in immune cells that contribute to
atherosclerotic plaque progression.37 FXa-mediated mitogenic effects affect coronary
artery smooth muscle cells (SMCs) via PAR1 in heart- and lung-resident ﬁbroblasts.
PAR2 activation may be involved in vascular remodeling and atherosclerosis. These
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effects are caused by proteolytic cleavage of PAR1 and PAR2 mediated by FXa or
thrombin that results in the activation of a canonical G-protein pathway and,
consequently, of downstream signaling pathways that trigger multiple
transcription-regulated, cell-speciﬁc events. The mitogenic effects of FXa induce the
expression of chemokines and proﬁbrotic cytokines, including pro-inﬂammatory
cytokine expression (interleukin (IL)-6, IL-8, and monocyte chemoattractant protein
(MCP)-1) by ﬁbroblasts, lymphocytes, and endothelial cells in addition to adhesion
molecules in monocytes.38 These mitogenic effects lead to inflammation and the
proliferation of atherosclerotic plaques. Thus, without FXa activation of PAR1 and
PAR2, in accordance with this invention, this PAR activation and PAR mediated
mitogenesis and inflammation will be substantially diminished or will not occur.
[0039]

The other pleiotropic effect is the mediation of the conversion of

prothrombin to thrombin by FXa. Thrombin is also a co-factor in PAR1 activation.
Thrombin promotes the expression of adhesion molecules, growth factors, and
cytokines in mononuclear leucocytes and endothelial cells. Thrombin also increases
the expression of adhesion molecules on leucocytes and their activation, and
thrombin-activated platelets can potentiate CD40 ligand-mediated stimulation.
Conversely, inﬂammatory cytokines are known to initiate coagulation by promoting
the expression of cellular membrane-bound TF and ﬁbrinogen. The cross-talk
activation and regulation between the coagulation and inﬂammation processes via
PAR activation may be relevant in atherosclerosis.39 Thus, MCP-1 (a cytockine),
induced by thrombin, is abnormally expressed in atherosclerotic vessels.40
Thrombin has been shown to be active in atherosclerotic vessel walls.41 Thrombin
inhibition by binding to a recombinant fraction of thrombomodulin impaired PAR1
internalization and reduced the expression of adhesion molecules and MCP-1 in
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endothelial cells while increasing the permeability of these cells.42 Also, in ApoE–/–
mice, thrombin inhibition reduced the expression of PAR1, adhesion molecules, and
infiltrating macrophages, and reduced the development of atherosclerotic plaques.43
This suggests that inhibition of thrombin by direct FXa inhibitors may exhibit the
same effects.
[0040]

Accordingly, in an embodiment, this invention provides the

administration of direct FXa inhibitors in an amount sufficient to suppress FXa
activity in an amount sufficient to suppress the formation of atherosclerotic
plaques. In an embodiment, atherosclerosis is prevented in a patient otherwise at
risk for atherosclerosis, by the administration of a direct FXa inhibitor in an
amount sufficient to suppress inflammatory responses normally attributable to FXa
or thrombin. In an embodiment, clinical events caused by atherosclerosis
(atherosclerotic events) are prevented by the administration of a direct FXa
inhibitor in an amount sufficient to suppress inflammatory responses normally
attributable to FXa or thrombin. In an embodiment, atherosclerotic plaques are
stabilized by the administration of a direct FXa inhibitor in an amount sufficient to
suppress inflammatory responses normally attributable to FXa or thrombin. In an
embodiment, the atherosclerotic plaques, also termed lesions, are reduced in size by
the administration of a direct FXa inhibitor in an amount sufficient to suppress
inflammatory responses normally attributable to FXa or thrombin.
[0041]

In an embodiment, the direct FXa inhibitor is selected from one of

rivaroxaban, apixaban, betrixaban, edoxaban, or otamixaban.
[0042]

Apixaban is supplied in 2.5 mg and 5.0 mg tablets. Administration is

recommended twice per day. A typical maintenance dose in moderately healthy
adults is expected to be 5.0 mg twice per day. The major risk from apixaban is

