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(57) Abréegée/Abstract:
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FIGURE 1

This application relates to pharmaceutical compositions, comprising solabegron that are useful for the treatment of lower urinary
tract symptoms such as, for example, overactive bladder and prostate disorders. Additionally, this application relates to methods for
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(57) Abrege(suite)/Abstract(continued):
treating lower urinary tract symptoms utilizing the pharmaceutical compositions, comprising solabegron. In some embodiments, the
pharmaceutical compositions, comprising solabegron comprise a dual release drug delivery system.
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(57) Abstract: This application relates to pharmaceutical compositions, comprising solabegron that are usetul for the treatment of

N ower urinary tract symptoms such as, for example, overactive bladder and prostate disorders. Additionally, this application relates to
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O methods for treating lower urinary tract symptoms utilizing the pharmaceutical compositions, comprising solabegron. In some em -
bodiments, the pharmaceutical compositions, comprising solabegron comprise a dual release drug delivery system.
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COMPOSITIONS AND METHODS OF USING MODIFIED RELEASE
SOLABEGRON FOR LOWER URINARY TRACT SYMPTOMS

This application 1s a utility patent application claiming domestic priority
under 35 U.S.C. § 119(¢e) to United States Provisional Patent Application No. 62/087,021,
COMPOSITIONS AND METHODS OF USING MODIFIED RELEASE SOLABEGRON
FOR LOWER URINARY TRACT SYMPTOMS, filed December 3, 2014 the disclosure of

which 1s incorporated by reference in its entirety and for all purposes.

SUMMARY

[0001] Embodiments of the present application relate to pharmaceutical
compositions comprising a therapeutically effective amount of solabegron that achieves a
first target Co.x 0f solabegron, a second target C,.x of solabegron, a first target C;, of
solabegron between the first target C.x and the second target C.x and a second C,,, of
solabegron after the second target Chax. In embodiments, the pharmaceutical compositions
reduce desensitization of the beta-3 adrenoceptor, particularly when compared to an
immediate release formulation of solabegron that may be given, for example, twice daily. In
embodiments, the pharmaceutical compositions achieve a plasma concentration [C] of
solabegron of about 1 ug/ml or below for a period of time of about 6 hours to about 9 hours
during a 24 hour period. In embodiments, the pharmaceutical compositions achieve an AUC
of about 11,000 ng'hr/ml to about 30,000 ng'hr/ml over a 24 hour period. In embodiments the
pharmaceutical compositions are administered once a day to a patient in need thereof.

[0002] Further embodiments are directed to the use of such pharmaceutical
compositions for the treatment of diseases, including, but not limited to, lower urinary tract
symptoms (heremafter “LUTS”), obesity, type 2 diabetes, heart failure, irritable bowel
syndrome and similar gastrointestinal disorders, pre-term labor, depression and anxiety. In

embodiments, LUTS may be overactive bladder and/or prostate disorders.

G003] Agonist-induced desensitization of G-protein coupled receptors (GPCRS)
of the beta-3 adrenoceptor 1s not well studied. For many disease processes, GPCR
desensitization 1s thought to contribute to the disease process or limit the effect of therapeutic
agents. Prolonged exposure of the receptor system molecule to a drug may result 1o receptor
down-regulation. Down-regulation occurs when there 18 a decrease in the number of receptor
system molecules on the cell, thus decreasing the response to continued administration of the

therapeutic agent. In addition, more drug may often be needed over time to achieve the same
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therapeutic response. Pharmaceutical compositions that increase the therapeutically cttective
propertics of solabegron, while otherwise mummizing such desensitization are described

herein.

[0004] Solabegron (3'-[(2-{[(2R)-2-(3-chlorophenyl)-2-
hydroxyethyl]amino }ethyl)amino]biphenyl-3-carboxylic acid) 1s a beta-3 adrenoceptor

agonist, with the following structure:

It 1s further described 1in United States Patent No. 6,251,925, United States Patent No.
8,642,661 and United States Patent Publication No. 2013/0172277A1 and PCT Application
No. US2015/38583 filed June 30, 2015. Solabegron has been demonstrated to significantly
reduce the symptoms of overactive bladder (hereinafter “OAB”) OAB 1n women with
modecrate to severe OAB, showing that solabegron 1s sate, well-tolerated, and does not

demonstrate significant differences in adverse events as compared to placebo.

