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STABILIZED EFINACONAZOLE FORMULATIONS

CROSS REFERENCES TO RELATED APPLICATIONS
[0001] The present application claims priority to U.S. Provisional Patent Application No.
61/886,569, filed on October 3, 2013, and U.S. Provisional Patent Application No.
61/922,867, filed on January 1, 2014, which applications are incorporated herein by reference

in their entirety.

BACKGROUND OF THE INVENTION
[0002] Triazole anti-fungal compounds, such as ketoconazole, itraconazole, and
fluconazole are known and have been the subject of scientific study, pharmaceutical
development, and medical use. Although compounds in this class often exhibit antifungal
activity, they differ in terms of efficacy and usefulness in different types of pharmaceutical
formulations and treatments. Efinaconazole (CAS registry number 164650-44-6) is a triazole
that has demonstrated activity in the treatment of onychomycosis. Formulations useful for
the topical delivery of efinaconazole in the treatment of onychomycosis and other triazole
antifungal drugs have been described in, e.g., U.S. Patent No. 8,486,978. Some formulations
containing triazole active ingredients exhibit varying degrees of instability during storage.
Certain formulations are known to discolor within storage periods as short as one or two
days, resulting in composition colors ranging from yellow to deep red or brown. Such
discoloration can discourage the prescribed use of the.compositions by patients who are
reluctant to self-administer the discolored compositions. Stabilized formulations of triazoles

such as efinaconazole are therefore needed. The present invention addresses this need.

SUMMARY
[0003] The present disclosure provides a liquid or semisolid compesition containing about
0.5% to about 15% efinaconazole by weight, butylated hydroxytoluene (BHT), and a salt of
ethylenediaminetetraacetic acid (EDTA). The amounts of BHT and the salt of EDTA are
sufficient to ensure the composition is: (i) colorless upon initial formulation, and (ii) colorless
or pale yellow after storage for at least three weeks at a temperature of at Jeast about 40 °C.
In some embodiments, the composition is colorless or pale yellow after storage for one month

at a temperature of about 65 °C.
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[0003a] In a first aspect of the present disclosure, there is provided a composition comprising
about 8% to about 12% efinaconazole by weight, water, C12-15 alkyl lactate, diisopropyl
adipate, cyclomethicone, ethanol, butylated hydroxytoluene (BHT), a salt of

ethylenediaminetetraacetic acid (EDTA), and citric acid,

wherein the amount of BHT is in the range of about 0.01% (w/w) to about 2%
(wiw),

wherein the amount of the salt of EDTA is in the range of about 0.0001% (w/w) to
about 1.5% (w/w),

wherein the amount of citric acid is in the range of about 0.05% (w/w) to about

0.25% (wiw),
wherein the composition is formulated as a solution, and

wherein the amounts of BHT and the salt of EDTA are sufficient to ensure the
composition is (i) colorless upon initial formulation and (ii) colorless or pale yellow after

storage for three weeks at a temperature of about 40° C.
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[0004] Insome embodiments, the amount of efinaconazole is in the range of about 8% (w/w)
to about 12% (w/w). In some embodiments, the amount of efinaconazole is about 10% (w/w). In-
some embodiments, the amount of efinaconazole is in'the range of about 0.5% (w/w) to about 5%

(w/w). In some-embodiments, the amount of efinaconazole is about 2% (w/w).

[0005] Tn some embodiments, the amount of BHT is in the range of about 0.01% (w/w) to
about 2% (w/w).

[0006] In some embodiments, the amount of EDTA or EDTA salt is in the range of about
0.0001% (w/w) to about 1.5% (w/w). In some embodiments, the amount of EDTA or EDTA salt
is in the range of about 0.0001% (w/w) to about 0.0005% (w/w). In some embodiments, the
composition is formulated as a solution. In some embodiments, the amount of EDTA or EDTA

salt is about 0.00025% (w/w) and the amount of BHT is about 0.1% (w/w).

[0007] Insome embodiments, the amount of EDTA or EDTA salt is in the range of about
0.01% (w/w) to about 1% (w/w). In some embodiments, the composition is formulated as a gel.
In some embodiments, the amount of EDTA or EDTA salt is about 0.1 % (w/w) and the amount
of BHT is about 0.1% (w/w).

[0008] In some embodiments, the composition further comprises from about 0.01% citric acid
(w/w) to about 1% citric acid (w/w). In some embodiments, the composition comprises from
about 0.05% citric acid (w/w) to about 0.25% citric acid (w/w). In some embodiments, the

composition comprises from about 0.075% citric acid (w/w) to about 0.15% citric acid (w/w).

[0009] Insome embodiments, the color of the composition is determined by visual inspection.

In some embodiments, the color is determined by assessing UV-vis absorbance values.

[0010] TIn some embodiments, after storage for at least one month at 65 °C the composition
exhibits UV-vis absorbance values of 0.4 absorbance units (AU) or less at 400 nm; 0.1 AU or less
at 500 nm; and/or 0.1 AU or less at 600 nm. In some embodiments, after storage for at least one
month at 65 °C the composition exhibits UV-vis absorbance values of: 0.4 AU or less at 400 nm;

0.1 AU or less at 500 nm; and 0.1 AU or less at 600 nm.

[0011] Insome embodiments, after storage for at least one month at 65 °C the composition

exhibits UV-vis absorbance values of 0.2 AU or less at 400 nm; 0.03- AU or less at 500 nm;



and/or (iii) 0.03 AU or less at 600 nm. In some embodiments, after storage for at least one
month at 65 °C the composition exhibits UV-vis absorbance values of: 0.2 AU or less at 400
nm; 0.03 AU or less at 500 nm; and 0.03 AU or less at 600 nm.

[0012] In some embodiments, after storage for at least one month at 65 °C the composition
exhibits UV-vis absorbance of 0.1 AU or less at 400 nm; 0.01 AU or less at 500 nm; and/or
(iiiy 0.01 AU or less at 600 nm. In some embodiments, after storage for at least one month at
65 °C the composition exhibits UV-vis absorbance values of: 0.1 AU or less at 400 nm; 0.01
AU or less at 500 nm; and (iii) 0.01 AU or less at 600 nm.

{0013] In some embodiments, the composition is a pharmaceutically acceptable

formulation that is effectively absorbed in the treatment of the nail.

[0014] The present disclosure also provides methods of treating or preventing a fungal
infection. The methods include administering a therapeutically effective amount of a

formulation of the present disclosure to a patient in need of such treatment.

[0014a] In a second aspect of the present disclosure, there is provided a composition

disclosed herein for use in treating a fungal infection.

{0014b] In a third aspect of the present disclosure, there is provided a use of a composition

disclosed herein in the manufacture of a medicament for (reating a fungal infection.

BRIEF DESCRIPTION OF THE DRAWINGS
10015] Figure 1 shows efinaconazole solutions exhibiting varying levels of discoloration

due to instability during storage.

