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COMPOSITIONS AND METHODS OF USING MODIFIED RELEASE
SOLABEGRON FOR LOWER URINARY TRACT SYMPTOMS

This application is 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 is 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 Cy.x of solabegron, a second target C.x of solabegron, a first target Cyy, of
solabegron between the first target Cp.x and the second target C.x and a second Cpyy, of
solabegron after the second target Crax. 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 (hereinafter “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.

[8063] Agonist-induced desensitization of G-protein coupled receptors (GPCRs)
of the beta-3 adrenoceptor is not well studied. For many disease processes, GPCR
desensitization is 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 in receptor
down-regulation. Down-regulation occurs when there is a decrease in the number of receptor
systern molecules on the cell, thus decreasing the response to continued administration of the

therapeutic agent. In addition, more drug may often be needed over tirne to achicve the same
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therapeutic response. Pharmaccutical compositions that increase the therapeutically cffective
properties of solabegron, while otherwise minimizing such desensitization are described

herem.

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

agonist, with the following structure:

It is further described in 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 in women with
moderate to severe OAB, showing that solabegron is safe, 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 is 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
exposure of a beta-3 adrenoceptor agonist may possibly result in a decrease in the number of
beta-3 receptors, a decrease binding affinity or diminish post-receptor signal transduction

mechanisms and second messenger signaling, resulting 1o a diminished therapeutic response.

[0006] Embodiments of the present application relate to pharmaceutical
compositions comprising a therapeutically effective amount of solabegron that achieves a
first target Cpax of solabegron, a second target Cpax of solabegron, a first target Cpin of
solabegron between the first target Cpax and the second target Cpax and a second Cpip of
solabegron after the second target Cpax. In embodiments, the pharmaceutical composition is

a single unit dose. In embodiments, the pharmaceutical composition is two unit doses.
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[0007] In embodiments, solabegron is solabegron or a pharmaceutically
acceptable salt thereof. In embodiments, solabegron is 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, isonicotinate, 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 (i.e., 1,I'-methylene-bis-(2-hydroxy-3-naphthoate)), various
amino acids, aluminum, calcium, lithium, magnesium, potassium, sodium, zinc, iron,
diethanolamine, amines, such as organic amines, N,N'-dibenzylethylenediamine,
chloroprocaine, choline, diecthanolamine, dicyclohexylamine, ethylenediamine, N-

methylglucamine, and procaine. In embodiments, solabegron is solabegron hydrochloride.

[0008] In embodiments, the pharmaceutical composition reduces desensitization
of beta-3 adrenoceptor or otherwise increases the therapeutic effect of solabegron,
particularly when compared to an immediate release formulation of solabegron that may be
given, for examples, twice daily. Desensitization occurs when the beta-3 adrenoceptor is not
otherwise responsive to an agonist (or antagonist), is less responsive to an agonist (or
antagonist), or the target tissue (e.g., the bladder) is 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 Cpax 1s about 1 ug/ml to about 3.5 pg/ml.
In embodiments, the first target Cpax 1s about 1 ug/ml to about 2 pg/ml. In embodiments, the
first target Cpax 18 about 1.5 pug/ml to about 3.5 ug/ml. In embodiments, the first target Cax
is about 1.5 ug/ml to about 3.0 ug/ml. In embodiments, the first target Cp.y is about 2.0
ug/ml to about 3.5 ug/ml. In embodiments, the first target C,.x is about 2.0 ug/ml to about
3.0 ug/ml.

[0011] In embodiments, the first target Cyin 1s about 0.25 pg/ml to about 1.5
ug/ml. In embodiments, the first target Cy,in is about 0.25 pg/ml to about 1 ug/ml. In
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embodiments, the first target Cpy, 18 about 0.5 ug/ml to about 1.5 ug/ml. In embodiments, the
first target Cpyy 1s about 0.5 ug/ml to about 1.0 ug/ml. In embodiments, the first target Cpy, s
about 0.75 ug/ml to about 1.5 ug/ml. In embodiments, the first target Cpin 1S about 0.25
ug/ml to about 1.25 ug/ml.

[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 Cp.y is about 1.5 ug/ml to about 3.0 ug/ml. In
embodiments, the second target Cpax 1s about 2.5 ug/ml to about 4.0 ug/ml. In embodiments,
the second target Cpax 18 about 2.0 ug/ml to about 4 ug/ml. In embodiments, the second
target Cpax 18 about 2.0 ug/ml to about 3.0 ug/ml. In embodiments, the second target Cpy 18
about 3.0 pug/ml to about 4.0 ug/ml.

[0013] In embodiments, the second target Cpin is about 0.1 pug/ml to about 1.0
ug/ml. In embodiments, the second target Cpp is about 0.25 pg/ml to about 1.0 pg/ml. In
embodiments, the second target Cy, is about 0.5 ug/ml to about 1.0 ug/ml. In embodiments,
the second target Cy, is about 0.75 pg/ml to about 1.0 pug/ml.

[0014] In embodiments, the first Cp.x 1S achieved at about 0.75 to about 4 hours
(i.e., first Thax) after administration of the pharmaceutical composition. In embodiments, the
first Cpax 18 achieved at about 1.5 to about 3 hours (i.e., first Tp,y) after administration of the
pharmaceutical composition.

[0015] In embodiments, the first Cp,y, 18 achieved at about 4 to about 8 hours (i.e.,
first Tmin) after administration of the pharmaceutical composition. In embodiments, the first
Cuin 18 achieved at about 5 to about 6 hours (i.c., first Tmin) after administration of the
pharmaceutical composition.

[0016] In embodiments, the time between the first target Cpax and the second
target Cmax 1S about 2 to about 8 hours. In embodiments, the time between the first target
Cax and the second target C,.x is about 3 to about 7 hours. In embodiments, the time
between the first target Cp.x and the second target Cyx is about 4 to about 6 hours.

[0017] In embodiments, the second C ..« 18 achieved at about 12 to about 20 hours
(i.e., second Tnmax) after administration of the pharmaceutical composition. In embodiments,
the second C.x 1s achieved at about 14 to about 16 hours (i.c., second Ty.x) after
administration of the pharmaceutical composition. In embodiments, the second C.y 18
achieved at about 2 to about 8 hours (i.c., second Tmax) after the first Cpin. In embodiments,
the second Cpax 18 achieved at about 4 to about 6 hours (i.c., second Tmax) after the first Cpin.

[0018] In embodiments, the second C.y, is achieved before about 24 hours (i.c.,

second Ty, ) after administration of the pharmaceutical composition. In embodiments, the
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second Cy, is achieved before about 20 hours (i.e., second Ty, ) after administration of the
pharmaceutical composition. In embodiments, the second C., is achieved before about 16
hours (i.e., second Tpin) after administration of the pharmaceutical composition.

[0019] In embodiments, the plasma concentration [C] of solabegron is 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 is 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 Cmax 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 Cp,x may be achieved during or after a first release of solabegron; that
is the first Cmax may be achieved after the start of the first release. In embodiments, the
second Cp.x may be achieved during or after a second release of solabegron; that is the
second C,,,x may be achieved after the start of the second release. In embodiments, the first
Cin may be achieved after the first Cp,x and before the second Cpay. In embodiments, the
second Cpin may be achieved after the second Cpax. In embodiments, the pharmaceutical
composition is 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 is immediate release and a second population is delayed, sustained or
modified release. In embodiments, the first population of pellets release the solabegron
immediately in the upper GI tract and the second population of pellets release the solabegron
later in 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 in 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 in the GI tract. In embodiments, the
pharmaceutical composition is a single unit dose. In embodiments, the pharmaceutical
composition is 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 in the GI tract and the modified, delayed or
sustained release layer will release solabegron at a later time and lower in 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 is 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 in the GI tract, while the
delayed release core will be designed to delay the drug release after a time period in a
designed region of the GI tract. In embodiments, the pharmaceutical composition is a single

unit dose. In embodiments, the pharmaceutical composition is 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 in the GI tract, while the at least one delayed/sustained release core will
be designed to delay the drug release after a time period in a designed region of the GI tract.
In embodiments, the pharmaceutical composition is a single unit dose. In embodiments, the

pharmaceutical composition is 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 in need. The formulation will contain a tablet or capsule having both
an immediate release and modified release component. The immediate layer will release
solabegron immediately in the GI tract , wherein the modified release layer will release
solabegron at a later time inside the GI tract. The gastroretentive oral dosage form may
utilize mucoadhesive, swellable, high density or floating technologies to prolong residence
time in the stomach thereby allowing a prolonged period for release of both first and second
releases in 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 is a single unit dose. In embodiments, the pharmaceutical

composition is two unit doses.

[0028] In embodiments, the first release of solabegron and the second release of
solabegron may be identical 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, 195, 200, 205, 210, 215, 220, 225, 230,
235, 240, 245, 250, 255, 260, 265, 270, 275, 280, 285, 290, 295, 300, 305, 310, 315, 320,
325, 330, 335, 340, 345, 350, 355, 360, 365, 370, 375, 380, 385, 390, 395, 400, 405, 410,
415, 420, 425, 430, 440, 445, 450, 455, 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,
85,90, 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, 265,
270, 275, 280, 285, 290, 295, 300, 305, 310, 315, 320, 325, 330, 335, 340, 345, 350, 355,
360, 365, 370, 375, 380, 385, 390, 395, 400, 405, 410, 415, 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, 5-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 thereof. In embodiments,
alpha adrenoceptor blockers may be tamuslosin, alfuzosin, and silodosin and
pharmaceutically acceptable salts thereof. In embodiments, 5-alpha reductase inhibitors may
be finasteride, dutaseteride and pharmaceutically acceptable salts thereof. In embodiments,
phosphodiesterase-5 inhibitors may be sildenafil, tadalafil, vardenafil, udenafil, avanafil and
pharmaceutically acceptable salts thereof.

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

otherwise decreasing frequency of urgency, decreasing nocturia, decreasing urinary

-8-
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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,
simultaneously 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 inhibitors, phosphodiesterase-5 inhibitors or percutaneous 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 Cpmax, Provides a Period at a First Target Cpyin,

Achieves a Second Target Cpax and Finally Provides a Period at a Second Target Cpyin.

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

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

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

Solabegron.

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

[0036] To prevent or reduce beta-3 adrenoceptor desensitization, it is 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 is 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 is 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 pharmaccutical compositions and methods of adrministration as
described herein will not produce significant receptor desensitization, while ensuring the
method of adrinistration will optimize for the beta-3 adrenoceptor stimulation, thus enabling
the target tissue to benefit fully from the administered therapeutic agent. The therapeutic
agent, in the present application, is the beta-3 adrenoceptor agonist solabegron and it may be
administered in a succession of at least two releases. The releases have a selected amplitude
and duration so that the beta-3 adrenoceptor will not down-regulate and the binding affinity

of 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 least two releases, wherein cach release is optimized to provide a therapeutically effective
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 composition to allow for a
sufficient recovery time for the beta-3 adrenoceptors and methods of using the same to treat
diseases. An exemplary embodiment of such a pharmaceutical composition and its release

profile is provided in (FIGURE 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 is described that releases drug for systemic absorption at the desired time-points

and releases the desired systemic plasma drug levels.

