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GABAPENTIN PRODRUG SUSTAINED RELEASE ORAL DOSAGE FORMS

Field

The present disclosure relates to sustained release oral dosage forms of

1-{[(a—isobutanoyloxyethoxy)carbonyl]Jaminomethyl}-1-cyclohexane acetic acid and to
methods of treating or preventing diseases and disorders for which gabapentin 1s

therapeutically effective by administering such dosage forms.

Background

1-{[(a-1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid,
(1), a prodrug of the gamma aminobutyric acid (GABA) analog gabapentin (2), has high
bioavailability as gabapentin when dosed either orally or directly into the colonof a
mammal (Gallop er al., International Publication No. WO 02/100347; Cundy et al., J
Pharmacol Exp Ther. 2004, 31 1:315-323; Cundy et al., J Pharmacol Exp Ther. 2004,
311:324-333. The high bioavailability makes compound (1) a valuable component of oral
dosage forms (including sustained-release dosage forms) useful for treating or preventing
epilepsy, pain (especially, neuropathic pain and muscular and skeletal pain), depression,
anxiety, psychosts, faintness attacks, hypokinesia, cranial disorders, neurodegenerative
disorders, panic, inflammatory disease (i.e., arthritis), insomnia, gastrointestinal disorders,

hot flashes, restless legs syndrome, urinary incontinence, and ethanol withdrawal syndrome.

O /'\ O
W/U\o OJLN oF H,N o
H o O
(1) | (2)

Compound (1), prepared as described in Gallop et al., International Publication No. WO

02/100347 is 1solated as a glassy solid after lyophilization from aqueous acetonitrile. The
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material obtained by this process is partially or wholly amorphous and certain alkali ﬁetal
salt forms are hygroscopic. More recently, a crystalline form of
1-{[(a-1s0butanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid and
methods for its synthesis have been described (Estrada et al., International Publication No.
WO 2005/037784). The crystalline form of compound (1) has improved physicochemical

properties useful in pharmaceutical processing and pharmaceutical compositions.

Summary
Disclosed herein are sustained release oral dosage forms of compound (1). In

certain embodiments, sustained release oral dosage forms of compound (1) when

administered to one or more fasted human patients at a dose of
1-{[(a—1sobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid ranging
from about 1100 mg to about 1300 mg provide a gabapentin plasma concentration profile
characterized by a Cp,x ranging from about 3 pg/mL to about 6 pg/mL, a Ty ranging from
about 4 hours to about 7 hours, and an AUC ranging from about 30 pg-hr/mL to about 70
png-hr/mL; or when administered to one or more fed human patients at a dose of

1-{[(a—1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid ranging
from about 1100 mg to about 1300 mg provide a gabapentin plasma concentration profile

characterized by a Cp.x ranging from about 5 pug/mL to about 8 pg/mL, a Ty, ranging from
about 6 hours to about 11 hours, and an AUC ranging from about 60 pug-hr/mL to about 110
ng-hr/mL.

Dosage forms can be, for example, tablets comprising (a) about 10 wt% to about 80

wt% of compound (1) and (b) about 1 wt% to about 50 wt% of a release rate-modifying
polymer, where wt% 1s based on the total dry weight of the dosage form. Suitable release

. rate-modifying polymers include glyceryl esters, such as glyceryl monostearate, glyceryl
behenate, glyceryl palmitostearate, lauroyl macrogol glyceride, and stearoyl macrogol
glycenide. Other suitable release rate-modifying polymers include methacrylate
copolymers, ammonioalkyl methacrylate copolymers, and copolymers and combinations
thereof.

When administered orally to a patient (i.e., by the patient swallowing the tablet), the
dosage forms can provide a curve of concentration of gabapentin in the plasma over time,

the curve having the shape and time to maximum plasma concentration (Tmax) Shown in
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the drawings.

According to one aspect of the present invention, there is provided a sustained
release oral tablet comprising: (a) 10 wt% to 80 wt% of
1-{[(a-isobutanoyloxyethoxy)carbonyl]Jaminomethyl}-1-cyclohexane acetic acid; and (b)

1 wt% to 30 wt% of glyceryl behenate; wherein wt% is based on the total dry weight of the
tablet, which tablet: when administered to one or more fasted human patients at a dose of
1-{[(a-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid ranging
from 1100 mg to 1300 mg provides a gabapentin plasma concentration profile characterized
by a Cax ranging from 3 pg/mL to 6 pg/mL, a Trax ranging from 4 hours to 7 hours, and an
AUC ranging from 30 pg-hr/mL to 70 pg-hr/mL; or when administered to one or more fed
human patients at a dose of 1-{[(a-isobutanoyloxyethoxy)carbonyl]Jaminomethyl } -
I-cyclohexane acetic acid ranging from 1100 mg to 1300 mg provides a gabapentin plasma
concentration profile characterized by a Cpa ranging from 5 pg/mL to 8 pg/mL, a Thax

ranging from 6 hours to 11 hours, and an AUC ranging from 60 pg-hr/mL to 110 pg-hr/mL.

According to another aspect of the present invention, there 1s provided a
sustained release oral tablet comprising: (a) 10 wt% to 80 wt% of
1-{[(a-isobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid; and (b)

1 wt% to 50 wt% of glyceryl behenate; wherein wt% is based on the total dry weight ot the
tablet, which tablet when placed in 10 mM monobasic potassium phosphate bufter and

1% (wt/volume) sodium lauryl sulfate at pH 7.4 and 37 °C agitated at 50 rpm (USP, Type 11),

releases 20% of the 1-{[(a-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane

acetic acid after 2 hours, 50% after 5 hours, and 80% after 8 hours.

According to other aspects of the present invention, there is provided a tablet
as described herein for treating restless legs syndrome or post-herpetic neuralgia in a patient

in need thereof.
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(b) 1 wt% to 30 wt% of a fatty compound; wherein wt% is based on the total dry
weight of the tablet, which tablet when placed in 10 mM monobasic potassium
phosphate buffer and 1% (wt/volume) sodium lauryl sulfate at pH 7.4 and 37°C
agitated at 50 rpm (USP, Type Il) releases 30% of the 1-{[(a-

5 isobutanoyloxyethoxy)carbonyllJaminomethyl}-1-cyclohexane acetic acid after
5 hours, a 60% after 10 hours, and 80% after 15 hours.

According to still another aspect of the present invention, there is

provided a sustained release oral tablet, comprising: 45.8 wt%
1-{[(a-isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid;

10 39.56 wt% dibasic calcium phosphate; 4.58 wt% glyceryl behenate; 6.11 wt% talc;
0.41 wt% colloidal silicon dioxide; 1.84 wt% sodium lauryl sulfate; and 1.69 wt%

magnesium stearate; which tablet is optionally coated.

According to a further aspect of the present invention, there is provided

a sustained release oral tablet comprising: (a) 10 wt% to 80 wt% of

15 1-{[(a-i1sobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid; and
(b) 1 wt% to 30 wt% of a release-rate modifying polymer; wherein wt% is based on
the total dry weight of the dosage form, which tablet is: for administration to one or

more fasted human patients at a dose of
1-{[(a-isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid

20 ranging from 1100 mg to 1300 mg and provision of a gabapentin plasma
concentration profile characterized by a Cax ranging from 3 ug/mL to 6 ug/mL,
a Tmax ranging from 4 hours to 7 hours, and an AUC ranging from 30 ugeshr/mL to
70 pgehr/mL; or for administration to one or more fed human patients at a dose of
1-{[(a-isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid

25 ranging from 1100 mg to 1300 mg and provision of a gabapentin plasma
concentration profile characterized by a C,a ranging from 5 ug/mL to 8 ug/mL,
a Tmax ranging from 6 hours to 11 hours, and an AUC ranging from 60 pgeshr/mL to

110 pgehr/imlL.
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According to yet a further aspect of the present invention, there is
provided a sustained release oral tablet comprising: (a) 10 wt% to 80 wt% of
1-{[(a-Isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid; and
(b) 1 wt% to 30 wt% of a release-rate modifying polymer; wherein wt% is based on

5 the total dry weight of the tablet, which tablet when placed in 10 mM monobasic
potassium phosphate buffer and 1% (wt/volume) sodium lauryl sulfate at pH 7.4 and
37°C agitated at 50 rom (USP, Type ll), releases 20% of the
1-{[(a-isobutanoyloxyethoxy)carbonyllJaminomethyl}-1-cyclohexane acetic acid after
2 hours, 50% after 5 hours, and 80% after 8 hours.