[0005] The question arises whether use of a beta-3 adrenoceptor agonist may be
limited by beta-3 receptor desensitization. It 1s conceivable that like the beta-2 adrenoceptor
in airway smooth muscle, continuous, prolonged administration of a beta-3 adrenoceptor
agonist will elicit beta-3 receptor desensitization in bladder smooth muscle. Prolonged
cxposure of a beta-3 adrenoceptor agonist may possibly result in a decrease 1 the number of

beta-3 receptors, a decrease binding atfinity or dinunish post-receptor signal transduction

mechanisms and second messenger signaling, resulting 1 a diminushed therapeutic response.
[0006] Embodiments of the present application relate to pharmaceutical

compositions comprising a therapeutically effective amount of solabegron that achieves a
first target Chax 0f solabegron, a second target Cpax of solabegron, a first target Cy,n of
solabegron between the first target Chax and the second target Chax and a second Cin of
solabegron after the second target Chax. In embodiments, the pharmaceutical composition 18

a single unit dose. In embodiments, the pharmaceutical composition is two unit doses.

-
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[0007] In embodiments, solabegron 1s solabegron or a pharmaceutically
acceptable salt thereof. In embodiments, solabegron 1s amorphous or the free base. In
embodiments, a pharmaceutically acceptable salt thereof may include, but are not limited to,
hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate, phosphate, acid
phosphate, 1sonicotinate, acetate, lactate, salicylate, citrate, tartrate, pantothenate, bitartrate,
ascorbate, succinate, maleate, gentisinate, fumarate, gluconate, glucaronate, saccharate,
formate, benzoate, glutamate, methanesulfonate, ethanesulfonate, benzensulfonate, p-
toluenesulfonate and pamoate (1.¢., L,I'-methylene-bis-(2-hydroxy-3-naphthoate)), various
amino acids, aluminum, calcium, lithium, magnesium, potassium, sodium, zinc, iron,
dicthanolamine, amines, such as organic amines, N,N'-dibenzylethylenediamine,
chloroprocaine, choline, dicthanolamine, dicyclohexylamine, ethylenediamine, N-

methylglucamine, and procaine. In embodiments, solabegron 1s solabegron hydrochloride.

[0008] In embodiments, the pharmaceutical composition reduces desensitization
of beta-3 adrenoceptor or otherwise increases the therapeutic eftect of solabegron,
particularly when compared to an immediate release formulation of solabegron that may be
oiven, for examples, twice daily. Desensitization occurs when the beta-3 adrenoceptor 1s not
otherwise responsive to an agonist (or antagonist), 18 less responsive to an agonist (or
antagonist), or the target tissue (e.g., the bladder) 1s not otherwise responsive or is less
responsive to an agonist (or antagonist).

[0009] In embodiments, the pharmaceutical composition achieves a target arca
under the curve (herein after AUC) of about 11,000 ng'hr/ml to about 30,000 ng'hr/ml over a
24 hour period. In embodiments, the pharmaceutical composition provides a therapeutic
benefit for about 15 to about 22 hours during a 24 hour period. In embodiments, the
pharmaceutical composition provides a therapeutic effective [C] for about 15 hours to about
22 hours during a 24 period.

[0010] In embodiments, the first target Ci.x 18 about 1 ug/ml to about 3.5 ug/mil.
In embodiments, the first target Cpax 18 about 1 ug/ml to about 2 ug/ml. In embodiments, the
first target Chax 18 about 1.5 ug/ml to about 3.5 ug/ml. In embodiments, the first target Cax
1s about 1.5 pug/ml to about 3.0 ug/ml. In embodiments, the first target C.x 1s about 2.0
ug/ml to about 3.5 ug/ml. In embodiments, the first target C,.x 1S about 2.0 ug/ml to about
3.0 ug/ml.

[0011] In embodiments, the first target Cpi, 18 about 0.25 ug/ml to about 1.5

ug/ml. In embodiments, the first target C,in 1S about 0.25 ug/ml to about 1 ug/ml. In
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embodiments, the first target C,i, 18 about 0.5 ug/ml to about 1.5 ug/ml. In embodiments, the
first target Cpin 18 about 0.5 pg/ml to about 1.0 ug/ml. In embodiments, the first target Ciy, 18
about 0.75 ug/ml to about 1.5 ug/ml. In embodiments, the first target Cpin 18 about 0.25
ug/ml to about 1.25 ug/mil.

[0012] In embodiments, the second target C.x 1S about 1.5 ug/ml to about 4.0
ug/ml. In embodiments, the second target C.x 1S about 1.5 ug/ml to about 3.0 ug/ml. In
embodiments, the second target Cax 18 about 2.5 ug/ml to about 4.0 ug/ml. In embodiments,
the second target Chax 18 about 2.0 ug/ml to about 4 ug/ml. In embodiments, the second
target Chax 18 about 2.0 ug/ml to about 3.0 ug/ml. In embodiments, the second target Cax 18
about 3.0 ug/ml to about 4.0 ug/ml.