[0616] Figure 2 shows UV-vis absorbance values for efinaconazole solutions exhibiting

varying levels of discoloration, measured at (A) 400 nm, (B) 500 nm, and (C) 600 nm.
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DETAILED DESCRIPTION OF THE INVENTION

I Definitions

[0017]  As used herein, the term “pharmaceutical composition” refers to a mixture
containing a pharmaceutically active ingredient, such as efinaconazole, and one or more
pharmaceutically acceptable excipients (antioxidants, preservatives, carriers, efc.).
Compositions for topical administration are formulated as solutions, sprays, ointments,
lotions, gels, shampoos, and the like. “Pharmaceutically acceptable™ compositions are those
in which substituent components such as carriers, diluents, and excipients are compatible
with each other and with the active ingredient. Pharmaceutically acceptable compositions are

frequently made with pharmaceutical-grade active agents and excipients. It will be

3a
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understood that pharmaceutically acceptable compositions are not deleterious to the recipient
thereof.

2
5]

[B818]  Asused herein, the term “efinaconazole” refers to (28,38)-2-(2,4-difluorophenyl)-

3-(4-methylenepiperidine-1-yb-1-(1 H-1,2 4-triazole- I -vDbutane-2-ol, also known as KP-103,

and pharmaceutically acceptable salts thereof.

(8619} As used herein, the term “absorbance™ refers {0 the amount of visible or ultraviolet
fight that is absorbed by a compound or a mixture of compounds. Absorbance can be

deterroined using a UV-visible spectrophotometer according to known technigues.

18626]  As used berein, the term “storage” refers to the holding of 3 coraposition under
controlied or uncontrolled conditions for a period ranging from a few minutes o several
months or longer. Storage conditions that can be controlled nchude, for example,
teraperature, humidity, and the level of light, In many cases storage of a pharmaceutical
forommulation is under industry acceptable standards and/or standards that are mandated by

regulatory agencies, such as US FDA,

(66211  As used herein, the term “treating” refers to an indicia of success in the treatment or
amelioration of a pathology, condition, or symptom, including any objective or subjective
paramcter such as abaterment; remission; diminishing of symptoms or making the symptomn,
pathology or condition more tolerable to the patient; and decreasing the frequency or duration
of the symptoro or condition. The treatment or amelioration of symptoms can be based on
any objective or subjective parameter, including, e g., the result of a physical examination.
“Prevention” of a disease or condition or “prophylaxis” means reducing the probability of
onset of a condition or disease, delaving the time to onset of a disease or condition, reducing
the duration of a subsequently arising indication, and/or reducing the severity of a
subsequently arising condition by adnmunistration of a composition to a subject that currently
does not have a disease or suffer from a conditicn. Prevention can include, but is not limited
to, complete avoidance of the future occurrence {or recurrence) of a condition or disease. The

imvention provides both methods of treating and preventing fungal conditions in humans,

16622}  As used herein, the term “fungal infection”™ refers to the unwanted growth of a
fungus on the skin or nails of a person or animal. Fungal infections are typically caused by
fungi including Candida albicans, Cryptococcus neoformans, Aspergillus fumigatus,

¥ Y

Trichophvton mentagrophytes, and the like. Compositions of the invention can be useful 1o

R, %
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the treatment of, e.g., onychomycosis and various tinea types of fungal infections, including

tinea capitis and tinea pedis.

(83231  The terms “about” and “around,” as used herein to modify a numerical vahie,
mndicate a close range surrounding that explictt value, WX were the value, “ahout X7 or
“around X would indicate a value from 0.9X to 1.1X, and more preferably, a value from
0.95X to 1.05X. Any reference to “about X or “around X7 specifically indicates at least the
values X, 0.95X, 0.96X, 0.97X, 0.98X, 0.99X, 1.01X, 1.02X, 1.03X, L.04X, and 1.05X,
Thus, “about X” and “around X" are intended to teach and provide written description

support for a claim Himitation of, e.g., “0.98X.”

il. Anti-Fangal Compositions

188241 In a first aspect, the invention provides a composition containing from about 0.5%
to about 15% cfinaconazole by weight, butylated hvdroxytoluene (BHT), and a salt of
cthylenediaminetetraacetic acid (EDTA). The composition, if frec of colorants (as will
usually be the case), is colorless at initial formulation and, after a period of storage of at least
three weeks, will be colorless or have a pale yellow color. A composition in the context of
the invention s typically a hquid (e.z., a solution) or a semi-solid composition (e.g., a gel,

ointment, fotion, cream, or other form).

[B8625] The determination of the color of a composition can be made by any suttable
method or combination of methods. 1t will be understood that the composition can be
colorless or a have a color such as pale yellow, yellow, orange, amber, or brown. Frequently,
compositions of the invention arc initially formulated such that they are both colorless, in
terms of color, and also transparent or clear, in terms of visible material in the composition.
Preferred compositions will remain colorless and clear after storage for a period of time at
relatively high temperatures {e.g., temperatures of at least about 40 °C, at least about 45 °C,
at least about 55 °C, or higher, such as about 65 °C). In one aspect, color determination can
be made by visual inspection. Visual inspection may include independent validation by a
number of pharmaceutical formulation scientists or other individeals (e.g., 2, 3, 4, 5, 10, 20,
30, 50, or even more individuals). Huroan visual fuspection may be made by comparison
against standard {reference) color sanples that aid in the determination of color. In another
aspect, inspection of the color can be made by use of a device that measures color by any
suitable means, such as a colorimeter or by computer-based color assessment methods. Ina

particular aspect, the determination of color is made by UV/visual spectrum absorbance

&
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measurements, particularly where the UV-vis absorbance measarements have been
standardized against compositions that have been determined to be good representatives of
clear, pale vellow {or another pale color), and unacceptable colors (such as dark orange). In
a more particular aspect, the invention provides such compositions where after storage for at
feast one month at 65 °C the composition exhibits one or more UV-vis absorbance values
selected from the group consisting of: (.4 absorbance units (AU) or less at 400 nny; 0.1 AU or

less at 500 nm; and 0.1 AU or less at 600 nm.

Components

18626}  In preforred embodiments, the compositions contain from about 0.5% (w/w) to
about 15% (w/w} efinaconazole [ie., (28 3R-2-(2 4-diffuorophenyl}-3-
methylenepiperidine- -y} 1-{14-1,2 4-nazole- I-ylbutane-2-0l, also known as KP-103].
186271 In some embodiments, the compostiions of the invention contain from about 1% to
about 12.5% efinaconazole by weight. The amount of efinaconazole can be any amount that
is suitable for the purpose of the composition. Typically, the amount of efinaconazole is an
amount that is capable of producing a therapeutic or prophylactic antifungal effect in a human
patient. The amount of efinaconazole can vary with the nature of the composition, such as
whether the composition is primarily comprised of polar coraponents, nou-polar componeuts,
or a mix thereof and/or the degree to which the efinaconazole AP is soluble in the
composition. The compositions can contain, for example, from about 1% to about 5%
efinaconazole, such as where the composition primarily contains polar components and/or
where the efinaconazole is refatively highly soluble in the composition. The composition can
contain from about 5% to about 10% efinaconazole where the composition contains
significantly more non-polar components and/or where the efinaconazole is relatively less
soluble in the coraposition. In some embodiments, the invention provides compositions that
contain from about 7.5% to about 10.0% efinaconazole, from about 10% to about 15%, from
about 2% to about 8% efinaconazole, or from about 4% to about 6% cfinaconazole. Cther
ranges of efinaconazole between about 8.5% and about 15% can be suitable, depending on
the ideuntitics and gquantities of the other components in the compositions. o some
embodiments, the compositions contain about 0.5%, 0.75%, 0.8%, 0.9%, 1%, 1.25%, 1.5%,
1.75%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 5.5%, 6%, 6.5%, 7%, 7.5%, 8%, 8.5%, 9%,
9,59, 10%, 10.5%, 11%, 11.5%, 12%, 12.5%, 13%, 13.5%, 14%, 14.5%, or about 15%

efinaconazole by weight.
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[B628] The classification of components of 3 composition as either polar or non-polar can
be determined by formulation scientists. In general, polar solvents will be miscible with
water and miscible with non-polar solvents. Examples of polar components that are regularly
found in pharmaceutical and other formulations include ethanol, propylene glycol, glycerin,
triacetin, water, and isopropyl alcohol. Examples of non-polar components inchude
capric/caprylic triglycenides, myristyl lactate, ditsopropyl adipate, sopropyl mvristate, and

cyclomethicone.

