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(57) ABSTRACT

Provided herein are pharmaceutical and cosmetic formula-
tions and methods for regional adiposity reduction and
treatment of body contour defects such as abdominal bulg-
ing; comprising an injectable formulation, said formulation
comprising: an active ingredient that consists essentially of
an adipose tissue-reducing amount of one or more lipophilic
long-acting selective beta-2 adrenergic receptor agonists, or
salts, solvates, or polymorphs thereof; and one or more
subcutaneously acceptable inactive ingredients.
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SELECTIVE, LIPOPHILIC, AND
LONG-ACTING BETA AGONIST
MONOTHERAPEUTIC FORMULATIONS
AND METHODS FOR THE COSMETIC
TREATMENT OF ADIPOSITY AND
CONTOUR BULGING

CROSS-REFERENCE

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/303,045 filed on Nov. 22, 2011
which claims the benefit of U.S. Provisional Application Ser.
No. 61/417,098 filed Nov. 24, 2010, both which are incor-
porated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

[0002] Cosmetics are substances used to enhance the
appearance of the human body. Traditionally, cosmetics
have included skin-care creams, lotions, powders, perfumes,
lipsticks, nail polish, eye and facial makeup, and so forth.
The United States Food and Drug Administration (the FDA),
which regulates cosmetics in the United States, broadly
views a cosmetic as a substance that is intended to be applied
to the human body for cleansing, beautifying, promoting
attractiveness, or altering the appearance without signifi-
cantly affecting the body’s structure or functions.

[0003] Accumulation of fat stores in humans can occur
unevenly in the body, which to certain individuals is con-
sidered to be a cosmetic blemish. For example, some per-
sons may accumulate fat predominantly in visceral areas
while others predominately in the subcutaneous tissue. Gen-
der differences may also be apparent with women accumu-
lating fat in the thighs and lateral buttocks and males in the
waist. Women may accumulate fatty deposits of the thighs,
which have a rumpled or “peau d'orange” appearance,
resulting in a condition referred to as cellulite. Cellulite may
be related to skin architecture which allows subdermal fat
herniation, sometimes referred to as adipose papillae.

SUMMARY OF THE INVENTION

[0004] The subject matter described herein provides cos-
metic and pharmaceutical monotherapy formulations for the
reduction of subcutaneous adiposity in humans. Specifically,
described herein are subcutaneous and transcutaneous phar-
maceutical and cosmetic monotherapy formulations and
methods of treatment for regional adiposity. Also provided
herein are pharmaceutical and/or cosmetic formulations for,
in certain situations, reducing regional fat deposits in a
subject.

[0005] In one aspect, provided herein are injectable for-
mulations for regional adiposity reduction comprising: (a)
active ingredient that consists essentially of an adipose
tissue-reducing amount of one or more lipophilic long-
acting selective beta-2 adrenergic receptor agonists, or salts,
solvates, or polymorphs thereof; and (b) one or more sub-
cutaneously acceptable inactive ingredients. In another
aspect, provided herein is a cosmetic method for reducing
adiposity in a human patient comprising subcutaneously
administering a formulation suitable for subcutaneous injec-
tion comprising: (a) active ingredient that consists essen-
tially of a cosmetically effective adipose tissue-reducing
amount of one or more lipophilic long-acting selective
beta-2 adrenergic receptor agonists, or salts, solvates, or
polymorphs thereof; and (b) one or more subcutaneously
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acceptable inactive ingredients. In yet another aspect, pro-
vided herein is a cosmetic method for inducing lipolysis in
adipose tissue of a human patient comprising subcutane-
ously administering a formulation suitable for subcutaneous
injection comprising: (a) active ingredient that consists
essentially of a cosmetically effective adipose tissue-reduc-
ing amount of one or more lipophilic long-acting selective
beta-2 adrenergic receptor agonists, or salts, solvates, or
polymorphs thereof; and (b) one or more subcutaneously
acceptable inactive ingredients. In a further aspect, provided
herein is a method for the aesthetic treatment of body
contour defects such as abdominal bulging in a human
patient comprising subcutaneously administering a formu-
lation suitable for subcutaneous injection comprising: (a)
active ingredient that consists essentially of a cosmetically
effective adipose tissue-reducing amount of one or more
lipophilic long-acting selective beta-2 adrenergic receptor
agonists, or salts, solvates, or polymorphs thereof; and (b)
one or more subcutaneously acceptable inactive ingredients.
In an aspect provided is a method for aesthetic treatment of
cheek contour defect in a human patient by contacting a
targeted fat deposit in the cheek with a composition com-
prising: (a) active ingredient that consists essentially of a
cosmetically effective adipose tissue-reducing amount of
one or more lipophilic long-acting selective beta-2 adrener-
gic receptor agonists, or salts, solvates, or polymorphs
thereof; and (b) one or more subcutaneously acceptable
inactive ingredients. In another aspect, provided herein are
compositions, formulations, methods, and systems for treat-
ing thyroid eye disease by contacting a targeted fat deposit
in the eye with a composition comprising: (a) active ingre-
dient that consists essentially of an adipose tissue-reducing
amount of one or more lipophilic long-acting selective
beta-2 adrenergic receptor agonists, or salts, solvates, or
polymorphs thereof; and (b) one or more subcutaneously
acceptable inactive ingredients.

BRIEF DESCRIPTION OF THE FIGURES

[0006] FIG. 1 illustrates effects of salmeterol xinafoate on
change in inguinal fat pad weight (AIFP) (% reduction;
mean+SEM) following SC injection into the fat pad.
[0007] FIG. 2 shows effect of SC salmeterol xinafoate
(SX) on change from baseline back fat thickness in Yucatan
minipigs determined by 2D-ultrasound

DETAILED DESCRIPTION OF THE
INVENTION

[0008] Adipose tissue is the primary energy storage tissue
of the body. Fat cells, or adipocytes, store this energy in the
form of triglycerides. Triglycerides are mobilized from fat
stores to provide caloric energy to the body through hor-
monal induction of triglyceride hydrolysis. This process
releases free or non-esterified fatty acids and glycerol into
the blood for use by other body tissues. The breakdown of
triglycerides from fat store is referred to as lipolysis. Growth
of new adipocytes also occurs, which is referred to as
adipogenesis. Primary neurotransmitters that control lipoly-
sis in the body are the catecholamines epinephrine and
norepinephrine. Adipose tissue has beta-1, 2, and 3 adren-
ergic receptors and alpha-2 adrenergic receptors. Binding of
beta-adrenergic receptor agonists (“beta-adrenergic ago-
nists”) to beta-adrenergic (“beta”) receptors in adipose tissue
results in adipocyte lipolysis. Beta-adrenergic receptor acti-
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vation also inhibits adipogenesis. In humans, beta-2 recep-
tors are the most abundant on fat cell surfaces and the
primary mediator of beta-adrenergic receptor-stimulated
lipolysis. Stimulation of lipolysis by beta-adrenergic ago-
nists is mediated by adenylate cyclase and increased forma-
tion of cyclic adenosine monophosphate (cyclic AMP,
cAMP).

[0009] Long-acting beta-2 adrenergic receptor agonists,
such as salmeterol and formoterol, reduce regional fat
deposits or adipose tissue regions by binding to beta recep-
tors, resulting in adipocyte lipolysis. The use of long-acting
beta-2 adrenergic receptor agonists, however, carries with it
possible side effects. For example, use of long-acting beta-2
adrenergic receptor agonists may result in cardiovascular
problems such as angina, hypertension or hypotension,
tachycardia, palpitations, and arrhythmias. Thus, while
long-acting beta-2 adrenergic receptor agonists may reduce
regional fat deposits and adipose tissue regions they may
also cause increased heart rate and palpitations.

[0010] Ithas been found that certain lipophilic long-acting
selective beta-2 adrenergic agonists administered subcuta-
neously in appropriate amounts reduce regional fat deposits
with limited systemic exposure compared to other long-
acting beta-2 adrenergic agonists. One possible reason for
this result is that the lipophilic nature of certain long-acting
beta-2 adrenergic receptor agonists allows selective parti-
tioning into the adipose tissue relative to plasma. The
lipophilicity of certain long-acting beta-2 adrenergic recep-
tor agonist into the subcutaneous adipose tissue contributes,
at least in part, to providing relatively low levels of the
agonist systemically. Appropriate amounts of the lipophilic
long-acting beta-2 adrenergic receptor agonists described
herein administered via subcutaneous or transcutaneous
injection may provide therapeutic effectiveness in reducing
regional fat deposits and/or adipose tissue with a reduced
risk of producing cardiovascular side effects. Indeed, the
formulations described herein are prepared to be adminis-
tered subcutaneously or transcutaneously, and not systemi-
cally. Accordingly, the formulations and methods of treat-
ment described herein are designed to reduce subcutaneous
adipose tissue which is distinct from visceral (systemic) fat.

GLOSSARY OF CERTAIN TERMINOLOGY

[0011] “Cosmetically effective” as used herein, refers to a
sufficient amount of an agent (e.g., a selective, long-acting,
and long-acting beta-2 agonist) which will improve the
cosmetic appearance at the localized site of treatment. A
“cosmetically effective” amount of a selective, lipophilic,
and long-acting beta-2 agonist is an amount effective to
achieve a cosmetically desirable improvement. It is to be
understood that a “cosmetically effective” amount can vary
from subject to subject, due to numerous factors including
for example age, weight, general condition of the subject,
the condition being treated, the severity of the condition
being treated, and the judgment of the prescribing physician.
[0012] As used herein, an “aesthetic treatment” or “cos-
metic treatment” refers to any treatment carried out for the
purposes of improving the visual appearance. A method for
aesthetic treatment refers to a method of improving the
visual appearance at the localized site of treatment by
providing an effective amount of an agent (e.g., a selective,
long-acting, and long-acting beta-2 agonist) which will
improve the cosmetic appearance at the localized site of
treatment. As used herein, the aesthetic treatment of a body
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contour defect refers to any treatment carried out to achieve
a more natural or cosmetically desirable body shape.

[0013] As used herein an “adipose tissue-reducing”
amount refers to a sufficient amount of the lipophilic long-
acting beta-2 adrenergic receptor agonist needed to reduce
adipose tissue. It is to be understood that the amount
sufficient to decrease the adipose tissue will vary from
subject to subject due to variation in metabolism of the
lipophilic long-acting beta-2 adrenergic receptor agonist,
with age, weight, general condition of the subject, the
severity of the condition being treated, and the judgment of
the prescribing physician.

[0014] As used herein, “Thyroid Eye Disease” or “Graves’
Opthamolopathy” or “Thyroid-associated orbitopathy” or
“Grave’s orbitopathy” refers to an eye condition that is
characterized by one or more of: swelling in the orbital
tissues; protrusion of one or both eyeballs—also known as
exophthalmos; proptosis, in which the eyes appear to bulge
outward. Without being limited by theory, it is believed the
clinical symptoms and signs of Thyroid Eye Disease can be
explained mechanically by the increase in tissue volume
evident within the bony orbit. The expanded orbital tissues
cause forward displacement of the globe and impairment of
venous and lymphatic outflow from the orbit. These
changes, combined with the local production of cytokines
and other mediators of inflammation, result in proptosis,
periorbital edema, conjunctival erythema and/or chemosis.

[0015] A formulation that is “substantially free” of a
specific compound or substance contains an amount that is
equal to or less than a trace or therapeutically or cosmeti-
cally insignificant amount of the specific compound or
substance. For example, a formulation that is “substantially
free” of a glucocorticosteroid contains an amount that is
equal to or less than a trace of therapeutically or cosmeti-
cally insignificant amount of glucocorticosteroids.

[0016] As described herein a “reduced or minimized risk
of producing cardiovascular side effects” amount refers to an
amount of the lipophilic long-acting beta-2 adrenergic
receptor agonist used which does not result in clinically
significant cardiovascular side effects. It is to be understood
that the amount used will vary from subject to subject due
to variation in metabolism of the lipophilic long-acting
beta-2 adrenergic receptor agonist, with age, weight, general
condition of the subject, the severity of the condition being
treated, and the judgment of the prescribing physician.

[0017] “Plasma concentration” refers to the concentration
of a substance such as a therapeutic agent, in blood plasma
of a subject. It is understood that the plasma concentration
of a therapeutic agent may vary many-fold between subjects,
due to variability with respect to metabolism of therapeutic
agents. In accordance with one aspect, the plasma concen-
tration of a long-acting beta-2 adrenergic receptor agonist
varies from subject to subject. Likewise, in some embodi-
ments, values such as maximum plasma concentration
(C,,0) Or time to reach maximum plasma concentration
(T,,4x), or total area under the plasma concentration time
curve (AUC) varies from subject to subject. Due to this
variability, the amount necessary to constitute “a therapeu-
tically effective amount” of a lipophilic long-acting beta-2
adrenergic receptor agonist varies from subject to subject. It
is understood that in some embodiments, when mean plasma
concentrations are disclosed for a population of subjects,
these mean values include substantial variation.
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[0018] “Pharmacodynamics™ refers to the factors that
determine the biologic response observed relative to the
concentration of drug at a site of action.

[0019] “Pharmacokinetics” refers to the factors that deter-
mine the attainment and maintenance of the appropriate
concentration of drug at a site of action.

[0020] A “measurable plasma concentration” or “measur-
able plasma concentration” describes the blood plasma or
blood plasma concentration, typically measured in mg, pg,
or ng of therapeutic agent per mL, dL, or L of blood plasma,
of a therapeutic agent that is absorbed into the bloodstream
after administration. One in the field would be able to
measure the plasma concentration or plasma concentration
of a lipophilic long-acting beta-2 adrenergic receptor ago-
nist.

[0021] Some embodiments comprise optically pure iso-
mers of the lipophilic beta-adrenergic agonist(s), which
improve lipolysis and adipogenesis inhibition and reduce the
risk of producing potential cardiovascular side effects. In
some embodiments, these optically pure isomers allow
formulations comprising larger loadings of an active ingre-
dient, for example, by eliminating one or more isomers with
no physiological effect, a lesser a physiological effect, a
negative effect, and/or an undermined physiological effect.
Removing the undesired bounds of a racemic mixture iso-
lates the active isomer, or eutomer, thereby allowing more
eutomer to be loaded in a give formulation by removing the
inactive components.

[0022] Two stereogenic centers in a molecule generally
generate two diastereomers, referred to herein as (R*,R*)
and (R*,S*), and their enantiomers. Diastereomers are ste-
reoisomers that are not enantiomers, that is, the mirror image
of one diastereomer is not superimposable on another diaste-
reomer. Enantiomers are stereoisomers that are mirror
images of each other. A racemate is a 1:1 mixture of
enantiomers. The enantiomers of the (R*,R*) diastereomers
are referred to as the (R,R) and (S,S) enantiomers, which are
mirror images of each other and therefore share some
chemical and physical properties, for example melting
points. Similarly, the (R,S) and (S,R) isomers are enantiom-
ers of the (R*,S*) enantiomer. For example, some embodi-
ments comprise optically pure isomers of lipophilic beta-2
agonists, for example, (R)-salmeterol.

[0023] Additionally, in some embodiments, long-acting
selective beta-2 agonists are lipophilic, thereby providing a
pharmaceutical and/or cosmetic formulation with activity in
fat tissue. In some embodiments, the lipophilic agonist is
salmeterol. In further embodiments, the lipophilicity of
salmeterol provides prolonged exposure to the adipose tis-
sue. In some embodiments, the agent is not salmeterol, but
has a similar lipophilicity to salmeterol.

[0024] Salmeterol has high lipid solubility, compared to
other long-acting beta-2 adrenergic receptor agonists, such
as for example, formoterol, which extends its residence time
in the adipose tissue and/or in one or more adipose cells.
Some embodiments of the subcutaneous formulation com-
prise a highly lipophilic beta-adrenergic agonist, which
reduces or eliminates the need for a sustained or controlled
release carrier due to partitioning and sequestration in the
adipose tissue thereby prolonging the treatment effect. In
some embodiments, lipophilic beta-adrenergic agonists with
an oil-water partition coefficient of at least about 1000 or at
least about 10,000 to 1 are used. For example, salmeterol is
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at least 10,000 times more lipophilic than albuterol, a
short-acting hydrophilic beta-adrenergic agonist.