10 According to still a further aspect of the present invention, there is
provided a sustained release oral tablet comprising: (a) 10 wt% to 80 wt% of
1-{[(a-1sobutanoyloxyethoxy)carbonyllJaminomethyl}-1-cyclohexane acetic acid; and
(b) 1 wt% to 30 wt% of a release-rate modifying polymer; wherein wt% is based on
the total dry weight of the tablet, which tablet when placed in 10 mM monobasic

15 potassium phosphate buffer and 1% (wt/volume) sodium lauryl sulfate at pH 7.4 and
37°C agitated at 50 rpm (USP, Type ll) releases 30% of the
1-{[(a-Isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid after
5 hours, a 60% after 10 hours, and 80% after 15 hours.

According to other aspects of the present invention, there is provided a

20 tablet as described herein for treating restless legs syndrome or post-herpetic
neuralgia in a patient in need thereof.
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Brief Description of the Drawings

FIG. 1 is a graph of mean concentrations £ SD of gabapentin in plasma afier oral

administration of sustained release tablets containing compound (1) (2 x 600 mg) to fasted

patients (Treatment A) as described in Example 3.
FIG. 2 1s a graph of mean concentrations + SD of gabapentin in plasma after oral

administration of sustained release tablets containing compound (1) (2 x 600 mg) to fed
patients (Treatment B) as described in Example 3.

FIG. 3 is a graph of mean concentrations of gabapentin in plasma after oral

administration of sustained release tablets containing compound (1) (1 x 300 mg; 1 x 600
mg; and 2 x 600 mg) to fed patients (Treatment B) as described 1n Example 4.
FIG. 4 1s a graph of mean concentrations + SD of gabapentin in blood after oral

administration of a sustained release tablet containing compound (1) (1 x 600 mg) to fasted

adult male Cynomologous monkeys as described in Example 5.

FIG. 5 1s a graph of mean concentrations + SD of gabapentin in blood after oral

administration of a sustained release tablet containing compound (1) (1 x 600 mg) to fasted
adult male Cynomologous monkeys as described in Example 7.

FIG. 6 shows an in vitro dissolution profile of a dosage form of the present
disclosure prepared as descnibed in Example 1.

FIGS. 7A and 7B shows in vitro dissolution profiles of other dosage forms of the
present disclosure prepared as described in Example 2.

FIG. 8 shows an in vitro dissolution profile of another dosage form of the present

disclosure prepared as described in Example 6.

Detailed Description

Definitions
“AUC” 1s the area under a curve representing the concentration of a compound or
metabolite thereof in a biological fluid 1n a patient as a function of time following
administration of the compound to the patient. In certain embodiments, the compound can
be a prodrug and the metabolite can be a drug. Examples of biological fluids include blood
and plasma. The AUC can be determined by measuring the concentration of a compound or
metabolite thereof 1n a biological fluid such as the plasma or blood using methods such as

liguid chromatography-tandem mass spectrometry (LC/MS/MS), at various time intervals,
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and calculating the area under the plasma concentration-versus-time curve. Suitable
methods for calculating the AUC from a drug concentration-versus-time curve are well
known 1n the art. As relevant to the disclosure here, an AUC for gabapentin can be
determined by measuring the concentration of gabapentin in the plasma and/or blood of a
patient following oral administration of a dosage form comprising compound (1),
1-{[(a—1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid.

“Bioavailability” refers to the rate and amount of a drug that reaches the systemic

circulation of a patient following administration of the drug or prodrug to the patient and
can be determined by evaluating, for example, the plasma and/or blood concentration-
versus-time profile for a compound. Parameters useful in characterizing a plasma and/or
blood concentration-versus-time curve include the area under the curve (AUC), the time to
peak concentration (Thax), and the maximum drug concentration (Cpax).

“Bioequivalence” refers to equivalence of the rate and extent of absorption of a drug

after administration of equal doses of the drug or prodrug to a patient. As used herein, two
plasma or blood concentration profiles are bioequivalent if the 90% confidence interval for
the ratio of the mean response of the two profiles is within the limits of 0.8 and 1.25. The
mean response includes at least one of the characteristic parameters of a profile such as
Cinax, Lmax, and AUC.
- “Cmax 18 the maximum concentration of a drug in the plasma or blood of a patient

tfollowing administration of a dose of the drug or prodrug to the patient.

“Tmax 1S the time to the maximum concentration (C,.x) of a drug in the plasma or
blood of a patient following administration of a dose of the drug or prodrug to the patient.

“Fasted patient” refers to a patient whose stomach is substantially free of food at the
time a dose 1s administered to the patient and for at least 4 hours following administration.
The time at which a patient’s stomach becomes substantially free of food following a meal
can depend on a number of factors including, for example, the size of the meal such as the
number of calories, the content of the meal such as the fat content, the health of the patient,
and the condition of the patient’s gastrointestinal tract. The stomach of a healthy human
subject 1s typically substantially free of food after about 4 to about 8 following ingestion of
food. In certain embodiments, a fasted patient does not eat any food (but can ingest any
amount of water or clear liquid) from about 10 hours prior to dosing until about 4 hours

after dosing, drinks about 250 mL of water about 2 hours and about 1 hour prior to dosing
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and about 250 mL of water about 2 hours after dosing, eats a lunch about 4 hours after

dosing, and eats a dinner about 10 hours after dosing.

“Fed patient” refers to a patient whose stomach contains food. In certain

embodiments, a fed patient begins eating a test meal about 30 minutes prior to dosing and
completes eating the test meal about 5 minutes prior to dosing, eats a lunch 4 hours after
dosing, and eats.a dinner about 10 hours after dosing. The test meal comprises a high fat
(about 50% of the total number of calories in the test meal) and high calorie (about 1000
total calories) breaktast such as, for example, 2 eggs fried 1n butter, 2 strips of bacon, 2
slices of wheat toast with butter, 4 ounces of hash brown potatoes, and 8 ounces of whole
milk. The test meal contains about 150 protein calonies, 250 carbohydrate calories, and
about 500 to 600 fat calones.

“Patient” refers to a mammal, for example, a human.

“Pharmaceutically acceptable™ refers to approved or approvable by a regulatory

agency of the Federal or state government or listed in the US. Pharmacopoeia or other
generally recognized pharmacopoeia for use in animals and more particularly in humans.

“Pharmaceutically acceptable salt™ refers to a salt of a compound of the present

disclosure that 1s pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound. Such salts include: (1) acid addition
salts, formed with 1norganic acids such as hydrochloric acid, hydrobromic acid, sulfuric
acid, nitric acid, phosphoric acid, and the like; or formed with organic acids such as acetic
acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid,
lactic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid,
citric acid, benzoic acid, 3-(4-hydroxybenzoyl) benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid,
2-hydroxyethanesulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid,
2-naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid,
4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic acid, glucoheptonic acid, 3-phenylpropionic
acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid,
glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, and the
like; or (2) salts formed when an acidic proton present in the parent compound either 1s
replaced by a metal 1on, e.g., an alkali metal 1on, an alkaline earth 1on, or an aluminum 1ion;
or coordinates with an organic base such as ethanolamine, diethanolamine, triethanolamine,

N-methylglucamine, and the like.
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“Preventing” or “prevention” refers to a reduction in risk of acquiring a disease or

disorder (i.e., causing at least one of the clinical symptoms of the disease not to develop in a
patient that may be exposed to or predisposed to the disease but does not yet experience or
display symptoms of the disease).

“Prodrug” refers to a derivative of a drug molecule that requires a transformation

within the body to release the active drug. Compound (1) is a prodrug that is metabolized
within a patient’s body to form the parent drug gabapentin, and hence compound (1) is a
prodrug of gabapentin. Compound (1),
1-{[(a-1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid, includes
pharmaceutically acceptable salts or pharmaceutically acceptable solvates of the free acid
torm of compound (1), as well as crystalline forms of @y of the foregoing.

“Solvate” refers to a molecular complex of a compound with one or more solvent

molecules in a stoichiometric or non-stoichiometric amount. Such solvent molecules are
those commonly used in the pharmaceutical art, which are known to be innocuous to a
recipient, e.g., water, ethanol, and the like. A molecular complex of a compound or moiety
of a compound and a solvent can be stabilized by non-covalent intra-molecular forces such
as, for example, electrostatic forces, van der Waals forces, or hydrogen bonds. The term
“hydrate” refers to a complex where the one or more solvent molecules are water.

“Sustained release™ refers to release of compound (1) from a dosage form at a rate

ettective to achieve a therapeutic or prophylactic concentration of compound (1), or active
metabolite thereof, in the systemic blood circulation over a prolonged peribd of time
relative to that achieved by oral administration of an immediate release formulation of
compound (1). In some embodiments, release of compound (1) occurs over a period of at
least 6 hours, in some embodiments, at least about 12 hours, in some embodiments, at least
about 18 hours, and in some embodiments, at least about 24 hours.