186291 Compositions of the invention contain butylated hydroxytoluene (BHT) in an
amount that, in combination with the amount of EDTA 1in the composition, is capable of
maintaining color stability of the efinaconazole composition such that after a period of three
weeks, one month, or longer, even at relatively high temperatures (e.g., about 40 °C, about 50
°C, about 60 °C, about 65 °C, or higher) the composition maintains a colorless or pale yellow
color, as determined by visual inspection, UV-visual spectrum data, or other suitable color
measurement methods. The amount of BHT can vary with the amount of EDTA present, the
amount of efinaconazole, and the nature of the composition and the other coraponents of the
composition. The compositions can contain, for example, from about (.01% to about 2%
BHT, from about 0.01% to about 1% BHT, from about 1% io about 2% BHT, from about
0.5% to about 1.5% BHT, or from about $.75% to about 1.25% BHT. In some embodiments,
the compositions contain about 0.01%, 0.05%, 0.10%, 0.15%, 0.20%, 0.25%, 0.30%, 0.35%,
(0.40%, 0.45%, 80.50%, 8.55%, 0.60%, 0.65%, 0.70%, (.75%, 0.80%, 0.85%, 0.90%, 0.95%,
1.00%, 1.05%, 1.10%, 1.15%, 1.20%, 1.25%, 1.30%, 1.35%, 1.40%, 1.45%, 1.50%, 1.55%,
1.660%, 1.65%, 1.70%, 1.75%, 1.80%, 1.85%, 1.90%, 1.95%, or about 2.00% BHT by weight.

|

(8630}  Preforred compositions contain a salt of cthylenediaminetetraacetic acid (EDTA).
The salt of ethylenediaminetetraacetic acid can be any suitable salt. In general, the salt will
be one that is acceptable for pharmaceutical formulations and compatible with efinaconazole.
Frequently used salts are the disodium and tetrasodiom salts of ethylenediaminetetraacetic
acid. The amount of EDTA, or a salt thereof, can be any amount that in combination with the
amount of BHT provides a colorless composition on initial formulation and maintains a
colorless to pale yellow formulation at relatively high temperatures {2.2., at least about 40, at
least about 5O, or at least about 60 °C) for periods of at feast about 3 weeks {e.g., at least
about 4 weeks, at least about 6 weeks, at least about & weeks, at least about 18 weeks, at least
about 12 weeks, at least about 4 mounths, at least about 6 months, or longer). Typically

compositions according to the jnvention will contain frora about 0.0001% to about 1%
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EDTA, or 3 salt thereof. The amount of EDTA or EDTA salt used will vary depending on
factors inchuding the amount of efinaconazole, the amount of BHT, and the natare of the
formulation. For example, in a gel formoulation the amount of EDTA or EDTA salt used will
typically be higher than the amount used in a solution. Also, the amount of EDTA or EDTA
salt that is used in a non-aqueous fornmilation or low water content formulation can be lower
than the amount of EDTA or EDTA salt that 1s used in a formulation with higher water
content. Thus, in sorme embodiments, the amount of EDTA or EDTA salt in a composition of
the invention is between about 8.1% and about 1% by weight {e.g., about §.2%6-1%, about
{(0.25-0.75%, about (.3-0.8%, or about 0.4-0.7%, such as 0.15%, 0.35%, 0.45%, (.5%, .6%,
(.7%, or 0.99%). Such amounts are useful in, e.g., gel compositions. In soroe embodiments,
the amount of EDTA or EDTA salt is between about 0.004% and about 0.2%, such as about

0.175%, about 1.15%, about $.125%, or about .1%

186311 The mventors also have surprisingly found that in certain formulations the amount
of EDTA or EDTA salt can be in the range of only about 0.00019% to about 4.0005%, such as
from about §.0001% to about 0.00025%, from about $.00025% to about $.00050%, or from
about 0.0002% to about 0.0004% EDTA or EDTA salt. In particular embodiments, the
compositions contain about 0.00010%, 0.00012%, 0.00014%, 0.00016%, 0.00012%,
0.00020%, 0.00022%, 0.00024%, 0.00026%, 0.00028%, 0.00030%, 0.00032%, 0.00034%,
0.00036%, 0.00038%, 0.00040%, 0.00042%, 0.00044%, 0.00046%, 0.00048%, or about
0.00050% EDTA or EDTA salt by weight. In particular embodiments, the amount of EDTA
or EDTA salt included in the composition is n the range of about 0.0001% (w/w) to about
(0.0005% (w/w) (e.g., 0.0002% or 0.0004%) and the amount of BHT is in the range of about
(3.031% (w/w) to about 2% (wiw) {e.g., $.02%, 0.04%, 0.05%, 0.07%, 0.08%, 1.0%, 1.2%,

1.4%, 1.5%, 1.7%, or 1.9%).

18032}  In some exemplary eroboduruents, the nvention provides compositions whercin the
amount of EDTA or EIYTA salt is in the range of about 0.0001% (w/w) 10 about 0.0005%

{w/w) and the amount of BHT is in the range of about (.01% (w/w) to about 2% (w/w).

(8633} In some exemplary embodiments, the invention provides compositions wherein the
amount of EDTA or EDTA salt is in the range of about 8.0001% (w/w) to about 8.0003%
{w/w) the amnount of BHT is in the range of about 8.05% (w/w) to about 0.15%. In some
exemplary embodiments, the invention provides compositions wherein the amount of EDTA

or EDTA salt is in the range of about 0.1% to about 1.0% by weight (e.g., about 8.15% w/iw
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to about 0.75% w/w}, the amount of BHT is in the range of about §.01% (w/w)} to aboui 2%
{w/w){e.g., about 8.02% or 0.025% to about 1.0% or 1.5% w/w), and the amount of
ctinaconazole is the range of about 0.5% (w/w} to ahout 5% (w/w) {e.g., about 1%, about 2%,

or about 3%).

(8634} In some exemplary embodiments, the invention provides compositions wherein the
amount of EDTA or EDTA salt is about 8.00025% (w/w) and the amount of BHT is about

0.19% (wiw).

18635] The compositions of the invention can contain a polar solvent, a non-polar solvent,
or a mixture of the two. In some embodiments, the composition includes a polar solvent
system containing propylene glyeol, glycerin, and ethanol. In some embodiments, the
composition includes a non-polar solvent systera containing Cirqs alkyl lactate, diisopropy!

adipate, cyclomethicone, and cthanol.

