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COMPOSITIONS AND METHODS FOR DEFP DERMAL DRUG DELIVERY

CROSS REFERENCE TO RELATED APPLICATIONS
10001} The present application claims priority to US. Provisional Application No.
63/114,887 filed on November 17, 2020 and U.S. Provisional Application No. 63/221,349 filed
on July 13, 2021, the disclosures of which are incorporated herein in their entirety by reference.
FIELD OF THE INVENTION
[6082] The subject matter disclosed herein generally relates to  pharmaceutical
compositions for the topical admimstration of a drug to the pilosebaceous unit and mwethods for
administering the same. As disclosed herein, the inventors of the present invention have made
the surprising discovery that pharmaceutical compositions comprising small particles of an
active pharmaceutical ngredient can be targeted to the pilosebacecus unit. In preferred
embodiments, the pharmaceutical composition comprises SHRO302 or spironolactone as an
active pharmaceutical ingredient.
BACKGROUND OF THE INVENTION

{6083} Transdermal and topical delivery of drugs have a variety of advantages compared
with other routes of administration. Transdermal and topical delivery can be used to deliver
drugs continuously into the systemic circulation and circumvent first-pass metabolism. In
contrast, there 1s a significant firsi-pass effect of the liver that can prematurely metabolize drugs
for oral drug delivery. Transdermal and topical delivery also have advantages over intravenous
admuinistration, which must be sterile produets and can be pamful thereby increasing
noncompliance by patients. Transdermal delivery on the other hand can be non-stenle, non-

invasive and self-administered.
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(0004} Traditional drug delivery systems have focused on administration via the
transepidermal rowte of delivery. Andrea C. Lauer et al, Transfollicular Drug Delivery,
Pharmaceutical Research 12:2 (1995). The skin consists primarily of four layers: (a} the stratum
corneum {nonviable epidermis), (b} viable epidermis, (¢} dermis, and (d} subcutanecus tissues.
The skin also contains appendages in the form of terminal hawrs, which may extend more than 3
mm below the skin surface mto the subcutanecous fatty tissue and vellus hair, which is the fine,
often unnoticed body hair that extends less than 1 mm into the dermus. The hair follicle, hawr
shaft, and sebaceous gland, which secrets a tubricating oil matter into the hair follicles, comprise
what 1s known as a ptlosebaceous unit. While the stratum corneum has traditionally been viewed
as the primary pathway for the penetration of drugs, 1t s also the main barrier to percutaneous
absorption. In the past, researchers have questioned the significance of the pilosebaceous unit
drug delivery.

6085} More recently, however, the potential role of the pilosebaceous umit and
alternative mechanisms for the transdermal delivery of drugs have been mvestigated. Amit
Verma et al, Transfolhicular drug delivery: current perspectives, Research and Reports in
Transdermal Drug Delivery (Aprid 20, 2016} The mammalan hawr follicle 13 a complex,
dynamic structure in which unigue biochemical and immunslogical reactions occur. While the
pilosebaceous unit may be an acceptable target for drug delivery, there are several challenges to
drug delivery to the pilosebaceous unit. One of the challenges relating to drug delivery to the
pilosebaceous unit is the need to bypass the stratum corneum, which extends approximately 10-
20 um deep and the upper capillary plexus, which extends approximately 80 yum deep.

{8006} There is currently a need for pharmaceutical compositions capable of penetrating

deeper into the dermis, approximately 1,000 um to 2,000 um to the pilosebaceous unit. There is
pp 3 # §

8]



WO 2022/108913 PCT/US2021/059487

an unmet need for novel pharmaceutical compositions and methods of adnunistering drugs via
the pilosebaceous unit.

SUMMARY OF THE INVENTION
10007} The present invention relates to pharmaceutical compositions for the topical
administration of a drug to the pilosebaceous unit and methods for administering the same. The
mnventors of the present invention have wade the surprising discovery that a pharmaceutical
composition comprising sroall particles of an active pharmaceutical ingredient can be delivered
to the pulosebaceous unit resulting 1o deeper penetration nto the dernus and improved efficacy.
In preferred embodiments, the pharmaceutical composition comprises SHRO302 or
spironolactone as an active pharmaceutical imgredient.
[0008] In certain embodiments of the present invention, a pharmaceutical coraposition is
provided comprisimg a therapeutically effective amount of an active pharmaceutical ingredient
and a silicone selected from the group consisting of dimethicone, cyclomethicone, and
combinations thereof. The active pharmaceutical ingredient has a primary particle size
distribution that 13 characterized by a D90 vahie of less than about 20 wm.  In cerfam
embodiments, the pharmaceutical ingredient has a primary particle size distribution that is
characterized by a D90 value of less than about 10 um or more preferably less than about 5 ym.
In certain embodiments, the composition comprises about 0.10% w/w to about 7.5% w/w of the
active pharmaceutical ingredient. The pharmaceutical compositions of the present invention can
be capable of delivering the active pharmaceutical mgredient to the pilosebaceous unit. In
certain embodiments, the active pharmaceutical ingredient 13 capable of achieving dermal
penetration of at least 1 mm in the subject.

{8009} In certain embodiments of the present invention, a pharmaceutical composition is
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provided comprising a therapeutically effective amount of SHRO302 or a pharmaceutically
acceptable salt thereof. The SHRO302 can have a primary particle size distribution characterized
by a D90 value of less than about 20 pm, less than about 10 um, or more preferably less than
about 5 pm. The SHRO302 can further have a primary particle size distribution characterized by
a D50 value of less than about 3 um, less than about 1 um, or more preferably less than about 0.7
wm. The SHRO302 can further have a primary particle size distribution characterized by a D10
value of less than about 1 pm, less than about 0.5 um, or more preferably less than about §.25
wm.

{80018} The pharmaceutical composition further comprises a silicone selected from the
group consisting of dimethicone, cyclomethicone, and combmations thereof In certan
embodiments of the present invention, the pharmaceutical composition comprises SHRO302
suspended n at least one of dimethicone and cyclomethicone.

{80011} In certain embodiments, the pharmaceutical composition can comprise about
0.10% w/w to about 5% w/w of SHRO302 or a salt thereof. In preferred embodiments, the
pharmaceutical composition can comprise from about 6.1% w/w to about 3% wiw of SHR0302
or a salt thereof.

{80012} In certain embodiments of the present invention, a method of treating alopecia
areata in a subject in need thereof is provided. The method comprises topically administering to
the subject the pharmaceutical compositions of SHR030Z described herein. In the methods of the
present invention, the SHRO302 or salt thereof can be delivered to the pilosebaceous unit. In the
methods disclosed herein, administration of the pharmaceutical composition can result in dermal
penetration of SHRO302 of at least about 1 mm in the subject, and preferably o the depth of the

hair bulb for a terminal hatr, about 2 to 3 mm in the subject.
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[00013] In certain embodiments of the present invention, a pharmaceutical composition is
provided comprising a therapeutically effective amount of spironolactone or a pharmaceutically
acceptable salt thereof The spironolactone can have a primary particle size distribution
characterized by a D90 value of less than about 6 pm, less than about 1 pm, or more preferably
fess than about 0.25 um. The spironolactone can further have a primary particle size distribution
characterized by a D50 value of less than about 2.7 um, less than about 0.75 um, or more
preferably less than about 6.15 um. The spironolactone can further have a primary particle size
distribution characterized by a D10 value of less than about 1.2 wm, less than about 0.50 um, or
more preferably fess than about 0.10 pm.

(80014} The pharmaceutical composition further comprises a silicone selected from the
group consisting of dimethicone and cyclomethicone. In certain embodiments of the present
mvention, the pharmaceutical compostiion of spironolactone 15 an oil-in-water emulsion.

[80015] Further, the pharmaceutical composition can comprise about $.10% w/w to about
7.5% wiw of sprronolactone or a salt thereof In certain embodiments, the pharmaceutical
composition can comprise from about 0.5% wiw o about 5% w/w of spironolactone or a salt
thereof.

{00016} In certain embodimenis of the present invention, a pharmaceutical composition is
provided comprising a therapeutically effective amount of spironolactone or a pharmaceutically
acceptable salt thereof and water. The spironolactone can have a primary particle size
distribution characterized by a D90 value of less than about 6 um, less than about 1 pum, or more
preferably less than about 0.25 um. The spironolactone can further have a primary pariicle size
distribution characterized by a D50 value of less than about 2.7 um, less than about 0.75 pum, or

more preferably less than about 0.15 um. The spironolacione can further have a primary particle
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size distribution characterized by a D10 value of less than about 1.2 pm, less than about 0.50
wm, or more preferably less than about 0.10 um.