[0025] A “treatment period” is defined as the period of
time the patient is under a physician’s care or direction,
which may vary from patient to patient, and may be depen-
dent on metabolism of the lipophilic long-acting beta-2
adrenergic receptor agonist administered to the patient, age,
weight, general condition of the subject, the severity of the
condition being treated, and the judgment of the prescribing
physician. In some embodiments, the treatment period com-
prises between 1 week and 52 weeks, longer than 52 weeks,
or any amounts of weeks between 1 and 52.

[0026] A “weekly dose” is the total amount of active
ingredient administered to a patient during a single week.
For example, in situations with more than a single admin-
istration occurs during a week, the weekly dose is the total
amount of active ingredient provided to the patient in each
administration that occurs during the week.

[0027] A “periodic dose” is the frequency at which a dose
is administered to a patient during a period.

[0028] A “single session dose” is the total amount of
active ingredient administered to a patient during a single
visit for treatment by a healthcare professional or, in situa-
tions of self-administration, a single session dose is the total
amount of active ingredient administered to the patient by
self-administration in a single session.

[0029] In some embodiments, a single session dose is
divided into smaller amounts and administered to a patient
in one or more “sub-doses.” In some embodiments, each
“sub-dose” is subcutaneously delivered to a patient by
injection, e.g., using a syringe or is administered to the
patient transcutaneously.

[0030] The phrases “patient” and “subject” are used inter-
changeably herein. In some embodiments, the patient or
subject is a human. In further or additional embodiments, the
patient or subject is an animal. In some embodiments, the
animal is a human, a common household pet, including for
example a cat or a dog, or a species of the animal kingdom.
In some embodiments, the patient is a non-murine animal.

Lipophilic, Selective, and Long-Acting Beta-2 Adrenergic
Receptor Agonists

[0031] In one aspect, provided herein are pharmaceutical
and/or cosmetic formulations suitable for subcutaneous or
transcutaneous administration and methods of treatment
comprising subcutaneously or transcutaneously administer-
ing to a patient a pharmaceutical and/or cosmetic formula-
tion (including all of the methods of treatment described
herein). In some embodiments, the pharmaceutical and/or
cosmetic formulation comprises an injectable formulation
for regional adiposity reduction consisting essentially of: (a)
active ingredient that consists essentially of an adipose
tissue-reducing amount of one or more lipophilic long-
acting selective beta-2 adrenergic receptor agonists, or salts,
solvates, or polymorphs thereof; and (b) one or more sub-
cutaneously acceptable inactive ingredients. In further or
additional embodiments, the formulations provided herein
comprise an injectable formulation for regional adiposity
reduction consisting of: (a) active ingredient that consists
essentially of an adipose tissue-reducing amount of one or
more lipophilic long-acting selective beta-2 adrenergic
receptor agonists, or salts, solvates, or polymorphs thereof;
and (b) one or more subcutaneously acceptable inactive
ingredients. In further or additional embodiments, the for-
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mulations provided herein comprise an injectable formula-
tion for regional adiposity reduction comprising: (a) active
ingredient that consists essentially of an adipose tissue-
reducing amount of one or more lipophilic long-acting
selective beta-2 adrenergic receptor agonists, or salts, sol-
vates, or polymorphs thereof; and (b) one or more subcuta-
neously acceptable inactive ingredients. In specific embodi-
ments of the methods and formulations described herein, the
injectable formulations are substantially free of glucocorti-
costeroids.

[0032] In some embodiments, provided herein are phar-
maceutical and/or cosmetic formulations, and methods of
treatment, comprising administration of the pharmaceutical
and/or cosmetic formulations to a patient, wherein the
formulation is suitable for subcutaneous administration. In
further or additional embodiments, the pharmaceutical and/
or cosmetic formulation is suitable for transcutaneous
administration.

[0033] In some embodiments, the pharmaceutical and/or
cosmetic formulation comprises a lipophilic long-acting
selective beta-2 adrenergic receptor agonist, or a salt, optical
isomer, racemate, solvate, or polymorph thereof. For
example, in some embodiments, the lipophilic long-acting
selective beta-2 adrenergic receptor agonist is salmeterol
(including various salt forms such as xinafoate). In further or
additional embodiments the lipophilic long-acting selective
beta-2 adrenergic receptor agonist is formoterol (including
various salt forms such as fumarate and furoate).

[0034] In other embodiments, the pharmaceutical and/or
cosmetic formulation consists essentially of a lipophilic
long-acting selective beta-2 adrenergic receptor agonist, or a
salt, optical isomer, racemate, solvate, or polymorph thereof
[0035] In one aspect, provided herein are pharmaceutical
and/or cosmetic formulations suitable for subcutaneous or
transcutaneous administration comprising a lipophilic long-
acting selective beta-2 adrenergic receptor agonist, includ-
ing, for example, salmeterol or 2-(hydroxymethyl)-4-{1-
hydroxy-2-[6-(4-phenylbutoxy) hexylamino]ethyl}phenol,
or its salts, optical isomers, racemates, solvates or poly-
morphs thereof and when used in the appropriate amounts
and administered transcutaneously or subcutaneously, pro-
vides a therapeutic effect for reducing regional fat deposits
and/or adipose tissue with limited systemic exposure, and
consequently, a reduced risk of producing cardiovascular
side effects. In one embodiment is a subcutaneous or trans-
cutaneous preparation for the reduction of adipose tissue
and/or the reduction in regional fat deposits comprising an
adipose tissue-reducing amount of a lipophilic long-acting
selective beta-2 adrenergic agonist wherein the formulation
does not result in high systemic levels when administered
subcutaneously or transcutaneously. In another embodiment,
the lipophilic long-acting selective beta-2 adrenergic recep-
tor agonist is salmeterol. In yet another embodiment, the
agonist is a polymorph of salmeterol, such as for example,
polymorph I and II. Such subcutaneous or transcutaneous
preparations provide the required tissue concentration of
salmeterol needed to reduce adipose tissue and/or reduce
regional fat deposits with a minimized or reduced risk of
producing the side effects typically associated with the
administration of beta-2 adrenergic receptor agonists,
including other long-acting beta-2 adrenergic receptor ago-
nists. Additionally, the use of salmeterol in a subcutaneous
or transcutaneous preparation provides therapeutically
effective dosages without producing relatively high systemic
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levels found when using other long-acting beta-2 adrenergic
receptor agonists, such as for example, formoterol.

[0036] In another aspect, provided herein are pharmaceu-
tical and/or cosmetic formulations suitable for subcutaneous
or transcutaneous administration and methods of treatment
comprising subcutaneously or transcutaneously administer-
ing to a patient a pharmaceutical and/or cosmetic formula-
tion (including all of the methods of treatment described
herein) wherein the pharmaceutical and/or cosmetic formu-
lation comprises a beta-2 adrenergic receptor agonist.

[0037] In some embodiments, provided herein are phar-
maceutical and/or cosmetic formulations and methods of
treatment comprising a beta-2 adrenergic receptor agonist,
or a salt, optical isomer, racemate, solvate, or polymorph
thereof, that is characterized by at least one of the following
properties: lipophilic; selective for the beta-2 adrenergic
receptor; and long-acting. In some embodiments, the beta-2
adrenergic receptor agonist is selective for the beta-2 adren-
ergic receptor. In further or additional embodiments, the
beta-2 adrenergic receptor agonist is lipophilic. In further or
additional embodiments, the beta-2 adrenergic receptor ago-
nist is long-acting.

[0038] Insome embodiments, the beta-2 adrenergic recep-
tor agonist is bambuterol, bitolterol, broxaterol, carbuterol,
carmoterol, clenbuterol, ibuterol, sulfonterol, isoproterenol,
trimetoquinol, formoterol, desformoterol, hexoprenaline,
ibuterol, indacaterol, isoetharine, isoprenaline, isoprotere-
nol, levalbuterol, metaproterenol, picumeterol, pirbuterol,
procaterol, reproterol, rimiterol, salbutamol, salmeterol, sul-
fonterol, terbutaline, trimetoquinol, tulobuterol, TA-2005
(8-hydroxy-5-((1R)-1-hydroxy-2-(N-((1R)-2-(4-methoxy-
phenyl)-1-methylethyl-)amino)ethyl)-carbostyril hydro-
chloride), QAB-149 (Novartis), TA-2005, GSK-159797, or
GSK-642444, or a salt, optical isomer, racemate, solvate, or
polymorph thereof

[0039] Insome embodiments, the beta-2 adrenergic recep-
tor agonist is long-acting and is selected from salmeterol,
formoterol, bambuterol, or clenbuterol. In further or addi-
tional embodiments, the beta-2 adrenergic receptor agonist
is a specific type of long-acting that is ultra long-acting. In
some embodiments, the ultra long-acting beta-2 adrenergic
receptor agonist is selected from indacaterol, carmoterol,
QAB-149, CHF-4226, TA-2005, GSK-159797, and GSK-
642444.

[0040] In some embodiments, provided herein are phar-
maceutical and/or cosmetic formulations comprising an
active ingredient consisting essentially of an adipose tissue-
reducing amount of a lipophilic long-acting selective beta-2
adrenergic receptor agonist or a salt, optical isomer, race-
mate, solvate, or polymorph thereof and at least one subcu-
taneously or transcutaneously acceptable inactive ingredi-
ent. In one embodiment, the lipophilic long-acting selective
beta-2 adrenergic receptor agonist selectively partitions into
adipose tissue relative to plasma.

[0041] In another embodiment, the lipophilic long-acting
selective beta-2 adrenergic receptor agonist is salmeterol
(£2-(hydroxymethyl)-4-[ 1-hydroxy-2-[ 6-(4-phenylbutoxy)
hexylamino]ethyl]-phenol, CAS Reg. No. 94749-08-3,
shown below as compound 1).
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[0042] In other embodiments, the lipophilic, long-acting,
selective beta-2 agonist is a polymorph of salmeterol. In a
further embodiment, the polymorph is polymorph I or II. In
further embodiments, the formulation uses a mixture of
salmeterol polymorphs. In yet another embodiment, the salt
of the lipophilic long-acting selective beta-2 adrenergic
receptor agonist is a xinafoate salt. In some embodiments,
the lipophilic long-acting selective beta-2 adrenergic recep-
tor agonist is salmeterol xinafoate.

[0043] Some embodiments provide adrenergic modulation
through the use of pharmaceutical and/or cosmetic compo-
sitions comprising an adipose tissue-reducing and lipophilic,
long-acting selective beta-2 receptor agonist active ingredi-
ent administered subcutaneously or transcutaneously, either
alone (as single agent therapy), or in combination with at
least a second active ingredient (as a combination therapy).
Thus, in some embodiments, the pharmaceutical and/or
cosmetic formulations (and corresponding methods of treat-
ment provided herein) consist essentially of a lipophilic,
long-acting, selective beta-2 agonist, for example, salmet-
erol, physiologically acceptable salts, optical isomers, race-
mates, solvates, polymorphs, or combinations thereof,
wherein the formulation is suitable for subcutaneous or
transcutaneous administration. In further or additional
embodiments, the pharmaceutical and/or cosmetic formula-
tion comprises a lipophilic, long-acting, selective beta-2
agonist, for example, salmeterol, physiologically acceptable
salts, optical isomers, racemates, solvates, polymorphs, or
combinations thereof, and at least a second active ingredient,
wherein the formulation is suitable for subcutaneous or
transcutaneous administration.

[0044] Lipophilic, long-acting, selective beta-2 agonists,
for example, salmeterol are used in some embodiments. In
other embodiments, salts, optical isomers, racemates, poly-
morphs, and/or solvates of beta-2 agonists have the desired
activity and are accordingly provided for herein. Unless
otherwise specified, references to an active ingredient, for
example, to salmeterol, include the compound itself as well
as a physiologically acceptable analogs, salts, optical iso-
mers, racemates, polymorphs, solvates, or combinations
thereof.

[0045] In some embodiments, salmeterol is used in the
compositions and methods described herein. Depending on
the tissue, salmeterol may exhibit partial agonist activity,
which is believed to reduce receptor desensitization and may
limit arrestin signaling leading to less receptor down-regu-
lation. In some embodiments, salmeterol is present as a
physiologically acceptable salt, optical isomer, racemate,
solvate, and/or polymorph thereof. Suitable physiologically
acceptable salts of salmeterol include, but are not limited to
acid addition salts derived from inorganic and organic acids,
such as the hydrochloride, hydrobromide, sulfate, phos-
phate, maleate, tartrate, citrate, benzoate, 4-methoxybenzo-
ate, 2-hydroxybenzoate, 4-hydroxybenzoate, 4-chloroben-
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zoate, p-toluenesulphonate, methanesulphonate, ascorbate,
salicylate, acetate, fumarate, succinate, lactate, glutarate,
gluconate, tricarballylate, hydroxynaphthalenecarboxylate,
1-hydroxy-2-naphthalenecarboxylate, 3-hydroxy-2-naph-
thalenecarboxylate, oleate, combinations thereof, and the
like. In some embodiments, salmeterol is provided as the
1-hydroxy-2-naphthalene carboxylate salt (hydroxynaph-
thoate, also known as xinafoate).

Dosing

[0046] In some embodiments, long-term exposure of adi-
pose tissue to adrenergic agents, particularly beta-adrenergic
receptor agonists, results in receptor desensitization through
receptor phosphorylation and sequestration. These effects
limit the ability of an adrenergic modulating composition to
treat adipose tissue and result in tachyphylaxis, a condition
in which the body experiences a rapidly decreasing response
to the agonist following administration of the initial doses,
to the desired lipolytic and anti-adipogenesis effect. Conse-
quently, in certain situations with long-term exposure of
adipose tissue to beta-adrenergic receptor agonists, the
therapeutic effect with the beta-adrenergic receptor agonists
is short-lived.

[0047] Repeated administration of short-acting beta-2
agonists often result in tachyphylaxis. However, salmeterol,
exhibits partial beta-2 receptor agonist activity in some
systems that may reduce the desensitization that occurs with
continuous exposure of adipocytes to full adrenergic recep-
tor agonists. Compared with short-acting beta-2 agonists,
lipolysis also occurs for a longer time after administration
because lipophilic, long-acting selective beta-2 agonists
have longer half-lives. The combination of longer half-lives
and activities reduces the required frequency and total
dosage of administration of the pharmaceutical and/or cos-
metic compositions provided herein. Consequently, in some
embodiments, daily administration or more than once daily
administration of the composition is not required. In some
embodiments, provided herein are subcutaneously or trans-
cutaneously administered adipose tissue-reducing lipophilic,
long-acting selective beta-2 agonists which exhibit greater
selectivity for beta-2 receptors, permitting substantially
similar therapeutic effects with less selective beta-2 agonists
at a lower dosage and/or less frequent dosage. Further the
more selective beta-2 activity can limit cardiac and other
systemic side effects, which in the case of cardiac side
effects, is often induced by beta-1 receptor stimulation in the
heart. In some embodiments, provided are subcutaneous or
transcutaneous formulations of lipophilic, long-acting
beta-2 agonists which provide selectivity for beta-2 recep-
tors while reducing the risk of producing cardiac or systemic
side effects.

[0048] Provided herein are pharmaceutical and/or cos-
metic formulations that are suitable for subcutaneous or
transcutaneous administration.
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[0049] In some embodiments, the pharmaceutical and/or
cosmetic formulations provided herein are suitable for sub-
cutaneous injection, and provide for a volume of up to about
20 mL (including, e.g., about 0.1 mL, about 0.3 mL, about
0.5 mL, about 0.7 mL, about 1.0 mL, about 1.1 mL, about
1.5 mL, about 2 mL, about 2.5 mL, about 3 mL, about 3.5
mL, about 4 mL, about 5 mL, about 6 mL, about 7 mL, about
8 mL, about 9 mL, or any other volume from about 0.1 mL.
to about 20 mL) of an excipient compatible with subcuta-
neous administration. In some embodiments, the volume for
injection is provided in a range that is between about 0.1 mL
to about 20 mL, about 0.2 mL to about 15 mL, about 0.3 mL
to about 10 mL, about 0.4 mL to about 7 mL, about 0.5 mL
to about 5 mL, about 0.6 mL to about 4 mL, about 0.7 mL
to about 3 mL, about 0.8 mL to about 2 mL, or about 1 mL.
In some embodiments, the excipient concentration is kept
below 1% (e.g., about 0.05%, about 0.2%, about 0.3%, about
0.4%, about 0.5%, about 0.6%, about 0.8%, or any other
concentration from about 0.05% to less than about 1%. In
specific embodiments, the excipient concentration is
between about 0.01% to about 1%, about 0.05% to about
0.9%, about 0.2% to about 0.8%, about 0.3% to about 0.7%,
about 0.4% to about 0.6%, or about 0.5%.