[0013] In embodiments, the second target C,in 18 about 0.1 ng/ml to about 1.0
ug/ml. In embodiments, the second target C,in 18 about 0.25 ug/ml to about 1.0 ug/ml. In
embodiments, the second target C,,i, 15 about 0.5 ug/ml to about 1.0 ug/ml. In embodiments,
the second target C;, 1S about 0.75 ug/ml to about 1.0 ng/ml.

[0014] In embodiments, the first C,.x 18 achieved at about 0.75 to about 4 hours
(1.c., first Thax) after administration of the pharmaceutical composition. In embodiments, the
first Cp.ax 18 achieved at about 1.5 to about 3 hours (1.¢., first T ,.x) after administration of the
pharmacecutical composition.

[0015] In embodiments, the first C,, 18 achieved at about 4 to about 8 hours (1.¢.,
first Tmin) after administration of the pharmaceutical composition. In embodiments, the first
Cmin 18 achieved at about 5 to about 6 hours (1.¢., first Tmin) after administration of the
pharmaceutical composition.

[0016] In embodiments, the time between the first target Co.x and the second
target Chax 18 about 2 to about & hours. In embodiments, the time between the first target
Cmax and the second target C.x 1S about 3 to about 7 hours. In embodiments, the time
between the first target C.x and the second target C.x 1S about 4 to about 6 hours.

[0017] In embodiments, the second Cr.ax 18 achieved at about 12 to about 20 hours
(1.c., sccond Tpax) after administration of the pharmaceutical composition. In embodiments,
the second C,.x 18 achieved at about 14 to about 16 hours (i.¢., second T,,.x) after
administration of the pharmaceutical composition. In embodiments, the second C,.x 18
achicved at about 2 to about 8 hours (1.¢., second Tpax) after the first Cryi,. In embodiments,
the second Cax 18 achieved at about 4 to about 6 hours (1.¢., second Tpax) after the first Cpn.

[0018] In embodiments, the second C,;, 18 achieved before about 24 hours (1.¢.,

second T,) after administration of the pharmaceutical composition. In embodiments, the

4
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second C,i, 18 achieved before about 20 hours (1.¢., second T,,i,) after administration of the
pharmaceutical composition. In embodiments, the second C,,;, 18 achieved before about 16
hours (1.¢., second Ty,,) after administration of the pharmaceutical composition.

[0019] In embodiments, the plasma concentration [C] of solabegron 1s about 1
ug/ml or below for a period of time of about 6 hours to about 9 hours during a 24 hour
period. In embodiments, the plasma concentration [C] of solabegron 1s about 1 ug/ml or
below for a period of time of about 7 hours to about 8 hours during a 24 hour period.

[0020] In embodiments, the first C.x may be achieved through a first release of
solabegron and the second C,,.x may be achieved through a second release of solabegron. In
embodiments, the first C,x may be achieved during or after a first release of solabegron; that
1s the first C.x may be achieved after the start of the first release. In embodiments, the
second C,x may be achieved during or after a second release of solabegron; that 1s the
second C.x may be achieved after the start of the second release. In embodiments, the first
Cmin may be achieved after the first C,.x and before the second C,.x. In embodiments, the
second Cpi, may be achieved after the second Cpax. In embodiments, the pharmaceutical
composition 1s a single unit dose. In embodiments, the pharmaceutical composition is two
unit doses.

[0021] In embodiments, the first release of solabegron may be a pulsatile release
of solabegron. In embodiments, the second release of solabegron may be a pulsatile release
of solabegron. In embodiments, the first release of solabegron may be an immediate release
of solabegron. In embodiments, the second release of solabegron may be an immediate
release of solabegron. In embodiments, the first release of solabegron may be modified
release of solabegron. In embodiments, the second release of solabegron may be a modified
release of solabegron. In embodiments, the first release of solabegron may be an extended
release of solabegron. In embodiments, the second release of solabegron may be an extended
release of solabegron. In embodiments, the first release of solabegron may be a delayed
release of solabegron. In embodiments, the second release of solabegron may be a delayed
release of solabegron. In embodiments, the first release of solabegron may be a
multiparticulate formulation of solabegron. In embodiments, the second release of
solabegron may be a multiparticulate formulation of solabegron. In embodiments, the first
release of solabegron may be a matrix formulation of solabegron. In embodiments, the
second release of solabegron may be a matrix formulation of solabegron. In embodiments,

the first and second release of solabegron may be any combination of the foregoing.
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[0022] In embodiments, the pharmaceutical composition may be a
multiparticulate formulation. In embodiments, the multiparticulate formulation may
comprise at least two populations of pellets containing solabegron. In embodiments, a first
population of pellets 1s immediate release and a second population 1s delayed, sustained or
modified release. In embodiments, the first population of pellets release the solabegron
immediately 1n the upper GI tract and the second population of pellets release the solabegron
later 1n a lower portion of the GI tract. In embodiments, the second population of pellets that
are delayed, sustained or modified release may be coated with a PH dependent coating or a
time dependent coating so as to delay the second release of solabegron to the desired position
in the GI tract. In embodiments, the pellets may be drug-layered and/or matrix-type pellets.