Hsi-Ju Wei et al., “Thrombomodulin domains attenuate atherosclerosis by inhibiting thrombininduced endothelial cell activation,” Cardiovasc. Res., (2011) 92 (2) 317-327. DOI: 10.1093/cvr/cvr220
43 Julian I. Borissoff et al., “Genetic and Pharmacological Modifications of Thrombin Formation in
Apolipoprotein E-deficient Mice Determine Atherosclerosis Severity and Atherothrombosis Onset in
a Neutrophil-Dependent Manner,” PLoS ONE (2013) 8(2): e55784. DOI:
10.1371/journal.pone.0055784
42
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bleeding, which affected 1.7% of patients (major bleeding events).44 The clinical
trials where this was reported were from an older cohort with at least one major
risk factor for stroke. The patients expected to benefit from prophylactic apixaban to
prevent the onset of atherosclerosis are expected to be generally younger and
healthier, and may have a lower bleeding risk.
[0043]

Rivaroxaban is supplied in 10 mg, 15 mg, and 20 mg tablets,

administered once per day. The risk of a major bleeding event was 4.3 % in one
reported study, and 1.7% in a second study.45 The usual dose was 15 mg or 20 mg
per day. The patients expected to benefit from prophylactic rivaroxaban to prevent
the onset of atherosclerosis are expected to be generally younger and healthier than
the patients in the rivaroxaban studies, and may have a lower bleeding risk.
EXAMPLES
[0044]

Factor X Deficient Patients

[0045]

Patient A is a 66 year old male having genetic Factor X deficiency, 36%

of normal as measured by anti-Xa assay.32 His body mass index is 31, and has been
over 30 for many years. HDL and LDL ratios are in the moderate risk category
(lipid panel score, 5.2, max recommended score is 4.8). Blood pressure is 110/70.
Coronary calcium46 score is 0. The calcium score is a measure of subclinical
coronary atherosclerosis obtained with a noncontrast CT scan of the heart. It is
considered one of the best available tests beyond the usual risk factors to refine
cardiac risk assessment.
[0046]

Thus, based on blood pressure and coronary calcium, no sign of

atherosclerosis is apparent, despite long term unfavorable lipid panel scores,
moderate obesity, and age risk factors.

ELIQUIS prescribing information, § 6.1
XARELTO prescribing information, § 6.1
46 Keith Loria, "Knowing the Score: Cardiologists Are Taking Advantage of Coronary Artery Calcium
Scoring’s Benefits," Radiology Today, (2004) 15(10) 20
(http://www.radiologytoday.net/archive/rt1014p20.shtml)
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[0047]

In a second example, patient B is a 70-year old male with a genetic

Factor X deficiency, with Factor X at 53% of normal as measured by anti-Xa assay.
He has no had no atherosclerotic events and a coronary calcium score of 0.
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CLAIMS
1.

A method of preventing atherosclerosis in a patient at risk for atherosclerosis
comprising administering an inhibitor of factor Xa.

2.

A method of preventing atherosclerotic events comprising administering an
inhibitor of factor Xa.

3.

A method of stabilizing atherosclerotic plaques comprising administering an
inhibitor of factor Xa.

4.

A method of treating atherosclerosis in a human suffering from
atherosclerosis, comprising administering an inhibitor of factor Xa.

5.

A method of reducing the size and extent of atherosclerotic plaques in a
patient suffering from atherosclerosis.

6.

The method of claims 1-5, wherein the inhibitor of factor Xa is a direct factor
Xa inhibitor.

7.

The method of claims 1-5, wherein the inhibitor of factor Xa is selected from
the group consisting of rivaroxaban, apixaban, betrixaban, edoxaban, and
otamixaban.

8.

The method of claims 1-5, wherein the administration of a factor Xa inhibitor
causes measured factor Xa activity of about 25% or less than normal.

9.

The method of claims 1-5, wherein the administration of a factor Xa inhibitor
causes measured factor Xa activity of about 50% or less than normal.

10.

The method of claims 1-5, wherein the administration of a factor Xa inhibitor
causes measured factor Xa activity of about 75% of normal.

11.

The use of a direct inhibitor of factor Xa in the manufacture of a medicament
for the prevention of atherosclerosis in a patient at risk for atherosclerosis.
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12.

The use of a direct inhibitor of factor Xa in the manufacture of a medicament
for the treatment of atherosclerosis in a human suffering from
atherosclerosis.

13.

The use of a direct inhibitor of factor Xa in the manufacture of a medicament
for the prevention of atherosclerotic events.
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ABSTRACT
The use of direct factor Xa inhibitors, administered in a dose sufficient to reduce the
activity of factor Xa to about 25% less than normal or lower, has the effect of
preventing the onset of atherosclerosis, and stabilizing atherosclerotic lesions, and
preventing the occurrence or recurrence of atherosclerotic events.
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