(8636} Compositions of the invention can contain, and often will contain, citric acid.
Particularly where the composition inchudes the polar solvent system, citric acid 1s also
present because the inventors have further surprisingly tound that the presence of curie acid
also aids in maintaining color stability in such compositions as compared to compositions
containing the non-polar solvent system wherein citric acid may not be required to maintain
color stability {and as compared to compositions that include a polar solvent system and do
not include citric acid). Even in compositions that include a non-polar solvent system, the
inventors have found that the presence of citric acid as g stabilizer, chelating agent (chelator),
anti-oxidant, and/or pH adjusting agent, or otherwise does not significantly detract from color

stability in compositions containing the non-polar solvent systern.

16637}  The amount of citric acid can be any amount that when combined with the EDTA
and BHT cither results in acceptable color stability, while usually also providing a detectable
anti-oxidant effect, or that preferably enhances the color stability of the composition over the
color stabilizing effects of BHT and EDTA alone. Compositions according to such aspects of
the invention can contain, for example, from about 0.01% citric acid to about 19 citric acid
by weight. The compaositions can contain from about 0.02% to about (1.5% citric acid, from
about 0.05% to about 1.5% citric acid, from about 0.08% to about $.8% citric acid, or from
about §.085% to about 0.5%, 0.4%, 0.3%, or 0.1% ciiric acid. [n some embodiments, the
compositions contain about 0.05%, 0.06%, 0.07%, 0.08%, 0.09%, 0.10%, (.12%, (.15%,
(3.17%, 0.20%, 8.25%, 0.30%, 0.35%, 0.40%, $.45%, 0.50%, (.55%, 0.60%, 0.65%, 0.70%,
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{3.75%, 0.80%, 8.85%, 0.90%, 0.95%, or about 1.00% citric acid by weight. As for BHT and
EDTA, ordinarily skilled formulation scientists will be capable of determining appropriate
amounts of citric acid to include 1u any particular efinaconazole coraposition given the

guidance provided here with respect to color stability.

(8638} In some embodiments, the composition contains: from about ¢.5% (o about 15%
efinaconazole by weight, such as from about 0.75% to about 12% efinaconazole by weight
{e.g., about 1-5% or about 5-10% cfinaconazole by weight), from about 0.01% to about 2%
BHT by weight (e.g., about .2% to about 1.5% BHT by weight), and from about 0.0001% to
about 1.5% EDTA or EDTA salt by weight (e. 2., about .6001% to about 8.0005% EDTA or
EDTA salt by weight or about §.1% to about 1.25% EDTA or EDTA salt by weight), and

about 0.1% to about 1% citric acid by weight.

18639} In some exemplary embodiments, the composition contains: from about 0.5% to
about 15% efinaconazole by weight, from about §.01% to about 2% BHT by weight, from
about $.0001% to about §.0005% EDTA or EDTA salt by weight, and from about 8.1% to

about 1% citric acid by weight.

18646]  In some exemplary embodiments, the composition contains from about 0.5% to
about 15% efinaconazoie by weight, about 0.1% BHT by weight, and about 0.00025% EDTA
or EDTA salt by weight. Tn some embodiments, the composition further contains about §.1%

citric acid by weight.

{6641}  In some exemplary embodiments, the composition contains from about 0.5% to
about 15% efinaconazole by weight, about 8.1% BHT by weight, about $.00025% EDTA or
EDTA salt by weight, and about 0.1% citric acid by weight.

166421  In some ombodiments, the composition containg about 10% efinaconazole by
weight. To some embodiments, the coraposition contains about 5% efinaconazole by weight.

in some embodiments, the composition contains about 2% efinaconazole by weight,

188431  Compositions can include additional components that are compatible with the
efinaconazole, BHT, EDTA, and, if present, citric acid components of the composition, and
that preferably do not materially affect the basic and novel properties of the mventive
compositions, such as the color stability of the composition. Often compositions will include
co-solvents, which can be non-polar or polar and/or volatile or non-volatile. Further

components are described in detail below,

10
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Composition Color

[8844] The compositions of the invention typically exhibit color stability over extended
storage periods. The compositions can be stable for periods lasting from about two weeks to
several months or even years (e.g., about one year, about two years, or even about three
years, of longer, at room temperature storage). The compositions can be shelf-stable, for
example, for at least a month, or at least 3 months, or at least 6 months, or at least 9 months,
or at least a year at tomperatures that are higher than room temperature (RT), such as at least
about 35 °C, at least about 45 °C, at least about 50 °C, at least about 55 °C, at least about 60
“C, or higher. The compositions can be stored at around room temperature (Z.e., 25 °C), at

around 40 “C, at around 65 °C, or at other suitable temperatures.,

186457 Tt will be appreciated by those of skill in the art that the stability of a composition
can be readily assessed by eye, which 15 a method used often in the assessment of color
stability of products such as pharmaceutical compositions. In some embodiments,
discoloration can be quantified by recording a measurement, such as the UV-vis absorbance
of'a composition or a diluted sarmaple of the composition, which provides a more quantitative
measure of color stability. In cases where absorbance of UV/visible light is used to assess
color stability, the absorbance can be recorded at any suitable wavelength and using any
suitable device or method. Useful absorbance measorements for efinaconazole compositions
can be recorded at 400 nio, 500 nm, or 600 nm. Other wavelengths can be used for
measurement, depending on the particular composition being analyzed and the concentrations
of the composition components. Compositions that do not exhibit discoloration remain
colorless. Corapositions that rernain colorless over extended periods are particularky
preferred. Typically, colorliess compositions have UV-vis absorbance values below 0.1
absorbance units (AU) at 400 nm, below 0.01 AU at 500 nm, and below 0.01 AU at 600 nm.
Certain acceptable composttions exhibit a slight change in color. Such cornposition may tarn
pale yellow during storage. Typically, pale yellow compositions have UV-vis absorbance
values below 0.2 AU at 400 nm, below 0.1 AU 3¢ 5300 nm, and below 0.1 AU at 600 nam. One
of skill in the art will appreciate that colorless and pale yvellow compaositions can be identified
by visual inspection without the use of UV-vis measurcments,

(8046}  As noted above, in some erobodiments the deterraination of color stability s made
using a device that can quantify the color of the composition after a time of storage as
compared to its initial color and/or against standard ranges that reflect acceptable color

{usually as compared to controls and run with two or more samples). Any suitable device

1
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and measurement system can be used. Typically, ultraviolet-visible (UV-vis} absorbance
units (AUs) determined by a spectrophotometer or similar device can be determined for a
composition and assessed against AU values that provide a range, nuraber, and/or cutoft that
is deened to reflect acceptable color stability in a composition. The range, cutoft, and/or
value can change with various factors such as the wavelength at which the measurement is
taken. In some aspects, multiple measurements at different wavelengths are performed. To
some aspects, only a single measurement at a8 single wavelength is performed. In one
exemplary embodiment, after storage for at least one month at 65 °C the composition exhibits
UV-vis absorbance values of: 0.4 absorbance urits (AU) or less at 400 ooy 0.1 AU or less at

500 nm; and 8.1 AU or less at 600 nm.

18347} The compositions exhibit certain UV-vis absorbance values after storage for at least
one month at 63 °C. In preferred embodiments, the composition exhibits one or more UV-vis
absorbance values selected from: 0.4 AU or less at 400 num; 0.1 AU or less at 500 nm; and 0.1
AU or less at 600 nm. In some embodiments, after storage for at least one month at 65 °C the
composition exhibits UV-vis absorbance values oft 0.4 absorbance units (AU) or less at 400

am; 0.1 AU or less at 500 nm; and 0.1 AU or less at 600 nm.