[0050] Periodic Dosing Schedule

[0051] Another aspect of the formulations and methods of
treatment provided herein is a periodic dosing schedule. A
periodic dose is the frequency at which a single session dose
is administered to a patient during a period. For example, in
some embodiments, the periodic dose is once per week, and
hence in these situations a patient will receive a single
session dose once per week. In further or additional embodi-
ments, the periodic dose is 2-7 times per week (including
any interval between 2 and 7), 3-6 times per week (including
any interval between 3 and 6), or 4-5 days per week. In some
embodiments, the periodic dose is 1-4 times per month
(including any interval between 1 and 4), 2-3 times per
month, or once or twice per month. In some embodiments,
the periodic dose is 1-52 times per year (including any
interval between 1 and 52).

[0052] In some situations where the periodic dose is twice
per week, the patient will receive the single session doses in
two separate halves (that are about equal or unequal) during
the week. Similarly, in some situations where the periodic
dose is seven times per week, the amount of active ingre-
dient administered to the patient for each single session dose
compared to what is provided herein is divided by seven. As
another example, in certain situations where the periodic
dose is once per month, the patient will receive a single
session dose per month at four times the amount that is
provided herein.

[0053] Session Dose

[0054] An additional aspect of the formulations and meth-
ods of treatment provided herein is session dosing. A single
session dose is the total amount of active ingredient admin-
istered to a patient during a single visit for treatment by a
healthcare professional or, in situations of self-administra-
tion, it is the amount of active ingredient administered to the
patient by self-administration in a session. The single ses-
sion dose amounts provided herein are based on a once per
week periodic dose, and the amounts can be adjusted for a
different periodic dose than once per week as provided
herein.

[0055] In one aspect, including certain methods of treat-
ment comprising administration of the pharmaceutical and/
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or cosmetic formulations described herein, provided are
pharmaceutical and/or cosmetic formulations wherein a
lipophilic long-acting selective beta-2 adrenergic receptor
agonist is provided in a single session dose that is less than
about 20 pg of the lipophilic long-acting selective beta-2
adrenergic receptor agonist, or a salt, optical isomer, race-
mate, solvate, or polymorph thereof. In some embodiments,
the lipophilic, long-acting selective beta-2 agonist is salme-
terol, or a salt, optical isomer, racemate, solvate, or poly-
morph thereof. In further embodiments, the lipophilic, long-
acting selective beta-2 agonist is salmeterol xinafoate. In
further or additional embodiments, the salmeterol xinafoate
is administered in a periodic dose that is once per week, and
is administered to a patient in single session dose as pro-
vided for herein.

[0056] In some embodiments, the single session dose of
salmeterol xinafoate is administered once per week in an
amount between about 20 pug and about 5 ng, between about
20 ng and about 25 ng, between about 20 pg and about 50
ng, between about 20 pg and about 75 ng, between about 20
ng and about 100 ng, between about 20 ug and about 125 ng,
between about 20 pg and about 150 ng, between about
between about 20 pg and about 175 ng, between about 20 nig
and about 200 ng, between 20 pg and about 225 ng, between
about 20 pg and about 250 ng, between about 20 g and
about 275 ng, between about 20 pg and about 300 ng,
between about 20 pg and about 325 ng, between about 19 pg
and about 350 ng, between about 19 pg and about 375 ng,
between about 18 pg and about 400 ng, between about 18 pig
and about 425 ng, between about 18 pg and about 450 ng,
between about 18 pg and about 475 ng, between about 18 g
and about 500 ng, between about 17 pg and about 525 ng,
between about 17 pg and about 550 ng, between about 17 pg
and about 575 ng, between about 17 pg and about 600 ng,
between about 17 pg and about 625 ng, between about 17 pg
and about 650 ng, between about 16 pg and about 675 ng,
between about 15 pg and about 700 ng, between about 14 ng
and about 725 ng, between about 13 pg and about 750 ng,
between about 13 pg and about 775 ng, between about 13 pg
and about 800 ng, between about 12 pg and about 825 ng,
between about 11 pg and about 850 ng, between about 10 pg
and about 875 ng, between about 9 ug and about 900 ng,
between about 8 pg and about 920 ng, between about 7 g
and about 940 ng, between about 6 pg and about 950 ng,
between about 5 pg and about 960 ng, between about 4 g
and about 980 ng, or between about 3 pg and about 1 pg. In
some embodiments, a lipophilic, long-acting selective
beta-2 agonist to be administered is salmeterol and an
adipose tissue-reducing amount of salmeterol to be admin-
istered is less than about 5 ug per week.

[0057] In specific embodiments, provided are pharmaceu-
tical and/or cosmetic formulations that are formulated to
provide a daily dose of a lipophilic, long-acting selective
beta-2 agonist. In some embodiments, a lipophilic, long-
acting selective beta-2 agonist to be administered is salme-
terol and an adipose tissue-reducing amount of salmeterol to
be administered is about 0.001 pg/day to about 1000 pg/day,
e.g., about 0.1 pg/day to about 100 pg/day, about 1 pg/day
to about 100 pg/day, about 10 pg/day to about 100 pg/day,
about 50 pg/day to about 100 pg/day, or any other dose of
salmeterol from about 0.001 png/day to about 1000 ng/day. In
some embodiments, a lipophilic, long-acting selective
beta-2 agonist to be administered is salmeterol and an
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adipose tissue-reducing amount of salmeterol to be admin-
istered is a daily dose that provides less than about 5 ug per
week.

[0058] Sub-Dosing

[0059] In certain situations, the single session dose is
administered to the patient in sub-doses (e.g., by subcuta-
neous injection, transcutaneous application, or otherwise).
Accordingly, in another aspect, including certain methods of
treatment comprising administration of the pharmaceutical
and/or cosmetic formulations described herein, provided are
pharmaceutical and/or cosmetic formulations wherein a
lipophilic long-acting selective beta-2 adrenergic receptor
agonist is provided in at least two sub-doses. In some
embodiments, all of the sub-doses are provided to a patient
in a single session during a single week. In further or
additional embodiments, including certain methods of treat-
ment comprising administration of the pharmaceutical and/
or cosmetic formulations described herein, the active ingre-
dient is provided in at least two sub-doses whereby all of the
sub-doses are provided to a patient in a single session during
a single week. In still further embodiments, at least at least
two sub-doses are provided to a patient.

[0060] In some embodiments, one or more sub-dose is
provided to a patient wherein each sub-dose is a single
injection of a fluid comprising a lipophilic long-acting
selective beta-2 adrenergic receptor agonist. For example, in
some embodiments, provided herein are pharmaceutical
and/or cosmetic formulations and methods of treatment
comprising administration of a pharmaceutical and/or cos-
metic formulation wherein a lipophilic long-acting selective
beta-2 adrenergic receptor agonist is provided to a patient in
about a single sub-dose, at least about two sub-doses, at least
about three sub-doses, at least about four sub-doses, at least
about five sub-doses, at least about six sub-doses, at least
about seven sub-doses, at least about eight sub-doses, at
least about nine sub-doses, at least about 10 sub-doses, at
least about 11 sub-doses, at least about 12 sub-doses, at least
about 13 sub-doses, at least about 14 sub-doses, at least
about 15 sub-doses, at least about 16 sub-doses, at least
about 17 sub-doses, at least about 18 sub-doses, at least
about 19 sub-doses, at least about 20 sub-doses, at least
about 21 sub-doses, at least about 22 sub-doses, at least
about 23 sub-doses, at least about 24 sub-doses, at least
about 25 sub-doses, at least about 26 sub-doses, at least
about 27 sub-doses, at least about 28 sub-doses, at least
about 29 sub-doses, at least about 30 sub-doses, at least
about 31 sub-doses, at least about 32 sub-doses, at least
about 33 sub-doses, at least about 34 sub-doses, at least
about 35 sub-doses, or more than about 35 sub-doses. In
further or additional embodiments, a lipophilic long-acting
selective beta-2 adrenergic receptor agonist is provided to a
patient in about a 1 to about 35 sub-doses, about 2 to about
32 sub-doses, in about 3 to about 30 sub-doses, in about 5
to about 28 sub-doses, in about 7 to about 27 sub-doses, in
about 9 to about 26 sub-doses, in about 11 to about 25
sub-doses, in about 12 to about 24 sub-doses, in about 14 to
about 23 sub-doses, in about 16 to about 22 sub-doses, in
about 17 to about 21 sub-doses, or in about 18 to about 20
sub-doses.

[0061] In some embodiments, each sub-dose is adminis-
tered to a patient in an equal amount. For example, in some
situations where the single session dose is about 20 pg of
salmeterol xinafoate that is delivered to the patient in 20
sub-doses, each sub-dose contains about 1 pug of salmeterol
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xinafoate. In other situations, the single session dose is about
500 ng and is delivered to the patient in 22 sub-doses and
each sub-dose contains about 22 or 23 ng of salmeterol
xinafoate. Still in further situations, a prescribing physician
may administer, or the patient may self-administer, sub-
doses in amounts that are not equal but vary in amount with
respect to each sub-dose that is administered.

[0062] In some embodiments, at least two sub-doses of
salmeterol xinafoate, as described herein, are administered
to a patient in a single session dose via subcutaneous
injection to the abdominal region of the patient. In some of
these embodiments, each sub-dose is applied to a patient
about 2-6 cm away from a closest second sub-dose. In
further embodiments, each sub-dose is applied to a patient
about 4 cm away from a closest second sub-dose.

[0063] In some embodiments, a sub-dose is administered,
for example by subcutaneous or transcutaneous injection, to
areas of non-visceral fat deposits on a subject, including for
example subcutaneous fat. In some embodiments for which
the formulations described herein are useful include, but are
not limited to, the inside region of the knees, the middle to
upper area of the upper arm, including the tricep area, the
submental area, including the area under the chin, for
example the wattle (which is understood to refer to the fleshy
fold of skin in the submental area of a patient), the abdomen,
the hips, the inner thigh, the outer thigh, the buttocks, an
upper arms region of the patient, the lower back, upper back
and the chest.

[0064] In certain embodiments, provided are pharmaceu-
tical and/or cosmetic formulations and methods of treatment
comprising the pharmaceutical and/or cosmetic formula-
tions that are formulated to provide a sub-dose of salmeterol
xinafoate between about 20 pg and about 1 ng, between
about 20 ng and about 2 ng, between about 20 g and about
3 ng, between about 20 pug and about 4 ng, between about 20
ng and about 5 ng, between about 20 pg and about 6 ng,
between about 20 pg and about 7 ng, between about 15 ng
and about 8 ng, between about 10 pg and about 9 ng,
between about 5 pug and about 10 ng, between about 1 pug and
about 12 ng, between about 900 ng and about 14 ng, between
about 800 ng and about 16 ng, between about 700 ng and
about 18 ng, between about 600 ng and about 20 ng, between
about 550 ng and about 22 ng, between about 500 ng and
about 24 ng, between about 450 ng and about 26 ng, between
about 400 ng and about 28 ng, between about 350 ng and
about 30 ng, between about 300 ng and about 32 ng, between
about 250 ng and about 34 ng, between about 200 ng and
about 36 ng, between about 150 ng and about 38 ng, between
about 125 ng and about 40 ng, between about 100 ng and
about 42 ng, between about 90 ng and about 44 ng, between
about 80 ng and about 46 ng, between about 75 ng and about
48 ng, between about 70 ng and about 50 ng, between about
69 ng and about 51 ng, between about 68 ng and about 52
ng, between about 67 ng and about 53 ng, between about 66
ng and about 54 ng, between about 65 ng and about 55 ng,
between about 64 ng and about 56 ng, between about 63 ng
and about 57 ng, between about 62 ng and about 58 ng,
between about 61 ng and about 59 ng, or about 60 ng.
[0065] In some embodiments, provided herein are phar-
maceutical and/or cosmetic formulations, and methods of
treatment comprising administration of the pharmaceutical
and/or cosmetic formulations, that are formulated to provide
a sub-dose of salmeterol xinafoate that is equal to or less
than about 20 pg, equal to or less than about 19 g, equal to
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or less than about 18 pg, equal to or less than about 17 pg,
equal to or less than about 16 g, equal to or less than about
15 pg, equal to or less than about 14 pg, equal to or less than
about 13 pg, equal to or less than about 12 g, equal to or
less than about 11 pg, equal to or less than about 10 ng, equal
to or less than about 9 g, equal to or less than about 8 ug,
equal to or less than about 7 ng, equal to or less than about
6 ng, equal to or less than about 5 pg, equal to or less than
about 4 ng, equal to or less than about 3 pg, equal to or less
than about 2 pg, equal to or less than about 1 ng, equal to or
less than about 975 ng, equal to or less than about 950 ng,
equal to or less than about 925 ng, equal to or less than about
900 ng, equal to or less than about 875 ng, equal to or less
than about 850 ng, equal to or less than about 825 ng, equal
to or less than about 800 ng, equal to or less than about 775
ng, equal to or less than about 750 ng, equal to or less than
about 725 ng, equal to or less than about 700 ng, equal to or
less than about 675 ng, equal to or less than about 650 ng,
equal to or less than about 625 ng, equal to or less than about
600 ng, equal to or less than about 575 ng, equal to or less
than about 550 ng, equal to or less than about 525 ng, equal
to or less than about 500 ng, equal to or less than about 475
ng, equal to or less than about 450 ng, equal to or less than
about 425 ng, equal to or less than about 400 ng, equal to or
less than about 375 ng, equal to or less than about 350 ng,
equal to or less than about 325 ng, equal to or less than about
300 ng, equal to or less than about 275 ng equal to or less
than about 250 ng, equal to or less than about 225 ng, equal
to or less than about 200 ng, equal to or less than about 175
ng, equal to or less than about 150 ng, equal to or less than
about 125 ng, equal to or less than about 100 ng, equal to or
less than about 75 ng, or equal to or less than about 50 ng,
or equal to or less than about 25 ng, equal to or less than
about 20 ng, equal to or less than about 15 ng, equal to or
less than about 10 ng, equal to or less than about 5 ng, or
equal to or less than about 1 ng.

[0066] Suitable tissue concentrations of salmeterol via
subcutaneous administration for adipose tissue treatment
include from about 1 pM to about 100 uM, e.g., about 0.01
UM to about 50 uM, 0.5 uM to about 50 uM, about 2.0 uM
to about 50 uM, about 5 uM to about 50 uM, about 10 uM
to about 50 pM, about 20 uM to about 75 uM, or any other
tissue concentration of salmeterol from about 0.1 nM to
about 100 uM.

Pharmacokinetic Parameters

[0067] In another aspect is a pharmaceutical and/or cos-
metic formulation, including certain methods of treatment
comprising administration of the pharmaceutical and/or cos-
metic formulations described herein, comprising an adipose
tissue-reducing amount of salmeterol or a salt, optical iso-
mer, racemate, solvate, or polymorph thereof and at least one
subcutaneously acceptable inactive ingredient, wherein the
formulation provides a mean plasma salmeterol C,, . equal
to or less than about 300 pg/ml. when administered subcu-
taneously. In one embodiment, the formulation provides a
mean plasma salmeterol C,, .. equal to or less than about 270
pg/mL. In one embodiment, the formulation provides a
mean plasma salmeterol C,,,. equal to or less than about
250, about 230, about 200, about 190, about 180, about 170,
about 160, about 150, about 140, about 130, about 120,
about 110, about 100, about 90, about 80, about 70, about 60,
about 50, about 40, about 30, about 20, about 10, about 3,
about 1 pg/mL, or is undetectable using conventional meth-
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odology. For purposes of this application, “undetectable
using conventional methodology” or “undetectable using
current methodology,” means that the concentration is lower
than the low limit of quantitation (LLOQ) using the Liquid
Chromatography/Mass Spectrometry/Mass Spectrometry
(LC/MS/MS) method, which is understood in the art to be a
type of tandem mass spectrometry for determining C,,,.
levels. In still further or additional embodiments, the for-
mulations described herein provide a mean plasma salmet-
erol C,,,. that is between undetectable levels and about 300
pg/mL, about 1 pg/mL to about 270 pg/mL., about 5 pg/mL
to about 250 pg/mL, about 10 pg/mL to about 220 pg/mlL,,
about 15 pg/mL to about 200 pg/mL, about 25 pg/mL to
about 170 pg/mL, about 50 pg/mL to about 150 pg/mL., or
about 75 pg/mL to about 100 pg/mL.