-10-
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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 in the range of 45 % - 55 %.

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

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

[0043] The phrase "pharmaceutically 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 in the U.S. Pharmacopoeia or other generally
recognized pharmacopoeia for use in animals, and more particularly in humans. The phrase
"pharmaceutically 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 identified pursuant to the methods
of the application. Pharmaceutically acceptable acid addition salts include, but are not
limited to, hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate, phosphate,
acid phosphate, isonicotinate, 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 (i.e., 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, iron and diethanolamine
salts. Pharmaceutically acceptable base addition salts are also formed with amines, such as
organic amines. Examples of suitable amines are N,N'-dibenzylethylenediamine,
chloroprocaine, choline, diethanolamine, 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 acrosols.

[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 disease of a subject.

[0048] As used herein, the term "effective amount” refers to an amount that
results in 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 is uncoupled from its signaling cascade, and thus

the biological effect of receptor activation is attenuated.

[0050] As used herein the term "therapeutically effective amount” of
compositions of the application is 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 (i.e., measurable by some test or marker) or
subjective (i.e., subject gives an indication of or feels an effect or physician observes a

change).
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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 is to
protect against (partially or wholly) or slow down (e.g., lessen or postpone the onset of) an
undesired physiological condition, disorder or disease, or to obtain beneficial or desired
clinical results such as partial or total restoration or inhibition in 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 disease; stabilization (i.e., not worsening) of the state of the condition, disorder or
disease; delay in onset or slowing of the progression of the condition, disorder or disease;
amelioration of the condition, disorder or disease state; and remission (whether partial or
total), whether or not it translates to immediate lessening of actual clinical symptoms, or
enhancement or improvement of the condition, disorder or disease. Treatment seeks to elicit

a clinically significant response without excessive levels of side effects.

EE TS

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

% ¢

pulsatile
delivery device” refer to pharmaceutical compositions and methods of treatment wherein a
therapeutic agent is 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 it may release the active ingredient at a sustained or controlled rate over an
extended period of time such as, for example, 4 hours, 8 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.i.d.” mean twice a day (from the

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

[0058] As used herein the terms “Chax”’s “Cuin”s “Timax” and “Tpy,”” are terms used
in pharmacokinetic analyses of the concentration of a drug against time. Chay 18 & term that
refers to the maximum {or peak) plasma concentration that a drug achieves in a specified
compartment or test arca of the body after the drug has been administrated and prior to the
adrmnistration of a second dose. Cuax 18 the opposite of Cyy,, which 18 the minimum (or
trough) concentration that a drug achieves after dosing. Tauy 15 the term used in
pharmacokinetics to describe the time at which the C 18 observed and Ty, 18 the term used
in pharmacokinetics to describe the time at which the Chy, s observed after the drug has been

administered and prior to the administration of a second dose.

[0059] As used herein the terms “area under the curve” and “AUC” is the area
under the curve (mathematically known as a definite 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 Cp.x, a second target Cp,y, a first target
Cumin between the first target Cpax and the second target Cpax, and a second target Cpip after
the second target Cpax. 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
Cax 18 achieved after the start of a first release of solabegron and the second target Cpy is
achieved after the start of a second release of solabegron. Further embodiments describe
pharmaceutical compositions, wherein said first target Cpax 18 about 0.5 pug/ml to about 3.5
ug/ml. Further embodiments describe pharmaceutical compositions, wherein said second
target Cpax 18 about 1.5 ug.ml to about 4 ug/ml. Further embodiments describe

pharmaceutical compositions, wherein said first Cpin i about 0.25 pg/ml to about 1.5 pug/ml.
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Further embodiments describe pharmaceutical compositions, wherein said second Cyij, 18
about 0.01 ug/ml to about 1.0 ug/ml. Further embodiments describe pharmaceutical
compositions, wherein the time between the first target Cpax and the second target Cpax 18
about 2 to about 8 hours. Further embodiments describe pharmaceutical compositions,
wherein the first C,,;, is achieved at about 4 to about 8 hours after the first administration.
Further embodiments describe pharmaceutical compositions, wherein the second Ciy 18
achieved before about 24 hours after administration of the pharmaceutical composition.
Further embodiments describe pharmaceutical compositions, wherein the first Cpayx 18
achieved at about 0.75 to about 4 hours after the first administration. Further embodiments
describe pharmaceutical compositions, wherein the second C. is achieved at about 2 to
about 8 hours after the first Cpin. 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
one 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 in about 0.75 to about 4 hours after administration to a patient
in need of treatment. Further embodiments describe pharmaceutical compositions, wherein
the at least one modified release composition achieves a blood plasma Cpax in about 2 to

about 8 hours after the first Cp,. Further embodiments describe pharmaceutical

-15-



WO 2016/090168 PCT/US2015/063795

compositions, further comprising one or more additional therapeutic agents or treatments
useful for the treatment of LUTS, obesity, type 2 diabetes, heart failure, irritable bowel
syndrome and similar gastrointestinal disorders, pre-term labor, depression and anxiety,
wherein the one more additional therapeutic agents or treatments are selected from the groups
consisting of: antimuscarinic agents; alpha adrenoceptor blockers; botulinum toxin;
purinergics; cannabinoids; transient receptor potential (TRP) protein inhibitors;
prostaglandins; percutaneous tibial nerve stimulation; 5-alpha reductase inhibitors; and
phosphodiesterase-5 inhibitors. Further embodiments describe pharmaceutical compositions,
wherein the one or more additional therapeutic agents may be administered prior to,
simultaneously with, or following the administration of the pharmaceutical composition
comprising solabegron. Further embodiments describe pharmaceutical compositions,
wherein the at least one immediate release composition achieves a blood plasma Cpax from
about 0.5 ug/ml to about 3.5 pug/ml. Further embodiments describe pharmaceutical
compositions, wherein the at least one modified release composition achieves a blood plasma
Chnax from about 1.5 pug/ml to about 4 ug/ml. Further embodiments describe pharmaceutical
compositions, wherein a Cp, from about 0.25 pg/ml to about 1.5 pug/ml is achieved in about
4 to about 8 hours after administration to a patient in need of treatment. Further
embodiments describe pharmaceutical compositions, wherein a Cy,i, from about 0.01 ug/ml
to about 1.0 ug/ml is achieved before about 24 hours after administration to a patient in need
of treatment. Further embodiments describe pharmaceutical compositions, wherein the first
release composition comprises about 125 mg solabegron and the second release composition
comprises about 125 mg solabegron. Further embodiments describe pharmaceutical
compositions, wherein the first release composition comprises about 200 mg solabegron and
the second release composition comprises about 200 mg solabegron. Further embodiments
describe pharmaceutical compositions, wherein the first release composition comprises about

125 mg solabegron and the second release composition comprises about 200 mg solabegron.

[0062] In one embodiment, the present application describes a pharmaceutical
composition comprising a therapeutically effective amount of the amorphous solid form of
solabegron, wherein the pharmaceutical composition achieves a first target C.x, a second
target Cpax, a first target Coy, between the first target Cpayx and the second target Cyax, and a
second target Cpi, after the second target Cax. In one embodiment, the present application
describes a pharmaceutical composition comprising a therapeutically effective amount of the

hydrochloride salt form of solabegron, wherein the pharmaceutical composition achieves a

-16-



WO 2016/090168 PCT/US2015/063795

first target Ciax, a second target C.y, a first target Cyy, between the first target Cpx and the
second target C,x, and a second target C, after the second target Cp,x. Further
embodiments describe pharmaceutical compositions, wherein said pharmaceutical
composition achieves a plasma concentration of about 1 pg/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. Further embodiments describe
pharmaceutical compositions, further comprising two separate and distinct releases of
solabegron. Further embodiments describe pharmaceutical compositions, wherein the two
release are contained within two separate and distinct drug delivery systems. Further
embodiments describe pharmaceutical, wherein the two separate and distinct drug delivery
systems are administered BID. Further embodiments describe pharmaceutical compositions,
wherein the BID administration is separated by a period of between about 6 to about 18
hours. Further embodiments describe pharmaceutical compositions, wherein the two releases
are contained within the same drug delivery system. Further embodiments describe
pharmaceutical compositions, wherein the delivery vehicle is selected from the group
consisting of: tablets; bi-layer tablets; capsules; multiparticulates; drug coated spheres/pellets;
matrix tablets; and multicore tablets. Further embodiments describe pharmaceutical
compositions, wherein the first target Cpax 18 achieved after the start of a first release of
solabegron and the second target Cpax 1S 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 Cpax 1S about 1.5 pg.ml to about 4
ug/ml. Further embodiments describe pharmaceutical compositions, wherein said first Cpin 18
about 0.25 ug/ml to about 1.5 ug/ml. Further embodiments describe pharmaceutical
compositions, wherein said second C., 18 about 0.01 pug/ml to about 1.0 pg/ml. Further
embodiments describe pharmaceutical compositions, wherein the time between the first target
Cmax and the second target Cpmay 1S about 2 to about 8 hours. Further embodiments describe
pharmaceutical compositions, wherein the first Cpy, is achieved at about 4 to about 8 hours
after the first administration. Further embodiments describe pharmaceutical compositions,
wherein the second Cpin 1s achieved before about 24 hours after administration of the
pharmaceutical composition. Further embodiments describe pharmaceutical compositions,
wherein the first C.x 18 achieved at about 0.75 to about 4 hours after the first administration.

Further embodiments describe pharmaceutical compositions, wherein the second Cpy 18
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achieved at about 2 to about 8 hours after the first Cp,;,. Further embodiments describe
pharmaceutical compositions, wherein the first release comprises about 30 mg to about 500
mg of solabegron. Further embodiments describe pharmaceutical compositions, wherein the
second release comprises about 30 mg to about 500 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.