“Therapeutically effective amount” means the amount of compound (1) that, when

- administered to a patient for treating or preventing a disease, is sufficient to effect such
treatment or prevention of the disease. The “therapeutically effective amount” will vary
depending on the disease and its severity, and the age, weight, etc., of the patient having the
disease to be treated or prevented.

“Treating” or “treatment” of any disease or disorder refers, in certain embodiments,

to ameliorating the disease or disorder (i.e., arresting or reducing the development of the

disease or at least one of the clinical symptoms thereof). In other embodiments “treating”
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or “treatment” refers to ameliorating at least one physical parameter, which may or may not
be discernible by the patient. In certain embodiments, “treating” or “treatment’ refers to
inhibiting the disease or disorder, either physically, (e.g., stabilization of a discernible
symptom), physiologically, (e.g., stabilization of a physical parameter), or both. In certain
embodiments, “treating’ or “treatment” refers to delaying the onset of the disease or
disorder. g

“Wt%” refers to the weight of a component or ingredient relative to the total dry

weight of a composition or dosage form, e.g., weight percent. For example, a dosage form
comprising 40 wt% of compound (1) and that weighs 1000 mg contains 400 mg of
compound (1). When referring to a salt and/or solvate of compound (1), the wt% refers to
the mass equivalent weight of
1-{[(a—1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid forming
the pharmaceutically acceptable salt and/or pharmaceutically acceptable solvate of
compound (1).

Reference will now be made 1n detail\to certain embodiments of dosage forms and
methods. The disclosed embodiments are not intended to be limiting of the claims. To the
c;ontrary, the claims are intended to cover all alternatives, modifications, and equivalents of

the disclosed embodiments.

Sustained Release Oral Dosage Forms
Although certain embodiments of the present disclosure provide sustained release

oral dosage forms i1n the form of tablets, those skilled in the art of sustained release oral
dosage forms will appreciate that other sustained release oral dosage forms such as
powders, particulates, sachets, liquid suspensions, and/or capsules for reconstitution can
also be used. In certain embodiments, a dosage form can be a tablet, which can be of any
shape suitable for oral administration of a drug, such as spheroidal, cube-shaped oval, or
cllipsoidal. A tablet can comprise a unit dose of compound (1), or in the case of a mini-
tablet, which comprises less than a unit dose, mini-tablets can be filled into capsules to
provide a unit dose. In certain embodiments, a tablet can be a multilayer tablet in which
different layers contain different particle populations and/or different excipients that affect
the release properties of compound (1) from each tablet layer. Examples of tablets include

disintegrating tablets, fast dissolving tablets, effervescent tablets, fast melt tablets, chewable
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tablets, crushable tablets, and mini-tablets. Generally, tablet dosage forms can be
compressed to a hardness of at least about 15 kiloponds (kp) (equal to 147.1 Newtons).
Dosage forms can be prepared in a manner known in the art and can further include
pharmaceutically acceptable excipients, as appropriate.

In some embodiments, a sustained release oral dosage form comprises (a) about 10
wt% to about 80 wt% of compound (1) and (b) about 1 wt% to about 30 wt% of a release
rate-modifying polymer.

In some embodiments, a sustained release oral dosage form cémprises (a) about 10
wt% to about 80 wt% of compound (1) and (b) about 1 wt% to about 50 wt% of a release
rate-modifying polymer.

In some embodiménts, a sustained release oral dosage form comprises (a) about 30
wt% to about 75 wt% of compound (1) and (b) about 1 wt% to about 50 wt% of a release
rate-modifying polymer.

In some embodiments, a sustained release oral dosage form comprises (a) about 40
wt% to about 65 wt% of compound (1) and (b) about 1 wt% to about 50 wt% of a release
rate-modifying polymer.

In some embodiments, a sustained release oral dosage form comprises (a) about 50
wi% to about 60 wt% of compound (1) and (b) about 20 wt% to about 50 wt% of a release
rate-modifying polymer.

Dosage forms of the present disclosure are matrix systems in which compound (1) is
homogenously dispersed 1n a release-rate modifying polymer and optionally excipients.
Matrix systems are well-known 1n the are as described, for example, in “Handbook of
Pharmaceutical Controlled Release Technology,” ed. D.L. Wise, Marcel Dekker, Inc.
(2000), and “Treatise on Controlled Drug Delivery, Fundamentals, Optimization, and
Applications,” ed. A. Kydonieus, Marcel Dekker, Inc. (1992). Release rate-modifying
polymers can retard the release of the drug from a dosage form. Suitable release rate-
modifying polymers include, but are not limited to, pH sensitive polymers, pH insensitive
polymers, hydrophilic polymers that have a high degree of swelling when 1n contact with
water or aqueous media, polymers that form a gel on contact with water or aqueou$ media,
polymers that exhibit both swelling and gelling characteristics in contact with water or
aqueous media, fatty compounds such as waxes, and biodegradable polymers.

In certain embodiments, a release rate-modifying polymer can be a pH sensitive

polymer such as acrylic acid and methacrylic acid polymers and copolymers, methyl
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methacrylate copolymers, ethoxyethyl methacrylates, cyanoethyl methacrylate, poly(acrylic
acid), poly(methacrylic acid), methacrylic acid alkylamide copolymer, poly(methyl
methacrylate), polymethacrylate, poly(methyl methacrylate) copolymers, polyacrylamide,
aminoalkyl methacrylate copolymer, poly(methacrylic acid anhydride), glycidyl
methacrylate co-polymers, ammonioalkyl methacrylate copolymers, and combinations of
any of the foregoing. In certain embodiments, a pH-dependent polymer can be a copolymer
synthesized from diethylaminoethyl methacrylate and other neutral methacrylic esters, also
known as methacrylic acid copolymers or polymer methacrylates, commercially available as

Eudragit (Rohm Pharma).

In certain embodiments, a pH insensitive polymer 1s an ammonioalkyl methacrylate
copolymer such as Eudragit RS and Eudragit RL, which are acrylic resins comprising
copolymers of acrylic and methacrylic acid esters with a low content of quaternary
ammonium groups.

Examples of hydrophilic release rate-modifying polymers that exhibit a high degree
of swelling include cross-linked sodium carboxymethylcellulose, cross-linked
hydroxypropylcellulose, high-molecular weight hydroxypropylmethylcellulose,
carboxymethylamide, potassium methacrylatedivinylbenzene co-polymer,
polymethylmethacrylate, polyvinylpyrrolidone, high-molecular weight polyvinylalcohols,
methyl cellulose, vinyl acetate copolymers, and the like.

Exampies of release rate-modifying polymers that gel in contact with water include
methylcellulose, carboxymethylcellulose, low-molecular weight
hydroxypropylmethylcellulose, low-molecular weight polyvinylalcohols,
polyoxyethyleneglycols, non-cross linked polyvinylpyrrolidone, xanthan gum, and the hke.

Examples of release rate-modifying polymers that exhibit both swelling and gelling
properties include medium-viscosity hydroxypropylmethylcellulose and medium-viscosity
polyvinylalcohols.

In certain embodiments, the release rate-modifying polymer 1s a glyceryl ester such
as glyceryl monostearate, glyceryl behenate, glyceryl palmitostearate, lauroyl macrogol
glyceride, stearoyl macrogol glyceride, or a combination of any of the foregoing. In certain
embodiments, fhe release rate-modifying polymer is glyceryl behenate. Other fatty and/or
waxy release rate-modifying polymers include lauryl alcohol, mynstyl alcohol, stearyl

alcohol, cetyl alcohol, cetostearyl alcohol, palmitoyl alcohol, ouricury wax, hydrogenated
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vegetable oil, candelilla wax, esparto wax, stearic acid, paraffin wax, beeswax, glycowax,
castor wax, and carnauba wax.

Examples of bioerodible polymers include collagen, gelatin, polyvinyl alcohols,
polyorthoesters, polyacetyls, polyorthocarbonates, polyamides, polyaminoacids, polyesters,
polylactic acids, polyglycolic acids, polycarbohydrates, polyorthoesters,
polyorthocarbonates, polyacetyls, polyanhydrides, polydehydropyrans, polydioxinones, and
the like.

Other suitable release-modifying polymers that can be incorporated into a dosage
from of the present disclosure include hydrocolloids such as natural or synthetic gums,
carbohydrate-based substances such as acacia, gum tragacanth, locust bean gum, guar gum,
agar, pectin, carageenin, soluble and insoluble alginates, carboxypolymethylene, casein,
zeln, polyethylene oxide, maleic anhydride/methyl vinyl ether copolymers, and
proteinaceous substances such as gelatin.

A release rate-modifying polymer can be used alone or in combination with one or
more other release rate-modifying polymers and/or can be a copolymer of more than one
release rate-modifying polymer.