Partitioning into Adipose Tissue

[0068] In a further aspect is a pharmaceutical and/or
cosmetic formulation comprising an adipose tissue-reducing
amount of salmeterol or a salt, optical isomer, racemate,
solvate, or polymorph thereof and at least one subcutane-
ously acceptable inactive ingredient, wherein the formula-
tion provides a salmeterol plasma C,,,, ratio of subcutane-
ous to intravenous administration of between about 0.01 to
about 0.4 when administered subcutaneously (also known as
the “salmeterol partition™ ratio) For purposes of this appli-
cation, the ratio of plasma C,, . of a long-acting beta-2
adrenergic receptor agonist administered subcutaneously to
the plasma C,,,, of the same long-acting beta-2 adrenergic
receptor agonist administered intravenously is known as the
“partition” ratio. Thus, in one embodiment, the partition
ratio of salmeterol is about 0.01 to about 0.4. In another
embodiment, the salmeterol partition ratio is about 0.05 to
about 0.3. In another embodiment, the salmeterol partition
ratio is from about 0.1 to about 0.35. In a further embodi-
ment, the salmeterol partition ratio is about 0.1. In another
embodiment, the salmeterol partition ratio is between 0.05 to
about 0.2. In a further embodiment, the salmeterol partition
ratio is between about 0.1 to about 0.2. In yet another
embodiment, the salmeterol partition ratio is about 0.01,
about 0.02, about 0.03, about 0.04, about 0.05, about 0.06,
about 0.07, about 0.08, about 0.09, about 0.1, about 0.11,
about 0.12, about 0.13, about 0.14, about 0.015, about 0.16,
about 0.17, about 0.18, about 0.19, about 0.2, about 0.21,
about 0.22, about 0.23, about 0.24, about 0.25, about 0.26,
about 0.27, about 0.28, about 0.29, about 0.30, about 0.31,
about 0.32, about 0.33, about 0.34, about 0.35, about 0.36,
about 0.37, about 0.38, about 0.39, about 0.40. By way of a
non-limiting example only, salmeterol xinafoate formulated
in 5% PEG-400 in 0.9% saline USP, at various concentra-
tions were administered to non-naive Gottingen minipigs via
single intravenous injection or subcutaneous injection. The
salmeterol partition ratio was calculated as the average
salmeterol plasma C,, . of subcutaneous administration
((403+575)/2) divided by the average salmeterol plasma
C,,. of intravenous administration ((4950+4290)/2). Thus,
in this non-limiting example, the salmeterol partition ratio
was determined to be 0.1. In a further embodiment, is a
subcutaneous formulation comprising of salmeterol or a
salmeterol-like compound and a subcutaneously acceptable
excipient wherein the formulation provides a partition ratio
of between about 0.01 and about 0.4. As used herein, a
salmeterol-like compound is a compound having a partition
ratio of between about 0.01 and 0.4 and provides limited
systemic exposure, and consequently, a reduced or mini-
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mized risk of producing cardiovascular side effects. Addi-
tionally, salmeterol-like compounds also selectively parti-
tion into the adipose tissue due to their lipophilic nature. In
another embodiment, provided is a pharmaceutical and/or
cosmetic formulation providing a salmeterol partition ratio
of between about 0.01 to about 0.2. In one embodiment, the
formulation provides a salmeterol partition ratio of between
about 0.01 to about 0.3. In yet a further embodiment, the
formulation provides a salmeterol partition ratio of between
about 0.01, about 0.02, about 0.03, about 0.04, about 0.05,
about 0.06, about 0.07, about 0.08, about 0.09, about 0.1,
about 0.11, about 0.12, about 0.13, about 0.14, about 0.015,
about 0.16, about 0.17, about 0.18, about 0.19, about 0.2.
[0069] In some embodiments, provided herein is a formu-
lation that is formulated to provide a single session dose of
salmeterol xinafoate in an amount that is about 5 ng to about
20 pg and that provides a salmeterol plasma C,, . ratio of
subcutaneous to intravenous administration of between
about 0.01 to about 0.4 when administered subcutaneously.
In some embodiments, provided herein are pharmaceutical
and/or cosmetic formulations comprising a weekly dose of
salmeterol xinafoate that is between about 5 ng to about 150
ng. In a particular embodiment, provided herein are phar-
maceutical and/or cosmetic formulations comprising a
weekly dose of salmeterol xinafoate that is less than about
5 pg. In still further embodiments, provided herein is a
pharmaceutical and/or cosmetic formulation comprising a
sub-dose of salmeterol xinafoate in an amount that is
between about 1 ng to about 50 pg

[0070] In a further aspect is a subcutaneous formulation
consisting essentially of a long-acting beta-2 receptor ago-
nist and a subcutaneously acceptable excipient thereof,
wherein the formulation provides a partition ratio lower than
the partition ratio of a reference long-acting beta-2 receptor
agonist. In one embodiment, the subcutaneous formulation
provides a partition ratio of about four to six times lower
than the partition ratio of a reference long-acting beta-2
receptor agonist. In one embodiment, the formulation
described herein provides a partition ratio about five times
lower than the partition ratio of a reference long-acting
beta-2 receptor agonist. In another embodiment, the refer-
ence long-acting beta-2 receptor agonist is lipophilic. In yet
another embodiment, the reference long-acting beta-2 recep-
tor agonist is formoterol.

[0071] In yet a further embodiment, the salmeterol formu-
lation provides a partition ratio about five times lower than
a reference long-acting beta-2 receptor agonist, wherein the
reference long-acting beta-2 adrenergic receptor agonist is
formoterol.

Methods

[0072] Another feature of the subject matter provided
herein are pharmaceutical methods and cosmetic methods
utilizing the formulations provided herein. In some embodi-
ments, provided herein is a cosmetic method for reducing
adiposity in a human patient comprising subcutaneously
administering a pharmaceutical or cosmetic formulation that
is suitable for subcutaneous injection consisting essentially
of: (a) active ingredient that consists essentially of a cos-
metically effective adipose tissue-reducing amount of one or
more lipophilic long-acting selective beta-2 adrenergic
receptor agonists, or salts, solvates, or polymorphs thereof;
and (b) one or more subcutaneously acceptable inactive
ingredients. In another embodiment, provided herein is a
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cosmetic method for reducing adiposity in a human patient
comprising subcutaneously administering a pharmaceutical
formulation suitable for subcutaneous injection consisting of
(a) active ingredient that consists essentially of a cosmeti-
cally effective adipose tissue-reducing amount of one or
more lipophilic long-acting selective beta-2 adrenergic
receptor agonists, or salts, solvates, or polymorphs thereof;
and (b) one or more subcutaneously acceptable inactive
ingredients. In still further embodiments, provided herein is
a cosmetic method for reducing adiposity in a human patient
comprising subcutaneously administering a pharmaceutical
formulation suitable for subcutaneous injection comprising:
(a) active ingredient that consists essentially of a cosmeti-
cally effective adipose tissue-reducing amount of one or
more lipophilic long-acting selective beta-2 adrenergic
receptor agonists, or salts, solvates, or polymorphs thereof;
and (b) one or more subcutaneously acceptable inactive
ingredients. In still further embodiments, provided herein is
a cosmetic method for inducing lipolysis in adipose tissue of
a human patient comprising subcutaneously administering a
pharmaceutical formulation suitable for subcutaneous injec-
tion consisting essentially of: (a) active ingredient that
consists essentially of a cosmetically effective adipose tis-
sue-reducing amount of one or more lipophilic long-acting
selective beta-2 adrenergic receptor agonists, or salts, sol-
vates, or polymorphs thereof; and (b) one or more subcuta-
neously acceptable inactive ingredients. In specific embodi-
ments of the methods and formulations described herein, the
injectable formulations are substantially free of glucocorti-
costeroids.

[0073] Methods of Reducing Adipose Tissue

[0074] In another aspect, provided herein are methods for
reducing adipose tissue in a patient comprising administer-
ing to the patient a pharmaceutical and/or cosmetic formu-
lation comprising a lipophilic long-acting selective beta-2
adrenergic receptor agonist (as single agent therapy) and at
least one subcutaneously acceptable inactive ingredient. In
one aspect is a method for reducing adipose tissue in a
subject comprising subcutaneously administering to the sub-
ject a pharmaceutical and/or cosmetic formulation compris-
ing an active agent consisting essentially of an adipose
tissue-reducing amount of a lipophilic long-acting selective
beta-2 adrenergic receptor agonist or a salt, optical isomer,
racemate, solvate, or polymorph thereof and at least one
subcutaneously acceptable inactive ingredient wherein adi-
pose tissue in the subject is reduced. In one embodiment, the
lipophilic long-acting selective beta-2 adrenergic receptor
agonist is salmeterol. In yet another embodiment, the salt of
the lipophilic long-acting selective beta-2 adrenergic agonist
is a xinafoate salt.

[0075] In yet a further embodiment, the subcutaneous
administration results in a reduced or minimized risk of
producing an increase in heart rate or a decrease in blood
pressure or a combination thereof. In another embodiment,
the subcutaneous administration provides a minimized risk
of producing anaphylaxis related effects, such as, flushing,
reddening, rapid heart rate, chest tightness, difficulty breath-
ing, faintness, heart palpitations, hives, atrophy, pigmenta-
tion, nodularity, necrosis, irregular or abnormal heart rate,
paroxysmal bronchoconstriction, and hypersensitivity reac-
tion such as angioedema and urticaria. By way of a non-
limiting example only, a subcutaneous formulation compris-
ing salmeterol was administered to Gottingen minipigs. The
salmeterol partition ratio is determined as described above.
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Thus, in this non-limiting example, the subcutaneous for-
mulation administered to minipigs provides a salmeterol
partition ratio of 0.1 and a reduced or minimized risk of
producing cardiovascular side effects. It should be noted that
the reduced or minimized risk described herein (due to
limited systemic exposure) refers to a generalized popula-
tion and may vary depending on the individual subject or
patient. Subcutaneous formulations consisting essentially of
salmeterol provide therapeutic effect to a regional fat deposit
and a reduced or minimized risk of producing the side effects
associated with the use of other long-acting beta-2 agonists
or long-acting beta-2 agonists administered by other meth-
ods. Such side effects include paradoxical bronchospasm,
high blood pressure, abnormal heart rhythm, abnormally low
blood pressure, an increase in asthma related conditions,
bronchospasm, inflammation of the lining of the stomach
and intestines, involuntary quivering, fast heartbeat, chest
pain, and giant hives.

[0076] Methods of Treating Regional Fat Accumulation
[0077] In yet another aspect, provided herein are methods
for treating regional fat accumulation in a patient comprising
administering to the patient a pharmaceutical and/or cos-
metic formulation comprising a lipophilic long-acting selec-
tive beta-2 adrenergic receptor agonist (as single agent
therapy) and at least one subcutaneously acceptable inactive
ingredient. In further embodiments, the method for treating
regional fat accumulation in a subject comprises subcuta-
neously administering to a regional fat accumulation area a
pharmaceutical and/or cosmetic formulation comprising a
regional fat accumulation reducing amount of salmeterol or
a salt, optical isomer, racemate, solvate, or polymorph
thereof and at least one subcutaneously acceptable inactive
ingredient. In further or additional embodiments, the for-
mulation provides a mean plasma salmeterol C,, ., equal that
is in the range of about 300 pg/mL to levels that are
undetectable using conventional methodology, wherein the
regional fat accumulation in the subject is reduced. In one
embodiment, salmeterol selectively partitions into adipose
tissue of the regional fat accumulation relative to plasma.
[0078] Also described herein is a method for treating
regional fat accumulation comprising subcutaneously
administering to the subject a pharmaceutical and/or cos-
metic formulation comprising an active agent consisting
essentially of a regional fat accumulation reducing amount
of a long-acting selective beta-2 adrenergic receptor agonist
or a salt, optical isomer, racemate, solvate, or polymorph
thereof and at least one subcutaneously acceptable inactive
ingredient. In one embodiment, the lipophilic long-acting
selective beta-2 adrenergic receptor agonist is salmeterol. In
another embodiment, the salt of the lipophilic long-acting
selective beta-2 adrenergic agonist is a xinafoate salt. In a
further embodiment, the subcutaneous administration
reduces or minimizes the risk of producing cardiovascular
side effects (by minimizing systemic exposure).

[0079] Methods of Inducing Lipolysis in Adipose Tissue
[0080] As discussed herein, lipolysis and/or inhibition of
adipogenesis are stimulated by the beta-1, 2, or 3 receptor
subtypes. Thus, agonists to one, two and/or all three recep-
tors are capable of stimulating lipolysis and/or inhibition of
adipogenesis. In humans, beta-2 receptor activity is believed
to be more important for stimulating lipolysis. Lipolytic
activity and adipocyte proliferation inhibition are believed to
be mediated through modulation of adrenergic receptors in
adipose tissue and/or on adipocytes.
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[0081] In another aspect, provided herein is a method for
inducing lipolysis in adipose tissue comprising subcutane-
ously administering a pharmaceutical and/or cosmetic for-
mulation suitable for subcutaneous injection comprising: (a)
a lipophilic long-acting selective beta-2 adrenergic receptor
agonist; and (b) at least one subcutaneously acceptable
inactive ingredient. In one aspect is a method for inducing
lipolysis in a subject comprising subcutaneously adminis-
tering to the subject a pharmaceutical and/or cosmetic
formulation comprising an active agent consisting essen-
tially of an adipose tissue-reducing amount of a lipophilic
long-acting selective beta-2 adrenergic receptor agonist or a
salt, optical isomer, racemate, solvate, or polymorph thereof
and at least one subcutaneously acceptable inactive ingre-
dient that induced lipolysis in a patient, and reduces adipose
tissue in the area treated. In one embodiment, the lipophilic
long-acting selective beta-2 adrenergic receptor agonist is
salmeterol. In yet another embodiment, the salt of the
lipophilic long-acting selective beta-2 adrenergic agonist is
a xinafoate salt.

[0082] Methods of Aesthetic Treatment of Contour
Defects Such as Bulging

[0083] In an aspect, provided herein is a method for the
aesthetic treatment of body contour defects or deformities in
a human patient comprising subcutaneous or transcutaneous
administration of a formulation comprising an adipose tis-
sue-reducing amount of one or more beta-2 adrenergic
receptor agonists, or salts, solvates, or polymorphs thereof.
In certain embodiments, the body contour defect treated is
an abdominal contour defect. In certain embodiments, the
body contour defect treated comprises abdominal bulging.
In some embodiments, the body contour defect treated is a
gluteal contour defect. In an embodiment, the body contour
defect treated is bulging in an area which is one or more of
the neck, upper arms, female and male breasts, abdomen,
flanks, back, hips, buttocks, thighs, knees and ankles. In
certain embodiments, the individual being treated has a
history of prior treatment of contour defects (e.g., abdomi-
noplasty, liposuction, or exposure to ablative or body con-
touring devices, mesotherapy or lipolytic agents).

[0084] Insome embodiments, the beta-2 adrenergic recep-
tor agonist administered for treatment of contour defects, is
selective for the beta-2 adrenergic receptor. In further or
additional embodiments, the beta-2 adrenergic receptor ago-
nist is lipophilic. In further or additional embodiments, the
beta-2 adrenergic receptor agonist is long-acting. In an
embodiment, the lipophilic long-acting selective beta-2
adrenergic receptor agonist is salmeterol. In a further
embodiment, the polymorph is polymorph I or II. In further
embodiments, the formulation uses a mixture of salmeterol
polymorphs. In yet another embodiment, the salt of the
lipophilic long-acting selective beta-2 adrenergic receptor
agonist is a xinafoate salt. In some embodiments, the lipo-
philic long-acting selective beta-2 adrenergic receptor ago-
nist is salmeterol xinafoate.