[0023] In embodiments, the pharmaceutical composition may be a drug-coated
sphere(s) formulation. In embodiments, the formulation may comprise at least two
populations of drug-coated spheres containing solabegron. In embodiments, a first
population of drug-coated spheres release the solabegron immediately in the upper GI tract
and the second population of drug-coated spheres release the solabegron later 1n a lower
portion of the GI tract. In embodiments, the second population of drug-coated spheres may
be coated with a PH dependent coating or a time dependent coating so as to delay the second
release of solabegron to the desired position 1n the GI tract. In embodiments, the
pharmaceutical composition 18 a single unit dose. In embodiments, the pharmaceutical
composition 1s two unit doses.

[0024] In embodiments, the pharmaceutical composition may be a bi-layer tablet
or a dual-encapsulated capsule. In embodiments, the bi-layer tablet may comprise an
immediate release layer and a delayed, sustained or modified release layer. The immediate
layer may release solabegron immediately 1n the GI tract and the modified, delayed or
sustained release layer will release solabegron at a later time and lower 1n the GI tract. The
modified release layer may be coated with either a pH dependent coating or a time dependent

coating so as to delay the second release of solabegron to the desired position in the GI tract.

[0025] In embodiments, the pharmaceutical composition may be a matrix tablet.
In embodiments, the matrix tablet may comprise a well-mixed composite of drug(s) with rate-
controlling excipients. Numerous sustained and/or delayed release tablets such as membrane
controlled system, matrices with water soluble/insoluble polymers, and osmotic systems may
be utilized. The tablet may contain either the amorphous form of solabegron or the

crystalline form. The delayed/sustained release can be achieved by applying a permeable or
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semipermeable membrane to the tablet core or by mixing the drug with excipient that 1s either
a hydrophilic polymer with high viscosity and gel forming capability or a hydrophobic
excipient that slows down the diffusion of drug molecule. An immediate release drug layer
can be coated to the tablet that will be available for an early release 1in the GI tract, while the
delayed release core will be designed to delay the drug release after a time period 1n a
designed region of the GI tract. In embodiments, the pharmaceutical composition 1s a single

unit dose. In embodiments, the pharmaceutical composition 1s two unit doses.

[0026] In embodiments, the pharmaceutical composition may be a multicore
tablet. In embodiments the multicore tablet may comprise multiple discrete cores consisting
of at least one immediate release core and at least one delayed/sustained release core
contained within the same tablet. The at least one immediate release core will be available
for an early release 1n the GI tract, while the at least one delayed/sustained release core will
be designed to delay the drug release after a time period 1n a designed region of the GI tract.
In embodiments, the pharmaceutical composition 1s a single unit dose. In embodiments, the

pharmaceutical composition 1s two unit doses.

[0027] In embodiments, the pharmaceutical composition may be a gastroretentive
oral delivery system. In embodiments the gastroretentive oral delivery system may comprise
a gastroretentive oral dosage form containing solabegron for the multiple releases of
solabegron to a patient 1n need. The formulation will contain a tablet or capsule having both
an 1mmediate release and modified release component. The immediate layer will release
solabegron immediately 1n the GI tract , wherein the modified release layer will release
solabegron at a later time 1nside the GI tract. The gastroretentive oral dosage form may
utilize mucoadhesive, swellable, high density or floating technologies to prolong residence
time 1n the stomach thereby allowing a prolonged period for release of both first and second
releases 1n the stomach or upper GI. Both releases may contain any physical form of
solabegron such as, for example, amorphous or crystalline solid. In embodiments, the
pharmaceutical composition 1s a single unit dose. In embodiments, the pharmaceutical

composition 18 two unit doses.