Formulations of compound (1) and one ore more release-modifying polymers can be
prepared using standard techniques well known 1n the art such as wet granulation, fluid-bed
granulation, dry granulation, and direct compression (see “Remington’s Pharmaceutical
Sciences,” Lippincott Williams & Wilkins, 889-928, (2005). For example, matrix
formulations can be prepared by dry blending a release-modifying polymer, filler,
compound (1), and excipients followed by granulating the mixture using an alcohol until
proper granulation 1s obtained. The granulation can be done by methods known in the art.
The wet granules can be dried 1n a fluid bed dryer, sifted, and ground to an appropriate size.
Lubricating agents can be mixed with the dried granulation to obtain a final formulation. In
certain embodiments, such formulations can be compressed into a tablet dosage form by
methods well known 1n the art.

In certain embodiments, the amount of compound (1) in a dosage form ranges from
about 50 mg to about 800 mg, in certain embodiments, from about 100 mg to about 800 mg,
and 1n certain embodiments, from about 300 mg to about 700 mg. For dosage forms
comprising a pharmaceutically acceptable salt and/or solvate of compound (1), the amount
of compound (1) in a dosage form refers to the mass equivalent weight of compound (1).

The amount or loading of compound (1) contained in a dosage form can depend on the
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particular condition being treated and on the amount of gabapentin generated from the
prodrug loading following absorption.

In addition to compound (1) and the release rate-modifying polymers described
herein, a dosage form can also comprise one or more pharmaceutically acceptable
excipients such as surfactants, lubricants, diluents, anti-adherents, glidants, buffers, dyes,
wetting agents, emulsifying agents, pH buffering agents, stabilizing agents, thickening
agents, disintegrants, and coloring agents. Such excipients include starch, sugars, gelatin,
malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium
chloride, glycerol, propylene glycol, water, ethanol, and the like.

Diluents can be added to increase the bulk to make a dosage form a practical size for
compression. Examples of useful diluents include dibasic calcium phosphate, dibasic
calcium phosphate dihydrate, calcium sulfate, dicalcium phosphate, tricalcium phosphate,
lactose, cellulose including microcrystalline cellulose, kaolin, mannitol, sodium chloride,
dry starch, pregelatinized starch, compressible sugar, mannitol, and combinations of any of
the foregoing. In certain embodiments, a diluent is selected from dibasic calcium phosphate
and microcrystalline cellulose. In certain embodiments wherein the diluent is dibasic
calcium phosphate, a dosage form can comprise an amount of diluent ranging from about 30
wt% to about 50 wt%, and 1n certain embodiments, from about 35 wt% to about 45 wt%. In
certain embodiments wherein the diluent is microcrystalline cellulose, a dosage form can
comprise an amount of diluent ranging from about 5 wt% to about 20 wt%, and in certain
embodiments, from about 10 wt% to about 16 wt%.

Glidants can be included in dosage forms of the present disclosure to reduce sticking
ettects during processing, film formation, and/or drying. Examples of useful glidants
include talc, magnesium stearate, glycerol monostearate, colloidal silicon dioxide,
precipitated silicon dioxide, and combinations of any of the foregoing. In certain
embodiments, a glidant 1s colloidal silicon dioxide. A dosage form can comprise less than
about 2 wt% of a ghdant, and in certain embodiments, less than about 1 wt% of a glidant.

Lubricants and anti-adherents can be included in dosage forms of the present
disclosure to aid in processing. Examples of useful lubricants and/or anti-adherents include
calcium stearate, glyceryl behenate, glyceryl monostearate, magnesium stearate, mineral oil,
polyethylene glycol, sodium stearyl fumarate, sodium lauryl sulfate, sodium dodecyl
sulfate, stearic acid, talc, hydrogenated vegetable oil, zinc stearate, and combinations of any

of the foregoing. In certain embodiments, the lubricant is glyceryl monostearate. In certain
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embodiments, a lubricant is magnesium stearate. A dosage form can comprise an amount of
lubricant and/or anti-adherent ranging from about 1 wt% to about 13 wt%, and in certain
embodiments, from about 4 wt% to about 10 2t%.

Examples of surfactants useful in dosage forms of the present disclosure include
pharmaceutically acceptable anionic surfactants, cationic surfactants, amphoteric
(amphiphatic/amphiphilic) surfactants, non-ionic surfactants, polyethyleneglycol esters or
ethers, and combinations of any of the foregoing. Examples of suitable pharmaceutically
acceptable anionic surfactants include monovalent alkyl carboxylates, acyl lactylates, alkyl
ether carboxylates, N-acyl sarcosinates, polyvalent alkyl carbonates, N-acyl glutamates,
fatty acid-polypeptide condensates, sulfuric acid esters, alkyl sulfates such as sodium lauryl
sulfate and sodium dodecyl sulfate, ethoxylated alkyl sulfates, ester linked sulfonates such |
as docusate sodium and dioctyl sodium succinate, alpha olefin sulfonates, or phosphated
ethoxylated alcohols. Examples of suitable pharmaceutically acceptable cationic surfactants
include monoalkyl quaternary ammonium salts, dialkyl quaternary ammonium compounds,
amidoamines, and aminimides. Examples of suitable pharmaceutically acceptable
amphoteric surfactants include, N-substituted alkyl amides, N-alkyl betaines, sulfobetaines,
and N-alkyl-6-aminopropionates. Examples of suitable pharmaceutically acceptable
polyethyleneglycol esters or ethers include polyethoxylated castor oil, polyethoxylated
hydrogenated castor o1l, and hydrogenated castor o1l. In certain embodiments, a surfactant
1s selected from sodium lauryl sulfate and sodium dodecyl sulfate. In certain embodiments,
a dosage form can comprise less than about 3 wt% of a surfactant, and in certain
embodiments, less than about 2 wt% of a surfactant.

Dosage forms of the present disclosure, such as tablet dosage forms, can further
comprise one or more coatings. The purpose of the one or more additional coatings can be
for physical protection, aesthetics, ease 1n swallowihg, identification, and/or to facilitate
further processing of the particles. While certain coatings may be applied to modify or
attect the release of compound (1) from the dosage form in the gastrointestinal tract, others
may have no such etfect. A coating can be impermeable to moisture or moisture permeable.
A moisture permeable exterior tablet coating can be useful for maintaining low moisture
content 1n a dosage form that 1s packaged in the presence of a desiccant and can thereby
enhance, for example, the storage stability of the dosage form. These additional coatings
can be applied to a dosage form of the present disclosure by methods known to those skilled

in the art. Examples of materials useful in coatings for physical protection include



CA 02584338 2007-04-17

WO 2006/050514 PCT/US2005/040127
13

permeable or soluble materials such as hydroxypropyl methylcellulose, hydroxypropyl
cellulose, hydroxypropyl ethylcellulose, and xanthan gum. Examples of materials useful in
coatings to facilitate further processing include talc, colloidal silica, polyvinyl alcohol,
titanium dioxide, micronized silica, fumed silica, glycerol monostearate, magnesium
trisilicate, and magnesium stearate. A coating can comprise a single material or a
combination of more than one material including any of those disclosed herein.

A dosage form of the present disclosure can be substantially free of lactam side
products formed by intramolecular cyclization of compound (1) and/or gabapentin. A
dosage form 1s preferably stable to extended storage (more preferably, greater than one
year) without substantial lactam formation (preferably, less than 0.5% lactam by weight,
more preferably, less than 0.2% lactam by weight, most preferably, less than 0.1% lactam
by weight).

In certain embodiments, compound (1) 1n the dosage form 1s the crystalline form
disclosed 1n Estrada ef al., U.S. Patent Application Publication US 2005/0154057 published
July 14, 2005.

When administered orally to a patient (i.e., by the patient swallowing the tablet), a
dosage form of the present disclosure can provide a profile of gabapentin concentration 1n
the plasma or blood over time. For a dosage form having the compositions and loadings
described in Example 1, the gabapentin plasma concentration profile has the shape,
magnitude, and AUC shown in FIGS. 1 and 2 for fasted and fed human patients,
respectively, following administration of compound (1) to a patient. These profiles are
different than profiles obtained following administration of gabapentin alone. One
important difference is the time (T.x) to reach the maximum blood concentration (Cinax).
In fasted patients, the Ty, for a sustained release oral dosage form of the present disclosure
1s greater than about 4 hrs. In fed patients, the T, for a sustained release oral dosage form
1s greater than about 6 hrs. In contrast, the T« following administration of gabapentin
alone to fasted and fed patients 1s about 2-4 hrs. Another important advantage of sustained
release oral dosage forms of the present disclosure 1s the bioavailability of the gabapentin
metabolite. At a loading dose of 1200 mg of compound (1), a dosage form of the present
disclosure can provide at least 20% higher gabapentin bioavailability, and in certain
embodiments at least 25% higher bioavailability, in fasted patients compared to
admimstration of an equimolar dose of gabapentin. At a loading dose of 1200 mg of

compound (1), a sustained release oral dosage form of the present disclosure can provide at
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least 50% higher gabapentin bioavailability, and in certain embodiments at least 100%

higher bioavailability, in fed patients compared to administration of an equimolar dose of

gabapentin.