18048} The UV-vis absorbance of a composition or sample of a composition at 400 nm can
be, for example, from about 0.1 AU to about $.2 AU, or from abowt 8.2 AU to about 0.4 AU.
The UV-vis absorbance at 400 nm can be about 0.1, 0.15, 0.2, 0.25, 0.3, 0.35 or about 0.4
AU.

186349]  The UV-vis absorbance of a composition or sample of a composition at 500 nm can
be, for example, from about .01 AU to about 8.05 AU, or from about .05 AU to about 0.1
AU. The UV-vis absorbance at 500 nm can be sbout 0.G1, 0.02, .93, .04, .05, 0.06, 0.07,
0.08, 0.09 or about 8.1 ALL

18658} The UV-vis absorbance of a composition or sample of a composition at 600 nm can
be, for example, from about 0.01 AU to about .05 AU, or from about .05 AU to about 0.1
AU, The UV-vis absorbance at 600 nm can be about G.01, 0.02, .03, 0.04, .05, .06, 0.07,
(.08, 0.0% or about 0.1 ALL

(8651} In some embodiments, after storage for at least one month at 65 °C the composition
exhibits one or more UV-vis absorbance values selected from: 0.2 absorbance units (AU) or

fess at 400 nmy, 0.03 AU or less at SO0 nmy, and (i11) 0.03 AU or less at 600 nm. In sorge
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cembodiments, after storage for at least one month at 65 °C the composition exhibits UV-vis
absorbance values of! 0.2 absorbance units (AU) or less at 400 nro; 0.03 AU or less at 500

nm; and 0.03 AU or less at 600 nm.

18652} In some embodiments, after storage for at least one month at 65 °C the composition
exhibits one or more UV-vis absorbance values selected from: 0.1 absorbance units (AU or
fess at 400 nm, 0.01 AU or less at 500 nm, and (111) 0.01 AU or less at 600 nm, In some
embodiments, after storage for at least one month at 65 °C the composition exhibits UV-vis
absorbance values of: 0.1 absorbance units (AU) or less at 400 nm, 0.01 AU or less at 500

nm, and (i) 8.01 AU or less at 600 nm.

{88531 The absorbance values described herein can also be exhibited after storage for 6

weeks, or 8 weeks, or 3 months, or 6 months, or 1 year, or longer.

18054}  Discoloration (or a lack thereof) can also be assessed by comparing a2 UV-vis
absorbance value for a2 composition after a period of storage to a UV-vis absorbance value for
the composition before the period of storage. In some embodiments, for example, the
absorbance of a sample of the composition at 400 nm after storage for a set period is not more
than 5 times the absorbance of the samaple at 400 nm before the set period. In some
embodiments, the absorbance of a sample of the composition at 500 nm after storage for a set
period is not more than 10 fimes the absorbance of the sample at S00 nm betore the set
period. In some ernbodirnents, the ahsorbance of a saraple of the composition at 600 nm afier
storage for a set period is not more than 5 times the absorbance of the sample at 600 nm
before the set period. In some embodiments, a sample of the composition appears very light
yellow afier a set storage period. In some embodiments, a sample of the composition appears

coloriess after a set storage period.

186551 A sample can be any portion of a composition that is held for storage and/or
analysis. The sample can consist of a composition of the invention as described herein, ora
composition that has been diluted or concentrated as necessary to facilitate analysis. The
storage period can be any length of time suitable for assessing the effects of storage on the
physical and/or chemical properties of a composition. In some embodiments, the storage
period is at least 4 weeks long. In some embodiments, the storage is conducted at a
ternperatare of from about 20 °C to about 80 °C. Tu some embodiments, the storage is

conducted at a temperature of about 65 °C
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Formulations

188561 In general, the compositions of the invention are fornmidated to be administered
topically. The comapositions can be formulated, for exaraple, as solutions, sprays, ointments,
totions, gels, shampoos, and the like. The compositions can also be formulated according to
U.S. Pat. No. 8,486,97¢, as well as according to 1.5, Pat. Appl. Pub. Nos. 2009/0175810 and
2014/0228403, the entirety of which are incorporated herein by reference in their entirety.
The compositions of the present invention, however, generally exhibit enhanced stability
when compared to known formulations. In a preferred embodiment, the composition is
formulated as a solution. In some embodiments, preferred components include volatile

solvents, noun-volatile solvents, and wetting agents.

(86587}  Volatile solvents are compounds which have a measurable vapor pressure, and
preferably are compounds that have a vapor pressure of greater than about 100 Pa at room
temperature. Examples of volatile solvents include: acetone, 2-amino-2-methyl-1-propanoi,
1,2-butancdiol, 1,4-butanediol, 2-butanol, cthanol, ethyl acetate, n-heptane, isobutanol,

tsopropyi alechol, 1-propancl, 2-propanocl, and water,

16058]  Examples of suitable non-volatile solvents include, but are not Himited to, squalane,
dibutyi sebacate, isopropyl laurate, isopropyl myristate, isopropyl palmitate, isopropyl
stearate, myristyl alcohol, oleyl aleohol, oleic acid, laurvl lactate, myristyl lactate, mixed
C12-15 ally! lactates, ditsopropyl adipate, octyldodecanol, caproic acid, caprylic acid, capric
acid, lauryl benzoate, myristyl benzoate, mixed C12-15 alkcyl benzoates, benzyl benzoate,
tridecyl neopentanoate, light mineral oil, mineral oil, alpha terpineol, diethylene glyeol
mounoethyl cther, n-methylpyrrolidone, dimethyl sultoxide, ethyl lactate, propylene glyeol,

hexylene glycol, glyeerol (glycerin, benzyl alcohol and glycerol triacetate.

[8359]  Useful wetting agents are chemical compounds that reduce the surface tension of
Liquid compositions and do not build viscosity. Any surfactant or group of surfactants that is
suitable for dermatologic applications is suitable for the invention. Such surfactants may
function as wetting agents in the compositions of the invention, and as enmlsificrs or
solubilizers. The surfactants may be nonionic, anionic, cationic, zwitterionic, amphoteric, or

amapholytic surfactants.

[6666G]  In some ombodiments, the wetting agent is a volatile silicone. Such volatile
silicones include linear or cyclic polyorganosiloxane compounds of fornmula [RSIOR,

wherein n is less than or equal to 6, and R® and R” are independently selected alkyl groups. A



10

20

fad
<

WO 2015/051183 PCT/US2014/058911

volatile stlicone has a measuarable vapor pressure under ambient conditions. Examples of
cyclic volatile silicones include polydimethyleyclosiloxanes, generally known as
cvclomethicones (such as cyclopentasiloxane, cyclotetrasiloxane,
decylmethylcyclopentasifoxane, and the like). Examples of lincar volatile silicones include

linear polysiloxanes (such as hexamethyidisiloxane, octamethyhrisiloxane, and the like).