[000317] In certain embodiments, the pharmaceutical compostiton comprises about 0.10%
w/w to about 7.5% w/w of spironolactone or a salt thereof In certain embodiments, the
pharmaceutical composition can comprise from abowt 0.53% w/w to about 5% w/w of
spironolactone or a salt thereof. In certain embodiments, the pharmaceutical composition 15 an
aqueous suspension. In certain embodirnents, the pharmaceutical composition further comprises
dioctyl sodium sulfosuccinate and/or hydroxyl propyl cellulose. In certain embodiments, the
pharmaceutical composition comprises about 0.01% w/w to about 1% w/w of dioctyl sodium
sulfosuccinate and/or about 0.01%% to about 1.5% w/w of hydroxy! propyl cellulose.

(0001 §] In certain embodiments of the present invention, a pharmaceutical composition is
provided consisting essentially of or conswisting of 2 therapeustically effective amount of
spironolactone or a pharmaceutically acceptable salt thereof, dioctyl sodium sulfosuccinate,
hydroxyl propyl cellulose, and water. The spironolactone can have a primary particle size
distribution characterized by a D90 value of less than about 6 um, less than about T wm, or more
preferably less than about 0.25 pwm. The spironolactone can further have a primary pariicle size
distribution characterized by a D50 value of less than about 2.7 um, less than about 0.75 yum, or
more preferably less than about 0.15 pm. The spironolactone can further have a primary particle
size distribution characterized by a D10 value of less than about 1.2 pm, less than about 0.50
pm, or more preferably less than about .10 ym.

{80319} In certain embodiments, the pharmaceutical composition comprises about 0.10%
w/w to about 7.5% w/w of spironolactone or a salt thereof In certain embodiments, the

pharmaceutical composition can comprise from about 05% w/w to abowt 5% w/w of
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spironolactone or a salt thereof.  In certain embodiments, the pharmaceutical compeosition s an
aqueous suspension. In certain embodiments, the pharmaceutical composition comprises about
0.01% w/w to about 1% w/w of dioctyl sodium sulfosuccinate and about 0.01% to about 1.5%
w/w of hydroxyl propyl cellulose.
[00020] In certain embodiments, the pharmaceutical composition is capable of delivering
spironolactone to the pilosebaceous unit of a patient. In certain embodiments, the
pharmaceutical composition 15 capable of achieving dermal penetration of at least 1 nmum 10 the
patient, and preferably about 2 or 3 mm in the subject.
(80021} In certain embodiments of the present invention, a method of treating acne 1 a
subject n need thereof is provided. In certain embodiments, the subject 1s a human male or
female. In preferred embodiments, the subject s a fernale human. The method comprises
topically admimstering to the subject the pharmaceutical compositions of sprronslactone
described herein. In the methods of the present nvention, the spironolactone or salt thereof can
be delivered to the pilosebaceous unit. In the methods disclosed herein, admunstration of the
pharmaceutical composition can result in dermal penetration of spironolactone of at least 1 rom
i the subject, and preferably aboet 2 or 3 mm in the subject.

BRIEF DESCRIPTION OF THE DRAWINGS
(60022} The accompanying drawings, which are incorporated herein and form part of the
disclosure, help illustrate various embodiments of the present invention and, together with the
description, further serve to describe the invention to enable a person skilled in the pertinent art
to make and use the embodiments disclosed herein.
{80023] FIG 1 shows a particle size distribution plot of SHRO302 in an exemplary

pharmaceutical compostiion.

~J



WO 2022/108913 PCT/US2021/059487

[00024] FIG. 2 shows a Fourier Transform fon Cycloiron Resonance—High Resolution—
Matrix Assisted Laser Desorption/lonization Mass Spectrometry (FTICR-HR-MALDI) depth
profile of an 0.3% SHRO0302 topical 30% DMSO cream for a first donor (Donor A).

{00025) FIG 3 shows a FTICR-HR-MALDI depth profile of a 3% SHRO302 topical
suspension in dimethicone for a first donor (Donor A).

{80026} FIG. 4 shows a FTICR-HR-MALDI depth profile of an 0.3% SHRO302 topical
30% DMSO cream for a second donor {(Donor B).

{80027} FIG S shows a FTICR-HR-MALDI depth profile of a 3% SHRO302 topical
suspension in dimethicone for a second dovor (Donor B),

[80028] FIG 6 shows a particle size distribution of spironolactone in a suspension of 5.0%
spironolactone nano-nulled in water with 0.05% dioctyl sulfosuccinate (DOSS) and 1.0%
hydroxyl propyl cellulose.

{86029} FIG. 7 1s a oncrograph taken two weeks after storage past completion of milling
for a 5% spironolactone suspension n cyclomethicone that was roller milled to form a
suspension having a 390 of less than about 5 wm.

(60038 FIG. 8 shows the cumulative amount of spironolactone appearing in the recepior
solution over 24 hours after a single 5.0 pl per cell (10 mg per em? of skin tissue} for two
exemplary formulations (Formulation 1 and Formmulation 2, described in Example 4} and a
Comparative Gel formulation (alse described in Example 4).

{80031} FIG. 9 shows the amount of spironolactone (ng) in the epidermis and dermis after
24 hours for two exemplary formulations {(Formulation 1 and Formulation 2, described in

Example 4) and a Comparative Gel formulation (alse described in Example 4).



WO 2022/108913 PCT/US2021/059487

[00032] FIG. 10 15 a micrograph taken two weeks after storage past completion of nmuilling
for a 5% spironolactone suspension 1 a 94.5:0.5 wtwt blend of cyclomethicone and dioctyl
sodium sulfosuccinate that was roller milled to form a suspension having a D90 of less than
about 5 um.
[00033] FIG. 11 shows the cumulative amount of spironclactone appearing i the receptor
solution over 24 hours after a single S.0 pf per cell (10 mg per cm? of skin tissue) for an
exeroplary aqueous suspension forrmoulation (Formulation 1), Emulsion 1, Emulsion 2, and a
Comparative Gel formulation (as described 1 further detad i Example 5).
[80034] FIG 12 shows the amount of spironolactone {ng) o the epidermis and deros
after 24 hours for the exemplary aqueous suspension formulation (Formulation 1}, Emulsion 1,
Emulsion 2, and a Comparative Gel formulation (as described in Example S).
[60635] FIG. 13 shows the average amount of spironolactone appearing m the receptor
solution over 24 hours after a single 5.0 ul per cell {10 mg per om® of skin tissue) for eight
exemplary formulations (S1-587, described i Example 6, and Formulation 1, described in
Example 4).
[80036] FIG. 14 shows the amount of spironolactone (ng) in the epidermis and dermis
after 24 hours for eight exemplary formulations (81-87, described in Example 6, and
Formulation 1, described in Example 4).

DETAILED DESCRIPTION OF THE INVENTION
{800337] Before the present invention is described in detail below, it 15 to be understood
that this invention is not limited to the particular methodology, protocols, and reagents described
herein as these may vary. it is also to be understood that the terminology used herein 15 for the

purpose of describing particular embodiments ounly, and s not intended to limit the scope of the
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present imvention which will be limited only by the appended claims. Unless defined otherwise,
all technical and scientific terms used herein have the same meanings as cornmonly understood
by one of ordmary skill in the art to which this invention belongs.

1000338] All publications, patents and patent applications cited herein are hereby
meorporated by reference in their entirety unless otherwise stated. Where the same term is
defined v a publication, patent, or patent application and the present disclosure incorporated
herein by reference, the definition n the present disclosure represents a controfling defintion
For publications, patents and patent applications referenced to describe a particular type of
compound, chenustry, etc., the portion relating to such compounds, chemistry, etc. 1s the portion
of the literature incorporated herein by reference.

[08339] MNote that as used herein, the singular forms “a,” “an,” and “the” mclude plural
referents unless the context clearly dictates otherwise. Thus, for example, “active ingredient”
mcludes a single mgredient and two or more different imngredients and “sulfate salt” includes a
single sulfate salt as well as two or more different sulfate salts.

{80040} The term “about” when used in connection with a numerical value 13 meant to
encompass numerical values within a range having a lower fimit that 18 5% smaller than the
mdicated numerical value and having an upper limit that s 5% larger than the indicated
numerical value.

{00041 The term “effective” refers to an amount of a compound, agent, substance,
formulation or composition that 1s of sufficient quantity to result in a decrease in severity of
disease symptoms, an increase in frequency and duration of disease symptom-free periods, or a
prevention of impairment or disability due to the disease affliction. The amount may be as a

single dose or according to a multiple dose regimen, alone or in combination with other

10
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compounds, agents or substances. One of ordinary skill in the art would be able to determine
such amounts based on such factors as a subject's size, the severity of a subject's symptoms, and
the particular composition or route of administration selected.