In certain embodiments, a sustained release oral dosage form of
1-{[(a—1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid, when
administered to one or more fasted human patients at a dose of
1-{[(a—1s0butanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid ranging
from about 1100 mg to about 1300 mg, can provide a gabapentin plasma concentration
profile characterized by a C,x ranging from about 3 pg/mL to about 6 pg/mL, a T
ranging from about 4 hours to about 7 hours, and an AUC ranging from about 30 pug-hr/mL
to about 70 pug-hr/mL

In certain embodiments, a sustained release oral dosage form of
1-{[(a.—1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid, when
administered to one or more fed human patients at a dose of
1-{[(a—1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid ranging
from about 1100 mg to about 1300 mg, can provide a gabapentin plasma concentration
profile characterized by a Cy,,x ranging from about 5 pg/mL to about 8 pug/mL, a Tmax
ranging from about 6 hours to about 11 hours, and an AUC ranging from about 60 pg-hr/mL
to about 110 pg-hr/mL.

In certain embodiments, a sustained release oral dosage form of
1-{[(a—1sobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid, when
administered to a population of fasted human patients at a dose of
1-{[(a—1sobutanoyloxyethoxy)carbonyl|aminomethyl}-1-cyclohexane acetic acid ranging
from about 1100 mg to about 1300 mg, can provide a gabapentin plasma concentration
profile characterized by a mean C,,,x ranging from about 3 pg/mL to about 6 pg/mL, a mean
Tmax ranging from about 4 hours to about 7 hours, and a mean AUC ranging from about 30
ng-hr/mL to about 70 pg-hr/mL, and when administered to a population of fed human
patients at a dose of 1-{[(a—1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane
acetic acid ranging from about 1100 mg to about 1300 mg can provide a gabapentin plasma
concentration profile characterized by a mean C,,,x ranging from about 5 ug/mL to about 8

ug/mL, a mean T, ranging from about 6 hours to about 11 hours, and a mean AUC

ranging from about 60 pg-hr/mL to about 110 pg-hr/mL.
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In certain embodiments, oral administration of two sustained release oral dosage

forms, each dosage form comprising 600 mg of
1-{[(a—1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid, to one or
more fasted human patients can provide a gabapentin plasma concentration profile
characterized by a C,,,,, ranging from about 3 pug/mL to about 6 pg/mL, a Ty ranging from
about 4 hours to about 7 hours, and an AUC ranging from about 30 pg-hr/mL to about 70
ug-hr/mL.

In certain embodiments, oral administration of two sustained release oral dosage

forms, each dosage form comprising 600 mg of
1-{[(a—1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid, to one or
more fed human patients can provide a gabapentin plasma concentration profile
characterized by a Cp,x ranging from about 5 pg/mkL to about 8 ng/mL, a T ranging from
about 6 hours to about 11 hours, and an AUC ranging from about 60 pg-hr/mL to about 110
ug-hr/mL.

In certain embodiments, oral administration of two sustained release oral dosage

forms, each dosage form comprising 600 mg of
1-{[(a—1sobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid, to a
population of fasted human patients can provide a gabapentin plasma concentration profile

charactenized by a C,,x ranging from about 3 ug/mkL to about 6 ug/mL, a T, ranging from
about 4 hours to about 7 hours, and an AUC ranging from about 30 pg-hr/mL to about 70

ug-hr/mL., and oral administration of two sustained release oral dosage forms, each dosage
form comprising 600 mg of
1-{[(a—1sobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid, to a
population of fed human patients can provide a gabapentin plasma concentration profile
characterized by a mean C,,x ranging from about 5 pg/mL to about 8 pg/mL, a mean T ..
ranging from about 6 hours to about 11 hours, and a mean AUC ranging from about 60

ng-hr/mL to about 110 pg-hr/mL.

Dosage forms of the present disclosure include dosage forms that are bioequivalent

to the dosage torms disclosed herein, 1n terms of both rate and extent of absorption, for

example as defined by the U.S. Food and Drug Administration and discussed in “Guidance
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for Industry — Bioavailability and Bioequivalence Studies for Orally Administered Drug
Products” (2003).

In certain embodiments, a sustained release oral dosage form of
1-{[(a—1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid, when

administered to one or more fasted human patients at a dose of

1-{[(a—1s0butanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid ranging
from about 1100 mg to about 1300 mg provides a gabapentin plasma concentration profile
bioequivalent to the profile shown in FIG. 1, or when administered to one or more fed
human patients can provide a gabapentin plasma concentration profile bioequivalent to the
profile shown in FIG. 2.

In certain embodiments, a sustained release oral dosage form of
1-{[{(a—1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane aceﬁc acid, when
administered to one or more fasted human patients at a dose of
1-{[(a—1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid ranging
from about 1100 mg to about 1300 mg provides a gabapentin plasma concentration profile
bioequivalent to the profile shown in FIG. 1, and when administered to one or more fed
human patient can provide a gabapentin plasma concentration profile bioequivalent to the
profile shown 1n FIG. 2.

In certain embodiments, oral administration of two sustained release oral dosage
forms, each dosage form comprising 600 mg of
1- {[(oc——isobutanoyloxyethoxy)carbonyl]aminorﬁethyl}-1-cyclohexane acetic acid, to one or
more fasted human patients can provide a gabapentin plasma concentration profile
bioequivalent to the profile shown in FIG. 1, or oral administration of the same dosage form:
to one or more fed human patients can provide a gabapentin plasma concentration profile
bioequivalent to the profile shown in FIG. 2.

In certain embodiments, oral administration of two sustained release oral dosage
forms, each dosage form comprising 600 mg of
1-{[(a—1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid, to one or
more fasted human patients can provide a gabapentin plasma concentration profile
bioequivalent to the profile shown in FIG. 1, and oral administration of the same dosage
form to one or more fed human patients can provide a gabapentin plasma concentration

profile bioequivalent to the profile shown 1n FIG. 2.
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Following oral administration, dosage forms of the present disclosure can provide a
therapeutic or prophylactic concentration of gabapentin in the blood and/or plasma of a
patient for a time period of at least about 6 hours, in certain embodiments, for at least about
12 hours, 1n certain embodiments, for at least about 18 hours, and in certain embodiments
for at least about 24 hours. A therapeutically or prophylactically effective concentration of
gabapentin in the blood and/or plasma of a patient can depend on a number of factors
including, for example, the disease being treated, the severity of the disease, the weight of
the patient, the health of the patient, and so forth.

In certain embodiments, dosage forms of the present disclosure can be administered

twice per day, and in certain embodiments, once per day.

Therapeutic Uses

Sustained release oral dosage forms of the present disclosure can be administered to
a patient suffering from any disease or disorder for which the parent drug, gabapentin, is
known or hereafter discovered to be therapeutically effective. Conditions for which
gabapentin has been prescribed, and hence for which the dosage forms disclosed herein are
also effective, include epilepsy, depression, anxiety, psychosis, cognition, schizophrenia,
faintness attacks, hypokinesia, cranial disorders, neurodegenerative disorders, panic, pain
(especially, neuropathic pain (e.g., post-herpetic neuralgia), muscular and skeletal pain),
restless legs syndrome, hot flashes, urinary incontinence, inflammatory disease (i.e.,
arthritis), insomnia, gastrointestinal disorders, alcohol/cocaine addiction, ethanol
withdrawal syndrome, vulvodynia, premature ejaculation, and as a glutamatergic. The
dosage forms can also be administered to a patient as a preventative measure against the
above-listed diseases or disorders. Thus, the dosage forms can be administered as a
preventative measure to a patient having a predisposition for epilepsy, depression, anxiety,
psychosis, faintness attacks, hypokinesia, cranial disorders, neurodegenerative disorders,
panic, pain (especially, neuropathic pain and muscular and skeletal pain), inflammatory
disease (i.e., arthritis), insomnia, gastrointestinal disorders, ethanol withdrawal syndrome,
premature ¢jaculation, and vulvodynmia. Accordingly, the dosage forms may be used for the
prevention of one disease or disorder and concurrently for treating another disease or
disorder (e.g., prevention of psychosis while treating gastrointestinal disorders; prevention
of neuropathic pain while treating ethanol withdrawal syndrome). The dosage forms may

be used 1n combination with other drugs such as antiviral drugs during an initial viral
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infection to prevent or reduce subsequent occurrence of neuropathic disorders.
Additionally, the dosage forms may be used in combination with other drugs that are
themselves known to cause neuropathic disorders as a side effect, thereby preventing or
reducing the occurrence of said side effects.