[0085] In a further aspect, provided herein is a method for
the aesthetic treatment of body contour defects such as
bulging in a human patient comprising subcutaneously
administering a formulation suitable for subcutaneous injec-
tion comprising: (a) active ingredient that consists essen-
tially of a cosmetically effective adipose tissue-reducing
amount of one or more lipophilic long-acting selective
beta-2 adrenergic receptor agonists, or salts, solvates, or
polymorphs thereof; and (b) one or more subcutaneously
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acceptable inactive ingredients. In certain embodiments, the
body contour defect treated is abdominal bulging. In some
embodiments, the body contour defect treated is a gluteal
contour defect comprising bulging. In one embodiment, the
lipophilic long-acting selective beta-2 adrenergic receptor
agonist is salmeterol. In yet another embodiment, the salt of
the lipophilic long-acting selective beta-2 adrenergic agonist
is a xinafoate salt. In a further embodiment, the subcutane-
ous administration reduces or minimizes the risk of produc-
ing cardiovascular side effects (by minimizing systemic
exposure). In an embodiment, the, formulation provides a
mean plasma salmeterol C,,,. equal that is in the range of
about 300 pg/mL to levels that are undetectable using
conventional methodology, wherein the body contour defect
in the subject is treated.

[0086] In an aspect provided is a method for aesthetic
treatment of cheek contour defect in a human patient by
contacting a targeted fat deposit in the cheek with a com-
position comprising an adipose tissue-reducing amount of
one or more beta-2 adrenergic receptor agonists, or salts,
solvates, or polymorphs thereof. In certain embodiments, the
fat deposit targeted is buccal fat. In some embodiments, the
fat deposit is subcutaneous cheek fat. In certain embodi-
ments, the patient suffers from chipmunk cheeks. In some
embodiments, the beta-2 adrenergic receptor agonist admin-
istered is selective for the beta-2 adrenergic receptor. In
further or additional embodiments, the beta-2 adrenergic
receptor agonist is lipophilic. In further or additional
embodiments, the beta-2 adrenergic receptor agonist is long-
acting. In an embodiment, the lipophilic long-acting selec-
tive beta-2 adrenergic receptor agonist is salmeterol. In a
further embodiment, the polymorph is polymorph I or II. In
further embodiments, the formulation uses a mixture of
salmeterol polymorphs. In yet another embodiment, the salt
of the lipophilic long-acting selective beta-2 adrenergic
receptor agonist is a xinafoate salt. In some embodiments,
the lipophilic long-acting selective beta-2 adrenergic recep-
tor agonist is salmeterol xinafoate.

[0087] In a further aspect provided is a method for aes-
thetic treatment of cheek contour defect in a human patient
by contacting a targeted fat deposit in the cheek with a
composition comprising: (a) active ingredient that consists
essentially of a cosmetically effective adipose tissue-reduc-
ing amount of one or more lipophilic long-acting selective
beta-2 adrenergic receptor agonists, or salts, solvates, or
polymorphs thereof; and (b) one or more subcutaneously
acceptable inactive ingredients. In an embodiment is a
method for aesthetic treatment of cheek contour defect in a
human patient by contacting a targeted fat deposit in the
cheek with a composition essentially comprising: (a) active
ingredient that consists essentially of a cosmetically effec-
tive adipose tissue-reducing amount of one or more lipo-
philic long-acting selective beta-2 adrenergic receptor ago-
nists, or salts, solvates, or polymorphs thereof; and (b) one
or more subcutaneously acceptable inactive ingredients. In a
further embodiment is a method for aesthetic treatment of
cheek contour defect in a human patient by contacting a
targeted fat deposit in the cheek with a composition con-
sisting of: (a) active ingredient that consists essentially of a
cosmetically effective adipose tissue-reducing amount of
one or more lipophilic long-acting selective beta-2 adrener-
gic receptor agonists, or salts, solvates, or polymorphs
thereof; and (b) one or more subcutanecously acceptable
inactive ingredients. In some embodiments, the patient suf-
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fers from chipmunk cheeks. In certain embodiments, the fat
deposit targeted is buccal fat. In some embodiments, the fat
deposit is subcutaneous cheek fat. In one embodiment, the
lipophilic long-acting selective beta-2 adrenergic receptor
agonist is salmeterol. In yet another embodiment, the salt of
the lipophilic long-acting selective beta-2 adrenergic agonist
is a xinafoate salt. In a further embodiment, the subcutane-
ous administration reduces or minimizes the risk of produc-
ing cardiovascular side effects (by minimizing systemic
exposure). In an embodiment, the, formulation provides a
mean plasma salmeterol C,,, equal that is in the range of
about 300 pg/mL to levels that are undetectable using
conventional methodology, wherein the body contour defect
in the subject is treated.

[0088] Methods of Treatment of Thyroid Eye Disease

[0089] In an aspect provided herein are compositions,
formulations, methods, and systems for treating thyroid eye
disease by contacting a targeted fat deposit in the eye with
a composition, said composition comprising: one or more
beta-2 adrenergic receptor agonists, or salts, solvates, or
polymorphs thereof. In some embodiments is provided a
method of treating proptosis by subcutaneous administration
of a composition comprising one or more lipophilic long-
acting selective beta-2 adrenergic receptor agonists, or salts,
solvates, or polymorphs thereof

[0090] Insome embodiments, the beta-2 adrenergic recep-
tor agonist administered is selective for the beta-2 adrener-
gic receptor. In further or additional embodiments, the
beta-2 adrenergic receptor agonist is lipophilic. In further or
additional embodiments, the beta-2 adrenergic receptor ago-
nist is long-acting. In an embodiment, the lipophilic long-
acting selective beta-2 adrenergic receptor agonist is salme-
terol. In a further embodiment, the polymorph is polymorph
I or II. In further embodiments, the formulation uses a
mixture of salmeterol polymorphs. In yet another embodi-
ment, the salt of the lipophilic long-acting selective beta-2
adrenergic receptor agonist is a xinafoate salt. In some
embodiments, the lipophilic long-acting selective beta-2
adrenergic receptor agonist is salmeterol xinafoate.

[0091] In a further aspect, provided herein is a method for
treating thyroid eye disease by contacting a targeted fat
deposit in the eye with a composition comprising: (a) active
ingredient that consists essentially of an adipose tissue-
reducing amount of one or more lipophilic long-acting
selective beta-2 adrenergic receptor agonists, or salts, sol-
vates, or polymorphs thereof; and (b) one or more subcuta-
neously acceptable inactive ingredients. In some embodi-
ments is provided a method of treating proptosis by
subcutaneous administration of a composition comprising:
(a) active ingredient that consists essentially of an adipose
tissue-reducing amount of one or more lipophilic long-
acting selective beta-2 adrenergic receptor agonists, or salts,
solvates, or polymorphs thereof; and (b) one or more sub-
cutaneously acceptable inactive ingredients. In some
embodiments, the lipophilic long-acting selective beta-2
adrenergic receptor agonist is salmeterol xinafoate.

Pharmaceutically and Cosmetically Acceptable Excipients

[0092] In some embodiments, the pharmaceutical and/or
cosmetic formulations provided herein comprise a selective,
lipophilic, long-acting beta-2 adrenergic agonist that is
soluble at the desired concentration and therefore no co-
solvent is needed to formulate an injectable solution.
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[0093] In a further embodiment, the formulations provided
herein comprise at least one co-solvent is selected from
about 0.25 to about 40% polyethylene glycol, or from about
0.5 to about 20% polyethylene glycol, or from about 0.75 to
about 10% polyethylene glycol, or from about 1 to about 5%
polyethylene glycol, or from about 2 to about 4% polyeth-
ylene glycol. In further or additional embodiments, the
polyethylene glycol is about 0.8-about 1%, or is about 0.9%
polyethylene glycol. In a further embodiment, the polyeth-
ylene glycol is PEG 400.

[0094] In yet a further embodiment, the formulations
described herein comprise at least one subcutaneously
acceptable excipient that is selected from about 0.01 to about
10% polysorbate, about 0.05 to about 5% polysorbate, about
0.1 to about 2% polysorbate, or about 0.5 to about 1%
polysorbate. In some embodiments, the polysorbate is about
0.01-about 2% polysorbate. In still further embodiments, the
polysorbate is about 0.04%. In one embodiment, the poly-
sorbate is polysorbate 80.

[0095] Excipients used in the formulations described
herein include, but are not limited to, suspending agents,
surfactants, solubilizers such as, for example, PEG 400,
stabilizers, diluents and the like, and should be selected on
the basis of compatibility with the lipophilic long-acting
beta-2 adrenergic receptor agonist. In some embodiments, a
polyalkylene glycol or a mixture of different polyalkylene
glycols is used as a solubilizer. Polyalkylene glycols from
the group of polypropylene glycols or polyethylene glycols
are particularly suitable in this connection because of the
physiological tolerance. In this connection, the use of poly-
ethylene glycols is utilized in some embodiments presented
herein. In some embodiments, polyethylene glycols such as,
for example, PEG 400, is contemplated herein.

[0096] Additives increasing the bioavailability of a lipo-
philic long-acting beta-2 adrenergic receptor agonist, such
as, salmeterol are, in some embodiments, organic com-
pounds, salts thereof, optical isomers or racemates thereof,
emulsions or dispersions containing organic compounds or
salts thereof, e.g. dispersions of polar lipids, or any combi-
nation. Organic compounds useful in the subcutaneous for-
mulation are e.g. amino acids, peptides, proteins, and poly-
saccharides. Peptides include dipeptides, tripeptides,
oligopeptides, such as collagen and gelatin. In some embodi-
ments, the collagen and gelatin is hydrolyzed. Polysaccha-
rides include e.g., chitosans, cyclodextrins, starch,
hyaluronic acids, dextrans, cellulose, and any derivatives,
combinations. In further embodiments, the starch is hydro-
lyzed. The emulsions include oil-in-water emulsions with oil
as the dispersed phase and water-in-oil dispersions with oil
as the continuous phase. In other embodiments, the oil is of
vegetable or of animal origin or synthetically produced. In
further embodiments, the polar liquids are one or more
phospholipids or glycolipids or any combination thereof. In
some other embodiments, the additives increasing the bio-
availability of a lipophilic long-acting beta-2 adrenergic
receptor agonist, such as, salmeterol are added to a stable
solution or dispersion containing the lipophilic long-acting
beta-2 adrenergic receptor agonist.

[0097] In further embodiments, before administration, one
or more aqueous solutions or dispersions are added, in any
mixture or sequence, to the lipophilic long-acting beta-2
adrenergic receptor agonist, such as, salmeterol, which is a
stable aqueous solution. In other embodiments, the formu-
lation is a stable aqueous solution ready for administration.
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In some embodiments, it is a dispersion, e.g. a suspension,
a liposomal formulation or an emulsion. In yet other
embodiments, the formulation also comprises a salt in order
to give an isotonic solution, e.g., NaCl, KCl, and/or in
further embodiments, it comprises one or more other isoto-
nicity establishing compounds.

[0098] Inyet other embodiments, an amino acid is used to
buffer the system. In some embodiments, a suitable buffer is
glycine, lysine, arginine, histidine or glycylglycine, in other
embodiments, the buffer is glycylglycine.

[0099] In some other embodiments, a non-ionic surfactant
is also present in the formulation. In some embodiments, the
surfactant is chosen from block-copolymers, such as a
poloxamer, e.g., poloxamer 188, or a polyoxyethylene sor-
bitan fatty acid ester, such as polyoxyethylene-(20)-sorbitan
monolaurate or polyoxyethylene-(20)-sorbitan monooleate.
Also disclosed herein are formulations using polyoxyethyl-
ene-(20)-sorbitan monolaurate (Tween 20). In one embodi-
ment, the formulation described herein used polyoxyethyl-
ene-(20)-sorbitan monooleate (Tween 80). In other
embodiments, the non-ionic surfactant, is present in an
amount above the critical micelle concentration (CMC).
[0100] Also presented herein are mono- or disaccharides
(e.g., sucrose), polysaccharides such as low molecular
weight dextrins, or sugar alcohols (e.g., sorbitol, glycerol or
mannitol) used in the subcutancous formulations. In some
embodiments, the formulation also comprises antioxidants
such as bisulfate, ascorbate glutathione, acetylcystein,
tocopherol, methionin, EDTA, citric acid, butyl hydroxy
toluene and/or butyl hydroxy anisole. In other embodiments,
complexing agents, such as EDTA and citric acid are also
present in small concentrations for stabilizing the lipophilic
long-acting beta-2 adrenergic receptor agonist, such as,
salmeterol. Furthermore, in other embodiments, preserva-
tives such as benzyl alcohol, phenol, sorbic acid, parabens,
and chlorocresol are added. In further or additional embodi-
ments, the lipophilic selective long-acting beta-2 adrenergic
receptor agonist, such as, salmeterol or formoterol, is pre-
pared as a lyophile. In further or additional embodiments, a
lyophilized lipophilic selective long-acting beta-2 adrener-
gic receptor agonist is prepared such that it can be recon-
stituted for administration via subcutaneous injection to a
patient.

Routes of Administration

[0101] Injectable formulations are administered using any
method known in the art, for example, using a single needle,
multiple needles, and/or using a needleless injection device.
In some embodiments, a tissue loading dose of the active
ingredients formulated in a suitable carrier delivered by
injection. In some embodiments, delivery comprises single
needle injection. In some embodiments, delivery comprises
injection using a multi-needle array, which, in some embodi-
ments, provides a wide dispersion of the formulation in the
target tissue. In some embodiments, formulations are
injected in a manner that allows dispersal into the appropri-
ate layer of subcutaneous fat in or near regional fat areas.
[0102] Transcutaneous formulations, also contemplated as
a route of delivery for the pharmaceutical and/or cosmetic
formulations and methods of treatment provided herein, are
administered using any known method in the art.

[0103] Embodiments of the composition are formulated
for administered by any suitable method, for example, as
described in Remington: The Science And Practice Of Phar-
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macy (21st ed., Lippincott Williams & Wilkins). Exemplary
routes of administration include, but are not limited to
parenteral, subcutaneous, or intramuscular. In some embodi-
ments, the composition is formulated for injection of an area
at which treatment is desired, for example, in or near a
regional fat deposit.

[0104] Any suitable pharmaceutically and/or cosmetically
acceptable excipient appropriate for a particular route of
administration can be used. Examples of pharmaceutically
and/or cosmetically acceptable carriers include, but are not
limited to, buffers, saline, or other aqueous media. The
compounds described herein are in some embodiments,
soluble in the carrier which is employed for their adminis-
tration (e.g., subcutaneous). Some embodiments comprise
any suitable lipophilic carrier, for example, modified oils
(e.g., Cremophor® BASF, Germany), soybean oil, propyl-
ene glycol, polyethylene glycol, derivatized polyethers,
combinations thereof, and the like. Some embodiments
comprise one or more carriers or agents, suitable for sub-
cutaneous administration. Some embodiments comprise
excipients suitable for stable suspensions for beta-2 receptor
agonists. In some embodiments, the pharmaceutical and/or
cosmetic formulations comprise polyethylene glycol in an
amount of from about 0.5% to about 40%. In another
embodiment, the formulation suitable for subcutaneous
administration comprises polyethylene glycol in an amount
from about 0.5% to 40%, about 1% to about 35%, about 2%
to about 30%, about 3% to about 25%, about 4% to about
20%, about 5% to about 15%, about 10% to about 12%, or
is about 1%, about 2%, about 3%, about 4%, about 5%,
about 10%, about 15%, about 20%, about 25%, about 30%,
about 35%, or about 40%. In a further embodiment, poly-
ethylene glycol is in an amount of about 20%. In yet a
further embodiment, polyethylene glycol is PEG 400. In yet
another embodiment, the pharmaceutical and/or cosmetic
formulations comprise polysorbate in an amount of from
0.01% to about 10%. In another embodiment, the formula-
tion suitable for subcutaneous administration comprises
polysorbate in an amount from about 0.01% to about 10%,
about 0.02% to about 9%, about 0.03% to about 8%, about
0.04% to about 7%, about 0.05% to about 6%, about 0.06%
to about 5%, about 0.07% to about 4%, about 0.08% to about
3%, about 0.09% to about 2%, 0.1% to about 1%, about
0.2% to about 0.5%, or is about 0.01%, about 0.02%, about
0.03%, about 0.04%, about 0.05%, about 0.1%, about 0.2%,
about 0.3%, about 0.4%, about 0.5%, about, about 0.6%,
about 0.7%, about 0.8%, about 0.9%, about 1%, about 2%,
about 3%, about 4%, about 5%, about 6%, about 7%, about
8%, and about 9%. In a further embodiment, polysorbate is
in an amount of about 10%. In yet a further embodiment,
polysorbate is polysorbate 80. In further or additional
embodiments, the lipophilic, selective long-acting beta-2
adrenergic receptor agonist, such as, salmeterol or for-
moterol, is prepared as a lyophile. In further or additional
embodiments, a lyophilized lipophilic, selective long-acting
beta-2 adrenergic receptor agonist is reconstituted for
administration via subcutaneous injection to a patient.