1000342} “Pharmaceutically acceptable” means generally safe for admimstration to
humans or animals. Preferably, a pharmaceutically acceptable component is one that has been
approved by a regulatory agency of the Federal or a state governmeunt or listed o the US,
Pharmacopeia, published by the United States Pharmacopeial Convention, Inc., Rockville Md.,
or other generally recognized pharmacopeia for use in animals, and more particularly 10 humans.
[000343] A “pharmaceutical composition” according to the invention may be present in
the form of a composition, wherein the different active ingredients and diluents and/or carriers
are admixed with each other, or may take the form of a combined preparation, where the active
mgredients are present in partially or totally distinet form. An example for such a combination or
combined preparation is a kit-of-parts.

EENN3

[60044] As used herein, the terms “subject” “or patient” most preferably refers to a
human being. The terms “subject” or “patient” may include any mammal that may benefit from
the compounds described herein.

[80045] A “therapeutic amount” or “therapeutically effective amount” is an amount of a
therapeutic agent sufficient to achieve the intended purpose. The effective amount of a given
therapeutic agent will vary with factors such as the nature of the agent, the route of
administration, the size of the subject to receive the therapeutic agent, and the purpose of the
administration. The effective amount in each individual case may be determined empirically by a

skilled artisan according to established methods in the art.
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[00046] The term “topical” with respect to administration of a drug or composition refers
to the application of such drug or composition to the epithelial surface outside the body,
including the skin or cornea. For this application, application to the inside of a body opening in
which the mucosal surface does not contain pilosebaceous units, such as the mouth, vagina or
rectum ts not considered a topical application.

[800347] As used herein, “treat,” “treating,” or “treatment” of a disease or disorder means
accomplishing one or ruore of the following: {(a) reducing the severity and/or duration of the
disorder; (b} hmiting or preventing developroent of symptoms characteristic of the disorder(s)
being treated; (¢} inhubiting worsening of symptoms characteristic of the disorder(s) being
treated; {(d) lumiting or preventing recurrence of the disorder(s) in patients that have previously
had the disorder(s); and (e} limiting or preventing recurrence of symptoms in patients that were
previgusly symptomatic for the disorder(s}.

[00048] The abbreviation “w/w” represents the relative concentration of the compounents
in the composition as “weight to weight” (i e, percentage refers to percentage of total weight),
rather than based on volume or other quantiiies.

[60049] The present mvention relates to pharmaceutical compositions for the topical
administration of a drug to the pilosebaceous unit and methods for administering the same. The
mventors of the present invention have made the surprising discovery that pharmaceutical
compositions comprising small particles of an active pharmaceutical ingredient can be delivered
to the pilosebaceous unit resulting in deeper peneiration into the dermis and improved efficacy.
In preferred embodiments, the pharmaceutical composition comprises SHRO30Z or

spironolactone as an active pharmaceutical ingredient.

12
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[00050] In certain embodiments of the present invention, a pharmaceutical composition is
provided comprising a therapeutically effective amount of an active pharmaceutical ingredient
and a silicone selected from the group consisting of dimethicone, cyclomethicone, and
combinations thereof. In certain embodiments, the amount of active pharmaceutical ingredient
can range from about 0.01 Y% w/w to about 10% w/w, or from about 0.01% w/w to about 7.5%

w/w, or from about 0.01% w/w to about 5% w/w, or from about 0.1% w/w to gbout 3% w/w,

Exeroplary ranges are from about 0.1% w/w to about 10% w/w, or from about 0.1% w/w to
about 7.5% w/w, or from about $.1% w/w to about 5% w/w, or from about 0.1% w/w 1o about
5% w/w, or from about 1.0% w/w to about 5% w/w, or from about 0.3% w/w to about 5.0%
w/w. For example, the pharmaceutical composition comprises any of the following w/w
percents of active pharmaceutical ingredient: 0.1%, 0.2%, 0.3%, (.4%, 0.5%, 0.6%, 0.7%, 0.8%,
0.9%, 1.0%, 1.1%, 1.2%, 1.3%, 1.4%, 1.5%, 1.6%, 7%, 1.8%, 1.9%, 1.0%, 2.1%, 2.2%, 2.3%,
2.4%, 2.5%, 2.6%, 2.7%, 2.8%, 2.9%, 3.0%, 3.1%, 3.2%, 3.3%, 3.4%, 3.5%, 3.6%, 3.7%, 3.8%,
3.9%, 4.0%, 4.1%, 4.2%, 4.3%, 4.4%, 4.5%, 4.6%, 4.7%, 4.8%, 4.9%, 5.0% etc.

{80031} In the pharmaceutical compositions of the present invention, the active
mgredient 1s present as small particles. Particle size of the drug can be assessed using laser
diffraction methods. Laser diffraction 15 recognized by standards and guidance agencies
mcluding ISO and ASTM and s widely used to determine particle size distributions. In
conducting the assessment, the sample 13 passed through a laser beam, which results in laser light
scattered at a range of angles. Detectors placed at fixed angles measure the mtensity of light
scattered at that position. A mathematical model is then applied to generate a particle size

distribution. The particle size values reported herein are determined by using a ligind or wet

dispersion method.
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[00052] In particle size determinations, the median value is defined as the value where
half of the population resides above this point, and half resides below this point. For particle size
distributions the median s called the D30 The DSO is the size that splits the distribution with
half above and half below this diameter. The distribution width may also be characterized by
citing one, two or three values on the x-axis, typically some combination of the D10, DS0, and
DS0, The DAG, the median, has been defined above as the diarueter where half of the population
lies below this value. Simiarly, 90 percent of the distribution hes below the D90, and 10 percent
of the population lies below the B3O

[00053] In certain embodiments, the active pharmaceutical ingredient has a primary
particle size distribution that is characterized by a D90 value of less than about 20 um, less than
about 15 wm, less than about 10 um, or more preferably less than about 5 ym. In certan
embodiments, the active pharmaceutical ingredient has a primary particle size characterized by a
D90 value of between about 0.001 pm, 0.01 pm, or 0.1 pm and about § pwm, 10 pm, 15 pm, and
20. The active pharmaceutical ingredient can further have a primary particle size disiribution
characterized by a DSO value of less than about S um, less than about 2 pm, less than about 1
um, less than about 6.8 pum, or more preferably less than about 0.7 wm. In certain embodiments,
the active pharmaceutical ingredient has a primary particle size characterized by a D50 value of
between about 0.001 um, 0.01 pm, or 0.1 um and about 0.7 um, 0.80 um, 1.0 um, 2.0 um, or 5.0
pm. The active pharmaceutical ingredient can further have a primary particle size distribution
characterized by a D10 value of less than about 1 pm, less than about 0.5 um, less than about 0.4
pm, or more preferably less than about 0.25 pm. In certain embodiments, the active
pharmaceutical ingredient has a primary particle size characterized by a D10 value of between

about 0.0001 pum, 0.001 pm, or .01 pm and about 0.25 um, 0.4 pm, 0.5 pm, or 1.0 pm.

14
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[00054] In certain embodiments, the pharmaceutical compositions of the present invention
are capable of delivering the active pharmaceutical ingredient to the pilosebaceous unit. In
certain embodiments, active pharmaceutical ingredient is capable of achieving dermal
penetration of at least 1 mm in the subject.

[00055] In certain embodiuments of the present invention, the pharmaceutical composition
comprises  the JAKI  inhibitor,  (3aR,538,6aS)-N-(3-methoxyl-1,2 4-thiadiazol-5-y1}-5-
{methyl{7TH-pyrrolo[2,3-d]pyrimidin-4-yhamno}hexahydrocyclopentafelpyrrole-2(1 H)-
carboxamide, which 15 also known as SHRO0302 or ARQ-250. The terms SHRO302 and ARQ-

250 are used interchangeably herein. The structure of SHRO0302 15

00056} SHRO302 is a potent small molecule mhibitor of JAKT that has been shown to
have a high selectively for JAK1 over JAK2, and thus has the potential to treat inflammatory
diseases without causing the hematopoietic adverse effects, such as anemia, thrombocytopenia,
and neutropenia, associated with JAK2 inhibition. SHRO302 15 disclosed m U8, Patent No.
9,527,851, which is hereby incorporated by reference.

