wo 2011/120033 A1 I 10KV 0O OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Co o
1 rld Intellectual Property Organization /) -sady
(19) World Intelectual Peoperty Organization. /g3 | 1IN0 AN KA 0 T OO
International Bureau W Uy
3\ i 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
29 September 2011 (29.09.2011) PCT WO 2011/120033 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
AOIN 25/26 (2006.01) A61K 9/42 (2006.01) kind of national protection available): AE, AG, AL, AM,
AOIN 25/34 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

. L CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(21) International Application Number: DZ. EC. EE. EG. ES. FL. GB. GD. GE. GH. GM. GT

PCT/US2011/030159 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
28 March 2011 (28.03.2011) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

. . NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data: 84) Designateq States (unle.ss othemise indicated, for every
61/317,961 26 March 2010 (26.03.2010) Us kind ofregzonal protection avazlable): ARIPO (BW, GH,
61/423261 15 December 2010 (15.12.2010) Us GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(71) Applicant (for all designated States except US): MER- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
RION RESEARCH III LIMITED [IE/IE]; 3015 Lake EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Drive, Citywest, Dublin, 24 (IE). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SL, SK,

(72) Tnventors; and SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

(75) Inventors/Applicants (for US only): LEONARD, GW., ML, MR, NE, SN, TD, TG).
Thomas W. [US/US]; 2201 Live Oak Pkwy, Wilmington, Published:
North Carolina 28403 (US). COUGHLAN, David C.
[IE/IE]; 47 Meadowbrook Avenue, Maynooth, Co Kildare
(IE). CULLEN, Alan [IE/IE]; Dublin (IE).

(74) Agent: SCHWARTZMAN, Robert, A.; Myers Bigel
Sibley & Sajovec, P.A., P.O. Box 37428, Raleigh, North
Carolina 27627 (US).

—  with international search report (Art. 21(3))

(54) Title: PHARMACEUTICAL COMPOSITIONS OF SELECTIVE FACTOR XA INHIBITORS FOR ORAL ADMINISTRA-
TION

(57) Abstract: The present invention provides pharmaceutical compositions for oral administration comprising a therapeutically
etfective amount of a selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof and an enhancer, wherein the en-
hancer is a medium chain fatty acid or a salt, ester, ether, or derivative of a medium chain fatty acid and has a carbon chain length
of from about 4 to about 20 carbon atoms. The present invention also provides a method for obtaining a reproducible bioavailabil-
ity of selective factor Xa inhibitor in an object after oral administration comprising orally administering a pharmaceutical compo-
sition as described above.



WO 2011/120033 PCT/US2011/030159

Pharmaceutical Compositions of Selective Factor Xa Inhibitors

for Oral Administration
[0001] This application claims the benefit of U.S. Provisional Application Serial Nos.
61/317,961 filed March 26, 2010 and 61/423,261 filed December 15, 2010, the disclosure of each

of which is incorporated by reference herein in its entirety.

Field of the Invention

[0002] The present invention generally relates to orally administered pharmaceuticalv

compositions of selective factor Xa inhibitors.

Background of the Invention

[0003] Today, anticoagulants are widely used to prevent and treat a variety of
thromboembolic events. Currently, available anticoagulants for treatment include unfractionated
heparin (UFH), low molecular weight heparin (LMWH), and vitamin K antagonists (VKAs) (e.g.,
warfarin). More recently, synthetic pentasaccharides (e.g., fondaparinux (Arixtra®)) have also
been developed as effective anticoagulants. The advantage of fondaparinux over LMWH or UFH
is that the risk for heparin-induced thrombocytopenia is substantially reduced as fondaparinux
inhibits factor Xa via binding to antithrombin IIT and does not inhibit thrombin or possess other
activities of heparin.

[0004] Although anticoagulants are effective in treating and reducing the risk of
thromboembolic disease, they are associated with significant drawbacks that limit their use and
acceptability in the clinical setting. The traditional anticoagulants are administered parenterally
and require frequent monitoring and subsequent dose adjustment. For example, UFH, LMWH,
and fondaparinux are administered parenterally, which is inconvenient and expensive for long-
term use, particularly outside of the hospital setting where visits to or from a health care
professional may be required. Vitamin K antagonists are the only available oral anticoagulants.
However, they usually have a narrow therapeutic window and unpredictable pharmacology, and
require close monitoring and dose adjustment to ensure that anticoagulant effects remain within
the therapeutic range.

[0005] Different approaches have been proposed to develop orally administered
anticoagulants. One approach is to develop small molecule direct factor Xa inhibitors. Unlike
the more traditional anticoagulants (UFH, LMWH, and VKAs) that target multiple enzymes in

the coagulation cascade, the new drugs inhibit single enzymes. Currently, several oral factor Xa
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inhibitors are in clinical development, such as rivaroxaban (Bayer HealthCare AG and Scios,
Inc.), apixaban (Bristol-Myers Squibb), and 813893 (GlaxoSmithKline).

[0006] Despite the recent promising development of direct factor Xa inhibitors, there is
a continuing need for development of novel pharmaceutical formulations of selective factor Xa
inhibitors suitable for oral administration, which not only offer the convenience of oral dosing,

but also provide a reproducible and predictable bioavailability of the active ingredient.

Summary of the Invention

[0007] The present invention provides a pharmaceutical composition for oral
administration comprising a therapeutically effective amount of a selective factor Xa inhibitor or
a pharmaceutically acceptable salt thereof and an enhancer, wherein the enhancer is a medium
chain fatty acid or a salt, ester, ether, or derivative of a medium~chain fatty acid and has a carbon
chain length of from about 4 to about 20 carbon atoms. In some embodiments, the selective
factor Xa inhibitor is fondaparinux or a pharmaceutically acceptable salt thereof.

[0008] Another aspect of the present invention provides a method of treating or
preventing a medical condition, comprising administering to a subject in need of treatment or
prevention a therapeutically effective amount of a selective factor Xa inhibitor or a
pharmaceutically acceptable salt tﬁereof together with an enhancer, wherein the enhancer is a
medium chain fatty acid or a salt, ester, ether, or derivative of a medium chain fatty acid and has
a carbon chain length of from about 4 to about 20 carbon atoms.

[0009] Another aspect of the present invention provides a process for manufacturing a
solid oral dosage form of a pharmaceutical composition comprising the steps of: a) blending a
selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof with an enhancer, and
optionally additional excipients, to form a blend; wherein the enhancer is a medium chain fatty
acid or a salt, ester, ether, or derivative of a medium chain fatty acid and has a carbon chain
length of from about 4 to about 20 carbon atoms; and b) forming a solid oral dosage from the
blend by i) directly compressing the blend to form the solid oral dosage form, or ii) granulating
the blend to form a granulate for incorporation into the solid oral dosage form, or iii) spray drying
the blend to form a multiparticulate for incorporation into the solid oral dosage form.

[0010] Another aspect of the present invention provides a pharmaceutical composition
of a selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof for oral
administration in the form of a stable, transparent drug delivery composition, wherein the drug
delivery composition comprises (a) from about 1 to about 80 weight percent of a
pharmaceutically acceptable oil; (b) from about 3 to about 98 weight percent (e.g., from about 3

to about 96.5 weight percent) surface active agents; (¢) from about 2 to about 60 weight percent
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polyethylene glycol; and (d) from about 0.5 to about 15 weight percent water; wherein the ratio of
the polyethylene glycol to water is at least 2:1.

[0011] One aspect of the present invention describes a pharmaceutical composition of a
selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof for oral administration
which is an emulsion composition, wherein an internal phase of the emulsion composition
contains a therapeutically effective amount of a selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof; and the internal phase comprises a polar, nonaqueous,
oxygen-containing, pharmaceutically acceptable liquid selected from the group consisting of Cy-
Csy polyhydric alcohols, poly(ethylene or propylene) glycols with 4-200 repeating units, C2-Csp
ester derivatives thereof, and C;-Cs ether derivatives thereof.

[0012] Another aspect of the present invention provides a pharmaceutical composition
of a selective factor Xa inhibitor for oral administration which is a water-in-oil microemulsion
composition, wherein the microemulsion composition converts to an oil-in-water emulsion by the
addition of water and the microemulsion composition comprises (a) up to about 20 volume
percent of an internal dispersed aqueous phase containing a therapeutically effective amount of a
selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof, (b) from about 30 to
about 99 volume percent of a continuous oil phase comprising mono and di-esters of propylene
glycol having from about 15 to about 40 carbon atoms, and (c) from about 1 to about 70 volume
percent of a surfactant or mixture of surfactants, wherein the surfactant or surfactant mixture has
a hydrophilic-lipophilic balance (HLB) value of from 7 to 14.

[0013] One aspect of the present invention describes a pharmaceutical composition of a
selective factor Xa inhibitor for oral administration which is a water-in-oil microemulsion
composition, wherein the microemulsion composition converts to an oil-in-water emulsion by the
addition of water and the microemulsion composition comprises (a) up to about 60 volume
percent, based upon the total volume of the microemulsion, of an internally dispersed aqueous
phase containing a therapeutically effective amount of a selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof; (b) from about 5 to about 90 volume percent of a
continuous oil phase comprising at least one pharmaceutically acceptable oil; and (c) from 1 to
about 70 volume percent of a surfactant or mixture of surfactants, wherein the surfactant or
surfactant mixture has a HLB value of from 7 to 14.

[0014]  Another aspect of the present invention provides a pharmaceutical composition
of a selective factor Xa inhibitor for oral administration which is a water-in-oil microemulsion
composition, wherein the microemulsion composition comprises (a) from about 5 to about 99
volume percent of an oil phase comprising at least one pharmaceutically acceptable oil; (b) up to

about 60 volume percent of an aqueous phase comprising water; (c) a therapeutically effective
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amount of a selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof; (d) from
about 1 to about 70 volume percent of a mixture of surfactants having a combined HLB value of
from about 7 to about 14 comprising (i) a low HLB surfactant having a HLB below 8, said low
HLB surfactant being at least 40 percent by weight of a Cy monoglyceride, Co monoglyceride,
Cy; monoglyceride, Cj, monoglyceride, or Ci3 monoglyceride, and (ii) at least one surfactant
having a HLB value above about 8.

[0015] One aspect of the present invention provides a pharmaceutical composition of a
selective factor Xa inhibitor for oral administration which is a water-in-oil microemulsion
composition, wherein the microemulsion composition comprises (a) up to about 60 volume
percent of an internal dispersed aqueous phase containing a therapeutically effective amount of a
selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof; (b) from about 5 to
about 99 volume percent of a continuous oil phase comprising at least one pharmaceutically
acceptable oil comprising a Co.g3 triglyceride, a Cy.ss mono- and di-ester of propylene glycol, or
mixtures thereof; and (c) from about 1 to about 70 volume percent of a surfactant or surfactant
mixture comprising a Cyg fatty acid salt, wherein the surfactant or surfactant mixture has a HLB
value of at least 7.