[0063] In one embodiment the present application describes a pharmaceutical
composition comprising a therapeutically effective amount of solabegron, wherein the
pharmaceutical composition releases at least two releases of solabegron, wherein a first
release of solabegron achieves a first target Cyx, a second release of solabegron achieves a
second target Cy, a first target C,y, 18 achieved between the first release and the second
release and a second Cpiy 18 achieved after the second release. Further embodiments of the
present application describe pharmaceutical compositions, wherein said first target Cpax 18
about 1.5 ug/ml to about 4 ug/ml, wherein said first Cyyy, is about 0.5 pug/ml to about 1.5
ug/ml, wherein said second target Cy,x 1s about 1.5 pg.ml to about 4 ug/ml and wherein said
second Chpy 1s about 0.01 pg/ml to about 0.5 pg/ml. Other embodiments of the present
application describe pharmaceutical, wherein the first Cmax 1 achieved at about 1 to about 3
hours after the first release, wherein the first C;, is achieved at about 2 to about 4 hours after
the first release, wherein the time between the first target Cp.x and the second target Cpay 18
about 2 to about 8 hours, wherein the second C.x 18 achieved at about 1 to about 3 hours
after the second release and wherein the second Cpin 1s achieved at about 3 to about 8 hours
after the second release. Further embodiments of the present application describe
pharmaceutical compositions, wherein the first release comprises about 100 mg to about 300
mg of solabegron and wherein the second release comprises about 100 mg to about 300 mg of
solabegron. Other embodiments of the present application describe pharmaceutical
compositions, wherein the concentration of solabegron is about 0.5 pg/ml or below for a
period of time from about 12 to about 18 hours. Still other embodiments of the present
application describe pharmaceutical compositions, further comprising one or more additional
therapeutic agents or treatments useful for the treatment of LUTS, obesity, type 2 diabetes,

heart failure, irritable bowel syndrome and similar gastrointestinal disorders, pre-term labor,
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depression and anxiety, wherein the one more additional therapeutic agents or treatments are
antimuscarinic agents, alpha adrenoceptor blockers, botulinum toxin, purinergics,
cannabinoids, transient receptor potential (TRP) protein inhibitors, prostaglandins, 5-alpha
reductase inhibitors, phosphodiesterase-5 inhibitors or percutancous tibial nerve stimulation
and the one or more additional therapeutic agents may be administered prior to,
simultaneously with, or following the administration of the pharmaceutical composition
comprising solabegron.

[0064] 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
one pharmaceutically acceptable carrier or diluent. Additional embodiments describe
pharmaceutical compositions, wherein the at least one immediate release composition
comprises about 100 mg to about 300 mg solabegron and the modified release composition
comprises about 100 mg to about 300 mg solabegron. Further embodiments describe
pharmaceutical compositions, wherein at least one immediate release composition achieves a
blood plasma C,,,x in about 1 to about 3 hours after administration to a patient in need of
treatment and at least one modified release composition achieves a blood plasma Cp,x in
about 5 to about 11 hours after administration to a patient in need of treatment. Other
embodiments describe pharmaceutical compositions, wherein the at least one immediate
release composition achieves a blood plasma Cy,.x from about 1.5 pg/ml to about 4 pg/ml and
the at least one modified release composition achieves a blood plasma Cy,,x from about 1.5
ug/ml to about 4 ug/ml. Still additional embodiments describe pharmaceutical compositions,
wherein a Cpip from about 0.5 pug/ml to about 1.5 pg/ml is achieved in about 3 to about 5
hours after administration to a patient in need of treatment and a Cyy, less than about 0.5
ug/ml is achieved after about 12 hours after administration to a patient in need of treatment.
Still other embodiments of the present application describe pharmaceutical compositions,
further comprising one or more additional therapeutic agents or treatments useful for the
treatment of LUTS, obesity, type 2 diabetes, heart failure, irritable bowel syndrome and
similar gastrointestinal disorders, pre-term labor, depression and anxiety, wherein the one
more additional therapeutic agents or treatments are antimuscarinic agents, alpha
adrenoceptor blockers, botulinum toxin, purinergics, cannabinoids, transient receptor
potential (TRP) protein inhibitors, prostaglandins, 5-alpha reductase inhibitors,

phosphodiesterase-5 inhibitors or percutaneous tibial nerve stimulation and the one or more
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additional therapeutic agents may be administered prior to, simultancously with, or following

the administration of the pharmaceutical composition comprising solabegron.

[0065] 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
one 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 75 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 in about 0.75 to about 4 hours after administration to a patient
in need of treatment. Further embodiments describe pharmaceutical compositions, wherein
the at least one modified release composition achieves a blood plasma Cp,x in about 6 to
about 16 hours after administration to a patient in need of treatment. Further embodiments
describe pharmaceutical compositions, further comprising one or more additional therapeutic
agents or treatments useful for the treatment of LUTS, obesity, type 2 diabetes, heart failure,
irritable bowel syndrome and similar gastrointestinal disorders, pre-term labor, depression
and anxiety, wherein the one more additional therapeutic agents or treatments are selected
from the groups consisting of: antimuscarinic agents; alpha adrenoceptor blockers; botulinum
toxin; purinergics; cannabinoids; transient receptor potential (TRP) protein inhibitors;
prostaglandins; percutaneous tibial nerve stimulation; 5-alpha reductase inhibitors; and
phosphodiesterase-5 inhibitors. Further embodiments describe pharmaceutical compositions,
wherein the one or more additional therapeutic agents may be administered prior to,
simultaneously with, or following the administration of the pharmaceutical composition
comprising solabegron. Further embodiments describe pharmaceutical compositions,
wherein the at least one immediate release composition achieves a blood plasma Cpx from
about 1.0 ug/ml to about 3.5 pug/ml. Further embodiments describe pharmaceutical
compositions, wherein the at least one modified release composition achieves a blood plasma
Chmax from about 1.5 pg/ml to about 4 pg/ml. Further embodiments describe pharmaceutical
compositions, wherein a Cp, from about 0.25 pg/ml to about 1.5 pug/ml is achieved in about

4 to about 8 hours after administration to a patient in need of treatment. Further embodiments
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describe pharmaceutical compositions, wherein a Cpi, from about 0.1 pg/ml to about 1.0
ug/ml is achieved at about 24 hours after administration to a patient in need of treatment.
Further embodiments describe pharmaceutical compositions, wherein the at least one
immediate release composition comprises about 125 mg solabegron and the at least one
modified release composition comprises about 125 mg solabegron. Further embodiments
describe pharmaceutical compositions, wherein the at least one immediate release
composition comprises about 200 mg solabegron and the at least one modified release
composition comprises about 200 mg solabegron. Further embodiments describe
pharmaceutical compositions, wherein the at least one immediate release composition
comprises about 125 mg solabegron and the at least one modified release composition

comprises about 200 mg solabegron.

[0066] The pharmaceutical compositions of the present application can be
administered transdermally, orally or parenterally, such as subcutaneously or intravenously,
as well as sublingually to various mammalian species known to be subject to such maladies,
¢.g., humans, in an effective amount up to about 1 gram, preferably up to about 800 mg, more

preferably up to about 600 mg in a once-a-day regimen.

[0067] The pharmaceutical compositions of the present application can be
administered for any of the uses described herein by any suitable means, for example, orally,
such as in the form of tablets, capsules, granules or powders; sublingually; bucally;
parenterally, such as by subcutaneous, intravenous, intramuscular, or intrasternal injection or
infusion techniques (e.g., as sterile injectable aqueous or non-aqueous solutions or
suspensions); in dosage unit formulations containing non-toxic, pharmaceutically acceptable
vehicles or diluents. The present compositions can, for example, be administered in a form
suitable for immediate release or extended release. Immediate release or extended release
can be achieved by the use of suitable pharmaceutical compositions comprising the present
compounds, or, particularly in the case of extended release, by the use of devices such as
subcutaneous implants or osmotic pumps. The present compositions can also be

administered liposomally.

[0068] The formulation for a beta-3 adrenoceptor agonist can significantly modify
the absorption profile. For example, some compounds are differentially absorbed in different
regions of the GI tract. Some of the factors involved in absorption can include pH-dependent

solubility, particle size, lipophilicity, ionization, GI-motility or transporters. In the current

21-



WO 2016/090168 PCT/US2015/063795

example for the absorption of solabegron, solabegron demonstrates pH-dependent solubility
and absorption. Accordingly, solabegron and pharmaceutical salts thereof display the
optimum absorption in the proximal GI tract. Pharmaceutical compositions are presented
herein that improve the pH-dependent solubility of solabegron in the distal GI tract. Under
these improved conditions, a second release of solabegron and absorption will result.
Additionally, methods for the release of solabegron in the distal GI tract based on pH are

presented herein.

[0069] Another example of producing a delayed second release is based on the
transit time of the dosage form. This is achievable through the time-dependent erosion of the
dosage form coating. The GI transit time is well understood, and the coatings are designed to
erode within a specific time range that corresponds to a specific region within the GI tract.
Pharmaceutical compositions and methods of use are presented herein for the release of

solabegron based on time-dependent erosion.

[0070] Exemplary compositions for oral administration include emulsions and
suspensions which can contain, for example, microcrystalline cellulose for imparting bulk,
alginic acid or sodium alginate as a suspending agent, methylcellulose as a viscosity
enhancer, and sweeteners or flavoring agents such as those known in the art; and immediate
release tablets which can contain, for example, microcrystalline cellulose, dicalcium
phosphate, starch, magnesium stearate and/or lactose and/or other excipients, binders,
extenders, disintegrants, diluents and lubricants such as those known in the art. The
compositions of the present application can also be delivered through the oral cavity by
sublingual and/or buccal administration. Molded tablets, compressed tablets or freeze-dried
tablets are exemplary forms which may be used. Exemplary compositions include those
formulating the present beta-3 adrenoceptor agonists with fast dissolving diluents such as
mannitol, lactose, sucrose and/or cyclodextrins. The compositions of the present application
may take the form of pulsatile delivery systems such as, for example, PULSINCAP®,
MICROPUMP®, MEDUSA™, PORT® system, CHRONOTROPIC®, TIME CLOCK®,
multilayered tablets, DifftuCORE®, rupturable tablets, ACCU-BREAK® system,
DIFFUCAPS®, DIFFUTABS®, Eurand MINITABS®, MICROCAPS®, SODAS®,
IPDAS®, OsDrC®, OptiDose™, OptiMelt™, ZYDIS®, CODAS®, PRODAS®, TMDS®,
DMDS®, PMDS®, GEOCLOCK®, GEOMATRIX®, PULSYS®, OROS®
INTELLIMATRIX™ and VERSETROL™. Also included in such formulations may be high
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molecular weight excipients such as celluloses (avicel) or polyethylene glycols (PEG). Such
formulations can also include an excipient to aid mucosal adhesion such as hydroxy propyl
cellulose (HPC), hydroxy propyl methyl cellulose (HPMC), sodium carboxy methyl cellulose
(SCMC), maleic anhydride copolymer (e.g., Gantrez), and agents to control release such as
polyacrylic copolymer (e.g. Carbopol 934). Lubricants, glidants, flavors, coloring agents and

stabilizers may also be added for ease of fabrication and use.