[00057] In certain embodiments of the present invention, the pharmaceutical composition

comprises  the aldosternone agowmst, 17-hydroxy-7u-mercapto-3-oxo-17u-pregn-4-ene-21-

pnnt
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carboxylic acid y-lactone acetate, which is also known as spironclactone. The structure of

spironolactone is:

v
- L -
P e - N
okd = - SCOCTH,
{60038} Spironolactone 15 a drug that acts at the muneralocorticond receptor level by

compeiitively inhibiimg aldosterone binding, This steroidal compound has been used for
blocking aldosterone-dependent sodiom transport in the distal tubule of the kidney in order to
reduce edema and to treat essential hypertension and primary hyperaldosteromism. QOrally
administrated spironolactone is also efficacious in the treatment of women with acne. EM
Attwa et al, Efficacy and safety of topical spironolactone 5% gel versus placebo in the treatment
of acne vulgaris, J Dermatol. Venerol 39:80-94 (2019); JW. Charny et al, Spironolactone for
the treatment of acne in women, a retrospective study of 110 patients, Int. J. Womens Dermatol
32y 111-115 (2017} Spironclactone is commercially available under the tradenames
ALDACTONE® and CAROSPIR®. Spironolactone is disclosed in U.S. Patent No. 3,013,012,
which is hereby incorporated by reference.

[000639] In the present invention, the pharmaceutical composition is adnunistered
topically. The pharmaceutical composition can include SHRO302 or spironolactone as a free base

or a pharmaceutically acceptable salt. Suitable pharmaceutically acceptable salts can be found in
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Remington’s Pharmaceutical Sciences, 177 ed., Mack Publishing Company (1983), which is
meorporated by reference herein.

(00060} In certain embodiments, the pharmaceutical composition comprises SHR0302
having a primary particle size distribution characterized by a D90 value of less than abowt 20
wm, less than about 15 pm, less than about 10 um, or more preferably less than about 5 pm. In
certain embodiments, the SHRO302 has a primary particle size characterized by a D90 value of
between about 0.01 pm, 6.1 um, or 1.0 pmoand about 5.0 um, 10.0 pr, 15.0 pm, or 20.0 pm.
[88061] The SHRO302 can further have a puimary particle size distribution characterized
by a D30 value of less than about S pm, less than about 2 um, less than about 1 um, less than
about 0.8 less, or more preferably less than about 0.7 um. In certain embodiments, the SHRO302
has a primary particle size characterized by a D50 value of between about 0.001 wro, 0.01 um, or
0.1 pmand about 0.7 um, 0.8 pum, 1.0 um, 2.0 wm, or 5.0 pm.

{80062} The SHRO302 can further have a primary particle size distribution characterized
by a D10 value of less than about T um, less than about ¢.5 um, less than about 0.4 um, or more
preferably less than about 0.25 pm. In certain embodiments, the SHRO302 has a primary particle
size characterized by a DO value of between about 0.0001 pm, 0.001 pm, or 0.01 pum and about
025 um, 0.4 um, 0.5 pm, or 1.0 pm.

[80063] In certain embodiments, the pharmaceutical composition comprises
spironolactone having a primary particle size distribution characterized by a D90 value of less
than about 6 um, less than about 5 um, less than about 2 pm, less than abowt 1 um, less than
about G.5 um, less than about 0.25 um, or more preferably less than about 0.2 pum. In certain

embodiments, the spironolactone has a primary particle size characterized by a D90 value of

pnnt
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between about 0.001 pm, 0.01 pm, or 0.1 ym and about 0.2 pm, 0.25 pm, 0.5 pm, 1 pm, 2 pm, 5
{m, or & pm.
[00064] The spironclactone can further have a primary particle size distribution

-
Ji
i

characterized by a 50 value of less than about 2.7 um, less than about 2.0 um, less than about
1.0 um, less than about 0.75 um, 0.5 pm, less than about 0.23 um, less than about 0.2 um, or
more preferably less thaun about 0.15 pm. o certain embodunents, the spuonolactone has a
primary particle size characterized by a D50 value of between about 0.001 pm, 0.01 pm, or 0.1
o and about 015 pm, 0.2 um, 0285 um, 0.5 um, 0.75 pm, 1.0 pmy, 2.0 um, or 2.7 pm.

[088063] The spironolactone can further have a primary particle size distribution
characterized by a D10 value of less than about 1.2 u, less than about 1.0 um, less than about
0.5 pm, less than about 0.25 wm, less than about 0.15 um, less than about 0.10 wro, or roore
preferably less than about 0.08 um. In certain embodiments, the spironoiactone has a primary
particle size characterized by a D10 value of between about €¢.0001 pm, 0.001 pum, or .01 pm
and about 010 pmy, G.15 pm, 025 pm, 0.5 pm, 1.0 umy, or 1.2 pm.

{80066} In certain embodiments, the pharmaceutical compositions further comprise a
stticone selected from the group consisting of dimethicone, cyclomethicone, or combinations
thereof. Dimethicone, also known as polydimethylsiloxane (PDMS), 15 a polymernc
organosilicon compound. Cyclomethicones are a group of methyl siloxanes, which unlike
dimethicone, are cyelic organosilicon compounds. In certain embodiments, the pharmaceutical
composition can comprise a combination of silicones, including dimethicone and
cyciomethicone. For example, the pharmaceutical composition can comprise dimethicone-
cyclomethicone-dimethicone/vinyl  dimethicone.  Additional methyl siloxane compatible

excipients such as cyclopentasiloxane, dimethiconol and phenyl trimethicone may be added to
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dimethicone and/or cyclomethicone, to adjust aesthetics or viscosity. The silicone, such as
dimethicone or cyclomethicone has a polarity similar to sebum, allowing for the pharmaceutical
compostions to target follicular delivery.

(66667} In certain embodiments, the pharmaceutical composition is a suspension,
wherein the active ingredient {e.g, SHRO302 or spircnolactone} is suspended in the silicone
{e.g.. dimethicone or cyclomethicone). In certain embodiments, the pharmaceutical compositions
can be formulated as an emulsion. For example, the pharmaceutical composition can be
formulated as one of the following forms:

[00068] An oil-in-water emulsion: The product may be an emulsion comprising a discrete
phase of a hydrophobic component and a continuous agueous phase that includes water and
optionally one or more polar hvdrophilic excipients as well as solvents, co-solvents, salts,
surfactants, emulsifiers, and other components. These emulsions may include water-soluble or
water-swellable polymers that help to stabilize the emulsion.

(80069 A water-in-oil emulsion: The compositions may be an emulsion that includes a
continuous phase of a hydrophobic component and an agueous phase that mcludes water and
optionally one or more polar hydrophilic carrier(s) as well as salis or other components. These
emulsions may mclude otl-soluble or oil-swellable polvmers as well as one or more emulsifier{s)
to help to stabilize the emulsion.

[80370] A microemulsion:  These are clear, thermodynamically stable isotropie hquid
systems that contain oil, water and surfactants, frequently in combination with a cosurfactant.
Microemulsions may be water continuous, oil continuous or bicontingous mixtures. The
formulations may optionally also contain water up to 60% by weight. Higher levels may be

suitable in some compositions.
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00071} A nanocemulsion: These are isotropic dispersed systems that contain water, oil,
and an emulsifier. The system may be an oily system dispersed in an aqueous system, or an
aqueous system dispersed in an oily system forming droplets or oily phases of nanometric sizes.
Manoemulsions often have higher loading capacity for lipophilic active ingredients than
microemulsions. Hydrophobic and hydrophilic active ingredients can also be formulated in
nanoemulsion. Nanoemulsions may be formed by any switable method known in the art,
mcluding high-pressure homogenization, nmicrofluidization, and phase-inversion temperature.
[89672] In certain embodiments, the pharmaceutical composition counsists essentially of
the active ingredient and a silicone selected from the group consisting of dimethicone,
cyclormethicone, or combinations thereof. Alternatively, the pharmaceutical coropositions may be
formulated with additional components, mcluding conventionally found wn cosmetic and
pharmaceutical topical products.

[080073] n certain embodiments, the pharmaceutical composition 18 an suspension,
wherein the active ingredient {eg, spironolactone} is suspended n water. In certamn
embodiments, the pharmaceutical composition comprises between about 90% and 99% wiw
water. In certain embodiments, the pharmacestical composition consists essentially of or
consists of spironclactone, diocetyl sodium sulfosuccinate, hydroxyl propyl cellulose, and water,
In certam embodiments, the pharmaceutical composition does not comprise an additional
thickening agent or a preservative. The mclusion of additional pharmaceutical excipients, such
as an additional thickening agent or a preservative, can inactivate the ability of the suspended
spironolactone to target the pilosebaceous unit.