[0016] Another aspect of the present invention provides a method for obtaining a
reproducible bioavailability of a selective factor Xa inhibitor in a subject after oral administration,

comprising orally administering a pharmaceutical composition of the invention to said subject.

Brief Description of the Drawings

[0017] Figure 1 shows the plasma concentration levels of different GIPET™
(“Gastrointestinal Permeation Enhancement Technology”) formulations of fondaparinux in dogs
following intraduodenal administration.

[0018] Figure 2 shows the bioavailability of different GIPET™ formulations of

fondaparinux in dogs following intraduodenal administration.

Detailed Description

[0019] The foregoing and other aspects of the present invention will now be described
in more detail with respect to the description and methodologies provided herein. It should be
appreciated that the invention can be embodied in different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the invention to

those skilled in the art.
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[0020] All patents, patent applications and publications referred to herein are
incorporated by reference in their entirety. In case of a conflict in terminology, the present
specification is controlling.

[0021] The terminology used in the description of the invention herein is for the
purpose of describing particular embodiments only and is not intended to be limiting of the
invention.

[0022] As used in the description of the embodiments of the invention and the
appended claims, the singular forms "a", "an" and "the" are intended to include the plural forms
as well, unless the context clearly indicates otherwise.

[0023] As used herein, "and/ot" refers to and encompasses any and all possible
combinations of one or more of the associated listed items.

[0024] The term "about," as used herein when referring to a measurable value such as
an amount of a compound, dose, time, temperature, and the like, is meant to encompass variations
of 20%, 10%, 5%, 1%, 0.5%, or even 0.1% of the specified amount.

[0025] The terms "comprises" and/or "comprising," when used in this specification,
specify the presence of stated features, integers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof,

[0026] The term "consists essentially of" (and grammatical variants), as applied to the
compositions of this invention, means the composition can contain additional components as long
as the additional components do not materially alter the composition. The term "materially
altered,” as applied to a composition, refers to an increase or decrease in the therapeutic
effectiveness of the composition of at least about 20% or more as compared to the effectiveness
of a composition consisting of the recited components.

[0027] Unless the context indicates otherwise, it is specifically intended that the
various features of the invention described herein can be used in any combination. For example,
features described in relation to one embodiment may also be applicable to and combinable with
other embodiments and aspects of the invention.

[0028] Moreover, the present invention also contemplates that in some embodiments of
the invention, any feature or combination of features set forth herein can be excluded or omitted.

[0029] The term "tablet" as used herein includes, but is not limited to, immediate
release (IR) tablets, sustained release (SR) tablets, matrix tablets, multilayer tablets, multilayer
matrix tablets, extended release tablets, delayed release tablets and pulsed release tablets any or
all of which may optionally be coated with one or more coating materials, including polymer

coating materials, such as enteric coatings, rate-controlling coatings, semi-permeable coatings
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and the like. The term "tablet" also includes osmotic delivery systems in which a drug compound
is combined with an osmagent (and optionally other excipients) and coated with a semi-
permeable membrane, the semi-permeable membrane defining an orifice through which the drug
compound may be released. Tablet solid oral dosage forms that may be useful in the practice of
the invention include those selected from the group consisting of IR tablets, SR tablets, coated IR
tablets, coated SR tablets, matrix tablets, coated matrix tablets, multilayer tablets, coated
multilayer tablets, multilayer matrix tablets and coated multilayer matrix tablets. In some
embodiments, a tablet dosage form is an enteric-coated tablet dosage form. In some
embodiments, a tablet dosage form is an enteric-coated rapid onset tablet dosage form.

[0030] Capsule solid oral dosage forms that may be useful in the practice of the present
invention include those selected from the group consisting of IR capsules, SR capsules, coated IR
capsules, and coated SR capsules including delayed release capsules. Capsules may be filled
with powdets, granules, multiparticulates, tablets, semi-solids, or liquids. In some embodiments,
a capsule dosage form is an enteric-coated capsule dosage form. In some embodiments, a capsule
dosage form is an enteric-coated rapid onset capsule dosage form. Capsules may be made of hard
gelatin, soft gelatin, starch, cellulose polymers, or other materials as known to the art.

[0031] The term "multiparticulate” as used herein means a plurality of discrete particles,
pellets, mini-tablets and mixtures or combinations thereof. If the oral form is a multiparticulate
capsule, hard or soft gelatin capsules or capsules of other materials can suitably be used to
contain the multiparticulate. In some embodiments, a sachet can suitably be used to contain the
multiparticulate. In some embodiments, the multiparticulate may be coated with a layer
containing rate controlling polymer material. In some embodiments, a multiparticulate oral
dosage form according to the invention may comprise a blend of two or more populations of
particles, pellets, or mini-tablets having different in vitro and/or in vivo release characteristics.
For example, a multiparticulate oral dosage form may comprise a blend of an instant release
component and a delayed release component contained in a suitable capsule.

[0032] In some embodiments, the multiparticulate and one or more auxiliary excipient
materials can be compressed into tablet form such as a multilayer tablet. In some embodiments, a
multilayer tablet may comprise two layers containing the same or different levels of the same
active ingredient having the same or different release characteristics. In some embodiments, a
multilayer tablet may contain different active ingredient in each layer. Such a tablet, either single
layered or multilayered, can optionally be coated with a controlled release polymer so as to
provide additional controlled release properties. In some embodiments, multiparticulate dosage
form comprises a capsule containing delayed release rapid onset minitablets. In some

embodiments, a multiparticulate dosage form comprises a delayed release capsule comprising



WO 2011/120033 PCT/US2011/030159

instant release minitablets. In some embodiments, a multiparticulate dosage form comprises a
capsule comprising delayed release granules. In some embodiments, a multiparticulate dosage
form comprises a delayed release capsule comprising instant release granules.

[0033] The term "emulsion" as used herein means a suspension or dispersion of one
liquid within a second immiscible liquid. In some embodiments, the emulsion is an oil-in-water
or water-in-oil-in-water emulsion.

[0034] The term, “microemulsion” as used herein means a solution in which the
hydrophobic (oil-like) phase and the hydrophilic (water-like) phase and a surfactant form micelle
structures. Such dispersions are clear and stable over time. In certain embodiments, the micelles
have an average diameter of about 1 micron or less.

[0035] In addition, "emulsion" or "microemulsion" as used herein includes a
hydrophilic or a hydrophobic liquid which, on dilution with a hydrophobic or a hydrophilic liquid
respectively, forms an emulsion or a microemulsion. In some embodiments, “emulsion” or
“microemulsion” as used herein may include solid or semi-solid materials which may be liquid at
higher temperatures. For example, the material may be solid at room temperature. At about body
temperature (about 37 °C), the material may be liquid.

[0036] By the terms “treat,” “treating,” or “treatment of” (and grammatical variations
thereof) it is meant that the severity of the subject’s condition is reduced, at least partially
improved, or stabilized and/or that some alleviation, mitigation, decrease, or stabilization in at
least one clinical symptom and/or parameter is achieved and/or there is a delay in the progression
of the disease or disorder.

[0037] The terms "prevent," "preventing," and '"prevention” (and grammatical
variations thereof) refer to avoidance, prevention and/or delay of the onset of a disease, disorder
and/or a clinical symptom(s) in a subject and/or a reduction in the severity of the onset of the
disease, disorder and/or clinical symptom(s) relative to what would occur in the absence of the
methods of the invention. The prevention can be complete, e.g., the total absence of the disease,
disorder and/or clinical symptom(s). The prevention can also be partial, such that the occurrence
of the disease, disorder and/or clinical symptom(s) in the subject and/or the severity of onset is
less than what would occur in the absence of the present invention.

[0038] An "effective amount," as used herein, refers to an amount that imparts a
desired effect, which is optionally a therapeutic or prophylactic effect.

[0039] A “treatment effective” amount, as used herein, is an amount that is sufficient to
provide some improvement or benefit to the subject. Alternatively stated, a “treatment effective”
amount is an amount that will provide some alleviation, mitigation, decrease, or stabilization in at

least one clinical symptom in the subject. Those skilled in the art will appreciate that the
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therapeutic effects need not be complete or curative, as long as some benefit is provided to the
subject.

[0040] A "prevention effective” amount, as used herein, is an amount that is sufficient
to prevent and/or delay the onset of a disease, disorder and/or clinical symptoms in a subject
and/or to reduce and/or delay the severity of the onset of a disease, disorder and/or clinical
symptoms in a subject relative to what would occur in the absence of the methods of the
invention. Those skilled in the art will appreciate that the level of prevention need not be
complete, as long as some benefit is provided to the subject.

[0041] As used herein, a "therapeutically effective" or "therapeutically acceptable"
amount refers to an amount that will elicit a therapeutically useful response in a subject. The
therapeutically useful response may provide some alleviation, mitigation, or decrease in at least
one clinical symptom in the subject. The terms also include an amount that will prevent or delay
at least one clinical symptom in the subject and/or reduce and/or delay the severity of the onset of
a clinical symptom in a subject relative to what would occur in the absence of the methods of the
invention. Those skilled in the art will appreciate that the therapeutically useful response need
not be complete or curative or prevent permanently, as long as some benefit is provided to the
subject.

[0042] “Subjects” according to the present invention include mammals, avians, reptiles,
amphibians, and fish, Mammalian subjects include but are not limited to humans, non-human
mammals, non-human primates (e.g., monkeys, chimpanzees, baboons, etc.), dogs, cats, mice,
hamsters, rats, horses, cows, pigs, rabbits, sheep and goats. Avian subjects include but are not
limited to chickens, turkeys, ducks, geese, quail and pheasant, and birds kept as pets (e.g.,
parakeets, parrots, macaws, cockatoos, and the like). In particular embodiments, the subject is
from an endangered species. In particular embodiments, the subject is a laboratory animal.
Human subjects include neonates, infants, juveniles, adults, and geriatric subjects. In certain
embodiments, the subject is in need of the methods of the present invention, e.g., has a
thromboembolic disorder. In other embodiments, the subject has, may have, or is at risk for a
thromboembolic disorder.

[0043] "Stable," as used herein with respect to pharmaceutical compositions, refers to a
éomposition that degrades no more than 10% when stored for one month at -20°C, e.g., at 4 °C,
e.g., at room temperature, and a relative humidity of 20% to 80%.

[0044] " Reproducible," as used herein, refers to pharmacokinetic characteristics of the
pharmaceutical compositions of the invention that are consistent from subject to subject. A

reproducible pharmacokinetic characteristic, e.g., bioavailability, Ciax, or AUC, is one that has a
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coefficient of variation of less than about 60%, e.g., less than about 60, 55, 50, 45, 40, 35, 30, 25,
20, or 15% or less.