[0071] The therapeutic agents in the pharmaceutical compositions of the present
application may exist in any physical form known to one of skill in the art such as, for
example, nanoparticles, crystalline solids, amorphous solids, polymorphs, ionic solids such
as, for example, cations, anions and zwitterions, pharmaceutically acceptable salts, hydrates,
solvates, stereoisomers, solutions and suspensions. Crystalline solids have regular ordered
arrays of components held together by uniform intermolecular forces, whereas the
components of amorphous solids are not arranged in regular arrays. Hydrates are substances
that incorporate at least one water molecule into their crystalline matrix. Solvates are
substances that incorporate at least one solvent molecule into their crystalline matrix.
Polymorphs exhibit different crystalline structures for molecules that have the same
molecular formula and sequence of bonded atoms. Stereoisomers are isomeric molecules that
have the same molecular formula and sequence of bonded atoms (constitution), but that differ

only in the three-dimensional orientations of their atoms in space.

[0072] Further, the therapeutic agents in the pharmaceutical compositions of the
present application may exist in any isotopic form known to one of skill in the art such as, for

example, deuterated, tritiated, 13C, 14C, etc.

[0073] Exemplary compositions for parenteral administration include injectable
solutions or suspensions which can contain, for example, suitable non-toxic, parenterally
acceptable diluents or solvents, such as mannitol, 1,3-butanediol, water, polyethylene glycol,
Ringer's solution, an isotonic sodium chloride solution, or other suitable dispersing or wetting
and suspending agents, including synthetic mono- or diglycerides, and fatty acids, including

oleic acid, or Cremaphor.

[0074] Exemplary compositions for transdermal administration include
transdermal therapeutic systems (hereinafter “TTS”). TTS are patches having a layered

structure and comprising at least one active pharmaceutical ingredient in a reservoir layer. A
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distinction is made between matrix-type and reservoir-type TTS: in the first case the reservoir
layer containing the active pharmaceutical ingredient has a pressure-sensitive adhesive finish,
and in the second case a membrane which controls the rate of release of the active
pharmaceutical ingredient, and where appropriate an additional pressure-sensitive adhesive

layer, are present.

[0075] Exemplary compositions for delivery directly to the bladder include

extended-release solid-drug core devices that are implanted via catheter.

[0076] It will be understood that the specific dose level and frequency of dosage
for any particular subject can be varied and will depend upon a variety of factors including
the activity of the specific beta-3 adrenoceptor agonist employed, the metabolic stability and
length of action of that compound, the species, age, body weight, general health, gender and
diet of the subject, the mode and time of administration, rate of excretion, drug combination,

and severity of the particular condition.

[0077] The present application includes within its scope pharmaceutical
compositions comprising, as an active ingredient, a therapeutically effective amount of
solabegron, alone or in combination with a pharmaceutical carrier or diluent. Optionally, the
pharmaceutical compositions of the present invention can be used alone, or in combination
with other suitable therapeutic agents or treatments useful in the treatment of LUTS
including: antimuscarinic agents, alpha adrenoceptor blockers, botulinum toxin, purinergics,
cannabinoids, transient receptor potential (TRP) protein inhibitors, prostaglandins,
percutaneous tibial nerve stimulation, 5-alpha reductase inhibitors and phosphodiesterase-5

inhibitors.

[0078] Optionally, the pharmaceutical compositions of the present invention can
be used alone, or in combination with other suitable therapeutic agents or treatments useful in
the treatment of obesity, diabetes, heart failure, irritable bowel syndrome (IBS), preterm

labor, anxiety or depression.

[0079] Such other therapeutic agent(s) may be administered prior to,
simultaneously with, or following the administration of the beta-3 adrenoceptor agonist

containing pharmaceutical composition in accordance with the invention.
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[0080] Examples of suitable antimuscarinic agents for use in combination with the
pharmaceutical compositions of the present application include tolterodine, oxybutynin,
trospium, solifenacin, darifenacin, propiverine, fesoterodine, and pharmaceutically acceptable

salts thereof.

[0081] Examples of suitable alpha adrenoceptor blockers for use in combination
with the pharmaceutical compositions of the present application include tamuslosin,

alfuzosin, and silodosin.

[0082] Examples of suitable 5-alpha reductase inhibitors for use in combination
with the pharmaceutical compositions of the present application include finasteride,

dutaseteride and pharmaceutically acceptable salts thereof.

[0083] Examples of suitable phosphodiesterase-5 inhibitors for use in
combination with the pharmaceutical compositions of the present application include
stidenafil, tadalafil, vardenafil, udenafil, avanafil and pharmaceutically acceptable salts

thereof.

[0084] Examples of suitable therapeutics for obesity: orlistat (Xenical®),
lorcaserin (Belviq®™), phentermine and topiramate (Qsymia™), buproprion and naltrexone
(Contrave®), and uncertain mimetics such as liraglutide (Saxenda®).

[0085] Examples of suitable therapeutics for diabetes: metformin, sulfonylureas
(DiaBeta®™, Glynase®™), glipizide (Glucotrol®) glimepiride (Amaryl®), meglitinides,
repaglinide (Prandin®), nateglinide (Starlix®), thiazolidinedione (Actos®, Avandia®™), DPP-4
inhibitors, sitagliptin (Januvia®), saxagliptin (Onglyza®™), linagliptin (Tradjenta®),
purinergics, GLP-1 receptor agonists exenatide (Byetta®™), liraglutide (Victoza®), SGLT2
inhibitors, canagliflozin (Invokana™), dapagliflozin (Farxiga®™) and insulin.

[0086] Examples of suitable therapeutics for heart failure: angiotensin-converting
enzyme (ACE) inhibitors, enalapril, lisinopril, angiotensin IT receptor blockers, (Losartan™,
(Valsartan®), beta blockers (Carvedilol®), metoprolol, bisoprolol, diuretics,
hydrochlorthiazide, furosemide, aldosterone antagonists, spironolactone, eplerenone
(Inspra®™), inotropes and digoxin

[0087] Examples of suitable therapeutics for IBS: alosetron (Lotronex™),
lubiprostone (Amitiza™), eluxadoline (Viberzi®), llinaclotide (Linzess™), rifaximin

(Xifaxan®), fiber supplements (OTC), psyllium (Metamucil®), methylcellulose (Citrucel®),

25-



WO 2016/090168 PCT/US2015/063795

anti-diarrheal medications, loperamide (Imodium™), bile acid binders, cholestyramine
(Prevalite®™), colestipol (Colestid™), colesevelam (Welchol®), anticholinergic and
antispasmodic medications, (Levsin®™) and dicyclomine (Bentyl®).

[0088] Examples of suitable therapeutics for preterm labor: tocolytics, magnesium
sulfate, corticosteroids, terbutaline, ritodrine, nifedipine, oxytocin receptor antagonists
(Atosiban®™).

[0089]  Examples of suitable therapeutics for anxiety: escitalopram (Lexapro™),
duloxetine (Cymbalta®), venlafaxine (Effexor XR®) and paroxetine (Paxil™) , buspirone

benzodiazepines alprazolam (Xanax®), diazepam (Valium®) and lorazepam (Ativan®™).

[0090] Examples of suitable therapeutics for depression: selective serotonin
reuptake inhibitors (SSRIs), fluoxetine (Prozac®), paroxetine (Paxil®, Pexeva™), sertraline
(Zoloft®™), citalopram (Celexa®), escitalopram (Lexapro®), serotonin-norepinephrine reuptake
inhibitors (SNRIs), duloxetine (Cymbalta®™), venlafaxine (Effexor XR"), desvenlafaxine
(Pristiq®, Khedezla®), levomilnacipran (Fetzima™), norepinephrine-dopamine reuptake
inhibitors (NDRIs), bupropion (Wellbutrin®, Aplenzin®, Forfivo XL®), atypical
antidepressants, trazodone and mirtazapine (Remeron®™), vortioxetine (Brintellix®),
vilazodone (Viibryd®™), vilazodone, tricyclic antidepressants, imipramine (Tofranil®),
nortriptyline (Pamelor®™), amitriptyline, doxepin, trimipramine (Surmontil®), desipramine
(Norpramin®™), protriptyline (Vivactil™), monoamine oxidase inhibitors (MAOIs),

tranylcypromine (Parnate”™), phenelzine (Nardil®) and isocarboxazid (Marplan®).

[0091] In one embodiment, the present application describes a method for treating
LUTS, obesity, type 2 diabetes, heart failure, irritable bowel syndrome and similar
gastrointestinal disorders, pre-term labor, depression and anxiety, comprising: administering
a pharmaceutical composition for the delivery of solabegron, comprising: an immediate
release composition, comprising solabegron and at least one pharmaceutically acceptable
carrier or diluent; and a modified release composition, comprising solabegron and at least one
pharmaceutically acceptable carrier or diluent to a patient in need thereof. Further
embodiments describe methods, wherein the patient achieves a blood plasma Cp,x of about
0.5 ug/ml to about 3.5 ug/ml in about 0.75 to about 4 hours after administration. Further
embodiments describe methods, wherein the patient achieves a blood plasma C,;, from about
0.25 pg/ml to about 1.5 pg/ml in about 4 to about 8 hours after administration. Further

embodiments describe methods, wherein the patient achieves a blood plasma Cp,x of about
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1.5 ng/ml to about 4 ug/ml in about 2 to about 8 hours after the first Cpy,. Further
embodiments describe methods, wherein the patient achieves a blood plasma C,;, from about
0.01 pg/ml to about 1.0 pg/ml before about 24 hours after administration. Further
embodiments describe methods, further comprising administering one or more additional
therapeutic agents or treatments useful for the treatment of LUTS, obesity, type 2 diabetes,
heart failure, irritable bowel syndrome and similar gastrointestinal disorders, pre-term labor,
depression and anxiety, wherein the one more additional therapeutic agents or treatments are
selected from the groups 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. Further embodiments describe method, wherein the one
or more additional therapeutic agents may be administered prior to, simultaneously with, or
following the administration of the pharmaceutical composition comprising solabegron.
Further embodiments describe methods, wherein the pharmaceutical composition is

administered once a day to a patient in need thereof.

[0092] In one embodiment, the present application describes a method for treating
LUTS, obesity, type 2 diabetes, heart failure, irritable bowel syndrome and similar
gastrointestinal disorders, pre-term labor, depression and anxiety, comprising: administering
a pharmaceutical composition, comprising a therapeutically effective amount of solabegron,
wherein the pharmaceutical composition releases at least two releases of solabegron, wherein
a first release of solabegron achieves a first target Cyax, a second release of solabegron
achieves a second target Cp.y, a first target Coy, 18 achieved between the first release and the
second release and a second Cpin 18 achieved after the second release. Further embodiments
describe methods, wherein said first target Cpax is about 0.5 pg/ml to about 3.5 pg/ml.
Further embodiments describe methods, wherein said second target Cp.y is about 1.5 ug/ml to
about 4 ug/ml. Further embodiments describe methods, wherein said first Cyy, is about 0.25
ug/ml to about 1.5 pug/ml. Further embodiments describe methods, wherein said second Cpin
is about 0.01 pg/ml to about 1.0 pg/ml. Further embodiments describe methods, further
comprising administering one or more additional therapeutic agents or treatments useful for
the treatment of LUTS, obesity, type 2 diabetes, heart failure, irritable bowel syndrome and
similar gastrointestinal disorders, pre-term labor, depression and anxiety, wherein the one
more additional therapeutic agents or treatments are selected from the groups consisting of:

antimuscarinic agents; alpha adrenoceptor blockers; botulinum toxin; purinergics;
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cannabinoids; transient receptor potential (TRP) protein inhibitors; prostaglandins;
percutancous tibial nerve stimulation; 5-alpha reductase inhibitors; and phosphodiesterase-5
inhibitors. Further embodiments describe methods, wherein the one or more additional
therapeutic agents may be administered prior to, simultaneously with, or following the
administration of the pharmaceutical composition comprising solabegron. Further
embodiments describe methods, wherein the pharmaceutical composition is administered

once a day to a patient in need thereof.