{00874} In certain embodiments, the pharmaceutical composition may be formulated with

additional components, including conventionally found in cosmetic and pharmaceutical topical
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products. In certain embodiments, the additional components comprise no more than 3%, 2%,
1%, or 0.5% w/w of the pharmaceutical composition. In certain embodiments, the
pharmaceutical composition further comprises dioctyl sodium sulfosuccinate.  In certain
embodiments, the pharmaceutical composition further comprises hydroxyl propyl cellulose. In
certain embodiments, the pharmaceutical composttion comprises about 0.01% w/w to about 1%
wiw of dioctyl sodium sulfosuccinate and/or about 0.01% to about 1.5% w/w of hydroxyl propyl
cellulose.

[890675] In certain embodiments, the pharmaceutical composition further comprises one or
more of hydroxypropylmethyl cellulose (HPMUC), Polyvinylpyreohidone (PVP K30}, poloxaraers
such as Poloxamer 407, or polysorbates such as polysorbate 80, In certam embodiments, the
pharmaceutical composition comprises about 0.1% to about 15% HPMC  In certain
embodiments, the pharmaceutical composition comprises about 0.1% {0 about 1.5% PVP K30
In certain embodiments, the pharmaceutical composition comprises about 0.1% to about 1.5%
Poloxamer 407, In certain embodiments, the pharmaceutical compostiton comprises about 0.1%
to about 1.5% Polysorbate 80, In certain embodiments, the pharmaceutical composition
comprises a pharmaceuntically acceptable celiulose polymer such a3 methyl cellulose (MC), ethyl
cellulose (EC), hydroxyethyl celiulose (HEC), carboxymethyl cellulose {CMCY, sodium
carboxymethyl cellulose (NaUMC), or microcrystalline cellulose. In certain embodiments, the
pharmaceutical composition comprises about 0.1% to about 1.5 % of a cellulose polymer.
[80076] Surfactants

{80677 In certain embodiments, the pharmaceutical composition may include one or more
surfactants or co-surfactants. Surfactants include, but are not limited to short-chain alcohols,

alkane diols and triols, alkyl phosphate esters, polyethylene glycols and glycol ethers,
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polyethylene stearyl ethers, including those sold under the tradenames Brij 82, Brij 820, Bry
721, Bry 38, Bry 52, Bry 56, and Briy W1, pyrrolidine derivatives, bile salts, sorbitan fatty acid
esters and polvoxyethylene sorbitan fatty acid esters. In preferred embodiments, the surfactant is

dioctyl sodium sulfosuccinate,

{00078} Polymers and Thickeners
[88379] Tn certain ernbodiments, the pharmaceutical composition may include josoluble

organic polymeric thickeners such as natural and synthetic polvoers or inorganic thickeners such
as acrylates copolymer, carbomer 1382, carbomer copolyruer type B, carbomer homopolymer
type A, carbomer homopolymer type B, carbomer homopolymer type C, acrylamide/sodium
acryloyldimethyl taurate copolymer, carboxy vinyl copolymer, carboxymethyvicellulose,
carboxypolymethylene, carrageenan, guar gum, xanthan gum, hydroxyethyl cellulose,
hydroxypropy! cellulose, microcrystalime wax, and methyicellulose.

80088 Additional Components

{09081} In certam embodiments, the pharmaceutical composition may include additional
components such as carriers and excipients conventionally found in cosmetic and pharmaceutical
topical products. Additional components including but not hmited to antioxidants {e.g., BHT,
BHA, ascorbic acid, tocopherol, citric acid, propy! gallate, sodium metabisulfite), sequestering
agents, stabilizers, buffers, pH adjusting agents {preferably agents which result in an acidic pH,
nchuding but not limiuted to ghiconolatone, citric acid, lactic acid, and alpha hydroxyacids), skin
penetration enhancers, skin protectants (including but not limited to petrolatum, paraffin wax,
dimethicone, glvceryl monoisostearate, isopropyl isostearate, 1sostearyl isostearate, cetyl alcohol,

potassium cetyl phosphate, cetyl behenate and behenic acid), chelating agents, suspending agents
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{e.g, xanthan gum), dyes, pigments, diluents, fragrances, and other excipients o improve the

stability or aesthetics, may be added to the composition.

[60082] Administration and Dosage

[660683] The present nvention includes methods of treating hair loss conditions, such as
alopecia, androgenic hair loss, hypothrichosis, and telogen effluvium. The methods can include
treating a hair loss condition in a patient in need thereof by administering to the patient the
compostiions of SHRO302 or sprinolactone described herein.

[600684] In preferred embodiments, the present nvention wncludes methods of treating
alopecia areata (AA). AA 15 one of the most hughly prevalent autoimmune diseases, leading to
hair loss due to the collapse of imrune privilege of the hair follicle and subsequent autoimmune
destruction. AA 13 a skin disease that leads to hair loss on the scalp and elsewhere. Prior to the
present imvention, topical admmistration of JAK mhibitors have not shown reproducible clinical
efficacy. Without being bound by theory, the mability of JAK inhubitors {0 treat AA prior to the
claimed mvention 13 believed to be due to msufficient drug delivery to the pilosebaceous unit,
and more specifically, the hair bulb. The mventors of the present mvention have made the
surprising discovery that the pharmaceutical compositions disclosed herein are capable of
penetrating the at least about I mm, at least about 2 mm, and at least about 3 mm o the hair
follicle of an AA patient.

|00085] In certain embodiments, the present invention provides methods for treating AA
in g patient in need thereof, comprising topically applying a therapeuiically effective amount of
the SHRO0302 pharmaceutical compositions described herein to the patient. In certain
embodiments, the active ingredient, SHR0O302, can be administered n a therapeutically effective

amount. In certain embodiments, the amount of SHRO302 can range from about 0.01% w/w to
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about 7.5% w/w, or from about 0.01% w/w to about 5% w/w, or from about 0.1% w/w to about
3% w/w. Exemplary ranges are from about 0.01% w/w to about 5% w/w, or from about 0.01%
wiw to about 3% w/w, or from about 0.1% w/w to about 3% w/w, or from about 0.3% w/w to

about 3.0% w/w. For example, the topical formulation comprises any of the following w/w

~

percents of SHRO302Z: 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1.0%

1.2%, 1.3%, 1.4%, 1.5%, 1.6%, 7%, 1.8%, 1.9%, 1.0%, 2.1%, 2.2%, 2.3%, 2.4%, 2.5%, 2.6%,
2.7%, 2.8%, 2.9%, 3.0%, 3.1%, 3.2%, 3.3%, 3.4%, 3.5%, 3.6%, 3.7%, 3.8%, 3.9%, 4.0%, 4.1%,
4.2%, 4.3%, 4.4%, 4.5%, 4.6%, 4.7%, 4.8%, 4.9%, S.0%, etc.

[00086] The present mvention further provides methods of treating acne in a patient n
need thereof. Acne is a disorder of the pilosebaceous units located on the face, chest and back.
The acone can be one selected from the group consisting of acne, acne vulgaris, inflammatory
acne, non-inflammatory acne, acne fulmimans, nodular papulopustular acne, acne conglobata,
acne rosaces, rosaces, acne excoriee, aduli-onset acne, persisient-recurrent acne past teenaged
vears, and acne associated with other disorders. In certain embodiments, the patient is a human
male or female patient. In preferred embodiments, the patient 1s a human female. Further, the
patient can be: {a} experiencing acne flares that cycle with menstruation; (b) mflicted with adult
onsel acne or persistent-recurrent acne past teenage years, even in the absence of clinical or
laboratory signs of hyperandrogenism, {¢} on oral contraceptives and exhibiting moderate io
serve acne, especially with a hormonal pattern clinically; or {d} not responding to conventional
therapy and who are not candidates for oral isotretinoin therapy.

{80087} In certain embodiments, the present invention provides methods for treating acne
i a patient in need thereof, comprising topically applying a therapeutically effective amount of

the spironolactone pharmaceutical compositions described herein to the patient. In certain
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embodiments, the active ingredient, spironolactone, can be administered in a therapeutically
effective amount. In certain embodiments, the amount of spironolactone can range from about
0.01 % w/w to about 10% w/w, or from about 0.01% w/w to about 7.5% w/w, or from about
0.01% w/w to about 5% w/w, or from about 0.1% w/w to about 3% w/w. Exemplary ranges are
from about 0.1% w/w to about 10% w/w, or from about 0.1% w/w to about 7.5% w/w, or from
about 0.1% w/w to about 5% w/w, or from about 0.1% w/w to about 3% w/w, or from about
1.0% wiw to about 5% w/w, or from about 0.3% w/w to about 5.0% w/w. For example,
the topical formulation comprises any of the following w/w percents of spironolactone: 0.1%,

0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1.0%, 1.1%, 1.2%, 1.3%, 1.4%, 1.5%, 1.6%,

,
7%, 1.8%, 1.9%, 1.0%, 2.1%, 2.2%, 2.3%, 2.4%, 2.5%, 2.6%, 2.7%, 2.8%, 2.9%, 3.0%, 3.1%,

3.2%, 3.3%, 3.4%, 3.5%, 3.6%, 3.7%, 3.8%, 3.9%, 4.0%, 4.1%, 4.2%, 4.3%, 4.4%, 4.5%, 4.6%,

(5]

1941

4.7%, 4.8%, 4.9%, 5.0%, 5.1%, 5.2%, 5.3%, 5.4%, 5.5%, 5.6%, 5.7%, 5.8%, 5.9%, 6.0%, 6.1%,

3

6.2%, 6.3%, 6.4%, 6.5%, 0.6%, 6.7%, 6.8%, 6.9%, 7.0%, 7.1%, 7.2%, 7.3%, 7.4%, 7.5%, etc.