[0045]  As used herein, a "derivative of a medium chain fatty acid" refers to a fatty acid
derivative having at least one carbon chain of from 4 to 20 carbon atoms in length. This carbon
chain may be characterized by various degrees of saturation. In other words, the carbon chain
may be, for example, fully saturated or partially unsaturated (i.e., containing one or more carbon-
carbon multiple bonds). The term "fatty acid derivative" is meant to encompass acyl derivatives
such as esters, acid halides, anhydrides, amides and nitrites, and also ethers and glycerides such
as mono-, di- or tri-glycerides. The term "fatty acid derivative" is meant to further encompass
medium chain fatty acids wherein the end of the carbon chain opposite the acid group (or
derivative) is also functionalized with one of the above mentioned moieties (i.e., ester, acid halide,
anhydride, amide, nitrile, ether and glyceride moieties). Such difunctional fatty acid derivatives
thus include for example diacids and diesters (the functional moieties being of the same kind) and
also difunctional compounds comprising different functional moieties, such as amino acids and
amino acid derivatives (for example a medium chain fatty acid, or an ester or a salt thereof,
comprising an amide moiety at the opposite end of the fatty acid carbon chain to the acid (or ester
or salt thereof).

[0046] The present invention provides a pharmaceutical composition for oral
administration comprising, consisting essentially of, or consisting of a therapeutically effective
amount of a selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof and an
enhancer, wherein the enhancer is a medium chain fatty acid or a salt, ester, ether, or derivative of
a medium chain fatty acid and has a carbon chain length of from about 4 to about 20 carbon
atoms. In certain embodiments, the medium chain fatty acid enhancer is the only enhancer
present in the composition.

[0047] The present invention provides a solid oral dosage comprising, consisting
essentially of, or consisting of the pharmaceutical composition of the invention. In certain
embodiments, the solid oral dosage form is a tablet, a multiparticulate, or a capsule.

[0048] In some embodiments, the selective factor Xa inhibitor is an oligosaccharide. In
another embodiment, the selective factor Xa inhibitor is a pentasaccharide. In some embodiments,
the selective factor Xa inhibitor is fondaparinux or a pharmaceutically acceptable salt thereof.

[0049] As used herein, "selective factor Xa inhibitor" refers to a compound which
selectively inhibits factor Xa directly or indirectly (e.g., via antithrombin III) but does not possess
a significant activity towards thrombin, The term “does not possess a significant activity” refers
to a compound that reduces thrombin activity by less than 20%, e.g., less than 15%, 10%, or 5%.

In some embodiments, the selective factor Xa inhibitor possesses no inhibitory activity towards
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thrombin. Exemplary synthetic selective factor Xa inhibitors include, but are not limited to,
fondaparinux and pharmaceutically acceptable salts thereof (the structure of fondaparinux is
shown below), antistasin, tick anticoagulant peptide, yagin, apixaban, otamixaban, rivaroxaban,
NAP-5, TAP, tNAPc-2, TFPI, DX-9065a, YM-60828, RPR-120844, BX-807834, and
compounds described in EP 84999, EP 529715, EP 621282, U.S. Patent Nos. 6,541,488,
6,391,339, 6,369,080, 6,262,047, and 6,133,256, and U.S. Published Application No.
2006/0122151, which are incorporated by reference in their entireties.

—0S0;- COy- —0SO05- ——O0SOs-

e O 0 —O0 0] —O

CO,-
OH OH o) OSOg- 2 O OH 10 Na+
\ '\
OH o 0 OMe
NHSO;- OH NHSO;- 0S0;- NHSO3-
fondaparinux

(methyl-O-2-deoxy-6-0-sulfo-2-(sulfoamino)-a-D-glucopyranosyl-(1—4)-O-B-D-
glucopyranuronosyl-(1—4)-0-2-deoxy-3,6-di-O-sulfo-2-(sulfoamino)-a-D-glucopyranosyl-
(1—4)-2-0-sulfo-a-D-glucopyranosyl-(1—4)-0-2-O-sulfo-L-idopyranurosyl-(1—4)-2-deoxy-6-
O-sulfo-2-(sulfoamino)-a-D-gluco-pyranoside, decakissodium salt)

[0050] A salt of a selective factor Xa inhibitor may be prepared by combining the
compound in its free acid or base form with a suitable organic or inorganic acid or base and
isolating the salt thus formed. For example, when the selective factor Xa inhibitor is
fondaparinux (in the sodium salt form), the salt is formed by reacting the free acid form of
fondaparinux with a suitable inorganic or organic base. The term "pharmaceutically acceptable
salt" refers to a relatively non-toxic, inorganic or organic acid or base addition salt of a compound
of the present invention (see, e'. g., Berge et al., J. Pharm. Sci. 66:1-19, 1977).

[0051] Representative salts of the compounds of the present invention include the
conventional non-toxic salts and the quaternary ammonium salts which are formed, for example,
from inorganic or organic acids or bases by means well known in the art. For example, such acid
addition salts include acetate, adipate, alginate, ascorbate, aspartate, benzoate, benzenesulfonate,
bisulfate, butyrate, citrate, camphorate, camphorsulfonate, cinnamate, cyclopentanepropionate,
digluconate, dodecylsulfate, ethanesulfonate, fumarate, glucoheptanoate, glycerophosphate,
hemisulfate, heptanoate, hexanoate, hydrochloride, hydrobromide, hydroiodide, 2-

hydroxyethanesulfonate, itaconate, lactate, maleate, mandelate, methanesulfonate, 2-
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naphthalenesulfonate, nicotinate, nitrate, oxalate, pamoate, pectinate, persulfate, 3-
phenylpropionate, picrate, pivalate, propionate, succinate, sulfonate, tartrate, thiocyanate,
tosylate, undecanoate, and the like.

[0052] Base salts include, for example, alkali metal salts such as potassium and sodium
salts, alkaline earth metal salts such as calcium and magnesium salts, and ammonium salts with
organic bases such as dicyclohexylamine and N-methyl-D-glucamine. Additionally, basic
nitrogen containing groups in the conjugate base may be quaternized with such agents as lower
alkyl halides such as methyl, ethyl, propyl, and butyl chlorides, bromides and iodides; dialkyl
sulfates like dimethyl, diethyl, and dibutyl sulfate; and diamy] sulfates, long chain halides such as
decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides; aralkyl halides like benzyl and
phenethyl bromides, and the like.

[0053] In some embodiments, the enhancer is a salt of a medium chain fatty acid which
has a carbon chain length of from 6 to 20 carbon atoms. In some embodiments, the enhancer
(e.g., the medium chain fatty acid or the salt of a medium chain fatty acid) is solid at room
temperature. In some embodiments, the chain length is from 8 to 14 carbon atoms. In other
embodiments, the enhancer is a sodium salt of a medium chain fatty acid. In some embodiments,
the enhancer is selected from the group consisting of sodium caprylate, sodium caprate and
sodium laurate. Exemplary enhancers are further described in U.S. Patent Nos. 7,658,938 and
7,670,626 and U.S. Published Application Nos. 2003/0091623 and 2007/0238707, which are
incorporated by reference in their entirety.

[0054] In some embodiments, the pharmaceutical composition of the invention
comprises, consists essentially of, or consists of a therapeutically effective amount of a selective
factor Xa inhibitor or a pharmaceutically acceptable salt thereof, an enhancer, wherein the
enhancer is a medium chain fatty acid or a salt, ester, ether, or derivative of a medium chain fatty
acid and has a carbon chain length of from about 8 to about 14 carbon atoms, and one or more
auxiliary excipients. In other embodiments, the pharmaceutical composition of the invention
comprises, consists essentially of, or consists of a therapeutically effective amount of a selective
factor Xa inhibitor or a pharmaceutically acceptable salt thereof, an enhancer, wherein the
enhancer is a medium chain fatty acid or a salt thereof and has a carbon chain length of from
about 8 to about 14 carbon atoms, and one or more auxiliary excipients. In other embodiments,
the pharmaceutical composition of the invention comprises, consists essentially of, or consists of
a therapeutically effective amount of a selective factor Xa inhibitor or a pharmaceutically
acceptable salt thereof, an enhancer, wherein the enhancer is a medium chain fatty acid salt and

has a carbon chain length of from about 8 to about 14 carbon atoms, and one or more auxiliary
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excipients. In each of these embodiments, the factor Xa inhibitor can be fondaparinux and/or the
enhancer can be sodium caprate.

[0055] In some embodiments, the enhancer is present in a ratio of from 1:100,000 to
10:1 (inhibitor:enhancer). In some embodiments, the dosage form is a tablet, a capsule, or a
multiparticulate dosage form. In some embodiments, the dosage form is a controlled release
dosage form. In some embodiments, the tablet further comprises a rate controlling polymer
material. In some embodiments, the rate-controlling polymer is hydroxypropyl methylcellulose
(HPMC). In some embodiments, the rate-controlling polymer is a polymer of acrylic or
methacrylic acid or their respective esters or copolymers of acrylic or methacrylic acid and/or
their respective esters.

[0056] In some embodiments, the selective factor Xa inhibitor and enhancer and at
least one auxiliary excipient are compressed into tablet form prior to coating with a rate
controlling polymer. In some embodiments, the selective factor Xa inhibitor and enhancer and at
least one auxiliary excipient are compressed into tablet form prior to coating with a delayed
release polymer. In some embodiments, the selective factor Xa inhibitor, the enhancer, the rate
controlling polymer and at least one auxiliary excipient are compressed to form a controlled
release matrix tablet. In some embodiments, the controlled release matrix tablet is coated with a
rate-controlling polymer. In some embodiments, the controlled release matrix is coated with a
delayed release polymer. In some embodiments, the selective factor Xa inhibitor, the enhancer
and at least one auxiliary excipient are compressed into the form of a multilayer tablet prior to
coating with a rate controlling-polymer. In some embodiments, the selective factor Xa inhibitor,
the enhancer and at least one auxiliary excipient are compressed into the form of a multilayer
tablet prior to coating with a delayed release polymer. Yet, in another embodiment, the selective
factor Xa inhibitor and enhancer are dispersed in the rate-controlling polymer material and
compressed into the form of a multilayer tablet. In some embodiments, the multilayer tablet is
coated with a rate-controlling polymer. In some embodiments, the multilayer tablet is coated
with a delayed release polymer.

[0057] In some embodiments, the selective factor Xa inhibitor, the enhancer, at least
one auxiliary excipient, and the rate-controlling polymer material are combined into a
multiparticulate form. In some embodiments, the multiparticulate form comprises discrete
particles, pellets, minitablets, or combinations thereof. In some embodiments, the pharmaceutical
composition of the present invention comprises a blend of two or more populations of particles,
pellets or mini-tablets having different in vitro or in vivo release characteristics. In some
embodiments, the multiparticulate is encapsulated in hard or soft gelatin capsules. In another

embodiment, the capsule is coated with a rate-controlling polymer. In some embodiments, the
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capsule is coated with a delayed release polymer. In some embodiments, the multiparticulate is
incorporated into a sachet.