[0093] In one embodiment the present application describes a method for treating
LUTS, obesity, type 2 diabetes, heart failure, irritable bowel syndrome and similar
gastrointestinal disorders, pre-term labor, depression and anxiety, comprising: administering
a pharmaceutical composition for the delivery of solabegron, comprising: an immediate
release composition, comprising solabegron and at least one pharmaceutically acceptable
carrier or diluent; and a modified release composition, comprising solabegron and at least one
pharmaceutically acceptable carrier or diluent to a patient in need thereof. Additional
embodiments describe methods, wherein the patient achieves a blood plasma Cp,x of about
1.5 ng/ml to about 4 ug/ml in about 1 to about 3 hours after administration. Further
embodiments describe methods, wherein the patient achieves a blood plasma C,;, from about
0.5 ug/ml to about 1.5 ug/ml in about 3 to about 5 hours after administration. Still further
embodiments describe methods, wherein the patient achieves a blood plasma Cp,x of about
1.5 ng/ml to about 4 ug/ml in about 5 to about 11 hours after administration. Additional
embodiments describe methods, wherein the patient achieves a blood plasma C.y, less than
about 0.5 ug/ml after about 12 hours after administration. Still additional embodiments
describe methods, wherein the pharmaceutical composition is administered every other day
(QOD), once a day (QD), twice a day (BID) or three times a day (TID) to a patient in need
thereof. Still other embodiments of the present application describe pharmaceutical
compositions, further comprising one or more additional therapeutic agents or treatments
useful for the treatment of LUTS, obesity, type 2 diabetes, heart failure, irritable bowel
syndrome and similar gastrointestinal disorders, pre-term labor, depression and anxiety,
wherein the one more additional therapeutic agents or treatments are antimuscarinic agents,
alpha adrenoceptor blockers, botulinum toxin, purinergics, cannabinoids, transient receptor
potential (TRP) protein inhibitors, prostaglandins, 5-alpha reductase inhibitors,

phosphodiesterase-5 inhibitors or percutaneous tibial nerve stimulation and the one or more
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additional therapeutic agents may be administered prior to, simultancously with, or following
the administration of the pharmaceutical composition comprising solabegron.

[0094] In one embodiment the present application describes a method for treating
LUTS, obesity, type 2 diabetes, heart failure, irritable bowel syndrome and similar
gastrointestinal disorders, pre-term labor, depression and anxiety, comprising: administering
a pharmaceutical composition, comprising a therapeutically effective amount of solabegron,
wherein the pharmaceutical composition releases at least two releases of solabegron, wherein
a first release of solabegron achieves a first target Cpax, a second release of solabegron
achieves a second target Cp.y, a first target Coy, 18 achieved between the first release and the
second release and a second C,;, 18 achieved after the second release. Additional
embodiments describe methods, wherein said first target Cax 1s about 1.5 pg/ml to about 4
ug/ml, said second target Cpax is about 1.5 ug.ml to about 4 pg/ml, said first Cyin is about 0.5
ug/ml to about 1.5 pg/ml and said second Cy, is about 0.01 pg/ml to about 0.5 pg/ml. Still
other embodiments of the present application describe pharmaceutical compositions, further
comprising one or more additional therapeutic agents or treatments useful for the treatment of
LUTS, obesity, type 2 diabetes, heart failure, irritable bowel syndrome and similar
gastrointestinal disorders, pre-term labor, depression and anxiety, wherein the one more
additional therapeutic agents or treatments are antimuscarinic agents, alpha adrenoceptor
blockers, botulinum toxin, purinergics, cannabinoids, transient receptor potential (TRP)
protein inhibitors, prostaglandins, 5-alpha reductase inhibitors, phosphodiesterase-5 inhibitors
or percutancous tibial nerve stimulation and the one or more additional therapeutic agents
may be administered prior to, simultaneously with, or following the administration of the
pharmaceutical composition comprising solabegron. Still further embodiments describe
methods, wherein the pharmaceutical composition is administered every other day (QOD),
once a day (QD), twice a day (BID) or three times a day (TID) to a patient in need thereof.

[0095] In one embodiment the present application describes a method of treating
one or more symptoms of OAB, comprising: administering a pharmaceutical composition,
comprising a therapeutically effective amount of solabegron and at least one
pharmaceutically acceptable diluent or carrier, wherein the one or more symptoms of OAB
are selected from the group consisting of: frequency of urinary urgency; nocturia; increase in
urinary micturition frequency; and urinary incontinence. Further embodiments describe
methods, wherein the pharmaceutical composition may be administered in the morning or the

pharmaceutical composition may be administered with a meal. Additional embodiments
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describe methods, wherein the improvement in the one or more symptoms of over active

bladder is increased bladder volume as measured by void volume.

[0096] In one embodiment, the present application describes a once-daily
treatment for LUTS, obesity, type 2 diabetes, heart failure, irritable bowel syndrome and
similar gastrointestinal disorders, pre-term labor, depression and anxiety that achieves a
desired blood plasma Cp.x while also not desensitizing the beta-3 adrenoceptor, comprising: a
pharmaceutical composition, comprising a therapeutically effective amount of solabegron,
wherein the pharmaceutical composition releases at least two releases of solabegron, wherein
a first release of solabegron achieves a first target C,.x, a second release of solabegron
achieves a second target Cp.y, a first target Coy, 18 achieved between the first release and the
second release and a second Cpin 18 achieved after the second release. Further embodiments
describe once-daily treatments, wherein said first target Cmax 1S about 0.5 pug/ml to about 3.5
ug/ml. Further embodiments describe once-daily treatments, wherein said second target Cx
is about 1.5 ug.ml to about 4 ug/ml., wherein said first Cyy, is about 0.25 pug/ml to about 1.5
ug/ml. Further embodiments describe once-daily treatments, wherein said second Ciy 18
from about 0.01 pg/ml to about 1.0 ug/ml. Further embodiments describe once-daily
treatments, further comprising administering one or more additional therapeutic agents or
treatments useful for the treatment of LUTS, obesity, type 2 diabetes, heart failure, irritable
bowel syndrome and similar gastrointestinal disorders, pre-term labor, depression and
anxiety, wherein the one more additional therapeutic agents or treatments are selected from
the groups consisting of: antimuscarinic agents; alpha adrenoceptor blockers; botulinum
toxin; purinergics; cannabinoids; transient receptor potential (TRP) protein inhibitors;
prostaglandins; percutaneous tibial nerve stimulation; 5-alpha reductase inhibitors; and
phosphodiesterase-5 inhibitors. Further embodiments describe once-daily treatments,
wherein the one or more additional therapeutic agents may be administered prior to,
simultaneously with, or following the administration of the pharmaceutical composition

comprising solabegron.

[0097] In one embodiment, the present application describes a once-daily
treatment for LUTS, obesity, type 2 diabetes, heart failure, irritable bowel syndrome and
similar gastrointestinal disorders, pre-term labor, depression and anxiety that achieves a
desired blood plasma Cpax while also not desensitizing the beta-3 adrenoceptor, comprising:

at least one immediate release composition, comprising solabegron and at least one
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pharmaceutically acceptable carrier or diluent; and at least one modified release composition,
comprising solabegron and at least one pharmaceutically acceptable carrier or diluent.
Further embodiments describe once-daily treatments, wherein the at least one immediate
release composition comprises about 75 mg to about 250 mg solabegron. Further
embodiments describe once-daily treatments, wherein the at least one modified release
composition comprises about 100 mg to about 400 mg solabegron. Further embodiments
describe once-daily treatments, wherein the at least one immediate release composition
achieves a blood plasma Cpx in about 0.75 to about 4 hours after administration to a patient
in need of treatment. Further embodiments describe once-daily treatments, wherein the at
least one modified release composition achieves a blood plasma Cp,,x in about 2 to about 8
hours after the first Cpin. Further embodiments describe once-daily treatments, further
comprising administering one or more additional therapeutic agents or treatments useful for
the treatment of LUTS, obesity, type 2 diabetes, heart failure, irritable bowel syndrome and
similar gastrointestinal disorders, pre-term labor, depression and anxiety, wherein the one
more additional therapeutic agents or treatments are selected from the groups 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. Further embodiments describe once-daily treatments, wherein the one or more
additional therapeutic agents may be administered prior to, simultancously with, or following

the administration of the pharmaceutical composition comprising solabegron.

[0098] In one embodiment the present application describes a once-daily
treatment for LUTS, obesity, type 2 diabetes, heart failure, irritable bowel syndrome and
similar gastrointestinal disorders, pre-term labor, depression and anxiety that achieves a
desired blood plasma C,,.x while also not desensitizing the beta-3 adrenoceptor or the
biochemical pathways leading to the functional response, comprising: a pharmaceutical
composition, comprising a therapeutically effective amount of solabegron, wherein the
pharmaceutical composition releases at least two releases of solabegron, wherein a first
release of solabegron achieves a first target Cyx, a second release of solabegron achieves a
second target Cy, a first target C,y, 1s achieved between the first release and the second
release and a second Cpi, 18 achieved after the second release. Additional embodiments
describe treatments, wherein said first target Cmax 1S about 1.5 pg/ml to about 4 pg/ml, said

second target C,y 1s about 1.5 ug.ml to about 4 pug/ml, said first Cyy, is about 0.5 pug/ml to
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about 1.5 pug/ml and said second Cy, 1s about 0.01 pug/ml to about 0.5 ug/ml. Further
embodiments describe treatments further comprising administering one or more additional
therapeutic agents useful for the treatment of LUTS, obesity, type 2 diabetes, heart failure,
irritable bowel syndrome and similar gastrointestinal disorders, pre-term labor, depression
and anxiety, wherein the one more additional therapeutic agents are selected from the groups
consisting of: antimuscarinic agents; alpha adrenoceptor blockers; 5-alpha reductase
inhibitors; and phosphodiesterase-5 inhibitors, wherein the one or more additional therapeutic
agents may be administered prior to, simultaneously with, or following the administration of

the pharmaceutical composition comprising solabegron.