[0105] Inother embodiments, another delivery mode com-
prises a needless pressurized injection device. In some
embodiments, of these devices, the formulation is pressur-
ized mechanically or pneumatically, for example, using a
gas such as helium or carbon dioxide, and then forced
through a small orifice into the body tissues, thereby deliv-
ering the formulation subcutaneously. Suitable formulations
for needless injections are known, for example, liquid,
solutions, suspensions, gels, colloids, emulsions, and dry
powders. An advantage of this system is a wide dispersal
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area compared with typical needle injection systems. Need-
less injection under the appropriate pressure forces the
formulation into a more planar delivery pattern, with fingers
of formulation spreading out radially following paths of
least resistance. In contrast, delivery by a typical needle
injection results in a globular delivery of the formulation.
Needless injection also permits precise control of the depth
of penetration by controlling the injection pressure and
orifice size. Thus, needless injection is a delivery method for
a sub-dermal injection contemplated herein of a formulation
for treating superficial fat accumulations, which is useful,
for example, for smoothing skin dimpling caused by fat. In
other embodiments, needless injection is also used for
deeper fat accumulations. In further embodiments, a need-
less device also provides easy and convenient multiple
injections of the formulation over a defined region with a
large lateral spread.

Treatment of Other Conditions

[0106] In some embodiments, the formulations described
herein are used for treating immune and inflammation-
related dermal conditions including psoriasis, atopic derma-
titis, vitiligo, hypopigmentation, stria, and wrinkles or
rhytids. In one embodiment, a lipophilic, selective long-
acting selective beta-2 agonists is administered subcutane-
ously to treat a condition of a human patient. In another
embodiment, a beta agonist is used for treating immune and
inflammation-related dermal conditions. In some embodi-
ments, subcutaneously administrable lipophilic, selective
long-acting beta-adrenergic agonist treatment is used to
decrease Langerhans cell migration and antigen presenta-
tion.

[0107] In some embodiments, beta-2 adrenergic receptor
agonists are administered subcutaneously for the treatment
of skin wrinkles and skin stria, or stretch marks. Cutaneous
stria is characterized by a thinning of the dermis, with a loss
of collagen and hypopigmentation. L.ong-acting beta-adren-
ergic agonists promote the recruitment and proliferation and
collagen production of dermal fibroblasts in the stria. In
addition, they stimulate melanocytes to repigment the stria.
Thus, in some embodiments a subcutaneous formulation
consisting essentially of an adipose tissue-reducing amount
of salmeterol or a salt, solvate, or polymorph thereof is used
to treat these conditions.

[0108] In some embodiments, beta-2 adrenergic receptor
agonists are administered to increase skeletal muscle mass
and cause hypertrophy and increased protein synthesis,
effects which are mediated through intracellular in increases
cAMP levels. Similar to adipocytes, exposure to beta-2
adrenergic receptor agonists results in receptor down-regu-
lation. Thus, the disclosed formulations are also used for
treating skeletal muscle injury or conditions where increas-
ing skeletal muscle mass is important. In some embodi-
ments, the methods described herein are used to increase
facial muscle tone and provide a more youthful appearance.
In some embodiments, the methods described herein are
used to treat strabismus or lazy eye by strengthening ocular
muscles.

[0109] In other embodiments, provided are methods for
decreasing cellulite in a subject, also known as adiposis
edematosa, dermopanniculosis deformans, status protrusus
cutis, and gynoid lipodystrophy, comprising administering
via subcutaneous methods, a subcutaneous formulation con-
sisting essentially of a long-acting beta-2 adrenergic recep-
tor agonist and a subcutaneously acceptable excipient
thereof, wherein the formulation decreases cellulite in the
subject.
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[0110] Areas of fat deposits on a subject, such as for
example a human patient, for which the formulations
described herein are useful include, but are not limited to,
the inside region of the knees, the middle to upper area of the
upper arm, including the tricep area, the submental area,
including the area under the chin, for example the wattle
(which is understood to refer to the fleshy fold of skin in the
submental area of a patient), the abdomen, the hips, the inner
thigh, the outer thigh, the buttocks, an upper arms region of
the patient, the lower back and the chest.

[0111] In some embodiments, inducing lipolysis and
inhibiting fat cell growth in regional fat accumulations, have
additional health benefits through the shrinkage of the
average fat cell diameter or volume. Large volume fat cells
actively secrete pro-inflammatory and deleterious hormones
such as TNF-alpha and interleukins (“adipokines”), which
contribute to comorbidities associated with fat, such as
diabetes. By reducing the size of these fat cells and therefore
the deleterious adipokine secretion, improvements in fat-
related comorbidities are realized.

[0112] In some embodiments, the disclosed formulations
(e.g., subcutaneous and transcutaneous formulations), are
used for treating obstructive sleep apnea. Obstructive sleep
apnea occurs when the airway is temporarily blocked during
sleep, leading to hypoxia, high blood pressure, cardiac
dysrhythmia, and a higher risk of death. Excessive fat in the
pharynx and soft palate it believed to contribute to this
blockage. Obese people have a higher incidence of sleep
disorders and persons with sleep apnea have excessive fat in
the palate and pharynx on MRI. Thus, in some embodi-
ments, formulations described are administered to a subject
to reduce the symptoms of sleep apnea. In some embodi-
ments, the formulations are administered locally (e.g., by
injection) into the palate or pharynx transorally. In some
embodiments, the formulations are administered by subcu-
taneous into the region the neck to reduce the obstructive
symptoms.

[0113] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the disclo-
sure. The formulations, methods, and systems described
herein may be embodied in a variety of other forms. Fur-
thermore, various omissions, substitutions and changes in
the form of the formulations, methods, and systems
described herein may be made without departing from the
spirit of this disclosure. The accompanying claims and their
equivalents are intended to cover such forms or modifica-
tions.

Examples

[0114] The following specific examples are to be con-
strued as merely illustrative, and not limitative of the
remainder of the disclosure in any way whatsoever. The
examples described herein reference and provide non-lim-
iting support to the various embodiments described in the
preceding sections.

Example 1: Plasma Pharmacokinetics Following
Single Intravenous and Subcutaneous Injections of
a Lipophilic Long-Acting Selective Beta Agonist

[0115] Materials and Methods:

[0116] Salmeterol xinafoate was formulated in 5% PEG-
400 in 0.9% saline, USP, at concentrations of 0.1, 1, 10, and
100 pg/ml. 1 male and 1 female non-naive Gottingen
minipigs (18.4 to 19.5 kg at the time of the IV dose) were
utilized. The animals were housed individually. The dosing
scheme is shown in Table 1 below:
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Injection # Route Dose (ug/kg) No. Animals
1 v 4 1
2 SC 4 1
3 SC* 4 1
4 SC* 0.004 1
5 SC* 0.04 1
6 SC* 0.4 1

*The dose volume was equally divided over 5 injection sites

[0117] Each minipig received a single IV injection fol-
lowed by SC doses of the salmeterol formulation. The IV
dose was administered by slow bolus (1 minute; 0.0167 hr)
into the marginal ear vein, whereas the first SC dose was
administered as a bolus injection along the back (neck-
region) where there was a longitudinal fat depot. The second
SC dose was distributed in 5 separate SC injection sites. The
fourth, fifth, and sixth administrations were SC administra-
tions divided over 5 injection sits of different graded con-
centrations (0.1, 1, and 10 pg/mL of salmeterol in 5% PEG).
Each dose was separated by at least a 3-day washout period.
Blood samples (approximately 4 ml.) were collected via the
branchiocephalic plexus at pre-dose and at 2.00, 5.00, 10.0,
20.0, 30.0 and 45.0 minutes, and at 1.00, 2.00, 4.00, 8.00 and
24.0 hr post-dose. Blood samples were placed in tubes
containing K,-EDTA as the anticoagulant. Samples were
processed to plasma by centrifugation and stored frozen at
approximately —=70° C. (+/-15° C.) until shipment for analy-
sis.

[0118] Sample Analysis:

[0119] Plasma samples were analyzed for salmeterol using
a qualified liquid chromatography/mass spectrometry/mass
mass spectrometry (LC/MS/MS) method. The lower limit of
quantitation (LLOQ) was 2.50 pg/mL. Samples were ana-
lyzed within a maximum of 14.0 days of collection.
[0120] Data Analysis:

[0121] Non-compartmental pharmacokinetic parameters
were calculated using WinNonlin 5.2 software, NCA model
202, 1V infusion input for the IV data and NCA model 200,
extravascular input for the SC data. Individual plasma
concentrations for each animal were used in the calculation
of pharmacokinetic parameters. Nominal collection times
and doses were used in the calculations. The area under the
plasma concentration-time curve (AUC) was calculated
using linear trapezoidal approximation (linear/log interpo-
lation). Concentration values below the assay limit of quan-
titation were set to zero for calculations. The maximum
plasma concentration (C,,,,) and the time of its occurrence
(T,,.-) were verified by inspection. The half-life (1, ,) values
were calculated using the last 3 plasma concentrations with
nonzero values, if data permitted.

[0122] Results:

[0123] The pharmacokinetic parameters are shown in
Table 2. The plasma concentrations of salmeterol are shown
in Table 3. The plasma concentrations of salmeterol and
formoterol (via subcutaneous and intravenous administra-
tion) are shown in FIG. 1. Actual sampling times differed
from nominal sampling times on occasion by more than
10%. Data in the apparent elimination phase were inad-
equate to calculate some pharmacokinetic parameters for
some animals (indicated as ND for not determined or NA for
not applicable). Bioavailability was likely poorly estimated
due to scarcity of data in the apparent terminal elimination
phase to calculate the apparent terminal elimination rate
constant. This affected calculation of AUC,,; t, 5, CL, V,
and F. These departures are not believed to have significantly
impacted the overall pharmacokinetic conclusions.
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Pharmacokinetic Parameters of Salmeterol Following

IV and SC Administration to Gottingen Minipigs

T Crrax AUC,,, tio st CL Vi
Route Sex Animal (hr) (Pg/mL) (pg - hr/mL) (hr) (hr)  (mL/hr/kg)  (mL/kg)
v Female 2-0623 0.0333 4950 1470 9.52 24.0 2730 22100
v Male 1-0771 0.0333 4290 1750 7.89 24.0 2280 17100
SC1 4 Female  2-0623 1.00 403 1850 6.02 24.0 1.26
SC5 4 Female  2-0623 0.0333 626 2010 8.58 24.0 1.37
SC1 4 Male 1-0771 0.0833 575 1290 5.92 24.0 0.737
SC5 4 Male 1-0771 0.0833 681 1510 6.84 24.0 0.863
SC5 0.004  Female 2-0623 1.00 3.08 ND ND 1.00 ND
SC5 0.004 Male 1-0771 NA 0 ND ND NA ND
SC5  0.04 Female  2-0623 0.0333 8.31 ND ND 0.0833 ND
SC5  0.04 Male 1-0771 0.0833 2.77 ND ND 0.0833 ND
SC5 04 Female  2-0623 0.0333 113 164 2.88 8.00 1.12
SC5 04 Male 1-0771 0.0833 64.5 138 2.94 8.00 0.789

AUC;,r = area under the curve at infinite time. CL = plasma clearance. F = bioavailability; NA = not applicable; ND = not
determined; SCl—single site injection; SC5 = SC injection split among 5 sites. tz,, = time of last measurable plasma

concentration. Vg = volume of distribution at steady state

The IV dose was 4 pg/kg

The injection 4 SC5 0.004 ng/kg male showed no plasma concentrations >LLOQ of salmeterol at any time point.

TABLE 3

Plasma Concentrations of Salmeterol Following IV and SC Administration to Gottingen Minipigs (08-529)

Dose Time (hr)
Inj Rte (mg/kg) Sx 0 0.0333 0.0833 0.167 0.333 0.500 0.750 1.00  2.00  4.00 8.00 24.0
1 Iv 4 M < 4290 1380 502 326 240 177 161 121 70.6  53.6 125
1 Iv 4 F < 4950 1300 559 322 232 152 154 81.1 49.1 353 113
2 SC 4 M < 495 575 423 284 278 236 212 168 745 30.6 6.23
2 SC 4 F < 124 227 206 334 302 351 403 206 108 544 10.0
3 SC3 4 M < 604 681 519 449 483 278 251 148 75.6  36.1 8.92
3 SC3 4 F < 626 485 442 398 435 435 388 196 86.8 51.0 16.1
4 SC5 0.004 M < < < < < < < < < < < <
4 SC5 0.004 F < < < < < < < 3.08 < < < <
5 SC3 004 M < < 2797 < < < < < < < < <
5 SC3 0.04 F < 8.31 317 < < < < < < < < <
6 SC5 0.4 M < 32.0 64.5 57.0 433 538 265 287 19.5 846 441 <
6 SC5 0.4 F < 113 554 429 3598 835 345 322 24.5 858 515 <

Plasma concentrations are reported in pg/mL. LLOQ = 2.50 pg/mL.

< =LLOQ; F = female; Inj = Injection number; M = male; Rte = route; SC1 = single site injection; SC5 = SC injection split among 5 sites; Sx

= sex.
The male animal was number 1-0771 and the female animal number was number 2-0623

[0124] Overall there were no consistent, substantial dif-
ferences in C,,,, or AUC values between the male and
female animal. Additionally, there was not a substantial
difference in C,,,, and AUC,, -values between single site SC
doses and multiple (5) site SC doses at the 4 ng/kg dose. The
ratios (SC1/SC5) ranged from 0.644 to 0.844 for C,,,, and
0.854 and 0.920 for AUC,,,. Salmeterol appeared to be well
absorbed after SC administration at a single site at 4 ng/kg
and after divided SC administration at 5 sites at the 4 and 0.4
ng/kg doses; bioavailability ranged from 0.737 to 0.863 for
the male and 1.26 to 1.37 for the female for the 4 pug/kg dose
regardless of the number of sites of administration and 0.789
for the male and 1.12 for the female for the 0.4 pg/kg dose

at 5 divided SC sites. Scarce or no plasma concentrations
were observed for the 0.04 and 0.004 divided SC doses.

[0125]

[0126] In this single male and female Gottingen minipig
study, salmeterol appeared to be well absorbed after subcu-
taneous administration at a single site and after divided SC
administration at 5 sites at the 4 png/kg dose and after divided
SC administration of the 0.4 ng/kg dose. Overall there were
no consistent, substantial differences in Cmax and AUC,, .
values between single site SC doses vs. multiple site SC
doses. Overall there were no substantial differences in
pharmacokinetic parameters between the male and female
animals.