[0058] In some embodiments, the discrete particles or pellets are compressed into tablet
form. In some embodiments, the tablet form is coated with a rate controlling polymer material.
Yet, in another embodiment, the tablet form is coated with a delayed release polymer. In some
embodiments, the discrete particles or pellets are compressed into a multilayer tablet. In some
embodiments, the multilayer tablet is coated with a rate controlling material. In some
embodiments, the multilayer tablet is coated with a delayed release polymer.

[0059] In the case of any of the above-mentioned embodiments, a controlled release
coating (e.g., an enteric coating) may be applied to the final dosage form (capsule, tablet,
multilayer tablet etc.). The controlled release coating may typically comprise a rate controlling
polymer material as defined above. The dissolution characteristics of such a coating material
may be pH dependent or independent of pH.

[0060] The pharmaceutical compositions of the invention can comprise one or more
auxiliary excipients, such as for example rate-controlling polymeric materials, diluents, lubricants,
disintegrants, plasticizers, anti-tack agents, opacifying agents, glidants, pigments, flavorings, and
such like. As will be appreciated by those skilled in the art, the exact choice of excipients and
their relative amounts will depend to some extent on the final dosage form.

[0061] One excipient that can be included in the composition is one or more
saccharides. Any suitable saccharide may be used in the composition of the present invention.
As used herein, the "saccharides" used in the invention include sugar alcohols, monosaccharides,
disaccharides, and oligosaccharides. Exemplary sugar alcohols include, but not limited to, xylitol,
mannitol, sorbitol, erythritol, lactitol, pentitol, and hexitol. Exemplary monosaccharides include,
but are not limited to, glucose, fructose, aldose and ketose. Exemplary disaccharides include, but
are not limited to, sucrose, isomalt, lactose, trehalose, and maltose. Exemplary oligosaccharides
include, but are not limited to, fructo-oligosaccharides, inulin, galacto-ologosaccharides, and
mannan-oligosaccharides. In some embodiments, the saccharide is sorbitol, mannitol, or xylitol.
In some embodiments, the saccharide is sorbitol. In some embodiments, the saccharide is sucrose.

[0062] Any suitable amounts of saccharide may be added in the compositions of the
present invention. In some embodiments of the present invention, the ratio of the enhancer and
saccharide may be adjusted to achieve a desired dissolution rate and/or compressibility of the
resulting pharmaceutical composition. In some embodiments, the ratio of the enhancer and
saccharide is 2:1 to 20:1. According to some embodiments, the ratio of the enhancer and
saccharide is about 4:1 to 6:1. In another embodiment, the ratio of the enhancer and saccharide is

about 5:1.
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[0063] Any suitable grade of saccharide may be used in the composition of the present
invention. However, in some embodiments, the selection of the grade of saccharide may be
dependent upon the particle size distribution (PSD) of a specific grade of saccharide. Further, in
another embodiment, the specific grade of the saccharide may affect the characteristics of the
resulting pharmaceutical composition such as dissolution rate and/or compressibility. In some
embodiments, the selection of the grade of saccharide is dependent upon the PSD of other
excipients and the therapeutically active ingredient. In some embodiments, the saccharide is
Parteck SI 150 (Merck KGaA, Darmstadt, Germany), a directly compressible sorbitol. In other
embodiments, the saccharide is Parteck SI 400 (Merck KGaA, Darmstadt, Germany).

[0064] Suitable diluents include, for example, pharmaceutically acceptable inert fillers
such as microcrystalline cellulose, lactose, dibasic calcium phosphate, saccharides, and/or
mixtures of any of the foregoing. Examples of diluents include microcrystalline cellulose such as
that sold under the Trademark Avicel (FMC Corp., Philadelphia, Pa.), for example, Avicel™
pH101, Avicel™ pH102 and Avicel™ pHI112; lactose such as lactose monohydrate, lactose
anhydrous and Pharmatose DCL21; dibasic calcium phosphate such as Emcompress; mannitol;
starch; sorbitol; sucrose; glucose; and combinations and mixtures thereof.

[0065] Suitable lubricants, including agents that act on the flowability of the powder to
be compressed are, for example, colloidal silicon dioxide such as-Aerosil™ 200; talc; stearic acid;
magnesium stearate; calcium stearate; and combinations and mixtures thereof.

[0066] Suitable disintegrants include, for example, lightly crosslinked polyvinyl
pyrrolidone, corn starch, potato starch, maize starch and modified starches, croscarmellose
sodium, crospovidone, sodium starch glycolate, and combinations and mixtures thereof.

[0067] The term "fate controlling polymer material" as used herein includes
hydrophilic polymers, hydrophobic polymers and mixtures of hydrophilic and/or hydrophobic
polymers that are capable of controlling or retarding the release of the peptide or protein from a
~ solid oral dosage form of the present invention. Suitable rate controlling polymer materials
include those selected from the group consisting of hydroxyalkyl cellulose such as hydroxypropyl
cellulose and hydroxypropyl methyl cellulose; poly(ethylene) oxide; alkyl cellulose such as ethyl
cellulose and methyl cellulose; carboxymethyl cellulose; hydrophilic cellulose derivatives;
polyethylene glycol; polyvinylpyrrolidone; cellulose acetate; cellulose acetate butyrate; cellulose
acetate phthalate; cellulose acetate trimellitate; polyvinyl acetate phthalate; hydroxypropylmethyl
cellulose  phthalate;  hydroxypropylmethyl — cellulose  acetate  succinate; — polyvinyl
acetaldiethylamino acetate; poly(alkylmethacrylate) and poly (vinyl acetate). Other suitable
hydrophobic polymers include polymers and/or copolymers derived from acrylic or methacrylic

acid and their respective esters, zein, waxes, shellac and hydrogenated vegetable oils.
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Particularly useful in the practice of the present invention are poly acrylic acid, poly acrylate,
poly methacrylic acid and poly methacrylate polymers such as those sold under the Eudragit
tradename (Rohm GmbH, Darmstadt, Germany) specifically Eudragit® L, Eudragit® §,
Eudragit® RIL, and Eudragit® RS coating materials and mixtures thereof. Some of these
polymers can be used as delayed release polymers to control the site where the drug is released.
They include poly methacrylate polymers such as those sold under the Eudragit tradename (Rohm
GmbH, Darmstadt, Germany) specifically Eudragit® L, Eudragit® S, Eudragit® RL, and
Eudragit® RS coating materials and mixtures thereof.

[0068] Another aspect of the present invention provides a method of treating or
preventing a medical condition, comprising administering to a patient suffering from said
condition, a therapeutically effective amount of a selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof together with an enhancer, wherein the enhancer is a
medium chain fatty acid or a salt, ester, ether, or derivative of a medium chain fatty acid and has
a carbon chain length of from about 4 to about 20 carbon atoms. In some embodiments, the
medical condition is a thromboembolic condition, e.g., thrombophlebitis, phlebothrombosis,
venous thrombosis, deep vein thrombosis, portal vein thrombosis, renal vein thrombosis, jugular
vein thrombosis, Budd-Chiari syndrome, Paget-Schroetter discase, cerebral venous sinus
thrombosis, pulmonary embolism, arterial thrombosis, stroke, myocardial infarction, hepatic
artery thrombosis, arterial embolus, or any combination thereof.

[0069] Another aspect of the present invention provides use of the compositions of the
invention for treatment of a medical condition, e.g., a thromboembolic condition. The invention
also relates to compositions and pharmaceutical formulations as described herein for use in the
treatment of a medical condition, e.g. a thromboembolic condition.

[0070] Another aspect of the present invention provides use of the compositions of the
invention in the manufacture of a medicament for treatment of a medical condition, e.g., a
thromboembolic condition.

[0071]  Another aspect of the present invention provides a process for manufacturing a
solid oral dosage form of a pharmaceutical composition comprising the steps of: a) blending a
selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof with an enhancer, and
optionally auxiliary excipients to form a blend; wherein the enhancer is a medium chain fatty acid
or a salt, ester, ether, or derivative of a medium chain fatty acid and has a carbon chain length of
from about 4 to about 20 carbon atoms; and b) forming a solid oral dosage from the blend by i)
directly compressing the blend to form the solid oral dosage form, or ii) granulating the blend to
form a granulate for incorporation into the solid oral dosage form, or iii) spray drying the blend to

form a multiparticulate for incorporation into the solid oral dosage form. In some embodiments,
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the selective factor Xa inhibitor and the enhancer are blended in a ratio of from 1:100000 to 10:1
(inhibitor:enhancer).

[0072] Another aspect of the present invention provides a pharmaceutical composition
of a selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof for oral
administration, the composition comprising, consisting essentially of, or consisting of a stable,
transparent drug delivery composition. The stable, transparent drug delivery composition
comprises, consists essentially of, or consists of (a) from about 1 to about 80 weight percent of a
pharmaceutically acceptable oil; (b) from about 3 to about 98 weight percent (e.g., from about 3
to about 96.5 weight percent) surfactants; (c) from about 2 to about 60 weight percent
polyethylene glycol; (d) from about 0.5 to about 15 weight percent water; and (e) a selective
factor Xa inhibitor or a pharmaceutically acceptable salt thereof, wherein the ratio of the
polyethylene glycol to water is at least 2:1. In certain embodiments, the composition does not
contain a mixture of cholesterol and phospholipid. In some embodiments, the pharmaceutical
composition of a selective factor Xa inhibitor further comprises an enhancer, wherein the
enhancer is a medium chain fatty acid or a salt, ester, ether, or derivative of a medium chain fatty
acid and has a carbon chain length of from about 4 to about 20 carbon atoms. In some
embodiments, the pharmaceutical composition described above can provide a stable and
reproducible bioavailability of the selective factor Xa inhibitor. The stable drug delivery
composition is further described in U.S. Patent No. 5,707,648, which is incorporated by reference
in its entirety.

[0073] “Pharmaceutically acceptable oils” include oils accepted in the food or
pharmaceutical industry, e.g., triesters of glycerol having from about 9 to 83, e.g., 21-60, e.g., 21-
45 carbon atoms. The triglycerides are further defined as short chain triglycerides having 9-15
carbon atoms, medium chain triglycerides having 21-45 carbon atoms, and long chain
triglycerides having above 45 carbon atoms. Medium chain triglycerides are preferred.
Examples of glycerol triesters include natural, edible oils such as canola, corn, olive, sunflower
and coconut oils, triacetin, the decanoic acid esters, and chemically-synthesized oils such as 1-
oleyl-2,3-diacetyl glycerol.  Commercially available triglyceride oils, both natural and
chemically-synthesized, are available from Karlshamns Lipid Specialties, U.S.A. as the Captex®
series, and from Huls America Inc. as the Miglyol series. Other suitable oils include diesters of
propylene glycol having from about 7 to 55, e.g., 15-40 carbon atoms, e.g., propylene glycol
esters of capric and caprylic acids, and mixtures thereof, having from 19 to 23 carbon atoms. The
diesters of propylene glycols are further defined as short chain having from 7-11 carbon atoms,
medium chain having from 15-31 carbon atoms, and long chain having above 31 carbon atoms.