[0099] In one embodiment the present application describes a once-daily
treatment for LUTS, obesity, type 2 diabetes, heart failure, irritable bowel syndrome and
similar gastrointestinal disorders, pre-term labor, depression and anxiety that achieves a
desired blood plasma Cp.x while also not desensitizing the beta-3 adrenoceptor, 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 one pharmaceutically acceptable carrier or diluent.
Additional embodiments describe treatments, wherein the at least one immediate release
composition comprises about 100 mg to about 300 mg solabegron and the at least one
modified release composition comprises about 100 mg to about 300 mg solabegron. Further
embodiments describe treatments, wherein the at least one immediate release composition
achieves a blood plasma C,x in about 1 to about 3 hours after administration to a patient in
need of treatment and the at least one modified release composition achieves a blood plasma
Chmax in about 5 to about 11 hours after administration to a patient in need of treatment. Still
further embodiments describe treatments, further comprising administering one or more
additional therapeutic agents useful for the treatment of LUTS, obesity, type 2 diabetes, heart
failure, irritable bowel syndrome and similar gastrointestinal disorders, pre-term labor,
depression and anxiety, wherein the one more additional therapeutic agents are selected from
the groups consisting of: antimuscarinic agents; alpha adrenoceptor blockers; 5-alpha
reductase inhibitors; and phosphodiesterase-5 inhibitors, wherein the one or more additional
therapeutic agents may be administered prior to, simultaneously with, or following the

administration of the pharmaceutical composition comprising solabegron.
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EXAMPLES

[0100] HEK cells transfected with the human beta-3 adrenoceptor according to
the method of Vrygag et al (2009) will be employed. Additional cell lines, such as CHO, SK-

N-MC neuroblastoma cells or cultured human adipocytes may be considered.

[0101] For the desensitization experiments, the cells will be cultured for 0.5 hr to
24 hr in a serum-free medium in the presence of vehicle or a concentration of 0.01 to 10-uM
beta-3 adrenoceptor agonists. Beta-3 agonists that may be studied include solabegron, CL
316,243 or isoproterenol. Cells will be washed with serum-free medium for a period of 1 to 4
hr.

Example 1: Cyclic AMP Accumulation or ERK Activation Endpoint Assessment of Beta-3

Adrenoceptor Desensitization

[0102] Cells will be detached from the surface using enzyme-free cell dissociation
buffer and washed once with Hank’s balanced salt solution (HBSS). Cells will be re-
suspended in HBSS supplemented with 5 mM HEPES and 0.05 % bovine serum albumin.
The cells will be stimulated with the appropriate concentration-response to a beta-3
adrenoceptor agonist or vehicle. The stimulation mixture will contain the cAMP
phosphodiesterase inhibitors IBMX and RO 20-1724 (100 uM each). Cells will be added to
the stimulation mixture 1:1 in a 384 well optiplate and stimulated for 30 min at room
temperature. cAMP detection will be using a LANCE® cAMP Kit (PerkinElmer). ERK
activation will be measured by ELISA. Desensitization at the level of adenylyl cyclase will

be confirmed by measuring the response to forkolin.

Example 2: Radioligand-binding Studies Endpoint Assessment of Beta-3 Adrenoceptor

Desensitization

[0103] [’H]-L 748,337 saturation radioligand binding will be performed as
previously described (van Wieringen et al. 2011). Briefly, cells at approximately 80 %
confluence will be washed with PBS, harvested by scraping the culture flasks with a cell
scraper, washed twice by centrifugation, and then homogenized in ice-cold buffer (50 mM
Tris, 0.5 mM EDTA, pH 7.5). The homogenates will be centrifuged for 20 min at 50,000 x g
at 4 °C. The pellets will be resuspended in buffer and stored at —80 °C. Aliquots of the

respective membrane preparation (approximately 50-100 pg protein/assay) will be incubated
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in a total volume of 250 pl of binding buffer (10 mM Tris, 0.9 mN NaCl at pH 7.4) at 25 °C
for 60 min. Non-specific binding will be defined using 100 uM isoproterenol. In saturation
experiments, eight radioligand concentrations will be used. All experiments will be
performed in duplicates in 96 well plates, and incubations will be terminated by rapid
vacuum filtration. Each filter will be washed with approximately 2—-3 ml of ice-cold buffer.

Radioactivity adherent to the filters will be quantified in Perkin Elmer scintillator counter.

Example 3: Alteration in G-Protein Expression Endpoint Assessment of Beta-3 Receptor

Desensitization

[0104] Cells treated with beta-3 agonists at various time-points will be washed
with PBS, harvested, homogenized and centrifuged. The pellets will be re-homogenized,
boiled loaded on to SDS gels and electrophoresed for approximately 1 hr at 40mA. Primary
antibodies (rabbit polyclonal) for detection of G protein subunits (Gs, Gil,Gi2, Gi3,Gg/11)
will be used. Immunoblotting will be performed for approximately 12 hr at 4 °C. Following
washing, a secondary antibody (i.c. donkey anti-rabbit coupled to horseradish peroxidase)

will be used. Luminescence signals will be detected and quantified.

Example 4: Prevention of Receptor Desensitization

[0105] Macroscopically normal bladders obtained from Male CD rats (220-250g)
were used. Furthermore, tissues were rejected if they did not respond adequately to viability
checks. Each bladder was cleaned free of surrounding connective tissue and halved
longitudinally. The bladder longitudinal smooth muscle, with the urothelium still attached
were mounted in 25 ml organ baths containing physiological saline solution (PSS)
(composition: 119.0 mM NacCl, 4.7 mM KCI, 1.2 mM MgSQOy, 24.9 mM NaHCO3;, 1.2 mM
KH,POy4, 2.5 mM CaCl, and 11.1 mM glucose) supplemented with 1 uM prazosin (o -
adrenoceptor antagonist) and 30 nM ICI118551 (B,-adrenoceptor antagonist), acrated with
95% 0,/ 5% CO, gas mix, warmed and maintained at approximately 37°C throughout the
experiment. Changes in force production were recorded using transducers. After mounting,
the bladder halves were allowed to equilibrate for at least 30 min before they were set to a
stable tension of approximately 1.0 g. The tissue was then allowed to equilibrate over at least

a 60 min period with washes every 15 min.

[0106] It is envisioned that the above studies performed in rat bladder tissue could

also be performed in human bladder tissue.
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EFS parameters and viability check

[0107] In initial experiments the parameters for the EFS were assessed by
performing a frequency curve to determine a frequency that would give a response that was
approximately 80% of the response seen to 80mM KCI. Optimal EFS parameters were
determined to be: 30 Volts, square pulse of 0.1 ms, train of 4 seconds every 120 seconds, 15
Hz. This frequency was then used to stimulate the tissue for all subsequent experiments. The
viability of bladder strips was tested by stimulating the tissue with EFS for minimum of ten

minutes. Tissues that failed to produce a response of at least 1.0g were rejected.

Experimental protocol

[0108] Pilot studies to determine ECyy concentrations of the test compounds were
performed. Upon stabilization of the baseline tension, the bladder muscle strips were
stimulated with EFS parameters described above. The resulting contractile responses were
allowed to stabilize before adding cumulative concentrations of test compound (half-log
increments) in a cumulative concentration response curve (CCRC). A vehicle and a positive
control (CL-316,243) were run in the same manner in order to compare with the test
compounds. From the data obtained in these experiments, ECoy concentrations of the test

compounds were determined for use in subsequent experiments.

[0109] The bladder muscle strips were incubated with the ECqy determined for
each test compound in the pilot studies, for a period of 1 or 3 hr. Following compound
incubation, the tissues were washed with PSS for a period of 1, 3 or 6 hr, with washes
approximately every 15 min, to remove the drug. At the end of the final wash period the
tissues were stimulated with EFS, and left to equilibrate for at least 30 min. A CCRC was
then performed in each tissue. Tissue responses were calculated as the mean (SEM) and

expressed as percentage of EFS induced tone.

Determination of ECy concentration for beta-3 adrenoceptor agonists to inhibit EFS-induced

contraction in rat isolated bladder

[0110] In the initial pilot experiments, concentration response curves were
performed to the test compounds to determine an ECqy value for use in later experiments.

The calculated values for CL-316,243 and solabegron were 0.042 and 1.0 uM, respectively .
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Effect of the washout period following a one hr incubation with test compound

[0111] Tissues were incubated with the ECqy concentration of the test compounds
for one hr followed by one hr, three hr or six hr of washing with PSS. After only one hr of
washing, the response to solabegron was significantly attenuated (FIGURE 2). Responses to
higher concentrations of solabegron were also significantly attenuated after three hr of
washing. After six hr of washing the response to solabegron was similar to that seen in
tissues that had not been pre-exposed to the test compound (FIGURE 2). This EFS-induced
potentiation of bladder contraction from baseline was not observed with solabegron. These
data suggest that incubation of the rat bladder with beta-3 adrenoceptor agonists produced
marked receptor desensitization, and that the receptor is re-sensitized in a time-dependent

manner following removal of the agonist by removing the ligand by washing out.

Effect of the washout period following a three hr incubation with test compound.

[0112] In the next series of experiments, tissues were incubated with the ECy
concentration of the test compounds for three hr followed by either one hr, three hr or six hr

of washing with PSS.

[0113] After only one hr of washing, the responses to solabegron and CL-316,243
were significantly attenuated (FIGURES 3 AND 4). Responses to the highest concentrations
of solabegron were also significantly attenuated after three hr of washing. After six hr of
washing the responses to solabegron or the tool compound CL-316,243 were similar to that

seen in tissues which had not been pre-exposed to the test compound (FIGURES 3 AND 4).
Conclusions:

[0114] The data in the present experiments demonstrate that prolonged
administration of beta-3 adrenoceptor agonists produce time-dependent desensitization of the
beta-3 adrenoceptor in the rat bladder. Recovery of receptor desensitization was achieved by
removal or washing-out the agonist from the tissue, such that the receptor-mediated

functional response in the bladder returns to vehicle-treated or baseline conditions.

[0115] Following either a one hr or three hr incubation with the ECo
concentration of solabegron, the ability of solabegron to reduce the magnitude of EFS-

mediated responses in rat bladder muscle was still attenuated markedly when the tissue was
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washed for only one or three hr. After 6 hr of washing post-incubation, the ability of
solabegron to reduce EFS was not significantly different than that seen in muscle strips that
had only been exposed to an equivalent volume of vehicle and not to solabegron. These data
indicate that the effects of the exposure of the tissue to an ECyy concentration of solabegron
produced desensitization of the responses mediated by the beta-3 adrenoceptor. The ECgy
concentration of the beta-3 adrenoceptor agonists used in this study was selected because it
reflects a clinically relevant concentration comparable to the Cmax observed in patients.
Beta-3 receptor desensitization appeared to occur rapidly, as only 1 hr incubation was

necessary to produce marked inhibition of the beta-3 receptor mediated response.