186611 In some embodiments, the invention provides a pharmaceutical composition for
treatment of a disorder of the nail or vail bed comprising etinaconazole, EDTA or a salt
thereof, BHT, and optionally citric acid as described above, and further coraprising an
alcohol, a volatile silicone, and one or more esters of the formula RCG-OR’, wherein R and
R’ may be 1dentical or different and each of R and R’ represents a livear or branched chain of
an alkyl, alkenyl, alkoxycarbonylalkyl, or alkoxycarbonyvloxyalkyl radical having from 1o
25 carbon atoms. In some embodiments, the volatile silicone is present in the composttion at
a concentration less than 25% w/w. In some embodiments, the concentration of volatile
sihicone s less than 15%. In some embodiments, the ratio of the alcohol to volatile sithoone
in the composition % w/w is at least 2:3. In some embodiments, the ratio of the alcohol to
volatile silicone s at least 3:1. In certain embodiments, the composition does not form a film
when topically applied to the surface of a nail. Tn certain embodiments, the composition is

free of polymeric film forming compounds.

18662} In some embodiments, the invention provides a pharmaceutical composition for
treatment of a disorder of the nail or nail bed comprising efinaconazole, EDTA or a salt
thereof, BHT, and optionally citric acid as described above, and further comprising:

alcohol - 10% to 83% (w/w);

cyclomethicone - (.019 to less than 25% (w/w); and

duisopropyl adipate plus either or both of C12-15 alkyl lactate and isopropy! myristate

- 5% to 90% (w/w).

(8063}  In some embodiments, the invention provides a pharmaccutical coraposttion for

treatment of a disorder of the nail or nail bed comprising efinaconazole, EDTA or a salt

thereof, BHT, and optionally citric acid as described above, and further comprising:
alcohol - 50% to 70% (w/w);
cyclomethicone - 10% to 15% (w/iw);
diisopropyl adipate - 8% to 15% (w/w); and

either or both of C12-135 alkyl lactate and isopropyl myristate - 8% to 15% (w/iw).

i5
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[8864] In certain embodiments, the composition of the invention is free of polymeric film
forming compounds and does not form a solid film or hard lacquer or shell when applied to
the surface of a nail. Formation of a lacquer, shell, or film occurs by a process of solvent
casting following evaporation of a volatile solvent which leaves behind the polymeric film
former as a solid residue. Nail lacquers containing polymeric film formers are described, for
example, in U.S. Pat. Nos. 4,957,730; 5,120,530, 5,264,206, 5§,346,692; and 5,437,776; the
entirety of which patents are incorporated herein by reference. Examples of polymeric film
forming compounds include polymers and copolymers of polyvinyl acetate,
polyvinyipyrrohidone, methacrylic acid, polyvinyl butyrals, polyvinyl acetals, and celiulose
derivatives such as cellulose acetate phthalate, cellulose acetate butyrate, cellulose acetate
propionate, cellulose nitrate, cellulose sulfate, ethyicehulose, and cellulose acetate. A
polymeric film forming agent can be present in the composition of the invention, however, if
it is present in an amount below that which will result in the formation of a film or lacquer
following application of the composition to the surface of a nail. In some embodiments, the
pharmaceutical composition further comprises a thickening agent such as an acrylate
crosspolymer (e.g., acrylates/C10-30 alkyl acryvlate crosspolymer; sold onder tradenames
mcluding CARBOPOL 1342). Those of skill in the art will appreciate that acryviate
crosspolymers used in the present invention break upon countact with the surface of the skin

and natls and do not form a film, hard shell, or lacquer.

18665] The composition of the invention can contain other components, such as
preservatives, lubricants, humectants, rooisture regulators, foarning ageuts, binders, pH
regulators, osmotic pressure modifiers, eraulsifiers, colors, acrosol propellants, fragrances, or
odor maskers. Those of skill in the art are aware of the components that are useful for a
chosen fornmlation. Such components are described in sources such as Remingion: The
Science and Practice of Pharmacy, 20" ed., 2000, Useful combinations for the compositions
of the mvention include water/propylene glycol/glycerin/ethanol, water/Cyois alkyl

lactate/diisopropyl adipate/cyclomethicone/ethanol, and other mixtures.

186667 Accordingly, some embodiments of the invention provide compositions formulated
as solations. In some ernbodiroents, the composition contains ORG OF MOTe Ccomponents
selected from a volatile solvent, a non-volatile solvent, and a wetting agent. In some
embodiments, the composition contains one or more components selected from water,

propylene glveol, glycerin, and ethanol. In sore erabodiments, the composition contaius one

16
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or more components selected from water, Cip s alkyl lactate, diisopropyl adipalte,

cyclomethicone, and ethanol.
I,  Methods of Treatment

188671  In another aspect, the invention provides methods for treating conditions of the skin
or naifs. The methods include topically administering a composition of the invention to a
patient in need thereof. In general, the skin and nail conditions are caused by fungt inchuding
Candida albicans, Cryptococcus neoformans, Aspergillus fumigatus, Trichophyton
mentagrophytes, and the ike. Examples of skin and vail conditions jnchude, but are not
fimited to, tinea pedis (athlete’s foot), tinea capitis (scalp ringworm), onychomycosis (tinea

unguinm), finea cruris (jock iich), tinea corponis (ringworm}

ad

and yeast infections.

[8868] Tinca pedis is a fungal infection of the feet caused by Trichophyion rubrum or
Trichophyron mentagrophytes. Tinca pedis can occur on the heel, on the plantar region of the
sole, and on or between the toes. Tinea capitis is an infection of the scalp caused by
Microsporum audouinii, Microsporum canis, Trichophyton tonsurans, Trichophyton
violaceum, Trichophyion schoenlenii, and the like. Onychomycosis s an infection of the nail
or nail bed caused by Trichophyton rubrum, Trichophyion interdigitale (Trichophyion
mentagrophvies), Epidermophyvion floccosum, Trichophvion violaceum, Microsporum

gvpseum, Trichophyton tonsurans, Trichophvion soudanense, and Candida species.

(80681  According to the methods of the invention, the compositions are topically applied to
the affected arca (such as the feet, scalp, or hands) ar least three tines a week for a period of
from about one week to about 12 weeks, or until the disappearance of the condition. In some
embodiments, the composition is applied once daily for about one to twelve weeks. In some
ernbodiments, the composttion is applied twice daily for about one to twelve weeks. Other
dosing regimens can be used in the methods of the invention, depending on the type of

fungus causing the condition and the severity of the condition.

188761 The following examples are intended to illustrate, but not to limit, the aspects of the

invention described above.

V.  Examples

18871} Solutions were prepared by combining efinaconazole and various solvents, resulting

in mixtures to which antioxidants, hydroxy acids, and chelators were added as described

Py
~
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below. Resulting solutions were clear and colorless when ali components were first
combined. The solutions were stored at 65 “C. Over the storage period, certain solutions
were observed to turn a pale veliow color. The color of certain solutions deepened to shades
of yellow, light orange, dark orange, pink, copper, light red, and dark red. A photograph of
solutions exhibiting various colors is shown in Figure 1. UV-visible absorption spectra were
recorded at various time points using a Varian Cary 50 Bio Spectrophotometer. Samples
were scanned over 300 nm to 800 nm. Absorbance vahies were noted at 400, 500 and 600
nm. Based on the absorbance readings, the “time to fathire” was determined using cutoff
vatues of §.1407 absorbance units (AL at 400 nm, 0.0290 AU at 500 nm, and 0.0290 AU at
600 nm.