The suitability of the dosage forms in treating or preventing the above-listed
diseases and conditions may be determined by methods described in the art (See, e.g.,
Satzinger et al., United States Patent No. 4,024,175, Satzinger et al., United States Patent
No. 4,087,544; Woodruft, United States Patent No. 5,084,169; Silverman et al., United
States Patent No. 5,563,175; Singh, United States Patent No. 6,001,876; Horwell et al.,
United States Patent No. 6,020,370; Silverman ef al., United States Patent No. 6,028,214;
Horwell et al., United States Patent No. 6,103,932; Silverman et al., United States Patent
No. 6,117,906; Silverman', International Publication No. WO 92/09560; Silverman et al.,
International Publication No. WO 93/23383; Horwell et al., International Publication No.
WO 97/29101, Horwell et al., International Publication No. WO 97/33858; Horwell et al.,
International Publication No. WO 97/33859; Bryans et al., International Publication No.
WO 98/17627; Guglietta et al., International Publication No. WO 99/08671; Bryans et al.,
International Publication No. WO 99/21824; Bryans ef al., International Publication No.
WO 99/31057; Magnus-Miller et al., International Publication No. WO 99/37296; Bryans et
al., International Publication No. WO 99/31075; Bryans et al., International Publication No.
WO 99/61424; Pande, International Publication No. WO 00/23067; Bryans, International
Publication No. WO 00/31020; Bryans et al., International Publication No. WO 00/50027;
Bryans et al, International Publication No. WO 02/00209; Tran, U.S. Application Serial No.
60/711,477 filed Aug. 5, 2005; and Tran, U.S. Application Serial No. 60/710,963 filed Aug.
5, 2005).

Dosing
The amount of compound (1) that will be effective in the treatment of a particular

disease, disorder, or condition disclosed herein will depend, at least in part, on the nature of
the disorder or condition, and can be determined by standard clinical techniques known in
the art as previously described. In addition, in vitro or in vivo assays may optionally be
employed to help 1dentify optimal dosage ranges. The amount of the prodrug administered

will, of course, depend on, among other factors, the subject having the disease being treated,
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the weight of the subj ect, the severity of the affliction, the manner of administration, and the
judgment of the prescribing physician.

In some embodiments, sustained release oral dosage forms are adapted to be
administered to a patient 1-3 times per day. In other embodiments, sustained release oral
dosage forms are adapted to be administered to a patient 1-2 times per day. Dosing may be
provided alone or in combination with other drugs and may continue as long as required for
effective treatment or prevention of the disease or disorder.

Suitable dosage ranges for oral administration of gabapentin are generally about 100
mg/day to 3600 mg/day and the dose of compound (1) or pharmaceutically acceptable salts
or pharmaceutically acceptable solvates thereof may be adjusted to provide an equivalent
molar quantity of gabapentin. Dosage ranges may be readily determined by methods known
to those skilled in the art.

The following examples further 1llustrate sustained release oral dosage forms,
methods and materials used in making sustained release oral dosage forms and the results

achieved upon administration of the dosage form to patients.

Examples
Example 1

Sustained release oral dosage form tablets containing compound (1) were made

having the ingredients shown 1n Table 1:

Table 1
: Amount/Tablet Composition Ingredient
Ingredient Manufacturer (mg/tablet) (Wt%) Category
XenoPort
Compound (1) (Santa Clara, 600.00 45.80 Prodrug
CA)
Dibasic Calcium Rhodia .
Phosphate, USP (Chicago, IL) 21620 29.36 Dilucat
Glycery] Cattefosse pelawe
yORLY (Saint Pirest, 60.05 4.58 ©
Behenate, NF controlling
Cedex, France) agent

Barrett Minerals
Talc, USP (Mount Vernon, 80.02 6.11 Anti-adherent

IN)
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Colloidal Silicon ~ Cabot |
Dioxide, NF (Tuscola, IL) 043 0.41 Glidant
Sodium Lauryl Fisher
Sulfate, NF (Fairlawn, NJ) 24.00 1.84 Surfactant
Magnesium Mallinckrodt
Stearate, NF (Phillipsburg, 2222 169  Lubricant
NJ)
Total 1310.00 100

The tablets were made according to the following steps. Compound (1), dibasic
calcium phosphate, glyceryl behenate, talc, and colloidal silicon dioxide were weighed out,
screened through a #20 mesh screen and mixed 1n a V-blender for 15 minutes. The slugging
portion of the sodium lauryl sulfate was weighed and passed through a #30 mesh screen.
The slugging portion of the magnesium stearate was weighed and passed through a #40
mesh screen. Screened sodium lauryl sulfate and magnesium stearate were added to the
V-blender and blended for 5 minutes. The blend was discharged and compressed into slugs
of approximately 400 mg weight on a tablet compression machine. The slugs were then
passed through a Comil 194 Ultra mill (Quadro Engineering, Inc., Millburn, NJ) to obtaiﬁ
the milled material for further compression. The tableting portion of the sodium lauryl
sulfate was weighed and passed through a #30 mesh screen. The tableting portion of the
magnesium stearate was weighed and passed through a #40 mesh screen. The milled
matenial and the tableting portions of the sodium lauryl sulfate and magnesium stearate were
added to the V-blender and blended for 3 minutes. The blended material was discharged
and compressed to form tablets having a total weight of 1310 mg and a compound (1)

loading of 600 mg (45.8 wt%). The tablets had a mean final hardness of 16.1 to 22.2 kp
(158 to 218 Newtons).

4

Example 2
Sustained release oral dosage form tablets having the ingredients shown in Table 1
were prepared using another process according to the following steps. Compound (1),
dibasic calcium phosphate, glyceryl behenate, talc, and colloidal silicon dioxide were
welighed out, screened through a #20 mesh screen and mixed in a V-blender for 15 minutes.

The compaction portion of the sodium lauryl sulfate was weighed and passed through a #30
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mesh screen. The compaction portion of the magnesium stearate was weighed and passed

through a #40 mesh screen. Screened sodium lauryl sulfate and magnesium stearate were
added to the V-blender and blended for 5 minutes. The blend was discharged and
compressed into compacts on a Chilsonator (roller compactor by FitzPatrick, Elmhurst, IL)
machine. The obtained compacts were then passed through a hammer mill (FitzPatrick,
Elmhurst, IL) to obtain the milled materal for further compression. The tableting portion of
the sodium lauryl sulfate was weighed and passed through a #30 mesh screen. The tableting
portion of the magnesium stearate was weighed and passed through a #40 mesh screen. The
milled material and the tableting portions of the sodium lauryl sulfate and magnesium
stearate were added to the V-blender and blended for 3 minutes. The blended material was
discharged and compressed to form tablets having a total weight of 1310 mg and a
compound (1) loading of 600 mg (45.8 wt%). The blend was also compressed into 655 mg
tablets having a compound (1) loading of 300 mg. The tablets had a mean final hardness of
15.7t0 189 kp and 11.1 to 13.7 kp, respectively.

Example 3

A randomized, crossover, fed/fasted single-dose study of the safety, tolerability, and
pharmacokinetics of an sustained release oral dosage form of compound (1) in healthy adult
patients was conducted. Sustained release oral dosage forms of Example 1 were used. The
study was designed to evaluate the performance of this formulation in humans in
comparison with a commercial gabapentin capsule formulation (Neurontin®). Twelve

healthy adult volunteers (7 males and 5 females) participated 1n the study. Mean body

welight was 75.6 kg. All patients received two different treatments in a random order with a

one-week washout between treatments. The two treatments were: A) a single oral dose of
Example 1 tablets (2 x 600 mg compound (1)) after an overnight fast; and B) a single oral
dose of Example 1 tablets (2 x 600 mg compound (1)) after a high fat breakfast.

Blood and plasma samples were collected from all patients prior to dosing, and at
0.5,1,15,2,3,4,6,8, 12, 18, 24, and 36 hours after dosing. Urine samples were collected
from all patients prior to dosing, and complete urine output was obtained at the 0-4, 4-8,

8-12, 12-18, 18-24, and 24-36 hour intervals after dosing. Blood samples were quenched

immediately with methanol and stored frozen at < 70 °C. Sample aliquots were prepared
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for analysis of gabapentin and compound (1) using sensitive and specific LC/MS/MS
methods.

The plasma concentration + 1 SD of gabapentin following oral dosing of sustained
release oral dosage forms prepared according to Example 1 to fasted and fed healthy adult
patients 1s shown 1n FIGS. 1 and 2, respectively.