Preferred propylene glycol diesters are the medium chain oils. Diesters of propylene glycols

16



WO 2011/120033 PCT/US2011/030159

include propylene glycol esters of capric acid, caprylic acid, and mixtures thereof such as
Captex® 200, and Captex® 800 (Karlshamns Lipid Specialties, Columbus, Ohio) and other ester
groups as described above for glycerol.

[0074] Surfactants (surface active agents) which may be employed in the compositions
include both ionic agents, i.e., cationic, anionic or zwitterionic, and non-ionic agents, or mixtures
thereof. Examples of cationic surfactants include cetyldimethylethylammonium bromide,
cetylpyridinium chloride and other salts of these surfactants. Short chain monohydroxyl alcohols,
such as C; to Cs alcohols, are preferably not employed as surfactants in these systems due to
toxicity factors, thus the compositions are substantially free of such short chain monohydroxyl
alcohols. Various surfactants also have permeation enhancement properties.

[0075] Examples of anionic surfactants include Cs.3; fatty acids and salts thereof, e.g.,
Cg.12, e.g., Cs; cholic acid and derivatives thereof such as deoxycholate, and its salts,
ursodeoxycholic acid, and taurocholic acid; Cs.s¢ diesters of tartaric acid; phospholipids such as
phosphatidic acid and phosphatidyl serine; Cs.,9 monoesters of lactic acid; Cgao sulfonates,
including alkyl-, olefin-, and alkylaryl derivatives; tridecyl- and dodecylbenzene sulfonic acids;
and Cs.s3 sarcosine and betaine derivatives.

[0076] Zwitterionics include such phospholipids as lecithin, phosphatidylethanolamine,
and sphingomyelins.

[0077] Among the non-ionic surfactants which may be employed are ethoxylated castor
oil; Cspo mono-glycerides and ethoxylated derivatives thereof; Ciseo diglycerides and
polyoxyethylene derivatives thereof having 1 to 90 POE groups; Cio4o esters (10-40 carbon
atoms in the alcohol) of long chain fatty acids (fatty acids having 16 carbon atoms and above);
Cio40 alcohols; sterols such as cholesterol, ergosterol, and C,.p4 esters thereof; Cg.os ethoxylated
fatty esters; Ci4.130 sucrose fatty esters; and Cyo.130 sorbitol and sorbitan monoesters, diesters, and
triesters, and polyoxyethylene (POE) derivatives thereof having 1 to 90 POE groups, e.g.,
polyoxyethylene sorbitan monooleate, sorbitol hexaoleate POE (50).

[0078] Low HLB surfactants include Co to Ci3 monoglycerides, Cyg to Cas diglycerides
of mono and poly unsaturated fatty acids, C;s to Ca3 diglycerides, and Css to Cay diglycerides of
mono and poly unsaturated fatty acids. Preferred low HLB surfactants are those containing at
least about 80 percent by weight, e.g., at least about 90 percent by weight, e.g., at least about 95
percent by weight, of a monoglyceride or diglyceride containing Cs, Cy, Cs, Co, or Cyo fatty acid
functionalities, or mixtures thereof, e.g., a Cy, Cy1, or Cy3 monoglyceride or mixtures thereof, e.g.,
a Cj; or Cj3 monoglyceride or mixtures thereof. Commercial examples of these surfactants
include Imwitor 308, manufactured by Huls America, Inc., having about 80-90% wt. Cy

monoglycerides; and Glycerol Monocaprylin, manufactured by Sigma Chemicals as 1-
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monooctanoyl-rac-glycerol having about 99% wt. C;; monoglycerides, and Glycerol
Monocaprate, manufactured as 1-monodecanoyl-rac-glycerol by Sigma Chemicals, having about
99% wt. Ci3 monoglycerides. In certain embodiments, the low HLB surfactant, or mixture of low
HLB surfactants, will be only the above recited monoglycerides having a purity of at least about
80 weight percent.

[0079] High HLB surfactants include the sorbitan surfactants, e.g., those having an
HLB of from about 13 to about 17. Such surfactants include POE (20) sorbitan monooleate,
monostearate, monopalmitate, and monolaurate sold commercially as Tween 80, 60, 40, and 20,
respectively, by ICI Inc., and POE (4) sorbitan monolaurate sold commercially as Tween 21 by
ICI. Other high HLB surfactants include ethoxylated castor oil surfactants, e.g., those having an
HLB of from about 12 to about 20, such as Cremophor EL, RH-40, and RH-60 and the Pluronic
F-series sold by BASF Inc. Potassium oleate is also preferred as a high HLB surfactant.

[0080] The low HLB surfactant may be present in the composition in an amount of
from about 1 to about 40, e.g., from about 5 to about 30, e.g., from about 10 to about 30 weight
percent, e.g., from 20 to 30 weight percent. The high HLB surfactant may be present in the
composition in an amount of from about 2 to about 60, e.g., from about 5 to about 50, e.g., from
about 10 to about 40 weight percent.

[0081] One aspect of the present invention describes a pharmaceutical composition of a
selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof for oral administration,
the composition comprising, consisting essentially of, or consisting of an emulsion composition,
wherein an internal phase of the emulsion composition contains a therapeutically effective
amount of a selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof; and the
internal phase comprises or consists essentially of a polar, nonaqueous oxygen-containing,
pharmaceutically acceptable liquid selected from the group consisting of Cp-Cso polyhydric
alcohols, poly(ethylene or propylene) glycols with 4-200 repeating units, C,-Csg ester derivatives
thereof and C;-Cs ether derivatives thereof. Examples of such materials include glycerin,
propylene glycol, polyethylene glycol 200, 400, 600, 1500, 4000 and 6000 with the number
correlating approximately with the number of repeating units and ranging from 4 to 200, ethylene
glycol dimethyl ether, tetracthylene glycol dimethyl ether, triacetin, medium chain (Ce-Cio) |
triglycerides such as tricaprylin (caprylic acid ester of glycerol, and propylene glycol Cg diester
(Captex 200). In certain embodiments the internal phase is a Cp-Cjo polyhydric alcohol, a
polyethylene glycol with n=4-80, or the methyl or ethyl ethers thereof. The emulsion may also
contain lecithin as an emulsifier or surfactant. Egg or soya lecithin is suitable. The continuous
phase of the emulsion may be a lower alkyl ester of a Cg-Cy, fatty acid such as ethyl palmitate or

a triglyceride. The alkyl may be Cys, e.g, Ci3. In some embodiments, the pharmaceutical
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composition of a selective factor Xa inhibitor further comprises an enhancer, wherein the
enhancer is a medium chain fatty acid or a salt, ester, ether, or derivative of a medium chain fatty
acid and has a carbon chain length of from about 4 to about 20 carbon atoms. In some
embodiments, the pharmaceutical composition described above can provide a stable and
reproducible bioavailability of the selective factor Xa inhibitor. The emulsion composition is
further described in U.S. Patent No. 5,110,606, which is incorporated by reference in its entirety.

[0082] Further aspects of the present invention relate to microemulsion compositions
containing a selective factor Xa inhibitor. In certain embodiments the microemulsions are water-
in-oil microemulsions. In some embodiments the selective factor Xa inhibitor is present in an
internal dispersed aqueous phase. In one aspect, the composition is a water-in-oil microemulsion
comprising an internally dispersed aqueous phase containing the selective factor Xa inhibitor; a
pharmaceutically acceptable oil; and a surfactant component (which may comprise a mixture of
surfactants) having a HLB value of 7-14. The pharmaceutically acceptable oil is as defined
above, but in some aspects is selected from the group consisting of mono and di-esters of
propylene glycol having from about 15 to about 40 carbon atoms, Co.g3 triglycerides, Cy.ss mono-
or di-esters of propylene glycol, or mixtures thereof. The microemulsions may further comprise
an enhancer, e.g., a medium chain fatty acid salt, an ester, an ether, or a derivative of a medium
chain fatty acid and has a carbon chain length of from about 4 to about 20 carbon atoms.

[0083] Preferably the internal aqueous phase of the microemulsion comprises up to
about 60 volume percent, e.g., up to about 20 volume percent of the microemulsion composition.
In some embodiments the pharmaceutically acceptable oil component of the microemulsion
comprises from about 5 to about 99 volume percent, e.g., from about 30 to about 99 volume
percent or about 5 to about 90 volume percent of the microemulsion composition. In one
embodiment the surfactant component of the microemulsion comprises from about 1 to about 70
volume percent of the microemulsion composition,

[0084] Another aspect of the present invention provides a pharmaceutical composition
of a selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof for oral
administration which is a water-in-oil microemulsion composition, wherein the microemulsion
composition converts to an oil-in-water emulsion by the addition of water and the microemulsion
composition comprises, consists essentially of, or consists of (a) up to about 20 volume percent of
an internal dispersed aqueous phase containing a therapeutically effective amount of a selective
factor Xa inhibitor or a pharmaceutically acceptable salt thereof; (b) from about 30 to about 99
volume percent of a continuous oil phase comprising mono and di-esters of propylene glycol
having from about 15 to about 40 carbon atoms; and (c) from about 1 to about 70 volume percent

of a surfactant or mixture of surfactants, wherein the surfactant or surfactant mixture has a HLB
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value of from 7 to 14. In some embodiments, the pharmaceutical composition of a selective
factor Xa inhibitor further comprises an enhancer, wherein the enhancer is a medium chain fatty
acid salt, an ester, an ether, or a derivative of a medium chain fatty acid and has a carbon chain
length of from about 4 to about 20 carbon atoms. In some embodiments, the pharmaceutical
composition described above can provide a stable and reproducible bioavailability of the selective
factor Xa inhibitor. The microemulsion composition is further described in U.S. Patent No.
5,444,041, which is incorporated by reference in its entirety.

[0085] One aspect of the present invention describes a pharmaceutical composition of a
selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof for oral administration
which is a water-in-oil microemulsion composition, wherein the microemulsion composition
converts to an oil-in-water emulsion by the addition of water and the microemulsion composition
comprises, consists essentially of, or consists of (a) up to about 60 volume percent, based upon
the total volume of the microemulsion, of an internally dispersed aqueous phase containing a
therapeutically effective amount of a selective factor Xa inhibitor or a pharmaceutically
acceptable salt thereof; (b) from about 5 to about 90 volume percent of a continuous oil phase
comprising at least one pharmaceutically acceptable oil; and (3) from about 1 to about 70 volume
percent of a surfactant or mixture of surfactants, wherein the surfactant or surfactant mixture has
a HLB value of from 7 to 14. In some embodiments, the pharmaceutical composition of a
selective factor Xa inhibitor further comprises an enhancer, wherein the enhancer is a medium
chain fatty acid salt, an ester, an ether, or a derivative of a medium chain fatty acid and has a
carbon chain length of from about 4 to about 20 carbon atoms. In some embodiments, the
pharmaceutical composition described above can provide a stable and reproducible
bioavailability of the selective factor Xa inhibitor. The microemulsion composition is further
described in U.S. Patent No. 5,646,109, which is incorporated by reference in its entirety.