>

¢

[BO0EE] In certain embodiments, the pharmaceutical composition 13 admunstered topically
as a regimen, such as at regular intervals, For example, a topical pharmaceutical composition can
be administered once daily, twice daily, thrice daily, once per week, twice per week, three times
per week, or four times per week. The pharmaceutical compositions can be administered for a
prescribed period of time. For example, a topical pharmaceutical composition can be
administered for a period of about two weeks to at least about six months, or until an
improvement in skin condition or disease is visually observed. Exemplary periods of time for the
treatment regimen include two weeks, one month, six weeks, two months, three months, four

months, five months, six months, seven months, eight months, nine months, or one year. In

[\
L1



WO 2022/108913 PCT/US2021/059487

preferred embodiments, the topical pharmaceutical composition is administered twice or thrice

daily for a period of at least 3 months, 4 months, 5 months, or 6 months.

[00089] The following examples illustrate certain embodiments of the invention without
fimitation.

EXAMPLES
[88050] While various embodiments have been described above, 1t should be understood

that they have been presented by way of example only, and vot hnutation. Thus, the breadth and
scope of the present disclosure should not be limited by any of the above-~described exemplary
embodiments. Moreover, any combination of the above-described elements in all possible
variations thereof s encompassed by the disclosure unless otherwise indicated herein or

otherwise clearly contradicted by context.

(80091} Comparative Example 1
[86092] Comparative Example 1 was prepared as a 0.3% SHRO302 topical cream having

the composition set forth in Table 1.

Table 1. Composition of SHRO302 Cream

Ingredient SHR?SOE 0.3%
= Cream
SHRO302 0.30% wiw
Dimethyl Sulfoxide (DMSO) 30.0% wiw
Propylene Glycol 15% wiw
Polvethylene Glycol 200 15% wiw
Cyclomethicone 7.0% wiw
ST-Elastomer 10 2.0% wiw
Dimethicone 1.0% wiw
Pemulen TR 1 0.8% w/w
Carbopol 974P 1.5% wiw
EDTA 0.05% wiw
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BHT (.05% wiw
Benzyl Alcohol 2.0% w/w
DB-Limonene 0.1% w/w
Trolamine (25% solution to adjust gs adpH S5
pH}
Purified Water q.s. ad 100%
Total 100%
{68093] Example §
[89094] A pharmaceutical composition comprising 3% SHRO0302 suspended

dimethicone was prepared. The SHRO302 used in the composition had a particle size distribution
as set forth in FIG. 1. The prumary particle size distribution of the SHRO302 1s characterized by a
D310 value of less than about 0.25 pm; a D50 value of less than about 8.7 wm; and a D90 value of
iess than about 5 um. The pharmaceutical composttion was a fransparent solution due io the
particles being too small to scatter visible hight. A Malvern Metasizer Model 3000 using the
Hydro MV dispersion unit was used to determine the particle size distribution profile of
SHRO302. The sample preparation procedure performed was as follows: weigh 10-20 mg of
SCP processed AR(Q-250 into a 3¢-mL vial, add 20 mL of ethy! acetate, sonicate the suspension
with an ultrasonic probe at 40% power for 2 munutes in a 5 °C water bath, and transfer the
sample suspension to the Malvern Hydro MV dispersion untt to obiain obscuration between 3
and 15%. The instrument parameters were. {1} Refractive Index of Particles: 1.5; (1) Refractive
index of Dispersant 1.395; (11t) Absorption Index: 0.01; (iv} Measurement Duration: 10 seconds;
{v} Number of Measurements: 3; {vi} Stir Speed: 3560 rpm; {vii} Ultrasonics: Off.

{80095} Example 2

00096} The ability of Comparative Example 1 and Example 1 to penetrate into human

cadaver scalp skin was assessed. Two different human cadaver scalp skins (Donor A and B) were
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mounted on special tension cell. A dose (7.5 L) of either Comparative Example 1 or Example 1
was applied to the scalp skin specimen for 6 hours. All formulation residue was washed from the
skin. An 8 mm punch biopsy was taken from the dernus side of the skin and flash frozen in
fiquid nitrogen. Serial 10 pm cryosections were taken, wheren an hematoxylin and ecsin (H&E)
stain was prepared for every other section, and adjacent sections were retained for analysis using
Fourter Transform lon Cyclotron Resonance—High Resolution—Matrix  Assisted Laser
Desorption/fonization Mass  Spectrometry (FTICR-HR-MALDL. The FTICR-HR-MALDI
analysis was performed using a Bruker 7T FTICR-HR-MALDI MS system.

[80097] FIGS. 2 and 4 show a FTICR-HR-MALDI depth profile of an 0.3% SHRO0302
topical 30% DMSQO cream for Donor A and Donor B, respectively. As shown m FIG. 2,
Comparative Example | achieved less than 160 um of maximum dermal penetration in Donor A,
As shown i FIG. 4, Comparative Example 1 achieved less than 500 pm of maximum dermal
penetration in Donor B. The resulis are consistent with a pharmaceutical composition capable of
delivering drug across the stratum cornewm and indicate that drug 13 not penetrating below the
upper capillary plexus,

[B0098] FIGS. 3 and 5 show a FTICR-HR-MALD!I depth profile of a 3% SHRG302 topical
suspension in dimethicone for Donor A for Donor A and Donor B, respectively. As shown in
FIGK. 3 and 5, Example 1 achieved greater than 1 mm of maximum dermal penetration. The

results surprisingly show that the pharmaceutical composttion is capable of delivering drug to the

hair bulb.

{66095} Example 3

GO0100 A 50 mg/ml aqueous suspension of 5% spironolacione containing 0.5% dioctyl
| g q £ F £ 3

sodiumm sulfosuccinate and 1% hydroxyl propyl cellulose was successfully nanc-milled to
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provide stable submicron particles of suspension of drug particles after storage for two weeks at
5°C and ambient light. The spironolactone had a particle size distribution as set forth in FIG. 6. A
Horiba Laser Scattering Particle Size Distribution Analyzer Model LA-950 was used to
determine the volume based distribution profile of spironolactone. Circulation, agitation, and
ultrasound were all turned off and the nstrument was set to manual iteration mode.

0003101} A stable 0.3% spuronolactone oil-in-water emulsion was prepared having the

composition set forth in Table 2

1000102} Table 2. Composition of Spironclactone Qil-in-Water Emulsion
Spironolactone
Ingredient Gil-in~Water
Emulsion
Spironolacione 0.30% wiw
Cyclomethicone 10.0% wiw
Methylparaben 0.10% wiw
Propylbaraben 0.01% w/w
Sepineo PoG0 4.0% wiw
Puritied Water q.8. ad 100%
Total 160%
(006103 Example 4
600104 A 5.0%-5.5% spuonolactone suspension in water containing 0.05%-0.055%

dioctyl sodium sulfosuccinate and 1.0-1.1% hydroxyl propyl cellulose was nano-milied to
achieve the particle size distribution shown n FIG. 6. The composition of the firushed product
suspension is histed in Table 3 as Formulation 1. A 5% spironolacione suspension in
cyclomethicone was roller milled t¢ form a suspension having a D90 of less than about 5 pm as
shown in FIG. 7 (microphotograph taken after two weeks of storage past completion of milling).

The composition of this finished product suspension is listed in Table 3 as Formulation 2. A
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comparative gel formulation described i the literature was prepared and s listed 1n Table 3 as
Comparative Gel. (Attwa EM, Ibrahim AM, Abd El-Halim MF, Mahmoud HM, Efficacy and
safety of topical spironolactone 5% gel versus placebo in the treatment of acne vulgaris, Egypt J
Dermatol Venerol {2019); 39:89-94 )

000105} Table 3. Composition of Two Deep Dermal Drug Delivery Formulations and

a Comparative Gel from the Literature.