[0028] In embodiments, the first release of solabegron and the second release of
solabegron may be 1dentical amounts or may be different amounts of solabegron. In
embodiments, the first release of solabegron may be about 75 mg to about 250 mg. In

embodiments, the second release of solabegron may be about 100 mg to about 400 mg. In

7.
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embodiments, the first release and the second release of solabegron may be about 125 mg. In
embodiments, the first release and the second release of solabegron may be about 200 mg. In
embodiments, the first release of solabegron may be about 125 mg and the second release of
solabegron may be about 200 mg. In embodiments the first release of solabegron may be 30,
35, 40, 45, 50, 55, 60, 65, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140,
145, 150, 155, 160, 165, 170, 175, 180, 185, 190, 1935, 200, 205, 210, 215, 220, 225, 230,
2335, 240, 245, 250, 255, 260, 265, 270, 275, 280, 285, 290, 295, 300, 305, 310, 315, 320,
325, 330, 335, 340, 345, 350, 353, 360, 365, 370, 375, 380, 385, 390, 395, 400, 405, 410,
4135, 420, 425, 430, 440, 445, 450, 4535, 460, 465, 475, 480, 485, 490, 495 or 500 mg. In
embodiments the second release of solabegron may be 30, 35, 40, 45, 50, 55, 60, 65, 75, 80,
83, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175,
180, 185, 190, 195, 200, 205, 210, 215, 220, 225, 230, 235, 240, 245, 250, 255, 260, 2635,
2770, 275, 280, 285, 290, 295, 300, 305, 310, 315, 320, 325, 330, 335, 340, 345, 350, 3535,
360, 365, 370, 375, 380, 385, 390, 395, 400, 405, 410, 4135, 420, 425, 430, 440, 445, 450,
455, 460, 465, 475, 480, 485, 490, 495 or 500 mg.

[0029] In embodiments, the pharmaceutical composition may further comprise a
therapeutically effective amount of one or more additional therapeutic agents. In
embodiments, the one or more additional therapeutic agents may be an antimuscarinic agents,
alpha adrenoceptor blockers, botulinum toxin, purinergics, cannabinoids, transient receptor
potential (TRP) protein inhibitors, prostaglandins, S-alpha reductase inhibitors,
phosphodiesterase-5 inhibitors or percutancous tibial nerve stimulation. In embodiments, the
antimuscarinic agent may be tolterodine, oxybutynin, trospium, solifenacin, darifenacin,
propiverine, fesoterodine, and pharmaceutically acceptable salts thercof. In embodiments,
alpha adrenoceptor blockers may be tamuslosin, alfuzosin, and silodosin and
pharmaceutically acceptable salts thereof. In embodiments, S-alpha reductase inhibitors may
be finasteride, dutaseteride and pharmaceutically acceptable salts thereof. In embodiments,
phosphodiesterase-5 inhibitors may be sildenafii, tadalafii, vardenafil, udenafil, avanafil and
pharmaceutically acceptable salts thereof.

[0030] In embodiments, methods of treating a disease comprising administering to
a subject 1n need thereof a pharmaceutical composition as described herein are provided. In
embodiments, the disecase may be LUTS, obesity, type 2 diabetes, heart failure, irritable
bowel syndrome and similar gastrointestinal disorders, pre-term labor, depression and
anxicty, combinations thercof. In embodiments, treating LUTS may include treating or

otherwise decreasing frequency of urgency, decreasing nocturia, decreasing urinary
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micturition frequency, decreasing urinary incontinence, increasing voided volume, decreasing
post-void residual volume, and/or improving patient reporting outcomes. In embodiments,
the pharmaceutical composition may be administered once a day. In embodiments, the
pharmaceutical composition may be administered twice a day.

[0031] In embodiments, methods of treating such diseases may further comprise
administering a therapeutically effective amount of one or more additional therapeutic agents.
In embodiments, the one or more additional therapeutic agents may be administered prior to,
simultancously with, or following the administration of the pharmaceutical composition
comprising solabegron. In embodiments, the one or more additional therapeutic agents may
be an antimuscarinic agents, alpha adrenoceptor blockers, botulinum toxin, purinergics,
cannabinoids, transient receptor potential (TRP) protein inhibitors, prostaglandins, 5-alpha
reductase ihibitors, phosphodiesterase-5 inhibitors or percutancous tibial nerve stimulation.
In embodiments, the antimuscarinic agent may be tolterodine, oxybutynin, trospium,
solifenacin, darifenacin, propiverine, fesoterodine, and pharmaceutically acceptable salts

thereof.

BRIEF DESCRIPTION OF THE FIGURES

[0032] FIGURE 1 - Graphical Illustration of a Dual-Release Pharmaceutical

Composition that Achieves a First Target Cpax, Provides a Period at a First Target Cpyin,

Achieves a Second Target Cp.x and Finally Provides a Period at a Second Target Cin.

[0033] FIGURE 2 — Cumulative Concentration Response Curves (CCRC) to

Solabegron Performed After a One Hour Incubation to the ECoy Concentration of Solabegron.