Conclusion:
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Example 2: Human Clinical Trial Comparing
Lipophilic Long-Acting Selective Beta-2
Adrenergic Receptor Agonists with
Glucocorticosteroids, their Combination, and

[0127]

Placebo

Title

Study Objectives

Study Design

Study Drug

Treatment Groups

Duration of
Treatment

Duration
Study Population

Total No. of
Subjects

Sites
Inclusion Criteria

A Multi-center, Randomized, Double-Masked, Placebo-controlled, Multi-Factorial
Evaluation of the Safety and Efficacy of a monotherapy lipophilic long-acting selective
beta-2 adrenergic receptor agonist (e.g., salmeterol xinafoate (SX)) compared with a
monotherapy glucocorticosteroid (e.g., fluticasone Propionate (FP)), a combination of
FP and SX, and placebo for the Reduction of Subcutaneous Abdominal Adiposity
This placebo-controlled factorial study examines the comparative efficacy and safety
of SX alone, FP alone, and of the combination of SX + FP to reduce abdominal
subcutaneous adipose tissue.
To evaluate the safety and efficacy of subcutaneous injections of 0.02 pg
SX/mL once weekly for 8 weeks for the reduction of abdominal adiposity.
To evaluate the safety and efficacy of subcutaneous injections of 0.02
SX/mL once weekly for 8 weeks for the treatment of abdominal contour
defects.
To evaluate the safety and efficacy of subcutaneous injections of 1.0 pg
FP/mL once weekly for 8 weeks for the reduction of abdominal adiposity.
To evaluate the safety and efficacy of subcutaneous injections of SX + FP
combo (1.0 pg FP + 0.02 pg SX/mL once weekly for 8 weeks) for the
reduction of abdominal adiposity.
A double-masked, multiple-dose study of the safety and efficacy of 0.02 pg/mL of SX
alone compared to 1.0 pg/mL of FP alone, 1.0/0.02 pg/mL (FP/SX) combo, and to
placebo. Doses will treat a region of adiposity and/or contour defect and will be
administered as twenty 1 mL subcutaneous injections once a week for 8 weeks in 200
subjects with measurable abdominal subcutaneous adipose tissue. The total SX dose of
0.4 pg administered in 20 mL in this study is approx. 100 times lower than the
established salmeterol dose that yields peak serum concentrations (Cmax) and systemic
exposure (AUC) equivalent to the reference-listed product ADVAIR DISKUS ® 500/50.
SX is a sterile, preservative-free, clear, aqueous solution salmeterol xinafoate for
injection. The drug products used in the study will be supplied as Salmeterol Xinafoate
for Injection, 10 pg. A lyophile of the SX drug product will be supplied in separate 3
mL glass vials to be reconstituted with Sterile Water for Injection.
Immediately prior to administration, the lyophile drug products will be reconstituted
and diluted with Sterile Saline Solution USP (0.9% Sodium Chloride). The supplied
drug products (Salmeterol Xinafoate for Injection and Fluticasone Propionate for
Injection) should be stored at room temperature (15° C. to 25° C.). The reconstituted
solution of each drug product (the SX, FP, and combo) should be protected from light
until administration.
The Salmeterol Xinafoate for Injection and Fluticasone Propionate for Injection
drug products will be provided in bulk nested packaging.
Placebo: Sterile Saline, USP (0.9% Sodium Chloride) will be used as the placebo.
Eligible subjects in this multiple-dose study will be randomized into four groups of 50
to receive twenty 1 mL subcutaneous injections of either a combination of 1.0 pg/mL
FP + 0.02 pg/mL SX, or 1.0 pg/mL FP alone, or 0.02 pg/ml SX alone, or Placebo.
The 20 subcutaneous injections will be spaced approximately 4 cm apart and will
treat a pre-marked abdominal area of adiposity that is approximately 400 cm?.
The sequence of once weekly subcutaneous injections will continue for 8 consecutive
weeks for a total of 160 injections administered into the marked abdominal area.
Comprehensive safety assessments will be performed at each subject visit through
the End of Study Visit on Day 78 = 2 days.
Screening period: up to 30 days.
The expected study duration is 12 weeks comprised of an 8 week treatment period
and 1 and 4 week post-therapy follow-up visits for assessment of safety and
efficacy.
Approx. 7 months
The study population will consist of qualified male and female subjects, 18 years of
age and older, inclusive who have provided written, informed consent. Qualified
subjects, who meet all inclusion and exclusion criteria, will be enrolled into the study.
At least 200 subjects will be enrolled. The final subject number will be determined
following an interim analysis to be conducted once 180 subjects have completed
treatment or discontinued from the study. Subjects who give informed consent in
writing but who do not receive study drug for any reason will be considered screen
failures and will be replaced.
Up to 10 sites
1) Healthy male and female patients, 18 years and older, who have provided
written, informed consent prior to any study procedures (including pre-treatment
and screening) being performed

2) Patients who have a localized area of abdominal subcutaneous adiposity, which
is Grade 3 or higher on the Patient and Clinician Photonumeric Scales
3) Patients who have satisfactory abdominal skin elasticity as assessed by the

investigator
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4) BMI = 25 kg/m?2 and stable body weight as shown by a weight variance = 3%
between Screening and Day 1

5) History of a stable diet and exercise routine in the 3 months prior to Screening

6) Female subjects who have a negative urine pregnancy test at Screening and Day
1, and who agree to use adequate birth control methods (abstinence, female
partner, stabilized on oral contraceptives for at least two months, implant,
injection, IUD, patch, NuvaRing ®, condom and spermicidal, diaphragm and
spermicidal) throughout the entire study until completion of the Week 12 End of
Study Visit procedures

Exclusion Criteria 1) History of prior treatment of abdominal subcutaneous adipose tissue (e.g.,

abdominoplasty, liposuction, or exposure to ablative or body contouring
devices, mesotherapy or lipolytic agents)

2) Female subjects who are within 12 months post-partum, or who are pregnant,
lactating, and/or who are of childbearing potential but not using adequate
birth control methods

3) Any skin conditions in the treatment area that may affect study procedures or
evaluations - including but not limited to skin infections, psoriasis, eczema,
tattoos, striae, keloids, or hypertrophic or tethered scars, or excessive skin
wrinkles, or a pannus

4) Subjects planning to embark on a weight loss or exercise program during study
participation
5) Subjects who partake of abdominal massaging and who are unwilling to

discontinue this therapy during the study

6) Known hypersensitivity to the study drugs and/or any of their components

7) Prior or current enrollment in any Lithera study involving SX, FP, or SX + FP.

8) Concurrent enrolment in another investigational drug or device study; or use of
any experimental or investigational drug or device within 30 days, or for drugs
within 6 times the elimination half-life prior to Day 1 if that is longer

9) Any medical condition that in the opinion of the investigator might jeopardize
the subject’s safety or complicate study procedures or assessments, including,
but not limited to: (a) any bleeding, or connective tissue disorders; (b) asthma,
COPD, diabetes (Type I and II) or cardiovascular disease (subjects with well-
controlled hypertension will not be excluded unless they are taking beta-blocker
drugs); (c) history of major surgery within 30 days prior to Day 1, or planned
surgery during the study period; (d) any lymphatic disease causing lymphedema
in the treatment area; (¢) abdominal hernias, abdominal recti muscle divarication
or diastasis, visible abdominal organomegaly, or abdominal asymmetry due to
musculoskeletal abnormalities; (f) a history of any DSM-IV psychiatric disorder;
(g) any clinically-significant physical examination findings, as determined by the
Investigator, at Screening or Day 1; (h) any clinically-significant abnormal
laboratory result during Screening and/or Day 1, as determined by the
investigator

10)  Use of drugs with anticoagulant activity (including aspirin and NSAIDs),
immunomodulators (including steroids), anti-metabolites, p-adrenergic receptor
agonists or blockers, strong CYP 3A inhibitors, or nonpotassium -sparing diuretics
(e.g., loop or thiazide diuretics) prior to Day 1 during the study

11)  Use of tricyclic antidepressants or monoamine oxidase inhibitor medications
within 14 days prior to Day 1, or during the study

12)  Subjects unlikely or unable to comply with protocol procedures or adhere to the
study visit schedule

Procedures All injections will be performed in an outpatient setting. At each visit, subjects will

receive a total of 20 subcutaneous injections (1 mL) to infiltrate an area of

approximately 400 cm?. Subjects will maintain their usual diet and exercise routine

during the study: any fat treatment, including but not limited to liposuction,

mesotherapy and abdominal massaging will not be allowed.

Screening Procedures

Subjects will undergo screening procedures at the Screening Visit. This visit must

occur within 30 days (Day -30 to Day 0) prior to study randomization at Day 1. Study
procedures will be explained to each subject and written, informed consent must be
obtained prior to initiating any study-related procedures, including screening

procedures.

Qualified subjects, who meet all Inclusion/Exclusion criteria, with baseline screening
laboratory tests results within normal limits as defined per protocol, will be scheduled for
the Randomization Visit on Day 1.

It is required that all Randomization Visits (Day 1) are scheduled to ensure that over the
8 week treatment period, weekly study drug administration for each subject occurs in a
regular cycle, with doses of study drug administered on the same day each week (2
days).

On Study Procedures

Randomization and Treatment Visit (Day 1) Pre-dose (Day 1):

Eligible study subjects will visit the clinic on Day 1 and pre-dose procedures will be
performed according to the Schedule of Events. For subjects continuing to meet all of
the Inclusion/Exclusion criteria, baseline standardized digital photographs (using the
Canfield Vectra™ CR-10 16 mm 360° 3-D imaging system). Immediately thereafter,



US 2017/0135923 Al May 18, 2017
18

-continued

abdominal skin markings for the injection sites will be placed using the treatment area
grid in order to ensure consistent study drug administration over the course of the
study and a baseline abdominal circumferential measurement using a constant tension
tape measure at pre-marked levels in the treatment area will be taken before dosing.
Subjects then will be randomized to double-masked study drug. According to
randomization, twenty 1.0 mL subcutaneous injections of either FP + SX, or 1.0 pg/mL
FP alone, or 0.02 pg/mlL SX alone, or Placebo will be administered into the abdominal
treatment area using the injection grid.

Post-dose (Day 1):

After study drug administration, post-dose procedures will be performed according to
the Schedule of Events. Subjects must remain in the clinic until the post-dose
assessments have been completed and during this time concomitant medications and
adverse events will be reviewed and recorded.

Before leaving the clinic, all subjects will be scheduled for their next visit. A subject
will not be discharged from the clinic if, in the Investigator’s opinion, the subject has
an adverse event that requires further in-clinic monitoring.

Outpatient On-Treatment Visits (Days 8. 15. 22. 29. 36. 43. 50 = 2):

Subjects will receive subcutaneous injections of study drug administered weekly for 8
weeks. At each study visit, 20 injections will be administered subcutaneously using a
standard injection grid with the individual 1 mL injections being spaced approximately
4 cm apart. This schedule will be repeated for each subject for a total of 8 weekly
treatment sessions during the study.

Pre-dose (Days 8. 15. 22. 29. 36. 43. 50 = 2):

At each Treatment Visit, pre-dose procedures will be performed as per the Schedule of
Events (TABLE 1).

Prior to study drug being injected on the dosing day of each week, circumferential tape
measurements of the treatment area, at the pre-marked levels in the treatment area will be
made. The skin markings on the abdomen will be used to align an injection grid that will
be used to guide the administration of the injections on the assigned dosing day each
week. The treatment area will be standardized, and will involve 20 individual
subcutaneous injections at each treatment visit.

In addition, on Day 29 = 2, a standardized measurement of the treatment area using a
digital 3-D photographic device will be made prior to the application of the temporary
injection grid.

Post-dose (Days 8, 15, 22, 29, 36, 43, 50 = 2):

On all treatment visits, the post-dose procedures will be performed as per the Schedule of
Events. Subjects must remain in the clinic until the post-dose assessments have been
completed and during this time concomitant medications and adverse events will be
reviewed and recorded. Before leaving the clinic, subjects will be scheduled for their next
visit. A subject will not be discharged from the clinic if, in the Investigator’s opinion, the
subject has experienced an adverse event that requires further in-clinic monitoring.

1 Week Post-Treatment Visit (Day 57 = 2):

A week after the last study drug administration on Day 57 + 2, patients will return to the
clinic for their initial post-treatment visit. The study procedures will be performed as per
the Schedule of Events.

On Day 57 £2 a standardized measurement of the treatment area using 3-D photography
will be performed. Then, abdominal circumference measurements using a tape measure at
the pre-marked levels in the treatment area will be recorded.

Any abnormal laboratory tests that are clinically significant will be followed until
resolution and/or repeated per protocol.

End of Study Visit (Day 78 = 2) or Early Termination Visit:

Four weeks after the last study drug administration on Day 78 = 2, patients will return to
the clinic for their End of Study visit. The study procedures will be performed as per the
Schedule of Events.

On Day 78 #2 a standardized measurement of the treatment area using 3-D photography
will be performed. Then, abdominal circumference measurements using a tape measure at
the pre-marked levels in the treatment area will be recorded.

If a subject withdraws from the study early, and the Day 78 = 2 End of Study Visit
procedures have not been performed, these procedures should be performed prior to
terminating the subject from the study.

Any abnormal laboratory tests that are clinically significant will be followed until
resolution and/or repeated per protocol. Once the End of Study Visit procedures have
been performed, the subject has completed the study.

Safety Assessments The following safety assessments will be performed at the designated time points as
specified in the protocol: (1) vital signs (systolic and diastolic blood pressure, heart rate,
breathing rate and body temperature); (2) physical examinations; (3) clinical assessment
of injection site reactions (local tolerability using the Injection Site Reaction Severity
Scale); (4) clinical laboratory tests (hematology, serum chemistry, and urine dipstick
analysis); (5) adverse events.

Safety parameters monitored during this study will be compared within each treatment
group (i.e. changes from baseline) and between treatment groups.
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Efficacy
Assessments

Study Endpoints

Sample Size Calc.

Statistical Analysis

Compliance

Efficacy assessments include: (1) circumferential measurements derived from analysis of
standardized 3-D photographs of the treatment area; (2) manual tape circumferential
measurement of the abdominal treatment area at the level of the umbilicus, and at other
fixed levels in the treatment area; and, (3) volumetric changes in the treatment area
derived from analysis of standardized 3-D photographs of the treatment area.

The study endpoints will include both safety assessments and evaluations of efficacy of
the four treatments being assessed. The study population will be evaluated for several
objective efficacy assessments based on standard measurements of subcutaneous adipose
tissue during this study, including: (1) manual tape circumferential measurement of the
abdominal treatment area at the level of the umbilicus, and at other fixed levels in the
treatment area; (2)circumferential measurements derived from analysis of standardized 3-
D photographs of the treatment area; and (3) volumetric changes in the treatment area
derived from analysis of standardized 3-D photographs of the treatment area.

Initially 50 subjects per treatment group (total N = 200) with observable abdominal
subcutaneous adipose tissue (per the Inclusion Criteria) will be enrolled (and have signed
an IC form and received at least one dose of study drug).

As the assumption of variability greatly affects the estimate for sample size, an interim
review to assess the change from baseline in abdominal measurements will be conducted
to assess the adequacy of the overall sample size relative to achieving the study
objectives. After approximately 180 subjects have completed the study, an interim
analysis of the primary efficacy results only will be conducted by an independent
statistician. This analysis will be used only to confirm the adequacy of the planned
sample size or to recommend enlarging the sample size to achieve adequate statistical
power to detect the hypothesized difference between the SX, FP, and FP + SX

treatment groups. If the re-estimate of the sample size results in a study size that

is not practical to complete, Lithera will complete the study as originally designed
(Shun et al., 2001).

Descriptive statistical analyses will be presented for all efficacy and safety endpoints.
Summary statistics will include counts and percentages for categorical variables and the
number of subjects, mean, standard deviation (SD), median, minimum and maximum for
continuous variables.

Continuous efficacy endpoints will be summarized by treatment group using descriptive
statistics. Differences between treatment groups will be assessed using an ANCOVA with
effects for treatment, site, and baseline.

This protocol was developed according to the guidelines of the International Conference
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Harmonisation (ICH) Good Clinical Practice (GCP) Guidelines E6 and 21 Code of

Example 3: Pharmaceutical and Cosmetic
Formulations

Subcutaneous Formulation

[0128] To prepare a parenteral pharmaceutical and/or cos-
metic composition suitable for subcutaneous administration,
a lipophilic, selective, long-acting beta agonist, such as
salmeterol xinafoate, is dissolved in PEG 400 which is
stabilized with polysorbate 80. Water is then added. This
solution is stored in a single-use glass vial which is stored
frozen and protected from light until dose preparation. When
ready for use, the salmeterol solution is then diluted to a
suitable concentration for subcutaneous administration
using a diluent made of an aqueous solution of 20% PEG
400, 1% polysorbate 80, and sterile water for injection.
Optionally, in certain embodiments, a co-solvent is used. In
other embodiments, a co-solvent is not used. For example,
in certain embodiments, a lipophilic, selective, long-acting
beta agonist is lyophilized.