188721  Examples 1-6, formulated as shown in Table 1, contained 18% efinaconazole by
wetght and varions antioxidants in a water/atky! lactate/diisopropyl
adipate/cyclomethicone/ethanol solvent system. The rosults suromarized in Table 2 show that
UV absorbance values exceeded acceptable limits, reflecting unacceptable levels of color
change in the formulation, within 2 weeks (Examples 1 and §), and-—in the case of propyl

gatlate—within only 4 days (Exarople 3).

Table 1
Example No. (% w/w)

ingredients i 2 3 4 5 6
EDTA disodium 0.00025 § 9.00025 0.00025 | 0.00025 | 0.00025
Purified Water 1.00 1.00 1.00 1.00 1.00
Ciuric Acid Avhydrous 0.10 0.10 0.10 0.10 .10
BHA 0.10
Propyi Gallate 8.10 610
Ascorbic Acid 0.1¢
Ascorbyl Palmitate 0.10 0.20
C12-15 Alkyl Lactate 16.00 10.00 10.00 10.00 10.00 10.00
Ceraphyt 230 (Dusopropyl 12.00 12.00 12.00 12.00 12.060 12.00
Adipate)
Cyclomethicone 13.00 13.00 13.00 13.00 13.00 13.00
KP-103 10.00 10.00 10.060 10.00 10.00 10.00
Alcohol, 190 Proof Q.S to | QS w0 | Q810 | QS to} Q8 to | Q5 10

160 10 100 100 10 100
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Tabic 2
DESCRIPTION 1 month Time to Absorbance
Failure 480 506 600
¥t oI F311]
1 citric acid, EDTA, Yellow 2wk
BHA
p citric acid, EDTA, Yellow 1wk
PROPYL
CALLATE —— : > 0.1407 @ 400 om
3 propyl gallate Orange/Red 4 days o o =
4 ciiric acid, EDTA Yellow 1wk - G'OL‘?G % ?00 nm
L o > 0.0290 @ 600 nm
ascorbic acid =
5 citric acid, EDTA, Yellow 2wk
ascorbyl palmitate
6 citric acid, EDTA, Yellow I wk
ascorbyl palmitate

186731  Examples 7-14, formulated as shown in Table 3, contained 10% efinaconazole by
weight in the water/alkyl lactate/diisopropyl adipate/cycloraethicone/ethanol solvent system,
The results suramarized in Table 4 show that the compositions comtaining EDTA/BHT did
not change significantly in color for over a month when stored at 65 °C (Examples 7 and 14).
Citric acid can be included as an additional component in the EDTA/BHT formulations.
Taken together, examples 7-14 show that BHT is a uniquely useful stabilizer for
efinaconazole formulations, particolarly when combined with EDTA and citric acid. The
stability observed for formulations containing BHT was particularly unexpected given the

instability observed for formulations containing BHA and propyl gallate.

19
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Table 3
Example No. (% w/w)
Ingredients 7 8 9 16 it i3 i3 14
EDTA disodium (0.0002 | 0.0002 (.0002 0.0002
S 5 S 5
Purified Water 1.00 1.00 1.00 LOO | LG 1.00
Citric Acid 0.10 010 | 0.10 0.10
Anhydrous
BHT (.10 (.10 .16 | 0.10
C12-15 Alkyl Lactate | 10.00 | 10.00 | 10.00 | 1000 | 1000 | 10.00 | 10.00 | 10.00
Ceraphyt 230 12.00 | 1200 | 12,00 ) 12.00 | 1200 { 1200 | 1200 ¢ 12.00
{Drisopropyl
Adipate)
Cyclomethicone £3.60 1 13.00 § 13.00 ) 13.00 | 13.00 | 13.00 | 13.00 { 13.00
KP-103 10.00 | 10.00 | 10.00 ) 10.00 | 10.00 | 1000 | 10.00 | 10.00
Alcohol, 190 Proof S50 Q8. o] QS QS o] Q8 | Q5 | QS5 Q5. W
100 100 to 100 10 to 0 100
100 100 100 100
Tabled
Mo | DESCRIPTION i month Time to Absorbance
Failure 480 nm | 500 nm | 600 nm
7 ciric acid, EDTA, | V. Light Yellow | > 1 mo 0.1407 | 0.029 0.029
BHT
8 citric acid, EDTA Yellow 1wk
? citric acid ‘{ellowi 1 “ik > 0.1407 @ 400 nm
18 EDTA Coppet 1wk _ =~
= : - - > 0.0290 @ 500 nm
11 BHT Copper 1wk - 0.0290 @ 600 nm
i2 No stabilizers Orange 1wk R
i3 BHT -+ citric acid Yellow 3wk *
14 | BHT + EDTA CC > 1 mo 0.0414 |0.0042 |0.0082
6874} Examples 15-19, formulated as shown in Table 5, contained 10% efinaconazole by

weight and various acid components in the water/alkyl lactate/ditsopropyl

adipate/cyclomethicone/cthanol solvent system. The results summarized in Table 6 show that

the citric acid/EDTA/BHT formulation remained clear and colorless for over g month when

stored at 65 °C (Example 19). For the other acid components, absorbance values exceeded

acceptable Lmits within 2 or 3 weeks. Formulations according to Examaple 19 are particularly

useful for the treatment of onychomycosis.
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Tabie 5
Example Mo, (% w/w)
Ingredients is i6 17 i3 i9
EDTA disodium 0.00025 | 0.00025 | 0.00025 | 0.00025 | (0.00025
Purified Water 1.00 1.00 1.00 1.00 1.00
Citric Acid Anhydrous .10
Acetic Acid .10
Lactic Acid .18
Tartaric Acyd 0.0
Salicylic Acid 0.10
BHT 0.10 .10 .10 (.10 (.10
{C12-15 Alloyl Lactate 10.060 10.00 10.00 10.00 14.00
Ceraphy! 230 (Diisopropyl 12.60 12.00 12,80 12.00 12.00
Adipate)
Cyclomethicone 13.00 13.00 13.00 13.00 13.00
KP-163 10.00 10.00 10.00 14.00 14.00
Alcohol, 190 Proof .5, to .5, to Q.58 .S, to .S, to
100 100 100 100 100
Table 6
Mo DESCRIPTION § month Time to Abserbance
Yailure 400 nm | 500 nm | 600 nm
i8 EDTA, BHT, acetic | Yellow 2wk
acid
i6 iji)c;{ A, BHT, lactic | Yellow 2wk - 0.1407 gi 400 nurn
17 | EDTA BHT, Light Yellow | 3wk gg?gg fj ;gg o
tartaric acid -
18 EDTA, BHT, Light Yellow 3wk
salicylic acid
18 EDTA, BHT, citric §{ CC > 1 mo 0.0414 1 0.0042 1 0.0082
acid
(88751  Examples 20-26, formulated as shown in Table 7, contained 10% cfinaconazole by

weight in a second solvent system. Example 27 contained 5% efinaconazole. As showu 1

Table §, absorbance for all of the saraples except for Example 20 exceeded acceptable

absorbance levels within 4 days to 3 weeks., Example 20, containing citric acid, EDTA, and