[0086] Another aspect of the present invention provides a pharmaceutical composition
of a selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof for oral
administration which is a water-in-oil microemulsion compositio'n, wherein the microemulsion
composition comprises, consists essentially of, or consists of (a) from about 5 to about 99 volume
percent of an oil phase comprising at least one pharmaceutically acceptable oil; (b) up to about 60
volume percent of an aqueous phase comprising water; (c) a therapeutically effective amount ofa
selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof; (d) from about 1 to
about 70 volume percent of a mixture of surfactants having a combined HLB value of from about
7 to about 14 comprising (i) a low HLB surfactant having an HLB below 8, said low HLB
surfactant being at least 40 percent by weight of a Cy monoglyceride, Cio monoglyceride, Cy;

monoglyceride, C;, monoglyceride, or Cy3 monoglyceride, and (ii) at least one surfactant having a
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HLB value above about 8. In some embodiments, the pharmaceutical composition of a selective
factor Xa inhibitor further comprises an enhancer, wherein the enhancer is a medium chain fatty
acid salt, an ester, an ether, or a derivative of a medium chain fatty acid and has a carbon chain
length of from about 4 to about 20 carbon atoms. In some embodiments, the pharmaceutical
composition described above can provide a stable and reproducible bioavailability of the selective
factor Xa inhibitor. The microemulsion composition is further described in U.S. Patent No.
5,688,761, which is incorporated by reference in its entirety.

[0087] One aspect of the present invention provides a pharmaceutical composition of a
selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof for oral administration
which is a watet-in-oil microemulsion composition, wherein the microemulsion composition
comprises, consists essentially of, or consists of (a) up to about 60 volume percent of an internal
dispersed aqueous phase containing a therapeutically effective amount of a selective factor Xa
inhibitor or a pharmaceutically acceptable salt thereof; (b) from about 5 to about 99 volume
percent of a continuous oil phase comprising at least one pharmaceutically acceptable oil
comprising a Cogs triglyceride, a Cs.ss mono- and di-ester of propylene glycol, or mixtures
thereof; and (c) from about 1 to about 70 volume percent of a surfactant or surfactant mixture
comprising a Cg fatty acid salt, wherein the surfactant or surfactant mixture has a HLB value of at
least 7. In some embodiments, the pharmaceutical composition of a selective factor Xa inhibitor
further comprises an enhancer, wherein the enhancer is a medium chain fatty acid salt, an ester,
an ether, or a derivative of a medium chain fatty acid and has a carbon chain length of from about
4 to about 20 carbon atoms. In some embodiments, the pharmaceutical composition described
above can provide a stable and reproducible bioavailability of the selective factor Xa inhibitor.
The microemulsion composition is further described in U.S. Patent No. 5,633,226, which is
incorporated by reference in its entirety.

[0088] In some embodiments, the pharmaceutical composition described above can
provide a reproducible and predictable bioavailability, Cpex, or other pharmacokinetic
characteristic of the selective factor Xa inhibitor.

[0089] In some embodiments, in the pharmaceutical compositions described above, the
selective factor Xa inhibitor is fondaparinux or a pharmaceutically acceptable salt thereof.

[0090] Another aspect of the present invention provides a method for obtaining a
reproducible pharmacokinetic characteristic (e.g., bioavailability, Cyax, AUC, etc.) of a selective
factor Xa inhibitor in a subject after oral administration, comprising orally administering a
pharmaceutical composition of the present invention to said subject. In certain embodiments, the
composition comprises, consists essentially of, or consists of (a) a therapeutically effective

amount of a selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof and (b) an
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enhancer, wherein the enhancer is a medium chain fatty acid or a salt, ester, ether, or derivative of
a medium chain fatty acid and has a carbon chain length of from about 4 to about 20 carbon
atoms,

[0091] In some embodiments, the pharmaceutical composition comprises, consists
essentially of, or consists of: (a) from about 1 to about 80 weight percent of a pharmaceutically
acceptable oil; (b) from about 3 to about 98 weight percent (e.g., from about 3 to about 96.5
weight percent) surface active agents; (c) from about 2 to about 60 weight percent polyethylene
glycol; and (d) from about 0.5 to about 15 weight percent water; wherein the ratio of the
polyethylene glycol to water is at least 2:1.

[0092] In some embodiments, the pharmaceutical composition is in a form of a
transparent drug delivery composition, wherein the drug delivery composition comprises, consists
essentially of, or consists of: (a) from about 1 to about 80 weight percent of a pharmaceutically
acceptable oil; (b) from about 3 to about 98 weight percent (e.g., from about 3 to about 96.5
weight percent) surface active agents; (c) from about 2 to about 60 weight percent polyethylene
glycol; and (d) from about 0.5 to about 15 weight percent water; wherein the ratio of the
polyethylene glycol to water is at least 2:1.

[0093] In some embodiments, the pharmaceutical composition is an emulsion
composition, wherein an internal phase of the emulsion composition contains a therapeutically
effective amount of a selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof;
and the internal phase comprises or consists essentially of a polar, nonaqueous oxygen-containing,
pharmaceutically acceptable liquid selected from the group consisting of C, -Cso polyhydric
alcohols, poly(ethylene or propylene) glycols with 4-200 repeating units, C,-Cso ester derivatives
thereof, and C;-C;s ether derivatives thereof.

[0094] In some embodiments, the pharmaceutical composition is a water-in-oil
microemulsion composition, wherein the microemulsion composition converts to an oil-in-water
emulsion by the addition of water and the microemulsion composition comptises, consists
essentially of, or consists of (a) up to about 20 volume percent of an internal dispersed aqueous
phase containing a therapeutically effective amount of selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof, (b) from about 30 to about 99 volume percent of a
continuous oil phase comprising mono and di-esters of propylene glycol having from about 15 to
about 40 carbon atoms, and (c¢) from about 1 to about 70 volume percent of a surfactant or
mixture of surfactants, wherein the surfactant or surfactant mixture has a HLB value of from 7 to
14. ‘

[0095] In some embodiments, the pharmaceutical composition is a water-in-oil

microemulsion composition, wherein the microemulsion composition converts to an oil-in-water
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emulsion by the addition of water and the microemulsion composition comprises, consists
essentially of, or consists of (a) up to about 60 volume percent, based upon the total volume of
the microemulsion, of an internally dispersed aqueous phase containing a therapeutically
effective amount of a selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof,
(b) from about 5 to about 90 volume percent of a continuous oil phase comprising at least one
pharmaceutically acceptable oil; and (c) from about 1 to about 70 volume percent of a surfactant
or mixture of surfactants, wherein the surfactant or surfactant mixture has a HLB value of from 7
to 14.

[0096] In some embodiments, the pharmaceutical composition is a water-in-oil
microemulsion composition, wherein the microemulsion composition comprises, consists
essentially of, or consists of (a) from about 5 to about 99 volume percent of an oil phase
comprising at least one pharmaceutically acceptable oil; (b) up to about 60 volume percent of an
aqueous phase comprising water; (c) a therapeutically effective amount of a selective factor Xa
inhibitor or a pharmaceutically acceptable salt thereof; (d) from about 1 to about 70 volume
percent of a mixture of surfactants having a combined HLB value of from about 7 to about 14
comprising (i) a low HLB surfactant having a HLB below 8, said low HLB surfactant being at
least 40 percent by weight of a Cy monoglyceride, Cio monoglyceride, C;; monoglyceride, Ci,
monoglyceride, or Ci3 monoglyceride, and (ii) at least one surfactant having a HLB value above
about 8.

[0097] In some embodiments, the pharmaceutical composition is a water-in-oil
microemulsion composition, wherein the microemulsion composition comprises, consists
essentially of, or consists of (a) up to about 60 volume percent of an internal dispersed aqueous
phase containing a therapeutically effective amount of a selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof; (b) from about 5 to about 99 volume percent of a
continuous oil phase comprising at least one pharmaceutically acceptable oil comprising a Co.g3
triglyceride, a Cy.ss mono- and di-ester of propylene glycol, or mixtures thereof; and (c) from
about 1 to about 70 volume percent of a surfactant or surfactant mixture comprising a Cg fatty
acid salt, wherein the surfactant or surfactant mixture has a HLB value of at least 7.

[0098] One aspect of the present invention provides a method for obtaining a
reproducible pharmacokinetic characteristic (e.g., bioavailability, Cmax, AUC, etc.) of a selective
factor Xa inhibitor in a subject after oral administration, comprising orally administering a
pharmaceutical composition of the invention to said subject.

[0099] In some embodiments of the invention, the pharmaceutical compositions of the
invention provide a bioavailability of the selective factor Xa inhibitor or a pharmaceutically

acceptable salt thereof of at least about 5% when orally administered to a human subject, e.g., at
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least about 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25% or more.
In other embodiments of the invention, the pharmaceutical compositions of the invention provide
a bioavailability of the selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof
of at least about 5% when intraduodenally administered to a beagle dog, e.g., at least about 5, 6, 7,
8,9,10,11, 12,13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, or 25% or more.

[0100] In some embodiments, the invention encompasses any pharmaceutical
composition (e.g., compositions equivalent to the compositions described herein) that provides a
bioavailability of the selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof of
at least about 5% when orally administered to a human subject, e.g., at least about 5, 6,7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25% or more. In other embodiments, the
invention encompasses any pharmaceutical composition (e.g., compositions equivalent to the
compositions described herein) that provides a bioavailability of the selective factor Xa inhibitor
or a pharmaceutically acceptable salt thereof of at least about 5% when intraduodenally
administered to a beagle dog, e.g., at least about 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, or 25% or more.

[0101] In certain embodiments of the invention, the pharmaceutical compositions of
the invention provide a reproducible bioavailability from subject to subject after oral
administration, e.g., a decreased coefficient of variation (CV) relative to the CV of unenhanced
compositions. In some embodiments, the CV for bioavailability is less than about 60%, e.g., less
than about 60, 55, 50, 45, 40, 35, 30, 25, 20, 15% or less when orally administered to human
subjects. In other embodiments, the CV for bioavailability is less than about 60%, e.g., less than
about 60, 55, 50, 45, 40, 35, 30, 25, 20, 15% or less when intraduodenally administered to beagle
dogs.

[0102] In certain embodiments of the invention, the pharmaceutical compositions of
the invention provide a reproducible Ciay from subject to subject after oral administration, e.g., a
decreased coefficient of variation (CV) relative to the CV of unenhanced compositions. In some
embodiments, the CV for Cyay is less than about 70%, e.g., less than about 70, 65, 60, 55, 50, 45,
40, 35, 30, 25, 20, 15% or less when orally administered to human subjects. In other
embodiments, the CV for Cpax is less than about 70%, e.g., less than about 70, 65, 60, 55, 50, 45,
40, 35, 30, 25, 20, 15% or less when intraduodenally administered to beagle dogs.