Ingredient Formulation 1 Formulation 2 Comparative Gel
{% wiw) {6 wiw} {Ye wiw)

Spironclactone 5.0-8.5 5.0 5.0
Fthanol - - 20.0
Glycerin -~ -~ 10.0
Propylene glveol e e 10.0
Lactic acid -~ -- 5.0
Methyl cellulose - - 3.0
Sodium benzoate -~ ~~ 0.03
Cylclomethicone -~ 95.0 -
Dic{ctyi sc?di um 0.05-0.055 B 3
sulfosuccinate
Hydroxy! propyl 1011 B B
cellulose
Water ¢.5. ad 100% - 46,97
8083106} Tn vitro skin penetration testing (IVPT) was used to determine how rapidly the

different formulations crossed excised human skin. Human cadaver skin was procured from two
donors {Caucasian female age = 48 abdomen skin dermatomed to an average thickness of 580
um and Hispanic male age = 506 abdomen skin dermatomed to an average thickness of 910 pm).
Dermatomed skin was received frozen from a US tissue bank and stored at -20 °C ontil use.
Skin was loaded onto vertical Franz cells having a 0.503 om? {8 mm in diameter) diffusion area
and a receptor chamber filled with 3.0 ml of 4% BSA m water containing 0.01% gentamicin
sulfate thermostated at 32°C. Using a positive displacement pipette, 5 microliters of each

formulation was dosed on each Franz Cell (10 mg per square centimeter of skin}). Receptor
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solutions were analyzed using a validated LC-MS/MS (Kinetex C18, 5 pum, 2.1 x 56 mm column,
Shimadzu LC20ADXR pumps and AB Sciex AP 4000 Turbo Spray detector). The cumulative
amount of spironolactone assayed in the receptor solution is the average of four replicate IVPT
measurements.

[008187] To determine the levels of spironolactone retained in the epidermis and dernus
24-hours after dosing the skin, the skin surface was cleaned of any unabsorbed and unpenetrated
spironolactone. This was accomplished by wiping the tissue surface with a Q-tip wetted with 1x
PBS three times followed by two tape strippings. The epudermois {including the stratum corneum)
was removed from the dernus and scaked in 4.0 mi of a DMSO/Acetontirile {ACN) (50/50 viv)
nuxture for overnight at room temperature using an orbit shaker. The remaining dermus layer
was cut mio small pieces and extracted with 4.0 md of the DMSO/ACN muxture for overnight at
room temperature using an orbit shaker. Extracts of the dernus and epidermus were analyzed
using a validated LC-MS/MS (Kinetex C18, 5 um, 2.1 x 50 mm column, Shimadau LC2Z0ADXR
pumps and AB Sciex AP 4000 Turbo Spray detector).

[800108] FIG. 8 ilustrates the cumulative amount of spironolactone appeaning in the
receptor solution over 24 hours after a single 5.0 pl per cell (10 mg per om? of skin tissue) for
Formulation 1, Formulation 2, and the Comparative Gel In FIG 8, each plotted value 15 the
average of four separate pieces of excised human skin FIG. 9 illustrates the amount of
spironclactone {ng} in the epidermis and dermis after 24 hours for Formulation 1, Formulation 2,
and the Comparative Gel. As seen in FIG 8 the comparative gel with 5% dissolved
spironolactone delivered more spironolactone across excised human skin than either the 5%
spironolactone water suspension or the 5% spironolactone cyclomethicone suspension. However,

significantly greater deposition of spironolactone into the epidermis (lecation of the
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infundibulum of the pilosebaceous unit) for both suspensions 1s seen in FIG. 9. High levels of
APl in the epidermis and dermis indicates that spironolactone targets the pilosebaceous unit and
has significantly greater follicular deposiiion from the aqueous suspension (D90 < 0.5um which
s Formulation 1) and cyclomethicone suspension (D90 < 3 Opm which 1s Fornwlation 2},
000109} Example 5

608118} A 5.0%-5.5% spuonolactone suspension tn water containing 0.03%-0.055%
dioctyl sodium sulfosuccinate and 1.0-1.1% hydroxyl propyl cellulose was nano-milled to
achieve the particle size distribution shown in FIG. ¢, The composition of the fimshed product
suspension is listed 1 Table 1 as Formulation 1. Ao emulsion was formed by mixing the
excipiends disclosed in Table 1 as Emulsion 1. SEPINEO™ P 600 13 a thickening, emulsifying
and stabilizing polymer Acrylamide/Sodum Acrvloyldimethyt Taurate
Copolymer/Ischexadecane & Polysorbate 80 distributed by Seppic Inc., Fairfield NI, Table 4
fists the final composition of Emulsion 1 i which the cyclomethicone o1l phase was a 5%
spironolactone suspension in cyclomethicone was rolfer mulled to form a suspension having a
D90 of less than about 5 um as shown in FIG. 7 (microphotograph taken after two weeks of
storage past completion of miiling). Table 4 also lists the final compostiion of Emulsion 2 in
which the cyclomethicone oil phase was 5% spironolactone suspension in a 94.5:0.5 wt:wt blend
of cyclomethicone and dioctyl sodium sulfosuccinate that was roller milled to form a suspension
having a D90 of less than about 5 um as shown i FIG. 10 {microphotograph taken after two
weeks of storage past completion of mulling). A comparative gel formulation described in the
literature was prepared and s listed in Table 4 as Comparative Gel. {Attwa EM, fbrahim AM,
Abd El-Halim MF, Mahmoud HM, Efficacy and safety of topical spironolactone 5% gel versus

placebo in the treatment of acne vulgaris, Egypt J Dermatol Venerol (2019); 39:89-94 )
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0001} Table 4. Composition of Deep Dermal Drug Delivery Formulations and a

Comparative Gel from the Literature,

Fugredient Formulation 1 Emulsion 1 Emulsion 2 Comparative
%% wiw) %% wiw) {%e wiw) Gel
{% w/w)

Spironclactone 5.0-55 4.8 48 5.0
Fthanol - e e 20.0
Glycerin - - - 10.0
Propylene glyeol -~ -~ -~ 10.0
Lactic acid -~ -~ . 5.0
Methyl cellulose - - e 3.0
Sodium benzoate ~~ - -~ 0.03
Cylclomethicone - 95 945 -
Dioctyl sodium 0.05-0.055 0.043 0.048 -
sulfosuceinate
Hydroxyf propy! 1.0-1.1 0.86 0.86 --
cellulose
Sepineo P600 -~ 4.0 4.0 -
Water q.s. ad 100% q.s. ad 100% ¢.s. ad 100% 46.97
10002} In vitro skin penetration testing (JVPT) was used to determine how rapidly the

different formulations crossed excised human skin. Human cadaver skin was procured from two
donors {(Caucasian female age = 48 abdomen skin dermatomed to an average thickness of 580
um and Hispanic male age = 50 abdomen skin dermatomed to an average thickness of 910 um).
Dermatomed skin was received frozen from a US tissue bank and stored at -20 °C until use.
Skin was loaded onto vertical Franz cells baving a 0.503 cr?® (8 mm in diameter} diffusion area
and a receptor chamber filled with 3.0 ml of 4% BSA in water comtaining 0.01% gentamicin
sulfate thermostated at 32°C. Using a positive displacement pipette, 5 microliters of each
formulation was dosed on each Franz Cell (10 mg per square centimeter of skin}. Receptor
solutions were analyzed using a validated LC-MS/MS (Kinetex C18, 5 um, 2.1 x 50 mm column,

Shimadzu LC20ADXR pumps and AB Sciex APT 4000 Turbo Spray detector). The cumulative

a3
a3
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amount of spironolactone assayed in the receptor solution is the average of four replicate IVPT
measurements.

0003} To determine the levels of spironolactone retained in the epidernus and dernus
24-hours after dosing the skin, the skin surface was cleaned of any unabsorbed and unpenetrated
spironolactone. This was accomplished by wiping the tissue surface with a Q-tip wetted with 1x
PBS three times followed by two tape strippings. The epuderrois {including the stratum corneum)
was removed from the dernus and soaked in 4.0 mi of a DMSO/Acetontirile {ACN) (50/50 v/v)
nuxture for overnight at room temperature using an orbit shaker. The remaining dermus layer
was cut mio small pieces and extracted with 4.0 md of the DMSO/ACN muxture for overnight at
room temperature using an orbit shaker. Extracts of the dernus and epidernus were analyzed
using a vahidated LC-MS/MS {(Kinetex C18, 5 um, 2.1 x 50 mm column, Shimadzu LC20ADXR
pumps and AB Sciex AP 4000 Turbo Spray detector).