Transcutaneous Formulation

[0129] Also provided herein is a transcutaneous formula-
tion for administration to a patient, and methods of treatment
provided herein, including for example methods for the
reduction of adipose tissue, using the transcutaneous formu-
lations provided herein. In some embodiments, a lipophilic,
selective, long-acting beta agonist is formulated in a trans-
cutaneous formulation which comprises about 0.5% to about
10% by weight salmeterol xinafoate or formoterol fumarate,

about 1% to about 75% propylene glycol or isopropyl
alcohol, and optionally other excipients including but not
limited to transcutol, propyl gallate, water, and ethanol,
wherein the total percent by weight is 100%.

Example 4: Clinical Testing for Treatment of
Graves’ Ophthalmopathy with Compositions
Comprising a Lipophilic Long-Acting Selective
Beta Agonist

[0130] A non-limiting example of such a clinical testing
for treatment of Graves’ Ophthalmopathy is as follows:
[0131] Patient Selection:

[0132] Patients are to be 18 years of age or above and have
no hypersensitivity to the administered drugs. They are
diagnosed with proptosis symptoms associated with Graves’
Ophthalmopathy by ultrasonography or computerized
tomography. In particular, patients are chosen with unilateral
or bilateral proptosis edema of 3 mm or more, with or
without eyelid swelling. Patients may also exhibit diplopia,
limitation of eye movement in extreme positions, and evi-
dent restriction of movement. Patients may have undergone
thyroidectomy for hyperthyroidism. Other steroid therapies
should be not used for treatment of hyperthyroidism. All
studies are to be performed with institutional ethics com-
mittee approval and patient consent.

[0133] Study Design:
[0134] Test 1:
[0135] This is a multicenter, dose escalation study of the

therapy of salmeterol, a long acting beta 2 agonist in the
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treatment of thyroid eye disease. Patients receive an injec-
tion administration of a parenteral composition of the drug
daily. Patients who do not achieve proptosis improvement or
partial or complete response but who have stable disease
after 1 week of therapy will receive an additional 1 week of
therapy at a higher dose than what is originally assigned.
Cohorts of 3-6 patients receive escalating doses of the drug
until the maximum tolerated dose (MTD) is determined. The
MTD is defined as the dose preceding that at which 2 of 3
or 2 of 6 patients experience dose-limiting toxicity.

[0136] Test 2:

[0137] This is a randomized, multicenter study. The study
length is 60 days. Patients are randomized to 1 of 18
treatment groups. For group 1, patients are given salmeterol
alone daily at MTD. For Group 2, patients are given salme-
terol on every other day. For Group 3, patients are given
salmeterol once a week. Groups 4-6 have the same dosing
regime as 1-3 except the dosage is at one-fourth MTD.
Groups 7-9 also have the same dosing regime as 1-3 except
the dosage is at one-tenth MTD. In addition to the treatment
groups, a control group is left untreated.

[0138] Endpoint Assessment:

[0139] Patients are assessed for reduction of proptosis and
decrease of orbital fat volume and extraocular muscles at the
conclusion of the study. Improvement in eyelid closure and
ocular movement is also assessed. A 20% reduction within
60 days is presumed as a positive outcome.

Example 5: Testing for Aesthetic Treatment of
Cheek Contour Defects with Compositions
Comprising a Lipophilic Long-Acting Selective
Beta Agonist

[0140] A non-limiting example of such a clinical testing
for aesthetic treatment of cheek contour defects is as fol-
lows:

[0141] Patient Selection:

[0142] Patients are to be 18 years of age or above and have
no hypersensitivity to the administered drugs. Other steroid
therapies should be not used. All studies are to be performed
with institutional ethics committee approval and patient
consent.

[0143] Study Design:
[0144] Test 1:
[0145] This is a multicenter, dose escalation study of the

therapy of salmeterol, a long acting beta 2 agonist in the
aesthetic treatment of cheek contour defects. Patients
receive an injection administration of a parenteral compo-
sition of the drug daily. Patients who do not achieve reduc-
tion of buccal or subcutaneous cheek fat after 1 week of
therapy will receive an additional 1 week of therapy at a
higher dose than what is originally assigned. Cohorts of 3-6
patients receive escalating doses of the drug until the maxi-
mum tolerated dose (MTD) is determined. The MTD is
defined as the dose preceding that at which 2 of 3 or 2 of 6
patients experience dose-limiting toxicity.

[0146] Test 2:

[0147] This is a randomized, multicenter study. The study
length is 60 days. Patients are randomized to 1 of 18
treatment groups. For group 1, patients are given salmeterol
alone daily at MTD. For Group 2, patients are given salme-
terol on every other day. For Group 3, patients are given
salmeterol once a week. Groups 4-6 have the same dosing
regime as 1-3 except the dosage is at one-fourth MTD.
Groups 7-9 also have the same dosing regime as 1-3 except
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the dosage is at one-tenth MTD. In addition to the treatment
groups, a control group is left untreated.

[0148] Endpoint Assessment:

[0149] Patients are assessed for reduction of subcutaneous
cheek fat or decrease of buccal fat volume at the conclusion
of the study.

Example 6: Effects of a Lipophilic Long-Acting
Selective Beta Agonist when Injected SC in the Rat
Inguinal Fat Pad

[0150] The effects of salmeterol xinafoate on the inguinal
fat pad weight of rats were evaluated following their SC
injection into the inguinal fat pad. Mature male Sprague-
Dawley rats weighing approximately 500 g were lightly
anesthetized with 4% isoflurane. Test article injections (drug
vehicle, different doses of salmeterol xinafoate) were
injected SC into the right inguinal fat pad in a volume of 0.4
mL. An equal volume of drug vehicle was injected into the
left inguinal fat pad. Rats received an injection comprising
doses of 0.1 ps, 1 pg, 10 pg, or 100 pg in each fat pad on 3
consecutive days. Approximately 24 hours after the last
injection, rats were anesthetized, sacrificed and the right and
left fat pads harvested and weighed. The change in fat pad
weight (Right vs. Left) was calculated and expressed as a
percent change in inguinal fat pad weight (% change IFP=
(Right side-Left side)x100/Left side).

[0151] The injection of salmeterol xinafoate into the rat
inguinal fat pad produced a dose-related reduction in fat pad
weight (FIG. 1). Staining and histological evaluation of the
tissue showed a reduction in fat cell number and size (data
not shown).

Example 7: Effects of a Lipophilic Long-Acting
Selective Beta Agonist on Subcutaneous Fat
Thickness in Male and Female Yucatan Minipigs

[0152] A study was conducted using 2D-ultrasound to
determine the effects of subcutaneously administered sal-
meterol xinafoate (SX) at 0.05, 0.5 or 5 ug on subcutaneous
fat thickness in male and female Yucatan minipigs. The
study was composed of (a control and three treated groups)
each consisting of 1 minipig/sex for a total of eight minipigs.
Each minipig had 4 sites designated for ultrasound mea-
surement; the sites were in a 4 cm square orientation along
the scapular region. Of the 4 sites, one site served as an
ultrasound control (fat at this site was measured using
ultrasound, but the site was never injected), while the
remaining 3 sites were handled as follows: for the control
pigs, the 3 remaining sites received an injection of saline
during the dosing cycle. In the treated groups, one site
served as a saline control, and 2 sites were designated for
injection of 0.05, 0.5 or 5 pg of salmeterol xinafoate.
Injections were delivered twice per week at a total volume
of' 1 ml/injection site. Each dosing cycle was two weeks in
duration. SX was formulated in a vehicle of 5% PEG400 and
0.25% Tween 80 in water for injection (WFI).

[0153] Ultrasound measurements were made at each treat-
ment site prior to dose administration on each treatment day,
approximately 3-4 days after the last injection of the dosing
cycle, and on the day of necropsy. Body weights were
collected on the day prior to first dosing and weekly there-
after.

[0154] Evaluation of the injection sites did not reveal any
adverse reactions. Overall, all animals gained weight over
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the course of the study (body weight increases ranged from
3-7% in males and 6-12% in females). As seen in FIG. 2,
administration of SX produced dose-related changes in fat
thickness. The lowest doses of SX (0.05 and 0.5 pg) reduced
total fat thickness by approximately 7-9%. The highest dose
of SX (5 ng) increased fat thickness slightly (by approxi-
mately 3%), possibly due to 32-adrenergic receptor tachy-
phylaxis/desensitization at this dose and dosing schedule.

Example 8: Study of Pharmacokinetics and
Bioavailability of Lipophilic Long-Acting Selective
Beta Agonist in Minipigs

[0155] Plasma concentrations of salmeterol were moni-
tored in a male and a female Gottingen minipig after SC
administration of salmeterol xinafoate. SC dose of 4 ng/kg
salmeterol xinafoate was administered as a single bolus
dose. Each dose was separated by at least a 3-day washout
period. Blood samples (approximately 4 mL) were collected
via the brachiocephalic plexus at pre-dose and at 2, 5, 10, 20,
30, and 45 min, and at 1, 2, 4, 8, and 24 hr post-dose. Blood
samples were placed in tubes containing K2-EDTA as the
anticoagulant. Samples were processed to plasma by cen-
trifugation under refrigeration and stored frozen at approxi-
mately -70° C. (x15° C.) until analysis.

[0156] Sample Analysis: Plasma samples were analyzed
for salmeterol using qualified liquid chromatography/mass
spectrometry/mass mass spectrometry (LC/MS/MS) meth-
ods. The lower limit of quantitation (LLOQ) was 2.50
pg/mL for salmeterol.

[0157] Data Analysis: Noncompartmental pharmacoki-
netic parameters were calculated using WinNonlin 5.2 soft-
ware, NCA model 202, IV infusion input for the IV data and
NCA model 200, extravascular input for the SC data (Phar-
sight Corporation, Mountain View, Calif). Individual
plasma concentrations for each animal were used in the
calculation of pharmacokinetic parameters. Nominal collec-
tion times and doses were used in the calculations. The area
under the plasma concentration-time curve (AUC) was
calculated using linear trapezoidal approximation (linear/log
interpolation). Concentration values below the assay limit of
quantitation were set to zero for calculations. The maximum
plasma concentration (C,,, ) and the time of its occurrence
(T,,.-) were verified by inspection. The half-life (t,,) values
were calculated using the last 3 plasma concentrations with
nonzero values, if data permitted. Other calculations were
done using Microsoft Excel® XP. The bioanalytical and
pharmacokinetic data were reported to 3 significant figures.
[0158] Results: The determined pharmacokinetic param-
eters are shown in Table 4 below.

TABLE 4

21
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[0159] There were no apparent (consistent) gender differ-
ences in the SC PK of salmeterol xinafoate. Tmax values
ranged from 0.333 to 0.5 hours, indicating that salmeterol
xinafoate is rapidly absorbed following SC administration.
[0160] The examples and embodiments described herein
are for illustrative purposes only and various modifications
or changes are included within the spirit and purview of this
application and scope of the appended claims. All publica-
tions, patents, and patent applications cited herein are hereby
incorporated by reference for all purposes.

What is claimed is:

1. An injectable monotherapeutic formulation for treating
a body contour defect in a human subject, wherein the single
active agent is a lipophilic long-acting selective beta-2
adrenergic receptor agonist, or a salt, solvate, or polymorph
thereof that is present in an effective amount that is less than
about 1 microgram and wherein the formulation is formu-
lated for subcutaneous administration and further consists of
one or more subcutaneously acceptable inactive ingredients.

2. An injectable monotherapeutic formulation for treating
a body contour defect in a human subject, wherein the single
active agent is a lipophilic long acting selective beta-2
adrenergic receptor agonist, or a salt, solvate, or polymorph
thereof that is present in an effective amount that is less than
about 10 micrograms/milliliter and wherein the formulation
is formulated for subcutaneous administration and further
consists of one or more subcutaneously acceptable inactive
ingredients.

3. A method for regional adiposity reduction by a mono-
therapy treatment regimen, comprising subcutaneously
administering a monotherapeutic formulation, wherein each
administration during the monotherapy treatment regimen
comprises the single active agent selected from a lipophilic
long-acting selective beta-2 adrenergic receptor agonist, or a
salt, solvate, or polymorph thereof that is present in an
effective amount that is equal to or less than about 20
micrograms, and wherein the formulation further consists of
one or more subcutaneously acceptable inactive ingredients.

4. The formulation of claim 1 wherein the lipophilic
long-acting selective beta-2 adrenergic receptor agonist is
salmeterol, formoterol, salts, solvents, polymorphs, or a
combination thereof.

5. The formulation of claim 4 wherein the lipophilic
long-acting selective beta-2 adrenergic receptor agonist is
salmeterol xinafoate.

6. The formulation of claim 5 wherein the formulation is
formulated into a weekly dose of salmeterol xinafoate in an
amount that is between about 12 nanograms to about 1
microgram.

Pharmacokinetic parameters

V.,
Dose Toax  Conax AUGC,,, t s CL (mL/
Analyte Route (ug/kg) Sex (hr) (pg/mL) (pg-hy/mL) (hr) (hr) (mL/hrkg)  kg) F
Salmeterol SC 4 Fe 0.500 433 1670 8.23 240 NA NA NA
Salmeterol SC 4 M 0333 564 2260 11.4 240 NA NA NA

AUC,;, = area under the curve at infinite time, CL = plasma clearance, F = bioavailability, Fe = female, M = male, NA = not applicable,
4 = time of last measurable plasma concentration, V, = volume of distribution at steady state. SC for fluticasone = single site SC
injection, SC for salmeterol xinafoate = single site SC injection. Male = animal 1-0771, female = animal 2-0623
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7. The formulation of claim 1 wherein the lipophilic
long-acting selective beta-2 adrenergic receptor agonist, or a
salt, solvate, or polymorph thereof selectively partitions into
adipose tissue relative to blood plasma when administered to
the human subject.

8. The formulation of claim 1 that provides a partition
ratio of between 0.01 to about 0.4 when the lipophilic
long-acting selective beta-2 adrenergic receptor agonist, or a
salt, solvate, or polymorph thereof is administered subcuta-
neously.

9. The formulation of claim 5 wherein the formulation is
formulated to be administered to the human subject once per
week at a single session dose of salmeterol xinafoate that is
equal to or less than about 1 microgram.

10. The formulation of claim 9 wherein the session dose
is divided into at least two sub-doses of salmeterol xinafoate
wherein each sub-dose is in an amount that is between about
12 nanograms to about 1 microgram.

11. The formulation of claim 9 wherein the session dose
is divided into at least two sub-doses of salmeterol xinafoate
wherein each sub-dose is in an amount that is between about
900 nanograms to about 14 nanograms.

12. The formulation of claim 5 wherein the formulation is
administered to the human subject once per week at a
session dose of salmeterol xinafoate that is equal to or less
than about 650 nanograms.

13. The formulation of claim 5 wherein the formulation is
administered to the human subject in sub-doses of about 5 to
about 28 sub-doses.
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14. The formulation of claim 13 wherein each sub-dose
comprises an amount of salmeterol xinafoate that is equal to
or less than about 950 nanograms.

15. The formulation of claim 1 wherein the formulation is
formulated to be administered to a human subject into a
submental region, an abdominal region, a hip region, a thigh
region, a buttocks region, a back region, an upper arms
region, or a chest region.

16. The formulation of claim 1 wherein the formulation
further comprises a subcutaneously acceptable excipient
wherein the excipient is present in an amount of about 0.1
milliliter to about 20 milliliters.

17. The formulation of claim 1 wherein the formulation is
administered to the human patient in a periodic dose wherein
the periodic dose comprises between 1 and 52 times per
year.

18. The formulation of claim 1 wherein the formulation is
free of a co-solvent.

19. The method of claim 3 wherein the method is a
cosmetic treatment, an aesthetic treatment, or a treatment for
thyroid eye disease.

20. The method of claim 3 wherein the lipophilic long-
acting selective beta-2 adrenergic receptor agonist, or a salt,
solvate, or polymorph thereof is present in an amount that is
between about 980 nanograms and 4 micrograms.

#* #* #* #* #*