The mean + SD C,,,x for gabapentin in plasma after oral dosing of the tablets
(fasted) was 4.21 + 1.15 pg/mL. Following administration of the tablets after a high fat
breakfast, the Cpnax of gabapentin in plasma was further increased to 6.24 + 1.55 nug/mL.
The mean £ SD AUC for gabapentin in plasma after oral dosing of the tablets (fasted) was
54.5 £12.2 pg-hr/mL. Following administration of the tablets after a high fat breakfast, the
AUC of gabapentin in plasma was further increased to 83.0 £ 21.8 ug-hr/mL. In the

presence of food, exposure to gabapentin after oral administration of the tablets increased an
additional 52% compared to that in fasted patients.
The time to peak plasma concentration (Tmax) of gabapentin was significantly

delayed after oral administration of the tablets. In fasted patients, oral administration of the
tablets gave a gabapentin Ty, of 5.08 £ 1.62 hr. This compares to a typical Tpay of
immediate release gabapentin of about 2-4 hrs. The gabapentin Tr.x after oral
administration of the tablets was further delayed to 8.40 = 2.07 hr in the presence of food.
The apparent terminal elimination half-life for gabapentin in plasma was similar for all
treatments: 6.47 + (.77 hr for the tablets 1n fasted patients, and 5.38 + 0.80 hr for the tablets
in fed patients.

Following oral administration of the tablets, the percent of the gabapentin dose
recovered 1n urine was 46.5 + 15.8% for fasted patients and 73.7 + 7.2% for fed patients.

Exposure to intact prodrug in plasma after oral administration of the tablets was low.
After oral dosing of the tablets in fasted patients, concentrations of intact compound (1) in
plasma reached a maximum of 0.040 pg/mL, approximately 1.0% of the corresponding

peak gabapentin concentration. Similarly, the AUC of compound (1) in plasma of these
patients was 0.3% of the corresponding AUC of gabapentin in plasma. After oral dosing of

the tablets in fed patients, concentrations of intact compound (1) in plasma reached a
maximum of 0.018 pg/mL, approximately 0.3% of the corresponding peak gabapentin

concentration. Similarly, the AUC of compound (1) in plasma of these patients was < 0.1%

of the AUC of gabapentin in plasma.
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Example 4

The mean plasma concentration of gabapentin following oral dosing of sustained
release oral dosage forms prepared according to Example 2 to fed human patients is shown
in FIG. 3. The mean plasma concentration of gabapentin in 12 human patients was
determined according to the method disclosed in Example 3 following administration of (a)
one tablet comprising 300 mg of compound (1), (b) one tablet comprising 600 mg of
compound (1), and (c) 1200 mg of compound (1) 1n two tablets, each tablet comprising 600

mg of compound (1).

Example 5

The blood concentration + 1 SD of gabapentin following oral dosing of sustained
release oral dosage forms prepared according to Example 1 to Cynomologous monkeys 1s
shown in FIG. 4. Blood concentration of gabapentin in Cynomologous monkeys was
determined according to the following procedure.

Administration Protocol

Tablets comprising compound (1) (1 x 600 mg compound (1) per tablet) were
administered by oral dosing to groups of four adult male Cynomologous (Macaca
fascicularis) monkeys (weight about 3 kg). Each monkey was administered one tablet.
Animals were fasted overnight before the study and for 4 hours post-dosing. Blood samples
(1.0 mL) were obtained via the femoral vein at intervals over 24 hours after oral dosing.
Blood was immediately quenched using methanol and frozen at -20 °C until analyzed. Test

compounds were administered in the monkeys with a minimum of 72-hour wash out period

between dosing sessions.
Sample preparation for absorbed drug
300 nL of methanol was added to 1.5 mL Eppendorf tubes for the preparation of
samples and standards.

Sample Preparation: Blood was collected at different time points and immediately
100 uL of blood was added into Eppendort tubes containing 300 uLL of methanol and mixed
by vortexing.

Standard Preparation: Ninety uL of blood was added to 300 uLL of methanol in
Eppendorf tubes. 10 pL of gabapentin standard solution (0.04, 0.2, 1, 5, 25, and 100
ng/mlL) was added to each tube to make up the final calibration standards (0.004, 0.02, 0.1,
0.5, 2.5, and 10 pg/mL).



CA 02584338 2007-04-17

WO 2006/050514 PCT/US2005/040127
24

20 puL of p-chlorophenylalanine was added to all samples and standards.

The samples were vortexed and centrifuged at 14,000 rpm for 20 min.
The supernatant was used for LC/MS/MS analysis.

LC/MS/MS Analysis
The concentration of gabapentin in monkey blood was determined using an API

2000 LC/MS/MS 1nstrument equipped with a Shimadzu SCL-10AVP and LEAP
autosampler. The column was a Zorbax C8XDB 4.6 x 150 mm column operating at room
temperature. The mobile phases were (A) 0.1% formic acid in water, and (B) 0.1% formic
acid in acetonitrile. The gradient condition was: 2% B for 3.5 min, increasing to 95% B in
3.5 min and maintained for 2 min, then decreasing to 2% B 1n 5.6 min and maintained for
2.3 min. 30 puL of sample was injected into the column. A Turbo-lonSpray source was
used, and gabapentin was detected 1n positive 1on mode for the MRM transition of 172/137.

Peaks were integrated using Analyst 1.2 quantitation software.

Example 6

Sustained release oral dosage form tablets containing compound (1) were made

having the ingredients shown 1n Table 2:

Table 2
: Amount/Tablet Composition Ingredient
Ingredient Manufacturer (mg/tablet) (Wt%) Category
o ) XenoPort
Compound (1) (Santa Clara, 600.00 54.55 Prodrug
CA)
Microcrystalline FMC -
Cellulose PH113, (Philadelphia, 143.60 13.05 Diluent
USP PA)
ey et
yeery (Saint Pirest, 262.02 23.82 .
Behenate, NF controlling
Cedex, France)
agent
Barrett Minerals
Talc, USP (Mount Vernon, 56.43 5.13 Anti-adherent
IN)
Colloidal Silicon Cabot .
Dioxide, NF (Tuscola, IL) 374 034 Gt
Sodium Dodecyl Fisher Surfactant

Sulfate, NF (Fairlawn, NJ) al et (first portion)
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: Mallinckrodt |
Magnesium 1y Lubnicant
Stearate, NF (Phlllll}:}s)burg ’ 11.33 1.O3 (first portion)
Sodium Dodecyl Fisher 10.12 0.9 Surfactant
Sulfate, NF (Fairlawn, NJ) ' | (second portion)
- Mallinckrodt |
Magnesium e Lubricant
Stearate, NF (Ph1ll§}s)burg, 4.29 0.39 (second portion)
Total 1100.00 100

The tablets were made according to the following steps. Compound (1),
microcrystalline cellulose (MCC PH113), glyceryl behenate, talc, colloidal silicon dioxide,
and sodium dodecyl sulfate (SDS) (first blending portion) and magnesium stearate (first
blending portion) were weighed out, screened through a #20 mesh screen and mixed in a
V-blender for 7 minutes (MaxiBlend Lab Blender MB-1 (Globepharma)). The blended
ingredients were poured into the feed hopper of a roller compactor (BOSOPH Compactor,
cropped roll/closed end, 3.9-1n roll diameter, 1.5-1n roll width, 11.6 kN roll force, 12 rpm
roll speed and 7 rpm horizontal screw feed speed). The compacted material was then
passed through a Quadro Underdriven Comil Model U5 mill (Quadro Engineering, Inc.,
Millburn, NJ, 0.079-1n grater hole size, 1607 impeller style, 2500 impeller rpm)) to obtain
milled material for further compression. The milled material was transferred to a blender
(MaxiBlend Lab Blender model MB-1 (Globepharma), 25 rpm shell speed) and mixed for 5
minutes. Additional SDS (second blending portion) and/or magnesium stearate (second
blending portion) was added as necessary to achieve the specified émounts. The blended
material was discharged and compressed to form tablets having a total weight of 1100 mg
and a compound (1) loading of 600 mg (54.55 wt%). The tablets had a mean final hardness
of 14 to 17 kp (137 to 214 Newtons). ‘

Example 7

The blood concentration + 1 SD of gabapentin following oral dosing of a sustained

release oral dosage form (1 x 600 mg) prepared according to Example 6 to Cynomologous

monkeys 1s shown 1n FIG. §. The blood concentration of gabapentin in Cynomologous

monkeys was determined according to the method disclosed in Example 5.
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Example 8
The tollowing steps were used to determine the in vitro dissolution profile of dosage

forms prepared according to Examples 1, 2, and 6. A dosage form was placed into a

dissolution vessel containing 900 mL of 10 mM monobasic potassium phosphate buffer

(KH,;POy4, pH 7.4) and 1% (wt/volume) sodium lauryl sulfate at 37 °C. The dissolution
medium was agitated at 50 rpm (USP, Type II, paddle). Samples were withdrawn at 0.5, 1,
2,4, 6,8, 12, and 24 hours and the content of compound (1) 1n solution was determined by
reverse phase HPLC using a C18 column and a.phOSphate buffer/acetonitrile/water 1socratic
mobile phase with photodiode detection at 210 nm.