{60011} FIG. 11 illustrates the cumulative amount of spironoclactone appearing in the
receptor solution over 24 hours after a single 5.0 ul per cell (10 mg per em? of skin tissue) for
Formulation 1, Emulsion 1, Emulsion 2, and the Comparative Gel. In FIG. 11, each plotted value
is the average of four separate pieces of excised human skin. FIG. 12 dlustrates the amount of
spironolactone {ng} in the epidernus and dermis after 24 hours for Formulation 1, Emulsion 1,
Emuision 2, and the Comparative Gel. As seen in FIG. 12 the comparative gel with 5% dissolved
spironolactone delivered more spironolactone across excised huoman skin than the 5%
spironolactone water suspension or either of the two emulsion formulations. However,
significantly greater deposition of spironolactone into the epidermis {location of the
mfundibulum of the pilosebacecus unit) for the agueous suspension 1s seen in FIG. 12 compared

to the comparative gel having dissolved spironolactone or the silicone oil emulsions having
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submicron particies of suspended spironolactone. High levels of AP in the epidermis and dermus
indicates that spuronolactone targets the pilosebaceous unit and has significantly greater follicular
deposition from the aqueous suspension {90 < 0.5 um which is Formulation 1).

000112} Example 6

[000113] A 5.0%-35% spironolactone suspension in water containing 0.03%-0.055%
dioctyl sodium sulfosuccinate and 1.0-1.1% hydroxyl propyl cellulose was nano-milled to
achieve the partticle size distribution shown in FIG 6. To this aqueous suspension different
preservatives, thickening agents and ethanol were added to this aqueous suspension as shown mn
Table 5. Seven different formulations (81-87) were prepared as set forth in Table 5.

1000114} Table 5. Compesition of the Comparative Spironelactone (S} Agueocus

Suspension Formulations.

Formulation S-1 5-2 5-3 §-4 s8-8 8-6 5-7
Components | (% wiw) | (% wiw) | (% wiw) | (% wiw) | (% wiw) | (Y wiw) | (% wiw)

Spironolactone 4.938 4.94 494 490 489 5.00 493

Methyiparaben 0.10 0.10 0.10 - 0.10 - 0.10

Propyliparaben 0.01 (.01 0.01 - .01 - (.01

Phenoxyethanol - - - 1.00 - - -

Benzyl Alcohol - - - - ~ 1.00 -

Fthanol - - - - - 10.00 -

Polysorbate 80 - - - - 1.00 - -

Poloxamer 407

Carbopol 974 0.30 - - - - - .

Hydroxypropyl - 1.00 - 1.00 1.00 1.00 1.00
cellulose

Hyaluronic - - 1.00 - - - -
Acid

Water g.s. ad q.s. ad g.s. ad q.8. ad g.s. ad q.s. ad g.s. ad
containing 100% 100% 100% 100% 160% 100% 100%
0.05-0.055%
dioctyl sodium
sulfosuccinate
and 1.0-1.1%
hydroxyl
propyl cellulose

(O8]
i
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[000115) In vitro skin penetration testing (IVPT) was used to determine how rapidly the
different formulations crossed excised human skin. Human cadaver skin was procured from two
donors {Caucasian female age = 44 abdomen skin dermatomed to an average thickness of 710
wm and Caucasian female age = 48 abdomen skin dermatomed to an average thickness of 578
pmn). Dermatomed skin was recerved frozen from a US tissue bank and stored at -20 °C until
use. Skin was loaded onto vertical Franz cells having a 0.503 cm® (8 mm in diameter) diffusion
area and a receptor chamber filled with 3.0 ml of 4% BSA in water containing 0.01% gentamicin
sulfate thermostated at 32°C. Using a positive displacement pipette, 5 microliters of each
formulation was dosed on each Franz Cell (10 mg per square centimeter of skin). Receptor
solutions were analyzed using a valdated LC-MS/MS (Kinetex C18, 5 pm, 2.1 x 56 mum column,
Shumadeu LE20ADXR pumps and AB Sciex AP 4000 Turbo Spray detector). The cunudative
amount of spironolactone assayed in the receptor solution 1§ the average of four replicate IVPT
measurements.

1000116} To determine the levels of spronolactone retained in the epidermis and dermus
24-hours after dosing the skin, the skin surface was cleaned of any unabsorbed and unpenstrated
spironolactone. This was accomplished by wiping the tissue surface with a G-tip wetted with Ix
PBS three times followed by two tape strippings. The epidermis {including the siratum corneum)
was removed from the dermis and soaked in 4.0 ml of a DMSO/Acetonitrite (AUN) (50/50 v/v)
mixture for overnight at room temperature using an orbit shaker. The remaining dermus layer
was cut into small pieces and extracted with 4.0 ml of the DMSO/ACN mixture for overnight at
room temperature using an orbit shaker. Exiracts of the dermis and epidernms were analyzed
using a validated LC-MS/MS (Kinetex C18, 5 um, 2.1 x 30 mm column, Shimadzu LC20ADXR

pumps and AB Sciex AP 4000 Turbo Spray detector).
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[0006117] FIG. 13 illustrates the average amount of spironolactone appearing in the receptor
solution over 24 hours after a single 5.0 ui per cell {10 mg per em” of skin tissue) for $1-S7 and
Formulation 1 (as described in Example 4). In FIG 13, each plotied value is the average of four
separate pieces of excised human skin. FIG 14 dlustrates the amount of spironolactone {ng) in
the epidermis and dermis after 24 hours for S1-87 and Formulation 1 {as described in Example
4). FIG. 14 shows that there was sigoificantly greater deposition of spironolactone 1o the
epidernuis and dermus after topical dosing with an agueous suspension {Formulation 1) compared
with the seven other formulations (S1-87) having the same particle size distribution set forth n
FIG. 6. The data mdicates that even mmor modifications of adding a preservative or gelling
agent inactivates the ability of suspended spironolactone to target the pilosebaceous unit.

[0006118] The foregoing description has been presented for purposes of illustration and
description. This description 15 not intended to hmit the invention to the precise form disclosed.
Persons of ordinary skill i the art wall appreciate that modifications and substitutions of the

basic mventive description may be made.

(O8]
<3
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CELAIMS

What 15 clatmed 1s:

L. A pharmaceutical composition comprising;

a therapeutically effective amount of spironolactone or a pharmaceutically acceptable salt
thereof, wherein a primary particle size distribution of the spironolactone is characterized by a
D90 value of less than about 6 um; and

a silicone selected from the group consisting of dimethicone and cyclomethicone.

2. The pharmaceutical coraposition of claim 1, wherein the composition 15 an otl-im-

water emulsion.

3. The pharmaceutical composition of claim 1, wherein the composition comprises

about 0.10% w/w to about 7.5% w/w of spironolacione or a salt thereof.

4. The pharmaceutical composition of claim 1, wherein a primary particle size

digtribution of the spironolactone is characterized by a D90 value of less than about 1 pm.

S. The pharmaceuiical composition of claim 1, wherein a prumary particle size

distribution of the spironolactone i1s characterized by a D90 value of less than about 0.25 ym.

G, The pharmaceutical composition of claim 1, wherein a primary particle size

distribution of the spironolacione is characterized by a DS0 value of less than about 2.7 pm.

¢
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7. The pharmaceutical composition of claim 1, wherein a primary particle size

distribution of the spironclactone is characterized by a D10 value of less than about 1.2 pm.

8. A method of treating acne in a subject in need thereof comprising;

topically administering to the subject a pharmaceutical composition comprising: {a) a
therapeutically effective arnount of spironolactone or a pharmaceutically acceptable salt thereof,
wherein a primary particle size distribution of the spurronolactone 15 characterized by a D90 value
of less than about 6 um; and (b} a silicone selected from the group cousisting of dimethicone and

cyclomethicone,

9. The method of claim 8, wherein the spuonolactone s delivered to the

pilosebaceous unit,

10 The method of clamm 8, wherein the spironolactone achieves dermal penetration

of at feast 1 mm m the subject.

11 The method of claim &, wherein the pharmaceutical composition is an oil-in-water
emulsion.
12. The method of claim B8, wherein the composition comprises about 0.16% w/w to

about 7.5% w/w of spironolactone or a salt thereof,

13. The method of claim & wherein a primary particle size distribution of the

spironolactone is characterized by 3 D90 value of less than about 1 um.

39



WO 2022/108913 PCT/US2021/059487

14 The method of claim 8, wherein a primary particle size distribution of the

spironolactone is characterized by a D90 value of less than about 0.25 um.

15 The method of claim 8, wherein a primary particle size distribution of the

spironolactone is characterized by a D30 value of less than about 2.7 um.

16. The method of claim 8, wherein a primary particle size distribution of the

spironolactone is characterized by a D10 value of less than about 1.2 ym.
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