[0116] The re-sensitization response occurred in a time-dependent manner,
indicating the functional defect in the tissue was reversible, and recovery was completed
within 6 hr. Such a time course of desensitization and re-sensitization is consistent with the
time course that will be used for a pulsatile formulation administration of solabegron in

patients.

[0117] CL-316,243 was used as a reference standard as a rodent selective beta-3
adrenoceptor agonist. Attenuation in the ability of CL-316,243 to reduce the magnitude of
EFS responses in rat bladder muscle tissue was also seen after a three hr pre-incubation to the
ECyy concentration of CL-316,243. Following washout of CL-316,243 the recovery of the
beta-3 adrenoceptor mediated response occurred in a time-dependent manner, as was seen

with solabegron.

[0118] In conclusion, the data in the present experiments demonstrate that
prolonged administration of beta-3 adrenoceptor agonists can produce time-dependent
desensitization of the beta-3 adrenoceptor-mediated responses in the rat bladder. Recovery of
receptor desensitization and prevention of prolonged receptor desensitization can be achieved
by removal of the agonist from the tissue, such that the receptor-mediated functional response
returns to baseline conditions. Beta-3 receptor desensitization can be prevented by giving
sufficient time between drug exposures for the tissue to recover. Therefore, prevention of
prolonged administration of a beta-3 adrenoceptor agonist in patients with OAB may be
desirable in order to preserve and increase therapeutic efficacy. Thus, the daily
administration of a beta-3 adrenoceptor agonist that is formulated to occur in a pulsatile

manner may be the viable approach for chronic treatment. Such an approach will reduce
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beta-3 adrenoceptor desensitization and promote recovery of desensitized receptors to

become active.

Example 5: Multiparticulate Formulation for the Release of Solabegron

[0119] A formulation utilizing solabegron is proposed, wherein pellets containing
solabegron will form the basis for multiple releases of solabegron to a patient in need. The
formulation will contain at least two populations of pellets, wherein at least one population
comprises an immediate release population and at least one population comprises a modified
(i.e. sustained and/or delayed) release population. The immediate release pellets will release
solabegron immediately in the GI tract , whereas the modified release pellets will release
solabegron at a later time inside the GI tract. The modified release pellets may be coated
with either a pH dependent (enteric) coating or a time dependent coating so as to delay the
second release of solabegron to the desired position in the GI tract. Both types of pellets may
contain any physical form of solabegron such as, for example, amorphous or crystalline solid.

The pellets may be drug-layered pellets or matrix-type pellets.

Example 6: Drug Coated Spheres/Pellet with an Inert Core for the Release of Solabegron

[0120] A formulation utilizing solabegron is proposed, wherein spheres/pellets
with an inert core containing solabegron will form the basis for multiple releases of
solabegron to a patient in need. The formulation will contain at least two populations of
spheres/pellets with an inert core, wherein at least one population comprises an immediate
release population and at least one population comprises a modified (i.e. sustained and/or
delayed) release population. The immediate spheres/pellets with an inert core will release
solabegron immediately in the GI tract, wherein the modified release spheres/pellets with an
inert core will release solabegron at a later time inside the GI tract. The modified release
spheres/pellets with an inert core may be coated with either a pH dependent (enteric) coating
or a time dependent coating so as to delay the second release of solabegron to the desired
position in the GI tract. Both types of spheres/pellets with an inert core may contain any

physical form of solabegron such as, for example, amorphous or crystalline solid.

Example 7: Bi-Layer Tablet for the Release of Solabegron

[0121] A formulation utilizing solabegron is proposed, wherein a bi-layer tablet

containing solabegron will form the basis for the multiple releases of solabegron to a patient
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in need. The formulation will contain a tablet having both an immediate release layer and a
modified release layer. The immediate layer will release solabegron immediately in the GI
tract , whereas the modified release layer will release solabegron at a later time inside the GI
tract. The modified release layer may be coated with either a pH dependent (enteric) coating
or a time dependent coating so as to delay the second release of solabegron to the desired
position in the GI tract. Both types of layers may contain any physical form of solabegron

such as, for example, amorphous or crystalline solid.

Example &: Matrix Tablet for the Release of Solabegron

[0122] A formulation utilizing solabegron is proposed, wherein a matrix tablet
containing solabegron will form the basis for the multiple releases of solabegron to a patient
in need thereof. The formulation will contain 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
semipermeable membrane to the tablet core or by mixing the drug with excipient that is 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 in the GI tract, while the
delayed release core will be designed to delay the drug release after a time period in a

designed region of the GI tract.

Example 9: Multicore Tablet for the Release of Solabegron

[0123] A formulation utilizing solabegron is proposed, wherein a multicore tablet
containing solabegron will form the basis for the multiple releases of solabegron to a patient
in need thereof. The formulation will contain a multicore tablet that comprises 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 in the GI tract, while the at least one
delayed/sustained release core will be designed to delay the drug release after a time period in

a designed region of the GI tract.

Example 10: Gastroretentive Delivery System for the Release of Solabegron
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[0124] A formulation utilizing solabegron is proposed, wherein a gastroretentive
oral dosage form containing solabegron will form the basis for the multiple releases of
solabegron to a patient in need. The formulation will contain a tablet or capsule having both
an immediate release and modified release component. The immediate layer will release
solabegron immediately in the GI tract , wherein the modified release layer will release
solabegron at a later time inside the GI tract. The gastroretentive oral dosage form may
utilize mucoadhesive, swellable, high density or floating technologies to prolong residence
time in the stomach thereby allowing a prolonged period for release of both first and second
releases in the stomach or upper GI. Both releases may contain any physical form of

solabegron such as, for example, amorphous or crystalline solid.

Example 11: Proposed Formulations for the Release of Solabegron

[0125] It is proposed that solabegron be formulated as a once-daily formulation
having two distinct release components. It is envisioned that such formulations may exist
wherein both the two release components contain the same or different amounts of
solabegron and when different either the first or second release may contain the greater
amount of solabegron. Provided below in TABLE 1 are formulations that should provide a

therapeutic amount of solabegron to a patient in need without desensitizing the beta-3

adrenoceptor.
TABLE 1
Low Dose High Dose Mixed Dose

Ciax 1 (hours after 0.75-4.0 0.75-4.0 0.75-4.0
administration)

Chin 1 (hours after 4.0-8.0 4.0-8.0 4.0-8.0
administration)

Cinax 2 (hours after 2.0-8.0 2.0-8.0 2.0-8.0

Cmin 1)

Chin 2 (hours after 24 24 24

administration)
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Time Between Coax 1 2.0-8.0 2.0-8.0 2.0-8.0
and Cpax 2 (hours)
Cnax 1 (ug/ml) 0.5-2 1.5-3.5 0.5-2
Crnax 2 (ug/ml) 1.5-3 2.5-4 2.5-4
Chin 1 (ug/ml) 0.25-1.0 0.5-1.5 0.25-1.0
Chnin 2 (ng/ml) 0.01-1 0.25-1 0.01-1
First Release 75-250 75-250 75-250
Second Release 100-400 100-400 100-400
Time at or below 1.0 about 6 to about 9 about 6 to about 9 about 6 to about 9
ug/ml over a 24 hour
period (hours)

[0126] Although the present disclosure has been described in considerable detail
with reference to certain preferred versions thereof, other versions are possible. Therefore,
the spirit and scope of the application should not be limited to the description of the preferred

versions described herein.

[0127] All features disclosed in the specification, including the abstract and
drawings, and all the steps in any method or process disclosed, may be combined in any
combination, except combinations where at least some of such features and/or steps are
mutually exclusive. Each feature disclosed in the specification, including abstract and
drawings, can be replaced by alternative features serving the same, equivalent or similar
purpose, unless expressly stated otherwise. Thus, unless expressly stated otherwise, each
feature disclosed is one example only of a generic series of equivalent or similar features.
Various modifications of the application, in addition to those described herein, will be
apparent to those skilled in the art from the foregoing description. Such modifications are

also intended to fall within the scope of the appended claims.
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[0128] Throughout the above specification a number of references have been cited
and or referred to it is to be understood that unless specifically noted, all references cited in
the above specification and or referred to in the above specification are hereby incorporated

by reference in their entirety.
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WHAT IS CLAIMED IS

1. A pharmaceutical composition comprising a therapeutically effective
amount of solabegron, wherein the pharmaceutical composition achieves a first target Cpax, @
second target C.x, a first target C,,;, between the first target Cp,x and the second target Cpay,

and a second target Cyy, after the second target Cax.

2. The pharmaceutical composition of claim 1, 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.

3. The pharmaceutical composition of claim 1, wherein said
pharmaceutical composition achieves a target AUC of about 11,000 ng'hr/ml to about 30,000
nghr/ml.

4. The pharmaceutical composition of claim 1, wherein the first target
Cax 18 achieved after the start of a first release of solabegron and the second target Cpy 18

achieved after the start of a second release of solabegron.

5. The pharmaceutical composition according to claim 1, wherein said

first target Cp.x 1s about 0.5 pg/ml to about 3.5 pg/ml.

6. The pharmaceutical composition according to claim 1, wherein said

second target Cpmay 18 about 1.5 pg.ml to about 4 pug/ml.

7. The pharmaceutical composition according to claim 1, wherein said

first Cpyp 18 about 0.25 pg/ml to about 1.5 pug/ml.

8. The pharmaceutical composition according to claim 1, wherein said

second Cpin 18 about 0.01 pg/ml to about 1.0 ug/ml.

9. The pharmaceutical composition according to claim 1, wherein the

time between the first target Cy.x and the second target C,,.x 18 about 2 to about 8 hours.

10.  The pharmaceutical composition according to claim 1, wherein the first

Cmin 18 achieved at about 4 to about 8 hours after the first administration.
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11.  The pharmaceutical composition according to claim 1, wherein the
second Cy, is achieved before about 24 hours after administration of the pharmaceutical

composition.

12.  The pharmaceutical composition according to claim 1, wherein the first

Cax 18 achieved at about 0.75 to about 4 hours after the first administration.

13.  The pharmaceutical composition according to claim 1, wherein the

second Cax is achieved at about 2 to about 8 hours after the first Cpin.

14.  The pharmaceutical composition according to claim 4, wherein the first

release comprises about 75 mg to about 400 mg of solabegron

15.  The pharmaceutical composition according to claim 4, wherein the

second release comprises about 100 mg to about 400 mg of solabegron.

16.  The pharmaceutical composition according to claim 1, 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.

17. A pharmaceutical composition for the delivery of solabegron,

comprising:

a. at least one immediate release composition, comprising

solabegron and at least one pharmaceutically acceptable carrier or diluent; and

b. at least one modified release composition, comprising

solabegron and at least one pharmaceutically acceptable carrier or diluent.