[0103] In certain embodiments of the invention, the pharmaceutical compositions of
the invention provide a reproducible AUC from subject to subject after oral administration, e.g., a
decreased coefficient of variation (CV) relative to the CV of unenhanced compositions. In some
embodiments, the CV for AUC is less than about 60%, e.g., less than about 60, 55, 50, 45, 40, 35,

30, 25, 20, 15% or less when orally administered to human subjects. In other embodiments, the
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CV for AUC is less than about 60%, e.g., less than about 60, 55, 50, 45, 40, 35, 30, 25, 20, 15%
or less when intraduodenally administered to beagle dogs.

[0104] In some embodiments of the invention, the dose of selective factor Xa inhibitor
administered to a subject is a dose sufficient to treat or prevent a medical condition. For example,
the total dose administered to a subject can be in the range of about 2 to about 200 mg or more,
e.g.,about 2, 4, 6, 8, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 120,
140, 160, 180, or 200 mg or more or any range therein. The dosage forms of the invention can
comprise any convenient amount of selective factor Xa inhibitor, e.g., about 1, 2.5, 5, 7.5, 10, 15,
20, 25, 30, 35, 40, 45, 50, 55, 60, 70, 75, 80, 85, 90, 95, 100, 125, 150, 175, or 200 mg or more.

[0105] In some embodiments, in the methods described above, the selective factor Xa
inhibitor is fondaparinux or a pharmaceutically acceptable salt thereof.

[0106] The present invention will now be described in more detail with reference to the
following examples. However, these examples are given for the purpose of illustration and are
not to be construed as limiting the scope of the invention.

[0107] In the examples, it can be seen that the formulations of the present invention can
achieve a bioavailability increase for fondaparinux of over 9% as compared to subcutaneous
injection and in certain formulations, over a 16% bioavailability increase in achieved, even up to
a 18.5% bioavailability increase. It can also be seen that the formulations of the present invention
significantly increased the bioavailability of the drug (fondaparinux) and decreased the variability
of absorption compared to an unenhanced formulation. Comparable pharmacokinetic profiles
were obtained with most preferred fondaparinux formulations to that shown with the
subcutaneous reference injection. The greatest improvement in the examples is seen with the

microemulsion formulations (GIPET™ 11 in the examples).

EXAMPLE 1

Bioavailability of oral dosage forms of fondaparinux

[0108] The aim of the study was to determine the feasibility of preparing an oral
dosage form of fondaparinux using Gastrointestinal Permeation Enhancement Technology
(GIPET™) penetration enhancing technology. An intraduodenally cannulated dog model was
used to determine fondaparinux bioavailability from solutions of fondaparinux in GIPET™
matrices administered directly into the duodena of beagle dogs. GIPET™ I technology involves
the use of entetic coated tablets while GIPET™ II technology is microemulsion based within an
enteric coated soft gel/hard capsule shell. Two GIPET™ I formulations (high and low) and two

GIPET™ 11 formulations (Form I and Form II) were prepared with the components listed in
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Tables 1 and 2. An unenhanced solution was administered as a control, and a subcutaneous (s.c.)

injection was administered as a reference dosage form.

Table 1
TI Designation Formulation Dosing
Dose Formulation Volume Flush
fondaparinux
Test Item 1 | Reference 1 mg ARIXTRA® 2.5 0.2 mL -
subcutaneous mg/0.5 mL isotonic
saline
Test Item 2 | Reference 5mg In water 10 mL 3mL
Unenhanced
Test Item 3 | GIPET ™ I 5mg In solution containing | 10 mL 3 mL
(High) 550 mg C10
Test Item 4 | GIPET ™I 5 mg In solution containing | 10mL | +3mL
(Low) 275 mg C10
Test Item 5 | GIPET ™ II 5mg In Capmul® MCM 1 mL 12 mL
Form I based microemulsion
Test Item 6 | GIPET " II 5 mg In Capmul® MCM 1 mL 12 mL
Form 11 C10 based
microemulsion
Table 2
Capmul MCM Capmul MCM
Based C10 Based
Raw Material % %
Captex® 300 5.0 13.3
(Glyceryl tricaprylate caprate)
Capmul® MCM 41.9 -
(Glyceryl caprylate caprate)
Capmul® MCM C10 - 36.6
(Glyceryl caprate)
Tween® 80 21.3 21.3
(Polyethylene oxide sorbitan mono-oleate)
PEG 400 23.3 23.3
Purified water 8.0 5.0
fondaparinux 0.5 0.5

[0109] Five female beagle dogs had previously been surgically implanted with

duodenal access ports (DAPs). Each DAP is connected to a cannula which is inserted into the
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duodenum. Blood samples were taken at appropriate intervals after administration of each test
item and assayed for anti-Factor Xa activity.

[0110] The study consisted of six (6) test items: a reference dose of commercially
available fondaparinux (subcutaneous injection), an unenhanced aqueous formulation, and four (4)
GIPET™ liquid formulations, The test items were administered weekly as single bolus doses.
Test item details are given in Table 1.

[0111] The pharmacokinetic results summary is shown in Table 3 and the raw data is
shown in Tables 4-15. Plasma concentration levels are shown in Fig. 1. The 1 mg subcutaneous
injection of fondaparinux had a t2 of 73 h (CV 38.5%) and Cpx of 1.9 IU/mL. Bioavailability
levels and CV are shown in Fig. 2. The bioavailability (Fr vs. sc) of the unenhanced
fondaparinux solution administered to dogs by intra-duodenal instillation was 5.8% (CV 41.7%),
with a t'2 of 8.1 h (CV 33.2%) and Cpax of 0.6 TU/mL.,

[0112] Bioavailabilities over 16% of fondaparinux were achieved when administered in
either a GIPET™ I or GIPET™ II formulation (Table 3). The bioavailability varied, depending
on the formulation type (GIPET™ I or GIPET™ IT) and the amount of GIPET I enhancer dosed.
Administration of fondaparinux in a GIPET™ I matrix increased the bioavailability up to 16.9%
(GIPET I High), while also lowering the variability of absorption (CV 19.8%, GIPET [ High). A
greater concentration of GIPET™ I enhancer resulted in an increase in absorption of the active.
There was a decrease in the variability between animals by increasing the dose of GIPET™ 1.
Comparison of the Cpa, showed that variability of the Cpa in the GIPET I High formulation (CV
9.0%) was approximately equivalent to the s.c. injection (CV 6.8%).

[0113] There was also a significant increase in bioavailability of fondaparinux on
administration with GIPET™ II versus the unenhanced formulation (Table 3). Administration of
fondaparinux in a GIPET™ II matrix increased the bioavailability up to 18.5% (GIPET™ II Form
I) while also lowering the variability of absorption (CV 32.0%, GIPET™ II Form I). The
estimates of t"? were similar after administration of all treatments compared to the subcutaneous
injection.

[0114] Conclusions from the study are that administration of fondaparinux in a
GIPET™ I and/or GIPET™ II formulation significantly increased the bioavailability of the drug
and decreased the variability of absorption compared to an unenhanced formulation. Comparable
pharmacokinetic profiles were obtained with lead 5 mg fondaparinux/GIPET™ formulations to
that shown with the subcutaneous reference injection (1 mg fondaparinux).

[0115] The foregoing is illustrative of the present invention and is not to be construed
as limiting thereof. Although a few exemplary embodiments of this invention have been

described, those skilled in the art will readily appreciate that many modifications are possible in

27



WO 2011/120033 PCT/US2011/030159

the exemplary embodiments without materially departing from the novel teachings and
advantages of this invention. Accordingly, all such modifications are intended to be included
within the scope of this invention as defined in the claims. Therefore, it is to be understood that
the foregoing is illustrative of the present invention and is not to be construed as limited to the
specific embodiments disclosed, and that modifications to the disclosed embodiments, as well as
other embodiments, are intended to be included within the scope of the appended claims. The

invention is defined by the following claims, with equivalents of the claims to be included therein.
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THAT WHICH IS CLAIMED IS:

1. A pharmaceutical composition for oral administration, comprising a
therapeutically effective amount of a selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof and an enhancer, wherein the enhancer is
a medium chain fatty acid or a salt, ester, ether, or derivative of a medium chain

fatty acid and has a carbon chain length of from about 4 to about 20 carbon atoms.

2. The pharmaceutical composition of Claim 1, wherein said selective factor Xa

inhibitor is an oligosaccharide.

3. The pharmaceutical composition of Claim 1, wherein said selective factor Xa

inhibitor is a pentasaccharide.

4, The pharmaceutical composition of Claim 1, wherein said selective factor Xa

inhibitor is fondaparinux or a pharmaceutically acceptable salt thereof.
5. The pharmaceutical composition of Claim 1, wherein the enhancer is a salt of a
medium chain fatty acid which has a carbon chain length of from 6 to 20 carbon

atoms.

6. The pharmaceutical composition of Claim 1, wherein the enhancer is a salt of a

medium chain fatty acid and is solid at room temperature.

7. The pharmaceutical composition of Claim 1, wherein the carbon chain length is

from 8 to 14 carbon atoms.

8. The pharmaceutical composition of Claim 1, wherein the enhancer is a sodium

salt of a medium chain fatty acid.

9. The pharmaceutical composition of Claim 1, wherein the enhancer is selected

from the group consisting of sodium caprylate, sodium caprate and sodium laurate.
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10.

11.

12.

13,

14.

15.

16.

17.

18.

19.

The pharmaceutical composition of Claim 1, wherein the selective factor Xa
inhibitor and the enhancer are present in a ratio of from 1:100,000 to 10:1

inhibitor:enhancer.

A solid oral dosage form comprising the pharmaceutical composition of any one

of claims 1-10.

The solid oral dosage form of Claim 11, wherein the dosage form is a tablet, a

capsule or a multiparticulate dosage form.

The solid oral dosage form of Claim 11, wherein the dosage form is a controlled

release dosage form.

The solid oral dosage form of Claim 12, wherein the tablet further comprises a

rate controlling polymer material.

The solid oral dosage form of claim 14, wherein the rate-controlling polymer is

hydroxypropyl methylcellulose.

The solid oral dosage form of Claim 14, wherein the rate-controlling polymer is a
polymer of acrylic or methacrylic acid or their respective esters or copolymers of

acrylic or methacrylic acid or their respective esters.

The solid oral dosage form of Claim 14, wherein the selective factor Xa inhibitor
and enhancer and at least one auxiliary excipient are compressed into tablet form

prior to coating with a rate controlling polymer or delayed release polymer.
The solid oral dosage form of Claim 14, wherein the selective factor Xa inhibitor,
the enhancer, the rate controlling polymer and at least one auxiliary excipient are

comptressed to form a controlled release matrix tablet.

The solid oral dosage form of Claim 18, wherein the controlled release matrix

tablet is coated with a rate-controlling polymer or delayed release polymer.
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20.