BHT remained clear and colorless for over one month when stored at 65 °C.
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Table 7
Example Ne. (Y% wiw)
Ingredients 28 pal 22 23 24 25 26 27
EDTA disodium 0.0002 | 0.0002 .0002 0.0002
5 S N S
Purified Water 106 1.00 1.00 1.00
Citric Acid 0.10 0.10 0.10 (.10
Anhydrous
BHT 0.01 (.10 .10 8,10 | 410
Propylene Glycol 3440 | 3450 | 3500 1 3450 | 3500 | 3450 | 3500 | 37.95
Glycerin 27.20 | 2720 | 2740 0 27.20 | 27.50 | 2730 | 27.50 | 2845
Yitamin E (.05
KP-103 10.60 | 1000 | 10.00 | 1000 | 1000 | 10.00 | 10.00 | 500
Alcohol, 190 Proof Q5. t0 | QS o] QS 1S o) QS QS o Q8 | Q.S
100 100 0 1060 0 160 10 0
10 100 100 130
Table &
Mo | BESCRIPTION i month Time io Absorbance
Failure 4808 nm | 500 648 nm
nm
28 CA, EDTA, BHT V. Light Yellow > 1 mo (0.1407 10.029 10.029
21 citric acid, EDTA | Orange/Red 4 days
22 citric acid, BHT Orange/Red 2 wk
3 T = e T )
e nEeriRe s > 0.0290 @ 500 nm
25 | EDTA Orange/Red Pwk >0.0290 @ 600 nm
26 BHT Orange 2 wk
27 vitamin B, BHT Pinkish/Red® < 2wk
18076} Examples 28-33, as shown in Table 9, contained 2% ctinaconazole by weight in gol

foromulations, As shown in Table 9, most formulations containing BHT and EDTA romained

ciear and colorless for 8 weeks. Example 9, without citric acid, gained only a very light color

between 4 and 8 weels.

-
22
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Table 9
No. Contents Color after storage at 65°C
_— S Citric
f/}” Rovls /"% acid | Ioitial | 1wk 2wk | 4wk | Bwk
(Yol wiw ) {Velw/w) (Vore/w)
281 0.1 0.1 0.2 CC CC CC CC CC
. Dark Light
7 C Drange & er
251 6.0 0.1 0.2 CC Vellow Orange Armber Arnbes
00 01 0.1 0.0 CC CC CC CC Light
Yellow
n ~ ) Light ]
317 00 0.0 3.0 CC Orange Amber | Amber
Amber
321 0.5 0.1 0.2 CC CC CC CC CC
361 | o1 | 05 | <C Not cc cC e

(3 wks) | (7 wks)

determined

188771 Examples 34-39, as shown in Table 10, contained 2% cfinaconazole by weight in
additional gel formulations. Color of certain formulations was assessed by visual observation
and the results are presented in Table 11, The excipients described in these formulations, as
with other formulations provided herein, can be replaced with other known formulations
having similar functions to generate additional suitable formulations according 1o the
mvention, but typically the EDTA and citric acid elements are maintained, along with the

efinaconazole APL

Tabie 10

Component Example Neo. (%% w/w)

34 as 36 37 38 39
Efinaconazole | 2.00 | 200 | 200 | 200 | 200 | 200
Propylenc 2000 | 2000 | 2000 | 2000 | 2000 | 20.00
glyeol
Alcohol, 190 $00 | SO0 | R00 | 800 | 8O0 | 200
proof
Dicthylene
glycol 2000 | 2000 | 2000 | 2000 | 2000 | 2000
monoethyl
cther
Hexylene 12,00 | 1200 | 1200 | 1200 | 1200 | 12.00
glycol
Acrylates/C10-
30 alkyt 200 | o200 | 200 | 200 | 200 | 2.00
acrylate
crosspolymer

Ut
(o
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Table 10, continued.

Compenent Example Me. (% w/w)

34 35 36 37 3% 38
Miacinamide 200 2.00 2.0 2.00 2.00 2.00
Butylated 010 | -~ | o010 | -~ | 0s0 | o
hyvdroxytoluene
Hdetate
disodium 0.1 0.1 0.1 - 0.1 0.1
Citric acid, 02 | 02 - . o1 | 05
anhydrous
Purified water | gs 100 | qs 100 | gs 100 | qs 100 | gs 100 | gs 100

18678} Although the foregoing has been described in some detail by way of ilhustration and
example for purposes of clarity and understanding, one of skill 1n the art will appreciate that
certain changes and modifications can be practiced within the scope of the appended claims.
In addition, each reference provided herein s incorporated by reference in its entirety to the

same extent as if cach reference was individually incorporated by reference.



WHAT IS CLAIMED IS:

1. A composition comprising about 8% to about 12% efinaconazole by weight, water,
C12-15 alkyl lactate, diisopropyl adipate, cyclomethicone, ethanol, butylated hydroxytoluene
(BHT), a salt of ethylenediaminetetraacetic acid (EDTA), and citric acid,

wherein the amount of BHT is in the range of about 0.01% (w/w) to about 2% (w/w),

wherein the amount of the salt of EDTA is in the range of about 0.0001% (w/w) to
about 1.5% (w/w),

wherein the amount of citric acid is in the range of about 0.05% (w/w) to about 0.25%
{(wiw),

wherein the composition is formulated as a solution, and

‘wherein the amounts of BHT and the salt of EDTA are sufficient to ensure the
composition is (i) colorless upon initial formulation and (ii) colorless or pale yellow after

storage for three weeks at a temperature of about 40° C.

2. The composition of claim 1, wherein the amount of efinaconazole is about 10%

(W/w).

3. The composition of claim 1, wherein the amount of the salt of EDTA is in the range

of about 0.0001% (w/w) to about 0.0005% (w/w).

4. The composition of claim 3, wherein the amount of the salt of EDTA is about

0.00025% (w/w) and the amount of BHT is about 0.1% (w/w).

5. The composition of claim 1, wherein the amount of the salt of EDTA is in the range
of about 0.01% (w/w) to about 1% (w/w).

6. The composition of claim 5, wherein the amount of the salt of EDTA is about 0.1%

(w/w) and the amount of BHT is about 0.1% (w/w).

7. The composition of claim 1, wherein the composition comprises from about

0.075% citric acid (w/w) to about 0.15% citric acid (w/w).
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8. The composition of claim 1, wherein the color of the composition is determined by

visual inspection.

9. The composition of claim 1, wherein the color is determined by assessing UV-vis

absorbance values.

10. The composition of claim 9, wherein after storage for one month at 65° C. the
composition exhibits UV-vis absorbance values of 0.4 absorbance units (AU) or less at 400

nm; 0.1 AU or less at 500 nm; and/or 0.1 AU or less at 600 nm.

11. The composition of ¢laim 1, wherein the composition is a pharmaceutically

acceptable formulation that is effectively absorbed in the treatment of the nail.

12. The composition of claim 1, comprising:
ethanol in an amount ranging from 50% to 70% by weight,
cyclomethicone in an amount ranging from 10% to 15% by weight,
diisopropyl adipate in an amount ranging from 8% to 15% by weight, and

C12-15 alkyl lactate in an amount ranging from 8% to 15% by weight.

13. The composition of claim 12, wherein the amount of the salt of EDTA is about
0.00025% (w/w) and the amount of BHT is about 0.1% (w/w).

14. The composition of claim 12, wherein the amount of citric acid is in the range of

about 0.075% (w/w) to about 0.15% (w/w).

15. The composition of claim 13, wherein the amount of citric acid is in the range of

about 0.075% (w/w) to about 0.15% (w/w).

16. A composition according to claim 11 for use in treating a fungal infection.

17. Use of a composition according to claim 11 in the manufacture of a medicament

for treating a fungal infection.
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