[0034] FIGURE 3 — Cumulative Concentration Response Curves (CCRC) to
Solabegron Performed After a Three Hour Incubation to the ECyy Concentration of

Solabegron.

[0035] FIGURE 4 - Cumulative Concentration Response Curves (CCRC) to CL-
316,243 Pertormed After a Three Hour Incubation to the ECoy Concentration of CL-316,243.

DETAILED DESCRIPTION

[0036] To prevent or reduce beta-3 adrenoceptor desensitization, 1t 1s described

herein that the therapeutic administration of a beta-3 adrenoceptor agonist occurs in a manner
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such that drug occupancy at the receptor occurs at levels that do not elicit significant receptor

desensitization and pharmaceutical compositions that achieve the same.

[0037] It 1s well established in the GPCR field that prolonged occupancy of a
receptor by an agonist can result in receptor desensitization. A method to limit this 18 to have
the agonist off the receptor, and allow the receptor to recover from agonist occupancy. When
examining an entire population of receptors, the entire population of receptors does not need
to be unoccupied; fractional occupancy of the entire receptor population can still result in
prevention of receptor desensitization and preservation of function. In other words, anything
lower than 100% receptor occupancy may still allow some percentage of receptor

resensitization.

[0038] Certain pharmaceutical compositions and methods of adrninistration as
described herein will not produce significant receptor desensitization, while ensuring the
method of administration will optimize for the beta-3 adrenoceptor stimulation, thus enablhing
the target tissue to benefit tully from the administered therapeutic agent. The therapeutic
agent, 1 the present application, 1s the beta-3 adrenoceptor agonist solabegron and it may be
administered in a succession of at least two releases. The releases have a selected amplhitude
and duration so that the beta-3 adrenoceptor will not down-regulate and the binding affinity

ot the receptor system molecule will not be diminished.

[0039] Embodiments of the present application describe pharmaceutical
compositions comprising a therapeutically effective amount of solabegron in a succession of
at lcast two releases, wherein each release 18 optimized to provide a therapeutically etfective
plasma concentration [C] that optimizes the tissue response while also providing a lower
plasma concentration [C] between the first and second release as well as between the second
release and the subsequent administration of the pharmaceutical composttion to allow for a
sufficient recovery time for the beta-3 adrenoceptors and methods of using the same to treat
discases. An exemplary embodiment of such a pharmaceutical composition and its release

profile i1s provided i (FEGURE 1).

[0040] Administration of a drug to treat such disease could be by the oral or
parenteral routes of administration. For the oral route of administration, a pharmaceutical
composition 18 described that releases drug for systemic absorption at the desired time-points

and releases the desired systemic plasma drug levels.
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Definitions

[0041] As used herein, the term "about” means plus or minus 10 % of a given

value. For example, "about 50 %" means 1n the range of 45 % - 55 %.

[0042] As used herein the term "agonist” refers to a compound, the presence of
which results 1n a biological activity of a receptor that 1s the same as the biological activity

resulting from the presence of a naturally occurring ligand for the receptor.

[0043] The phrase "pharmacecutically acceptable” refers to molecular entities and
compositions that are generally regarded as safe and nontoxic. In particular,
pharmaceutically acceptable carriers, diluents or other excipients used in the pharmaceutical
compositions of this application are physiologically tolerable, compatible with other
ingredients, and do not typically produce an allergic or similar untoward reaction (e.g.,
gastric upset, dizziness and the like) when administered to a patient. Preferably, as used
herein, the term "pharmaceutically acceptable” means approved by a regulatory agency of the
Federal or a state government or listed 1n the U.S. Pharmacopocia or other generally
recognized pharmacopoeia for use in animals, and more particularly in humans. The phrase
"pharmacecutically acceptable salt(s)", as used herein, includes those salts of compounds of
the application that are safe and effective for use in mammals and that possess the desired
biological activity. Pharmaceutically acceptable salts include salts of acidic or basic groups
present in compounds of the application or in compounds 1dentified pursuant to the methods
of the application. Pharmaceutically acceptable acid addition salts include, but are not
[imited to, hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate, phosphate,
acid phosphate, 1sonicotinate, acetate, lactate, salicylate, citrate, tartrate, pantothenate,
bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, gluconate, glucaronate,
saccharate, formate, benzoate, glutamate, methanesulfonate, ethanesulfonate,
benzensulfonate, p-toluenesulfonate and pamoate (1.¢., 1,I'-methylene-bis-(2-hydroxy-3-
naphthoate)) salts. Certain compounds of the application can form pharmaceutically
acceptable salts with various amino acids. Suitable base salts include, but are not limited to,
aluminum, calcium, lithium, magnesium, potassium, sodium, zinc, 1ron and dicthanolamine
salts. Pharmacecutically acceptable base addition salts are also formed with amines, such as
organic amines. Examples of suitable amines are N,N'-dibenzylethylenediamine,
chloroprocaine, choline, dicthanolamine, dicyclohexylamine, ethylenediamine, N-