As shown 1n FIG. 6, dosage forms prepared according to Example 1 released about
20% of compound (1) after about 2 hours, about 50% after about 5 hours, and about 80%
after about 8 hours. As shown in FIG. 7A, dosage forms comprising 300 mg of compound
(1) prepared according to Example 2 released about 20% of compound (1) after about 2
hours, about 50% after about 6 hours, and about 80% after about 10 hours. As shown in
FIG. 7B, dosage forms comprising 600 mg of compound (1) prepared according to
Example 2 released about 20% of compound (1) after about 2 hours, about 50% after about
5 hours, and about 80% after about 8 hours. As shown 1n FIG. 8, dosage forms prepared
according to Example 6 released about 30% of compound (1) after about 5 hours, about
60% after about 10 hours, and about 80% after about 15 hours.

Finally, 1t should be noted that there are alternative ways of implementing the
present invention. Accordingly, the present embodiments are to be considered as
1llustrative and not restrictive, and the invention 1s not to be limited to the details given
herein, but may be modified within the scope and equivalents of the claim(s) 1ssuing here

from.

All publications and patents cited herein are incorporated by reference in their

entirety.
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CLAIMS:
1. A sustained release oral tablet comprising:

(a) 10 wt% to 80 wt% of

1-{[(a-isobutanoyloxyethoxy)carbonyl]Jaminomethyl }-1-cyclohexane acetic acid; and

(b) 1 wt% to 30 wt% of glyceryl behenate;
wherein wt% is based on the total dry weight of the tablet, which tablet:

when administered to one or more fasted human patients at a dose of

1-{[(a-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid ranging
from 1100 mg to 1300 mg provides a gabapentin plasma concentration profile characterized

by a Cpax ranging from 3 pg/mL to 6 pg/ml., a Tna ranging from 4 hours to 7 hours, and an

AUC ranging from 30 pg-hr/mL to 70 pg-hr/mL; or

when administered to one or more fed human patients at a dose of

1-{[(a-isobutanoyloxyethoxy)carbonyljJaminomethyl}-1-cyclohexane acetic acid ranging

from 1100 mg to 1300 mg provides a gabapentin plasma concentration profile characterized

by a Cpax ranging from 5 pg/mL to 8 pg/mL, a Tpa ranging from 6 hours to 11 hours, and an
AUC ranging from 60 pug-hr/mL to 110 pg-hr/ml..

2. The tablet of claim 1, which is compressed to a hardness of at least

15 kiloponds.

3. The tablet of claim 1, comprising an amount of

1-{[(a-isobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid ranging

from 300 mg to 700 mg.

4. The tablet of claim 1, wherein the
1-{[(a-isobutanoyloxyethoxy)carbonyl|Jaminomethyl}-1-cyclohexane acetic acid 1s in a

crystalline form.
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5. The tablet of claim 1, further comprising one or more pharmaceutically

acceptable excipients selected from the group consisting of diluents, lubricants,

anti-adherents, glidants, surfactants, disintegrants, and combinations of any of the foregoing.
6. The tablet of claim 5, wherein the diluent i1s microcrystalline cellulose.

7. The tablet of claim 1, wherein the tablet comprises 600 mg of
1-{[(c-isobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid, and the

dose comprises two of the tablets.

8. The tablet of claim 1, further comprising a coating.
9. The tablet of claim 1, which

when administered to the one or more fasted human patients at a dose of
1-{[(a-isobutanoyloxyethoxy)carbonyl]Jaminomethyl}-1-cyclohexane acetic acid ranging
from 1100 mg to 1300 mg provides a gabapentin plasma concentration profile characterized

by a Cpmax ranging from 3 pg/mL to 6 pg/mL, a T, ranging from 4 hours to 7 hours, and an

AUC ranging from 30 pug-hr/mL to 70 pg-hr/mL; and

when administered to the one or more fed human patients at a dose of
1-{[(c-isobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid ranging
from 1100 mg to 1300 mg provides a gabapentin plasma concentration profile characterized
by a Cpax ranging from 5 pg/mL to 8 pg/ml., a Ty ranging from 6 hours to 11 hours, and an
AUC ranging from 60 pg-hr/mL to 110 pg-hr/mL. '

10. The tablet of claim 1, which

when administered to a population of said fasted human patients at a dose ot
1-{[(a-isobutanoyloxyethoxy)carbonyl Jaminomethyl}-1-cyclohexane acetic acid ranging
from a 1100 mg to 1300 mg provides a gabapentin plasma concentration profile characterized

by a mean Cnay ranging from 3 pg/mL to 6 pg/mL, a mean T,y ranging from 4 hours to

7 hours, and a mean AUC ranging from 30 pg-hr/mL to 70 pg-hr/mL; and



10

15

20

CA 02584338 2012-11-05

77217-20

29

when administered to a population of said fed human patients at a dose ot
1-{[(co-isobutanoyloxyethoxy)carbonyl]Jaminomethyl}-1-cyclohexane acetic acid ranging
from 1100 mg to 1300 mg provides a gabapentin plasma concentration profile characterized

by a mean Cpax ranging from 5 pg/mL to 8 pg/mlL, a mean |y ranging from 6 hours to

11 hours, and a mean AUC ranging from 60 pg-hr/mL to 110 pg-hr/mL.

11. The tablet of claim 1, wherein:

the one or more fasted human patients do not eat any food from 10 hours prior
to administering the dose until 4 hours after dosing, drink 250 mL of water 2 hours and 1 hour

prior to dosing and 250 mL of water a 2 hours after dosing, eat a lunch 4 hours atter dosing,

and eat a dinner 10 hours after dosing; and

the one or more fed human patients begin eating a test meal 30 minutes prior to
administering the dose and complete eating the test meal 5 minutes prior to administering the
dose, eat a lunch 4 hours after dosing, and eat a dinner 10 hours after dosing, wherein the test

meal comprises 1000 total calories of which 500 calories comprise fat calories.

12. The sustained release oral tablet of claim 1, comprising 5 wt% to 20 wt% ot

microcrystalline cellulose.

13. The tablet of claim 12, comprising an amount of

[-{[(a-isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid ranging

from 500 mg to 700 mg.

14. The tablet of claim 1 or 12 comprising 40 wt% to 65 wt%

1-{[(a-isobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid.

15. The table of claim 1 or 14, further comprising 30 wt% to 50 wt% of dibasic

calcium phosphate.

16. A sustained release oral tablet comprising:



10

15

20

CA 02584338 2012-11-05

77217-20
30

(a) 10 Wt% to 80 wt% of

1-{[(a-isobutanoyloxyethoxy)carbonyl Jaminomethyl}-1-cyclohexane acetic acid; and

(b) 1 wt% to 50 wt% of glyceryl behenate;

wherein wt% is based on the total dry weight of the tablet, which tablet when

placed in 10 mM monobasic potassium phosphate buffer and 1% (wt/volume) sodium lauryl

sulfate at pH 7.4 and 37 °C agitated at 50 rpm (USP, Type II), releases 20% of the

1-{[(a-isobutanoyloxyethoxy)carbonyl]Jaminomethyl}-1-cyclohexane acetic acid after

2 hours, 50% after 5 hours, and 80% after 8 hours.

17. The tablet of claim 16, comprising an amount of
1-{[(a-isobutanoyloxyethoxy)carbonyljJaminomethyl}-1-cyclohexane acetic acid ranging

from 500 mg to 700 mg.

18. The tablet of claim 16, comprising 40 wt% to 65 wt%

1-{[(a-isobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid.

19. The table of claim 16 or 18, further comprising 30 wt% to 50 wt% of dibasic

calcium phosphate.

20. A sustained release oral tablet, comprising:

45.8 wt% 1-{[(a-1sobutanoyloxyethoxy)carbonyl|Jaminomethyl}-1-

cyclohexane acetic acid;
39.56 wt% dibasic calcium phosphate;

4.58 wt% glyceryl behenate;
6.11 wt% talc;

0.41 wt% colloidal silicon dioxide;

1.84 wt% sodium lauryl sulfate; and
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1.69 wt% magnesium stearate;
which tablet 1s optionally coated.
21. The tablet of claim 20, comprising 300 mg to 700 mg

1-{[(a-1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid.

22. A use of a tablet as defined in any one of claims 1 to 21 for treating restless

legs syndrome in a patient in need thereof.

23. A use of a tablet as defined in any one of claims 1 to 21 for treating post-

herpetic neuralgia in a patient 1n need thereof.
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