18. The pharmaceutical composition according to claim 17, wherein the at

least one immediate release composition comprises about 75 mg to about 400 mg solabegron.

19. The pharmaceutical composition according to claim 17, wherein the at

least one modified release composition comprises about 100 mg to about 400 mg solabegron.
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20. The pharmaceutical composition according to claim 17, wherein the at
least one immediate release composition achieves a blood plasma Cy,.x in about 0.75 to about

4 hours after administration to a patient in need of treatment.

21.  The pharmaceutical composition according to claim 17, wherein the at
least one modified release composition achieves a blood plasma C,y in about 2 to about 8

hours after the first C,y.

22.  The pharmaceutical composition according to claim 17, further
comprising one or more additional therapeutic agents or treatments useful for the treatment of
LUTS, obesity, type 2 diabetes, heart failure, irritable bowel syndrome and similar
gastrointestinal disorders, pre-term labor, depression and anxiety, wherein the one more
additional therapeutic agents or treatments are selected from the groups 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.

23.  The pharmaceutical composition according to claim 22, wherein the
one or more additional therapeutic agents may be administered prior to, simultaneously with,

or following the administration of the pharmaceutical composition comprising solabegron.

24.  The pharmaceutical composition according to claim 17, wherein the at
least one immediate release composition achieves a blood plasma Cpax from about 0.5 pug/ml

to about 3.5 ug/ml.

25.  The pharmaceutical composition according to claim 17, wherein the at
least one modified release composition achieves a blood plasma Cpax from about 1.5 ug/ml to

about 4 ug/ml.

26.  The pharmaceutical composition according to claim 17, wherein a Cpjq
from about 0.25 pg/ml to about 1.5 pug/ml is achieved in about 4 to about 8 hours after

administration to a patient in need of treatment.
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27. The pharmaceutical composition according to claim 17, wherein a Cpyy
from about 0.01 pg/ml to about 1.0 pug/ml is achieved before about 24 hours after

administration to a patient in need of treatment.

28. A method for treating LUTS, obesity, type 2 diabetes, heart failure,
irritable bowel syndrome, gastrointestinal disorders, pre-term labor, depression and anxiety in
a patient in need thereof, comprising: administering a pharmaceutical composition for the
delivery of solabegron, comprising: an immediate release composition, comprising
solabegron and at least one pharmaceutically acceptable carrier or diluent; and a modified
release composition, comprising solabegron and at least one pharmaceutically acceptable

carrier or diluent to the patient.

29.  The method according to claim 28, wherein the patient achieves a
blood plasma C,x of about 0.5 ug/ml to about 3.5 ug/ml in about 0.75 to about 4 hours after

administration.

30.  The method according to claim 28, wherein the patient achieves a
blood plasma C,, from about 0.25 pug/ml to about 1.5 ug/ml in about 4 to about 8 hours after

administration.

31.  The method according to claim 28, wherein the patient achieves a
blood plasma C,,,x of about 1.5 ug/ml to about 4 ug/ml in about 2 to about 8 hours after the
first Cmin.

32.  The method according to claim 28, wherein the patient achieves a
blood plasma C,, from about 0.01 pug/ml to about 1.0 ug/ml before about 24 hours after

administration.

33.  The method according to claim 28, further comprising administering
one or more additional therapeutic agents or treatments useful for the treatment of LUTS,
obesity, type 2 diabetes, heart failure, irritable bowel syndrome and similar gastrointestinal
disorders, pre-term labor, depression and anxiety, obesity, type 2 diabetes, heart failure,
irritable bowel syndrome, gastrointestinal disorders, pre-term labor, depression and anxiety,
wherein the one more additional therapeutic agents or treatments are selected from the groups
consisting of: antimuscarinic agents; alpha adrenoceptor blockers; botulinum toxin;

purinergics; cannabinoids; transient receptor potential (TRP) protein inhibitors;
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prostaglandins; percutaneous tibial nerve stimulation; 5-alpha reductase inhibitors; and

phosphodiesterase-5 inhibitors.

34, The method according to claim 33, wherein the one or more additional
therapeutic agents may be administered prior to, simultaneously with, or following the

administration of the pharmaceutical composition comprising solabegron.

35.  The method according to claim 28, wherein the pharmaceutical

composition is administered once a day to a patient in need thereof.

36. The method of claim 28, wherein said LUTS is selected from

overactive bladder and a prostate disorder.

37. A method for treating LUTS, obesity, type 2 diabetes, heart failure,
irritable bowel syndrome and similar gastrointestinal disorders, pre-term labor, depression
and anxiety, comprising: administering a pharmaceutical composition, comprising a
therapeutically effective amount of solabegron, wherein the pharmaceutical composition
releases at least two releases of solabegron, wherein a first release of solabegron achieves a
first target Cax, @ second release of solabegron achieves a second target Cpay, a first target
Cnmin 18 achieved between the first release and the second release and a second Cpiy 18

achieved after the second release.

38. The method according to claim 37, wherein said first target Cp,y 18

about 0.5 pg/ml to about 3.5 ug/ml.

39.  The method according to claim 37, wherein said second target Cpax 18

about 1.5 pug/ml to about 4 pg/ml.

40. The method according to claim 37, wherein said first Cpy, is about 0.25
ug/ml to about 1.5 pg/ml.

41.  The method according to claim 37, wherein said second Cpi, 18 about

0.01 ug/ml to about 1.0 pug/ml.

42.  The method according to claim 37, further comprising administering
one or more additional therapeutic agents or treatments useful for the treatment of LUTS,

obesity, type 2 diabetes, heart failure, irritable bowel syndrome and similar gastrointestinal
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disorders, pre-term labor, depression and anxiety, wherein the one more additional
therapeutic agents or treatments are selected from the groups consisting of: antimuscarinic
agents; alpha adrenoceptor blockers; botulinum toxin; purinergics; cannabinoids; transient
receptor potential (TRP) protein inhibitors; prostaglandins; percutaneous tibial nerve

stimulation; 5-alpha reductase inhibitors; and phosphodiesterase-5 inhibitors.

43. The method according to claim 42, wherein the one or more additional
therapeutic agents may be administered prior to, simultaneously with, or following the

administration of the pharmaceutical composition comprising solabegron.

44.  The method according to claim 37, wherein the pharmaceutical

composition is administered once a day to a patient in need thereof.

45. The method of claim 37, wherein said LUTS is selected from

overactive bladder and a prostate disorder.

46.  The method of claim 36 or 45, wherein treating overactive bladder
comprises treating one or more symptoms of OAB selected from the group consisting of:
frequency of urinary urgency; nocturia; increase in urinary micturition frequency; and urinary

incontinence, voided volume, post-void residual volume and patient reported outcomes.

47.  The pharmaceutical composition of claim 1, wherein the solabegron is

the amorphous solid form of solabegron.

48.  The pharmaceutical composition of claim 47, further comprising two

separate and distinct releases of solabegron.

49. The pharmaceutical composition of claim 48, wherein the two release

are contained within two separate and distinct drug delivery systems.

50.  The pharmaceutical composition of claim 48, wherein the two releases

are contained within a single drug delivery system.

51.  The pharmaceutical composition of claim 49, wherein the drug
delivery system is selected from the group consisting of: tablets; bi-layer tablets; capsules;

multiparticulates; drug coated spheres/pellets; matrix tablets; and multicore tablets.
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52.  The pharmaceutical composition of claim 50, wherein the drug
delivery system is selected from the group consisting of: tablets; bi-layer tablets; capsules;

multiparticulates; drug coated spheres/pellets; matrix tablets; and multicore tablets.

-49-



PCT/US2015/063795

WO 2016/090168

1/4

L 3dN9ld

L

~SHNOH ¥
ALY ONddY 8t NWY anooas
0L NOYHLSININGY WO 1L

> Wby 00 KELNONAY
\ 81 35V ON0O38 DNimoTI04 NG

SHNOH08-0Y

NID LM MLV SUNOH 0807 3sviixovady N 1swid ol

AT SO aNoD3S 0L 3L

NOUYYLSININGY WOY WL

<

w6670

A LVIXOdddY

g1 N 380N \\ /

&

SHNOH 0 -6/0
ATALYAIXOY
I X 1su 0l

NOILYHLSINIAQY WOM JNIL

<

NOMOIEYI0S 40
buingy 1oy 0 bug/
LNOSY SNIVINGD 3SYI T34 HOV3

£

7

SHNOHB 0L
KTALYAIXOYddY
o1 XMW anoo3s

any X7 LS4 NATML3A TNIL

g??éﬁgyo
S1ASYITH HOYA o4 X |7

td
QiYL

ay

NAONOD

NOILYH

SUBSTITUTE SHEET (RULE 26)



WO 2016/090168 PCT/US2015/063795

2/4

RESPONSES OF RAT BLADDER TO SOLABEGRON
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[conc] {log M)

CUMULATIVE CONCENTRATION RESPONSE CURVES (CCRC) TO SOLABEGRON PERFORMED
AFTER A ONE HR INCUBATION TO THE ECg CONCENTRATION OF SCLABEGRON AND APERIOD
OF WASHOUT USING PSS, TWO-WAY ANOVA TO COMPARE THE CURVES GIVES p<0.001, WITHA
BONFERRON! POSS"' HOC TEST TO COMPARE INDIVIDUAL POINTS WITH COMPARABLE POINTS
ON THE VEHICLE INCUBATION CURVE (BLACK TRIANGLES). "=p<0.05, *=p<0.01, ™*=p<0.001
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RESPONSES OF RAT BLADDER TO SOLABEGRON
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CUMULATIVE CONCENTRATION RESPONSE CURVES (CCRC) TO SOLABEGRON PERFORMED
AFTER ATHREE HR INCUBATION TO THE ECqp CONCENTRATION OF SOLABEGRON AND APERIOD
OF WASHOUT USING PSS, TWO-WAY ANCVA TO COMPARE THE CURVES GIVES p<0.001, WITHA
BONFERRON! POST HOC TEST TO COMPARE INDIVIDUAL POINTS WITH COMPARABLE POINTS

ON THE VEHICLE INCUBATION CURVE (BLACK TRIANGLES). *=p<0.05, *=p<0.01, ™*=p<0.001
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RESPONGES OF RAT BLADDER TO CL-316,24
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CUMULATIVE CONCENTRATION RESPONSE CURVES (CCRC) TO C1-316,243 PERFORMED
AFTERATHREE HR INCUBATION TO THE ECqp CONCENTRATION OF CL-316,243 AND APERICD
OF WASHOUT USING PSS, TWO-WAY ANCVA TO COMPARE THE CURVES GIVES p<0.001, WITHA
BONFERRON! POST HOC TEST TO COMPARE INDIVIDUAL POINTS WITH COMPARABLE POINTS
ON THE VEHICLE iNCUBATION CURVE (BLACK TRIANGLES). *=p<0.05, ™=p<0.01, **=p<0.001
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