methylglucamine, and procaine.
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[0044] As used herein the phrase “drug delivery system” refers to any physical
form, vehicle or composition that may be formulated by the hand of man to administer a
therapeutic agent to a patient in need thereof such as, for example but not limited to the
following: tablets, capsules, granules, powders, liquids, suspensions, suppositories,

ointments, creams and aerosols.

[0045] As used herein the phrase “lower urinary tract symptoms™ or “LUTS”
refers to a group of medical symptoms comprising increased frequency of urination,
increased urinary urgency of urination, painful urination, excessive passage of urine at night
(nocturia), poor stream, overactive bladder, hesitancy, terminal dribbling, incomplete

voiding, and overflow incontinence.

[0046] As used herein the phrase “overactive bladder” or “OAB” refers to a group
of medical symptoms comprising urinary urgency, frequent urination, nocturia, urinating

unintentionally and urge incontinence.

[0047] As used herein, the term "therapeutic” means an agent utilized to treat,

combat, ameliorate, protect against or improve an unwanted condition or discase of a subject.

[0048] As used herein, the term "effective amount” refers to an amount that
results 1n measurable inhibition of at least one symptom or parameter of a specific disorder or

pathological process.

[0049] As used herein, the term "desensitization"” refers to a state wherein a
receptor, specifically in the present application a beta-3 adrenoceptor, has been overexposed
to an agonist for an extended period of time and an increased dosage of agonist must be
administered to achieve a similar physiological response. it is a process whereby after
prolonged agonist exposure, the receptor 18 uncoupled from its signaling cascade, and thus

the brological effect of receptor activation 18 attenuated.

[0050] As used herein the term "therapeutically effective amount” of
compositions of the application 1s a predetermined amount, which confers a therapeutic effect
on the treated subject, at a reasonable benefit/risk ratio applicable to any medical treatment.
The therapeutic effect may be objective (1.¢., measurable by some test or marker) or
subjective (1.€., subject gives an indication of or feels an effect or physician observes a

change).

_12-
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[0051] As used herein the terms "treat"”, "treated", or "treating" refer to both
therapeutic treatment and prophylactic or preventative measures, wherein the object 18 to
protect against (partially or wholly) or slow down (¢.g., lessen or postpone the onset of) an
undesired physiological condition, disorder or disecase, or to obtain beneficial or desired
clinical results such as partial or total restoration or inhibition 1n decline of a parameter,
value, function or result that had or would become abnormal. For the purposes of this
application, beneficial or desired clinical results include, but are not limited to, alleviation of
symptoms; diminishment of the extent or vigor or rate of development of the condition,
disorder or discase; stabilization (1.¢., not worsening) of the state of the condition, disorder or
disease; delay 1n onset or slowing of the progression of the condition, disorder or disease;
amelioration of the condition, disorder or discase state; and remission (whether partial or
total), whether or not 1t translates to immediate lessening of actual clinical symptoms, or
enhancement or improvement of the condition, disorder or discase. Treatment seeks to elicit

a clinically significant response without excessive levels of side effects.

2% &6

[0052] As used herein the terms, “release”, “releases” “delivery

2% 66

pulsatile
delivery device” refer to pharmaceutical compositions and methods of treatment wherein a
therapeutic agent 1s delivered rapidly within a short, predetermined period of time, as a result

of a biological or external trigger or after a specific lag time.

[0053] As used herein the term “immediate release” refers to
pharmaceutical compositions that release the active ingredient within a short period of

time, typically less than 30 minutes.

[0054] As used herein the term “modified release” refers to pharmaceutical
compositions that does not otherwise release the active ingredient immediately, for
example 1t may release the active ingredient at a sustained or controlled rate over an
extended period of time such as, for example, 4 hours, & hours, 12 hours, 16 hours, and 24
hours or release the pharmaceutical dosage after a set time such as, for example, enteric-

coated compositions that release the dosage in the intestinal track.

[0055] As used herein the terms “QD” and “q.d.” mean once a day (from the Latin
quaque die).

[0056] As used herein the terms “BID” and “b.1.d.” mean twice a day (from the

Latin bis 1n die).
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[0057] As used herein the terms “TID” and t.1.d.” mean three times a day (from
the Latin ter in die).