21.

22,

23,

24,

25.

26.

27.

28.

29.

The solid oral dosage form of Claim 14, wherein the selective factor Xa inhibitor,
the enhancer and at least one auxiliary excipient are compressed into the form of a
multilayer tablet prior to coating with a rate controlling-polymer or delayed

release polymer.

The solid oral dosage form of Claim 14, wherein the selective factor Xa inhibitor
and enhancer are dispersed in the rate-controlling polymer material and

compressed into the form of a multilayer tablet.

The solid oral dosage form of Claim 21, wherein the multilayer tablet is coated

with a rate-controlling polymer or delayed release polymer.

The solid oral dosage form of Claim 14, wherein the selective factor Xa inhibitor,
the enhancer, at least one auxiliary excipient, and the rate-controlling polymer

material are combined into a multiparticulate form.,

The solid oral dosage form of Claim 23, wherein the multiparticulate form

comprises discrete particles, pellets, minitablets, or combinations thereof.
The solid oral dosage form of Claim 24 comprising a blend of two or more
populations of particles, pellets or mini-tablets having different in vitro or in vivo

release characteristics.

The solid oral dosage form of Claim 23, wherein the multiparticulate is

encapsulated in hard or soft gelatin capsules.

The solid oral dosage form of Claim 26, wherein the capsule is coated with a rate-

controlling polymer or delayed release polymer.

The solid oral dosage form of Claim 23, wherein the multiparticulate is

incorporated into a sachet.

The solid oral dosage form of Claim 24, wherein the discrete particles or pellets

are compressed into tablet form.
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30.

31.

32.

33.

34.

35.

The solid oral dosage form of Claim 29, wherein the tablet form is coated with a

rate controlling polymer material or delayed release polymer.

The solid oral dosage form of Claim 24, wherein the discrete particles or pellets

are compressed into a multilayer tablet.

The solid oral dosage form of Claim 31, wherein the multilayer tablet is coated

with a rate controlling material or delayed release polymer.

A process for manufacturing a solid oral dosage form of a pharmaceutical
composition comprising the steps of:

a) blending a selective factor Xa inhibitor or a pharmaceutically acceptable
salt thereof with an enhancer and optionally additional excipients to form a blend;
wherein the enhancer is a medium chain fatty acid salt, an ester, an ether, or a
derivative of a medium chain fatty acid and has a carbon chain length of from
about 4 to about 20 carbon atoms; and

b) forming a solid oral dosage from the blend by

i) directly compressing the blend to form the solid oral dosage form, or

ii) granulating the blend to form a granulate for incorporation into the
solid oral dosage form, or

iii) spray drying the blend to form a multiparticulate for incorporation into

the solid oral dosage form.

The process according to Claim 33, wherein the selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof and the enhancer are blended in a ratio of

from 1:100,000 to 10:1 inhibitor:enhancer.

A pharmaceutical composition of a selective factor Xa inhibitor for oral
administration comprising:
a) from about 1 to about 80 weight percent of a pharmaceutically acceptable
oil;
b) from about 3 to about 98 weight percent surface active agents;
¢) from about 2 to about 60 weight percent polyethylene glycol;

d) from about 0.5 to about 15 weight percent water; and
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e) a therapeutically effective amount of a selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof;

wherein the ratio of the polyethylene glycol to water is at least 2:1.

36. A pharmaceutical composition of a selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof for oral administration which is a stable,
transparent drug delivery composition, wherein the drug delivery composition
comprises:

a) from about 1 to about 80 weight percent of a pharmaceutically acceptable
oil;

b) from about 3 to about 98 weight percent surface active agents;

¢) from about 2 to about 60 weight percent polyethylene glycol;

d) from about 0.5 to about 15 weight percent water; and

e) a therapeutically effective amount of a selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof;

wherein the ratio of the polyethylene glycol to water is at least 2:1.

37. A pharmaceutical composition of a selective factor Xa inhibitor for oral
administration which is an emulsion composition, wherein an internal phase of the
emulsion composition contains a therapeutically effective amount of a selective
factor Xa inhibitor or a pharmaceutically acceptable salt thereof; and the internal
phase comprises a polar, nonaqueous oxygen-containing, pharmaceutically
acceptable liquid selected from the group consisting of C,-Cso polyhydric alcohols,
poly(ethylene or propylene) glycols with 4-200 repeating units, Co-Cso ester

derivatives thereof, and C;-Cs ether derivatives thereof.

38. A pharmaceutical composition of a selective factor Xa inhibitor for oral
administration which is a water-in-oil microemulsion composition, wherein the
microemulsion composition convetts to an oil-in-water emulsion by the addition
of water and the microemulsion composition comprises: (a) up to about 20
volume percent of an internal dispersed aqueous phase containing a
therapeutically effective amount of a selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof, (b) from about 30 to about 99 volume
percent of a continuous oil phase comprising mono and di-esters of propylene

glycol having from about 15 to 40 carbon atoms, and (c) from about 1 to about 70
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39.

40.

41,

volume percent of a surfactant or mixture of surfactants, wherein the surfactant or
surfactant mixture has a hydrophilic-lipophilic balance (HLB) value of from 7 to
14.

A pharmaceutical composition of a selective factor Xa inhibitor for oral
administration which is a water-in-oil microemulsion composition, wherein the
microemulsion composition converts to an oil-in-water emulsion by the addition
of water and the microemulsion composition comprises: (a) up to about 60
volume percent, based upon the total volume of the microemulsion, of an
internally dispersed aqueous phase containing a therapeutically effective amount
of a selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof, (b)
from about 5 to about 90 volume percent of a continuous oil phase comprising at
least one pharmaceutically acceptable oil; and (c) from about 1 to about 70
volume percent of a surfactant or mixture of surfactants, wherein the surfactant or

surfactant mixture has a HLB value of from 7 to 14.

A pharmaceutical composition of a selective factor Xa inhibitor for oral
administration which is a water-in-oil microemulsion composition, wherein the
microemulsion composition comprises; (a) from about 5 to about 99 volume
percent of an oil phase comprising at least one pharmaceutically acceptable oil; (b)
up to about 60 volume percent of an aqueous phase comprising water; (c) a
therapeutically effective amount of a selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof; (d) from about 1 to about 70 volume
percent of a mixture of surfactants having a combined HLB value of from about 7
to about 14 comprising (i) a low HLB surfactant having a HLB below 8, said low
HLB surfactant being at least 40 percent by weight of a Cy monoglyceride, Cjo
monoglycéride, Ci; monoglyceride, Ci, monoglyceride, or Ci3 monoglyceride,

and (ii) at least one surfactant having a HLB value above about 8.

A pharmaceutical composition of a selective factor Xa inhibitor for oral
administration which is a water-in-oil microemulsion composition, wherein the
microemulsion composition comprises: (a) up to about 60 volume percent of an
internal dispersed aqueous phase containing a therapeutically effective amount of
a selective factor Xa inhibitor or a pharmaceutically acceptable salt thereof; (b)

from about 5 to about 99 volume percent of a continuous oil phase comprising at
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42,

43,

44,

45.

46.

47,

least one pharmaceutically acceptable oil comprising a Co.g3 triglyceride, a Cs.ss
mono- and di-ester of propylene glycol, or mixtures thereof; and (c¢) from about 1
to about 70 volume percent of a surfactant or surfactant mixture comprising a Cg
fatty acid salt, wherein the surfactant or surfactant mixture has a HL.B value of at

least 7.

The pharmaceutical composition according to any one of Claims 35-41, further
comprising an enhancer which is a medium chain fatty acid or a salt, ester, ether,
or derivative of a medium chain fatty acid and has a carbon chain length of from

about 4 to about 20 carbon atoms.

The pharmaceutical composition according to any one of Claims 35-42, wherein
the selective factor Xa inhibitor is fondaparinux or a pharmaceutically acceptable

salt thereof.

A solid oral dosage form comprising the pharmaceutical composition of any one

of claims 35-43.

The pharmaceutical composition or solid oral dosage form of any one of Claims
1-32 and 35-44, wherein said pharmaceutical composition provides a
bioavailability of the selective factor Xa inhibitor or a pharmaceutically
acceptable salt thereof of at least about 10% when orally administered to a human

subject.

The pharmaceutical composition or solid oral dosage form of any one of Claims
1-32 and 35-44, wherein said pharmaceutical composition provides a
bioavailability of the selective factor Xa inhibitor or a pharmaceutically
acceptable salt thereof of at least about 15% when orally administered to a human

subject.

The pharmaceutical composition or solid oral dosage form of any one of Claims
1-32 and 35-44, wherein said pharmaceutical composition provides a
bioavailability of the selective factor Xa inhibitor or a pharmaceutically
acceptable salt thereof of at least about 20% when orally administered to a human

subject.
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48.

49,

50.

S1.

52.

53.

54,

The pharmaceutical composition or solid oral dosage form according to any one
of Claims 1-32 and 35-44, wherein the bioavailability of the selective factor Xa
inhibitor or a pharmaceutically acceptable salt thereof has a coefficient of

variation of no more than about 60%.

The pharmaceutical composition or solid oral dosage form according to any one
of Claims 1-32 and 35-44, wherein the bioavailability of the selective factor Xa
inhibitor or a pharmaceutically acceptable salt thereof has a coefficient of

variation of no more than about 30%.

The pharmaceutical composition or solid oral dosage form according to any one
of Claims 1-32 and 35-44, wherein the bioavailability of the selective factor Xa
inhibitor or a pharmaceutically acceptable salt thereof has a coefficient of

variation of no more than about 20%.

A pharmaceutical composition comprising a selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof, wherein said pharmaceutical
composition provides a bioavailability of the selective factor Xa inhibitor or a
pharmaceﬁtically acceptable salt thereof of at least about 10% when orally

administered to a human subject.

The pharmaceutical composition of claim 51, wherein said pharmaceutical
composition provides a bioavailability of the selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof of at least about 15% when orally

administered to a human subject.

The pharmaceutical composition of claim 52, wherein said pharmaceutical
composition provides a bioavailability of the selective factor Xa inhibitor or a
pharmaceutically acceptable salt thereof of at least about 20% when orally

administered to a human subject.

A solid oral dosage form comprising the pharmaceutical composition of any one

of claims 51-53,
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55. A method of treating or preventing a medical condition, comprising administering
to a subject in need of such treatment or prevention the pharmaceutical

composition or solid oral dosage form of any one of Claims 1-32 and 35-54.

56. The method of claim 55, wherein said medical condition is a thromboembolic

condition.

57. A method for obtaining a reproducible bioavailability of selective factor Xa
inhibitor in a subject after oral administration, comprising orally administering to
said subject the pharmaceutical composition or solid oral dosage form of any one

of Claims 1-32 and 35-54,

58. The method according to Claim 57, wherein the selective factor Xa inhibitor is

fondaparinux or a pharmaceutically acceptable salt thereof.
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payment of a protest fee.

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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