[0058] As used herein the terms “Chax 5 “Cuin s < Tmax and “Tnin are terms used
in pharmacokinetic analyses of the concentration of a drug against time. g 18 a term that
refers to the maximum {or peak) plasma concentration that a drug achieves m a specified
compartment or test arca of the body after the drug has been administrated and prior to the
adrninistration of a second dose. Crax 18 the opposite of Cyyp, which 1s the minimum {or
trough) concentration that a drug achicves after dosing. Ty 18 the term used 1o
pharmacokinetics to describe the fime at which the C,. 18 observed and T, 15 the term uscd
in pharmacokinetics to describe the time at which the (U, 15 observed after the drug has been

administered and prior to the administration of a sccond dose.

[0059] As used herein the terms “area under the curve” and “AUC” is the area
under the curve {(mathematically known as a definute integral) in a pharmacokinetic plot of

the concentration of a drug against time.,

Embodiments

[0060] In one embodiment, the present application describes a pharmaceutical
composition comprising a therapeutically effective amount of solabegron, wherein the
pharmaceutical composition achieves a first target C..x, a second target C,.«, a first target
Cmin between the first target Chax and the second target Chax, and a second target Coy, after
the second target Chax. Further embodiments describe pharmaceutical compositions, wherein
said pharmaceutical composition achieves a plasma concentration of about 1 ug/ml or less for
about 6 hours to about 9 hours during a twenty-four hour period. Further embodiments
describe pharmaceutical compositions, wherein said pharmaceutical composition achieves a
target AUC of about 11,000 ng'hr/ml to about 30,000 ng'hr/ml over a twenty-four hour
period. Further embodiments describe pharmaceutical compositions, wherein the first target
Cmax 18 achieved after the start of a first release of solabegron and the second target Cax 18
achieved after the start of a second release of solabegron. Further embodiments describe
pharmaceutical compositions, wherein said first target Cpax 18 about 0.5 ug/ml to about 3.5
ug/ml. Further embodiments describe pharmaceutical compositions, wherein said second
target Coax 18 about 1.5 ug.ml to about 4 ug/ml. Further embodiments describe

pharmaceutical compositions, wherein said first Cpi, 1S about 0.25 ug/ml to about 1.5 ug/ml.
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Further embodiments describe pharmaceutical compositions, wherein said second Cyi, 18
about 0.01 ug/ml to about 1.0 ug/ml. Further embodiments describe pharmaceutical
compositions, wherein the time between the first target Chax and the second target Cpax 18
about 2 to about 8 hours. Further embodiments describe pharmaceutical compositions,
wherein the first C,,;, 18 achieved at about 4 to about 8 hours after the first administration.
Further embodiments describe pharmaceutical compositions, wherein the second Cip 18
achieved before about 24 hours after administration of the pharmaceutical composition.
Further embodiments describe pharmaceutical compositions, wherein the first Cpax 18
achieved at about 0.75 to about 4 hours after the first administration. Further embodiments
describe pharmaceutical compositions, wherein the second C,.x 18 achieved at about 2 to
about 8 hours after the first Cp,;,. Further embodiments describe pharmaceutical
compositions, wherein the first release comprises about 75 mg to about 400 mg of
solabegron. Further embodiments describe pharmaceutical compositions, wherein the second
release comprises about 100 mg to about 400 mg of solabegron. Further embodiments
describe pharmaceutical compositions, further comprising one or more additional therapeutic
agents selected from the group consisting of: antimuscarinic agents; alpha adrenoceptor
blockers; botulinum toxin; purinergics; cannabinoids; transient receptor potential (TRP)
protein inhibitors; prostaglandins; percutancous tibial nerve stimulation; 5-alpha reductase

inhibitors; and phosphodiesterase-5 inhibitors.

[0061] In one embodiment, the present application describes a pharmaceutical
composition for the delivery of solabegron, comprising: at least one immediate release
composition, comprising solabegron and at least one pharmaceutically acceptable carrier or
diluent; and at least one modified release composition, comprising solabegron and at least
on¢ pharmaceutically acceptable carrier or diluent. Further embodiments describe
pharmaceutical compositions, wherein the at least one immediate release composition
comprises about 75 mg to about 400 mg solabegron. Further embodiments describe
pharmaceutical compositions, wherein the at least one modified release composition
comprises about 100 mg to about 400 mg solabegron. Further embodiments describe
pharmaceutical compositions, wherein the at least one immediate release composition
achieves a blood plasma C,,.x 1n about 0.75 to about 4 hours after administration to a patient
in need of treatment. Further embodiments describe pharmaceutical compositions, wherein
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